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PREFACE

For several decades, wood science research in Noodintries has benefited from a
close co-operation, supported financially by ThedimForest Research Co-operation
Committee (SNS) under the Nordic Council of Ministelhe annual meetings of
university researchers have served as a forunxfdramging results and ideas, and as a
valuable breeding ground for new research projects.

The overall purpose of the SNS is to promote reseiato the diverse functions of the
forests in sustainable forestry, as well as tos&lthie Nordic Council of Ministers on
guestions concerning forests and forestry research.

Because wood products and wood industry are impop@rts of the forestry sector in
the Nordic countries, it has been a logical devalept to include wood materials and
structural use of wood in the research efforts.uimmeously, the growing
internationalisation of research has called folidewing of the view beyond the
original Nordic horizon.

In 2004 this was successfully accomplished by déistabg The Nordic-Baltic Network
in Wood Material Science and Engineering, includimg Baltic countries in the co-
operation, and extending the network to technicalersities and research
organisations in order to cover the whole foregtmyducts-reuse value chain of wood.

During the past five years the network has beewigig steadily, making the 2009
meeting attract 60 researchers from nine counffies.present publication contains 25
papers presented at this fifth annual meeting @hitwork, and it demonstrates the
active and diversified wood research going on eNlordic-Baltic region.

Forest & Landscape Denmark is proud to host theingea 2009. We wish to thank

the speakers for their contribution, and the SNSif@ncial support to make this event
possible.

Copenhagen, September 2009

jmdﬁ

Andreas Bergstedt
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HARDENING OF WOOD

Rowell, R. M.}

ABSTRACT

Wood is a very versatile biomaterial. It is usedonstruction because of its availability,

sustainability, cost and strength and in furnitbeeause of its warmth and beauty. For
many applications, wood is used without any modtfan. In some cases, however,
there is a need to improve its performance progerto compete with other higher

performing and more expensive materials. When wsgodsed where hardness is a
requirement (such as in flooring), there are séweeys to increase hardness. A wood
that is naturally hard is the first choice and tredness of wood varies greatly. If

additional hardness is desired and wood is thetselgesource for the application, there
are methods to make softer woods harder. Theréaarenajor methods that have been
used to increase the hardness of wood: compreasimpregnation of chemicals.

Key words: Hardening, wood, physical propertiesnpoessing, phenolics, acrylics.
INTRODUCTION

Hardness is, for the most part, a function of dgnsie. the more dense the wood, the
harder it is. The density of dry wood varies wydeased on the volume of void (lumens
and vessels) space in the wood. For example, theitgeof dry balsa wood ranges from
100-200kg/m3 with a typical density of about 14010 kg/m3 (about one third the
density of other hard woods) while a wood like tigmvitae has a density of 1280 - 1370
kg/m3 (this wood does not float). The Janka SadldHardness measures the force
required to embed a 1.11 cm (0.444 inch) steeltbdilalf its diameter in wood. It is the
industry standard for determining the ability ofieas species to resist denting and wear.
The Janka hardness @distern white pine is 380 Ibf or 1.7 kN, for Dowgf 660 Ibf, 2.9 kN,
Red oak 1290 Ibf 5.7 kN, Birch 1470 Ibf, 6.5 kN,dBly 3220 Ibf, 14.3 kN antignum vitae
ranks highest of the trade woods, with a Jankanessl of 4500 Ibs or 20 kN (Wood
Handbook 1999). It is not surprising that oak, laand hickory are species of choice
for lower cost, available, domestic flooring maasi Some of the Brazilian hardwoods
are also used for flooring but they are much mapeessive.

Wood can be compressed under very high pressigiéca product where the hardness
is nearly doubled and the scratch-resistance ingatdwy over 200%.0One method of
compressing wood involves softening the wood al bgmperature and high water vapor
temperature and then compressing the wood to reduaee half to one third of its
original thickness. The compression is fixed bymtaining wood in a compressed state
for a predetermined period of time. An early agpgiion of this technology was the
production of a product known as Staypak. By casaging the wood under conditions

! Professor Emeritus, University of Wisconsin, Madis&WI, USA and Guest Professor, EcoBuild,
Stockholm, Sweden, email: rmrowell@wisc.edu.



that cause the cell wall lignin (the cementing matebetween fibers) to flow, the cell
wall lignin (the cementing material between fibdrsjlow, the internal stresses

resulting from the compression relax and the wadas on a new structure in its new
compressed state. A temperature range of 150 @CL7s used and the wood is
compressed while heated. The density is increbg&b to 40%, there is an increase in
tensile and flexural strength proportional to therease in density, an increase in impact
strength and toughness and the hardness is 10 ton&8 that of the non-compressed
wood (Inoue et al.1993).

Wood can also be impregnated with various chemicalsprove hardness (Rowell and
Konkol 1987). In older technology, a solution ohemol-formaldehyde can be
impregnated into wood and cured resulting in ameiase of 15 to 25% in density, an
increase in compressive strength in proportiorh&ibhcrease in density and an increase
in hardness that is more than proportional to tleeiase in density (Wood Handbook
1999). More recent technology involves treating daath acrylic monomers and the
monomers polymerized in the wood voids to increbasdness. For example, some
industrial flooring is treated with acrylics to tege damage done by high traffic.

MATERIAL AND METHODS

Impregnation using phenolic

Wood can be impregnated with various chemicalsrtprove hardness. A solution of
phenol-formaldehyde can be impregnated into woatlcamed resulting in an increase of
15 to 25% in density, an increase in compressrangth in proportion to the increase in
density and an increase in hardness that is mae pnoportional to the increase in
density. This product is called Impreg.

The phenol-formaldehyde polymers are the oldestneernial synthetic polymers, first

introduced around 100 years ago. Their inventoo, Bakeland, worked out conditions to
produce a tough, light, rigid, chemically resistaalid from two inexpensive ingredients.
The actual chemistry is complicated, and still competely understood. The polymers
are thermosetting (cannot be melted or dissolved)the main reaction is the production
of methylene bridges between aromatic rings, asvshdwood Handbook 1999). Many

side reactions also occur, and some of these dieag)-formaldehyde polymer its dark
color.

The phenol-formaldehyde impregnated wood can bepoessed making one of the
hardest woods known. This product is called Comppvkere the density is increased by
40% and the hardness is increased 10 to 20 tinasofhthe starting wood. Master
automotive dies were made of Compreg as well asnkted airplane propellers used
during the second world war. Wood sawdust mixedhwva phenol-formaldehyde

polymer is known as Bakelite and was one of the early plastics used in the United
States (Wood Handbook 1999).

Impregnation using acrylics
The technology used today to increase the hardifessod is to use acrylic monomers

and the monomers are polymerized in the wood viditeser 1981, 1982, Schneider and.
Witt 2004, Ibach and Ellis 2005). For example, samdustrial flooring is treated with



acrylics to reduce damage done by high traffic. erf€hseveral brands of acrylic
impregnated flooring sold under the names of Weatena Permagrain, Hartco, and
Gammapar. The major monomer used in these flogniaducts is methyl methacrylate.

Methyl methacrylate (MMA) (CAS number 80-62-6, IUBAame methyl 2-methylprop-
2-enoate) is a colorless liquid and is the mettstere of methacrylic acid. Methyl
methacrylate polymers and co-polymers are usedvéterborne coatings, such as latex
house paint, in plates that keep light spread gvatioss LCD computer and TV screens,
and also used to prepare corrosion casts of aneabimigans, such as coronary arteries
of the heart. The principal application of metmyethacrylate is the manufacture of
transparent polymethyl methacrylate acrylic plas{jelexiglas). Methyl methacrylate is
also used for the production of the co-polymer rylethethacrylate-butadiene-styrene
(MBS), used as a modifier for PVC. Other acryliomamers are also used but they are
more expensive.

In the wood industry, methyl methacrylate polymare not only used in hardened
engineered wood flooring but it has also been useproduce furniture (desk writing
surfaces, tabletops), decorative products (knifiedles, clock faces, plagues), musical
instruments (bagpipe chanters, finger boards fimged instruments boards, instrument
bodies, mouthpieces for flutes, trumpets) and spagtiipment (gold club heads, baseball
bats, hockey sticks, laminated skis, gun stocks).

The treating procedure is rather simple. The wisoplaced in a stainless steel reactor
and weighted down with a stainless steel weight tfe wood does not float in the
monomer). A vacuum is applied to remove the aimfrthe wood and the monomer is
introduced under vacuum with nitrogen gas into tbaction chamber. A nitrogen
pressure can be applied depending on the thickofett® wood to be treated. Usually,
only a thin veneer is treated that will be lamidaten top of a sub-bass of plywood,
particle board or a high density fiber board.

The monomer solution can contain a few percent afrass linking agent such as
trimethylol propane trimethacrylate. The free cadlireaction is catalyzed using either a
Cobalt 60 source, peroxides or a vazo (Meyer 1965).

The Cobalt 60 procedure uses a deep water poolthitlgamma radiation source near
the bottom. The container of wood is placed clasehe radiation source. After
receiving 1 to 2 MeV of radiation, curing has takglace. The rate of free radical
generation is constant depending on the radiafimn f There is no residual radiation
from the Gamma radiation treatment.

Several peroxide catalyst have been used in thactiom including t-butyl
hydroperoxide, methyl ethyl ketone peroxide, lalipgroxide, isopropyl hydroperoxide,
cyclohexanone peroxide, hydrogen peroxide and berezrpxide. Each of these generate
free radicals with the phenyl radical the most tigac Benzoyl peroxide is the most
commonly used initiator and the peroxide conceiatnaisually ranges from 0.2 to 3% by
weight of monomer.

Vazo® is a registered trade name of nitriales #natused to cure acrylics. Vazo® 67 is
2,2’-azobis-(2-methylbutyronitrile) and is a heattalyzed free radical catalyst. Other
Vazo® catalysts are also available. When a VazatRlygst is used, it is included in the
solution of monomer and cross linking agent so thet mixture must be kept cool so
polymerization does not take place in the storag#ainer. The concentration usually



used in between 0.5 and 1%. This catalyst gereraée radicals that initiate the
polymerization reaction shown below.

fi dical
H CH; . lrncl ra (:. . CH;
\E—CK vinyl po ymematunh_ —[—CH —Cf_l_
Pl - ™
H =0 =0
/ /
O O
kY kY
Il CH;
methyl methacryvlate poly{methy]l methacrylate)

Fig. 1. The Vaz§8 catalyst generates free radicals that initiatgotiigmerization
reaction.

Polymerization of MMA is exothermic and a lot of abeis generated during the
polymerization that must be controlled. After theing is complete, either by Cobalt 60,
peroxide or Vazo®, the reactor is drained, flushatth nitrogen, cooled and the treated
wood removed. There may be residual polymer onstiréace that must be removed.
Not all woods treat the same so the time of monom@regnation, vacuum, pressure,
level of loading and cure time will vary dependimgthe species.

As with all polymerization reaction, the volume dfie monomer shrinks upon
polymerization. In the case of MMA to PMMA, therstkage is about 20%. Figure 2
(left) shows the open structure of oak before MMMINPA treatment and the figure on
the right shows the polymer in the lumens aftemttreent. It is easy to see the polymer in
the void structure of the wood. Figure 3 shows exdreme shrinkage can also occur in
some acrylic systems.

Fig. 2. (Left) The open struéture of oak . Fig 3. ive shr kage (left) é from celllwa
before MMA-PMMA treatment, (right) and (right) twin the polymer itself.
polymer in the lumens after treatment.

The hardness of the PMMA treated wood is incredsed 70 -200% depending on the
wood treated (Moisuk, 1978 Table 2). Indentatiesistance is increased 50 to 70% and
the static bending properties of the PMMA treateobds are greatly improved. The
diffusion coefficient is reduced by 75% with veritlé dimensional stability gained by
the MMA treatment.



Table 1- Physical properties of polymethyl methacrylagated wood (62% weight

gain)*
Sample| Modulus of Percent | Modulus of | Percent
Maple | Elasticity Change | Rupture Change
(psi) (psi) (%)
Control | 1,905,797 18,280
62.6% | 1,998,692 +5 21,620 +18
MMA
Sample| Radial Hardness| Percent | Tangential | Percent| Longitudinal | Percent
Maple | (Ibs) Change | Hardness | Change| Hardness Change
(Ibs) (Ibs) (%)
Control | 308 403 825
62.6% | 944 +207 1154 +186 1458 +76
MMA
Sample| Diffusion Percent Maximum | Percent| Fiber Stress at| Percent
Maple | Coefficient | Change Crushing | Change| Proportional | Change
(10° Strength Limit (%)
cnf/sec) (psi) (psi)
Control | 6.27 9,420 9,017
62.6% | 1.7 -73 12,338 +31 10,106 +12
MMA
Sample| Swelling | Antishrink
Maple | due to efficiency
Treatment | (%)
(%)
Control | ---
62.6% | 1.27 13
MMA

* The original units from the author were used wiithconversion to metric units.

Fg 4. Failure in bending 0 control (left) and MMA treat (right).
The fracture pattern between control and MMA tréat®od are very different (Figure
4). The control samples break deep within the sanapld it looks more like a brittle
failure (Figure 4 left). In the case of the MMA#&ted wood, the break is confined to the
outer surface and failure is more in the longitatisirection (Fig 4 right). This indicates
that the MMA polymer is acting as a reinforcingrent in the longitudinal direction.

Dyes can be added to change the color of the impted wood with the darker browns
the most popular (see Figure 4). Oak and mapleftea dyed to resemble walnut. The



PMMA is resistant to aliphatic hydrocarbons, cytjgd@atic compounds, fats and oils,
and also to weak acids and bases at temperaturap t§ 60 °C. The resistance to
weathering of PMMA is very good. PMMA ignites vequickly and burns with a blue
glow, even outside the flame, and crackles withtevepurts. PMMA has good insulating
properties, a high dielectric strength and higltkirag resistance. PMMA is naturally
transparent and colorless. The transmission fableidight is 92%. The refractive index
is 1.492 for PMMA. There are types that transmit tAys, and types that absorb it
almost completely, as a result of which sensitiyesdon painted surfaces behind are
protected from fading.

Fig. 4.Various dyes can be added to change the coloreafithbregnated wood.

Hobbyists are also using the Vazo® system to imeatd laminates to be used for
knife handles. Veneers are treated with MMA andya to give veneers of different
colors which are laminated into custom knife hasdgze Figure 5).

Fig.5. Veneers can be treated with MMA and a dye in otderbtain various colors that are laminated into
custom knife handles.

CONCLUSION

There will always be a need to harden wood for sepseiality applications such as
floors used for heavy equipment, truck beds, consiakflooring, scratch resistant
furniture and recreational equipment. The techgwlesed today to accomplish this is
the use of acrylic monomers.
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A BETTER UNDERSTANDING OF THE MODE OF ACTION
OF FURFURYLATED WOOD

Pilgard, Al, Alfredsen, G.

ABSTRACT

A range of studies the last decade has shown thdified wood can provide excellent
protection against a range of wood deterioratinganisms, including decay fungi.
However, we still lack information abouwthy the modified wood is protected from
microbial attack. An understanding of the mechasisntlized by decay fungi when
exposed to modified wood is important for furth@timisation of new modified wood
products. Several hypotheses have been put forlvatdhey still need testing.

The aim of this study was to summarize our eastiedies using molecular methods as a
tool for better understanding of the mode of actbulecay fungi in furfurylated wood.
The studies include laboratory and field evaluaiohdecay colonisation patterns and
gene expression.

For studying growth dynamics in furfurylated, CO2y-HDO and untreated Scots pine
sapwood the white-rot fungusametes versicolor gPCR was used. Incubation time was
2, 4, 6, 8 and 10 weeks. While the fungal coloiosain untreated control samples
showed a continuous increase during the experih@etaod, the amount of fungal
DNA in the treated samples had an initial peekrdft® weeks, followed by a gradual
decline.

Stakes run for 6 years according to EN 252 were @igecolonisation pattern studies.
Results from chemical- and molecular methods tagethth microscopy analysis were
compared. The results from the different evaluatioethods indicated that the gPCR
method is more sensitive than the other methodsdes

Gene expressions of the brown rot funfastia placenta after 2, 4 and 8 weeks were
studied in furfurylated and untreated Scots pin@vs@d under laboratory conditions.
The main finding was that genes related to oxigativetabolic activity was higher in
furfurylated wood compared to untreated Scots pamel, that carbohydrate metabolism
related expression was lower in furfurylated woothpared to untreated control.

Also other studies revealing knowledge of the moflaction of furfurylated wood are
discussed.

Key words: Fungal colonization, furfurylation, gerexpression, mode of action,
guantitative real-time PCR.

! SP Technical Research Institute of Sweden, B&#&sden; Norwegian Forest and Landscape Institute,
As, Norway, Tel: +47 64 94 90 15 E-mail: annicaypild @sp.se

2 Norwegian Forest and Landscape Institute P.O.Bdx 1431, As, Norway, Tel: +47 64 94 90 42, E-
mail: gry.alfredsen@skogoglandskap.no
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INTRODUCTION

The area of wood protection is in a period of cleamdew wood protection systems have
been developed while their mode of action remamsufficiently understood. The
development of molecular methods provides potetdials to investigate the interaction
between modified wood and decay fungi. An undeditanof the mechanisms utilized
by decay fungi when exposed to modified wood isartgmt for further optimisation of
new modified wood products. The fungal mode ofacin wood preserved with heavy
metals and fungicides is completely different thamrmodified wood. The traditional
preservatives were working because they were toxitdle e.g. modified wood per
definition is non-toxic. A range of studies thetldecade has shown that modified wood
can provide excellent protection against a rangewobd deteriorating organisms,
including decay fungi. However, we still lack infioation aboutvhy the modified wood

is protected from microbial attack. Some generabties of mode of action in modified
wood have been put forward (Hill 2006): The equilim moisture content (EMC) is
lowered, physical blocking of the entrance of deftangi to e.g. micropores of cell walls
and inhibition of action of specific enzymes.

Furfurylated wood is wood modified by reacting tusfl alcohol (FA) inside the wood
structure. Since early 2000s, commercial produatet on furfurylation have been on
the market, and the need for better understanditizgeqorocess is still warranted (Lande
2008). Venas (2008) showed that a dose respora@reihip in decay resistance can be
obtained. It is still unclear if chemical bonds denformed between the FA polymer and
the wood as hypnotized by Laneeal. (2004). Nordstierna et al. (2008) supports the
theory of a chemical bound of FA to lignin. Thygeseal. (2009) showed that a higher
amount of FA was located in the lignin-rich partgte cell wall. Experiments by Venas
(2008) indicated that an analytical method basecewmzymatic hydrolysis and high-
performance anion exchange chromatography (HPAES) Ime a viable tool for further
investigations regarding decay protection mechasism modified wood. However,
there are still considerable knowledge gaps witharé to the mode of action of
modified wood.

The aim of this study was to summarize our easliedies using molecular methods as a
tool for better understanding of the mode of actbdecay fungi in furfurylated wood.

MATERIAL AND METHODS

Early stages of fungal colonization (Alfredseret al. 2008)

Miniblock sized samples (Bravery 1979) were pre@airem furfurylated, thermally
modified and acetylated Scots pirfeirnus sylvestris L.). As reference and control Cu-
HDO and untreated samples were used. The samptesingeulated with th@rametes
versicolor (synonymCoriolus versicolor). Replicates were harvested after 2, 4, 8 and 10
weeks of incubation. Fungal biomass was quantifigdg real-time Polymerase Chain
Reaction (QPCR) as described in Eikeetedd. (2005) with slight modifications.

14



Colonization pattern in EN 252 stakes after 6 yearPilgard et al. 2009)

EN 252 stakes were harvested after six years. Addvsamples were from Scots pine;
furfurylated with two different treatment levelsoth were lower than 25 WPG), Cu-
HDO and Scots pine heartwood.

All stakes were visually rated according to the EBR standard. Samples were taken
from three different parts of the EN 252 stakegni from the bottom (below ground
level), from the soil-surface region and 3 cm frtima top (above ground level) (Fig.1).
Each of these three parts was then divided, véltidato three segments for further
analysis. A lamella of 1 cm was taken out from thieldle part of each of these three
samples in horizontal direction.

Field stake Analysis Sample no.

Microscopy
59 ><'
EPEP P

Above ground. level Chemical analysis 7,89
O 333 S v

Microscopy
Soilsurface region i—- S == Chemical analysis
R ys 45,6

@9 §PC

71 Microscopy
Below ground level | i—» =2 Chemical analysis 123
R

@9 §PC

Figure 1. Preparation of wood samples

Results from one sample below ground level (sar@plend one sample from the soil-
surface level (sample 5) are presented in thismpdmeassess the degradation level, all
samples were analysed with gPCR, ergosterol anohcand TGA assays. Copper
analysis were preformed on the two stakes impreghatith a copper organic
preservative. The lamella samples were evaluatedight microscope.

Postia placenta gene expression (Alfredsert al. 2009)

Miniblock samples were prepared from furfurylatezbtS pine sapwood and Scots pine
sapwood as control. The samples were inoculateldl Rastia placenta. The incubation
time was 2, 4 and 8 weeks. RNA was extracted, selertranscribed and quantified.
Seven target genes with different functions inftirggal metabolism and 2 endogenous
control genes were tested.

RESULTS

Early stages of fungal colonization (Alfredseret al. 2008)

The fungal colonisation in untreated Scots pinetrobnsamples increased during
incubation. Among the included wood modificatiohsrimally treated wood showed the
highest and furfurylated wood the lowest amounT.ofersicolor DNA throughout the
test. The trend among the wood modifications wakeerease in fungal DNA after a
peak at week 2. In the following weeks the DNA amtodeclined to a level that was
roughly half of the amount observed after two weekscubation. In traditional wood
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preservation systems (Cu-HDO, CCA) the fungal cglation trend was quite similar to
that observed in modified wood, except that the @am@f fungal DNA declined more
drastically in these copper-based treatments thamodified wood.

Colonization pattern in EN 252 stakes after 6 yearPilgard et al. 2009)

After 6 years in the field, the EN252 (1989) stakese rated according to the EN 252
standard (Table 1).

Table 1. Rating of EN 252 stakes (according to EN 252 stashdafter 6 years in field,
using a scale from 0-4, where 0 is no visible &ttawd 4 is failure.

Wood material Rating after 6 years in
EN252

Modified wood material

Furfurylated Scots pine (low treatment level) saaripl 3
Furfurylated Scots pine (low treatment level) sasrii 2
Furfurylated Scots pine (medium treatment levethsa 18 1
Furfurylated Scots pine (medium treatment levethsia 28 1
Reference Use class 3 retention

Copper organic wood preservative sample 5 0
Copper organic wood preservative sample 10 4
Control

Scots pine heartwood (medium level of pinosylviengle 154 3
Scots pine heartwood (high level of pinosylvin) sdenl0 1

The highest amount of fungal DNA, ergosterol antirchvas found in the sample rated
as 4 (Cu-HDO sample 10). As expected, a lower amotilDNA was found in the
samples rated as 3 and 2 and even lower in the rated as 1 and 0. Generally the
samples rated as 3 and 2 had low amounts of ergbstal chitin. The results from the
TGA showed that the below ground sample rated &8WHDO sample 10) had the
lowest cellulose content. For the samples rate8 dnd 2, a clear difference could be
seen in the amount of fungal DNA detected in betpaund samples of the stakes as
compared to the soil-surface samples. This diffegecould not be detected with the
ergosterol and chitin assays which may indicatetttegPCR method is more sensitive.

Postia placenta gene expression (Alfredsest al. 2009)

Based on gene expression changes observed in itbisspudy, oxidative metabolic
activity is likely higher in samples of furfurylated wood compared to urigéacontrol
after 2 and 4 weeks. Carbohydrate metabolism @ylilower in mini block samples of
furfurylated wood compared to untreated controérat and 4 weeks. After 8 weeks of
inoculation the metabolic activity in untreated gdes seemed to drop.

DISCUSSION

In a TMC (modified ENV 807) trial with three diffent soil types Westin and Alfredsen
(2007) found that FA modifications had the highmsiss loss in forest soil even though
this soil generally was the least virulent soil.isTBoil had the highest water holding
capacity, the lowest pH and was dominated by widtefungi. Pilgardet al. (2009)
found that gPCR was the most sensitive method ébeation of wood decaying fungi
also in field trials. Both visual evaluation anddhemical methods found an effect of
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treatment level and FA, the highest treatment Iénael lowest fungal colonization. All
six sub-samples from the two stakes that were fyldted to a low treatment level were
degraded by mainly soft rot fungi, but also whibé fungi and tunnelling bacteria were
present in some of the samples. Only one of thesamples from the two stakes that
were furfurylated to a medium treatment level hadslaght visible biological
degradation. The remaining 5 samples had no visitgadation. Brown rot were found
both in the Cu-HDO treated samples and in Scote pieartwood, but not in the
furfurylated samples.

The hypothesis put forward by Hill (2006) regardiiig mode of action of modified
wood is also valid with regard to furfurylation. & lequilibrium moisture content (EMC)
is lowered in modified wood, and hence it is moiféatilt for fungi to get the moisture
required for decay. This theory has gained a Iaupfport and seems to be valid for all
the most established wood modification methods. EMf@ported to be lowered by 30-
50% with moderate FA-treatment intensities (Epmeaieral. 2004) although some
variability is observed in different trials (Epmeiet al. 2007). Westin (2004) found
dimensional stability in furfurylated wood to begmsificantly improved (30-70 % ASE).
Goldstein (1955) reported the anti-swelling effrag (ASE) of furfurylated Idaho white
pine to be in the range from 41 to 70 % when thegktepercent gain (WPG) varied
from 17 to 120 %. Landet al. (2004) found similar tendencies, when the WPGedhri
from 15 to 125 % the ASE ranged from about 30 %ftout 75 %. Hence, these findings
seem to be consistent even though chemical forrooktand wood species varied.
Venas (2008) indicated that furfurylation levelsoab25 WPG might represent some
sort of threshold value for furfurylated wood witkegard to decay resistance and
moisture balance. This threshold is supported leyfitdings in Alfredsen and Westin
(2009). They foundho obvious effect of increasing WPG (treatment lewere from WPG 20
and higher) in lab and field trials.

The second mode of action hypothesis is relatethiition of action of specific
enzymes. The hydroxyl groups in the cell wall andlothe lumen could, according to
this theory, be substituted with other groups irdified wood. This may lead to the fact
that the enzymes no longer recognize the subsitatestill unclear if chemical bonds
can be formed between the FA polymer and the wbaxdeet al. (2004) suggested that
lignin and polymerized FA are covalently bond infimylated wood, and this theory
was supported by Nordstierna et al. (2008) usingRN®h lignin model compounds.
Thygesen et al. (2009) found that a higher amo@ifowas located in the lignin-rich
parts of the cell wall and that the molecular welghs higher at these parts. This might
support grafting of the FA polymer to lignin. Ven@008) indicated that moderately
furfurylated wood was recognized as a substratéyalyolytic enzymes with activities
resembling those of wood destroying fungi thereftplgishing that if adequate moisture
is present the substrate will be hydrolysed. Heheur stated that the accessibility of
carbohydrates was reduced markedly which offenotegtive effect. He also found that
leachates from furfurylated wood were substrates l&zcase-catalysed oxidation.
Results from the gene expression pilot study (Adenet al. 2009) indicate thaP.
placenta changes its metabolism in furfurylated wood comgdceuntreated Scots pine.
The oxidative metabolic activity (laccase-like, madise-like and alcohol oxidase) was
higher in furfurylated wood compared to untreatedntml while carbohydrate
metabolism (endoglucanageglucosidase) was lower in furfurylated wood conepéto
untreated control. This supports the findings by&&(2008). If this is due to chemical
change of the wood or change of carbon sourceilisusirevealed. Venas (2008)
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hypothesised that the reduced accessibility ofatarrates most likely is mainly due to
cell wall bulking. It could also be explained byihition of action specific enzymes.

The third hypothesis is that wood modification #esun physical blocking of the
entrance of decay fungi to e.g. micropores of wallls. This theory can contribute to
explain the mode of action for e.g. lumen fillingodifications, but cannot explain
methods like acetylation or thermal modification. Alfredsenet al. (2008) the low
amount of fungal DNA in furfurylated wood, compatedhe other modifications, might
be due to the polymerisation of the furfuryl alcbiothe wood. This polymerisation
might result in a physical blocking in the woodlaehll. The polymerization might also
encapsulate the wood polymers, making them lesssaitie forT. versicolor. These
two assumptions would be compatible with the norgraivth modus of white rot fungi
which involves enzymatic degradation of the cellllwg hyphae attached to the S3 wall
within cell lumen. As mentioned above, Venas (2088pothesise that the reduced
accessibility of carbohydrates in his experimensniiely was due to cell wall bulking,
but this remains to be investigated.

It is of great importance to remember that thedtakove mentioned hypotheses do not
exclude each other. All can be true for one modifan. However, there are still
considerable knowledge gaps with regard to the nobaetion of modified wood.
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ALTERNATIVE SYSTEMS FOR WOOD PRESERVATION,
BASED ON TREATMENT WITH SILANES

Aaserud, J* Larngy, E2, Glomm W. R®

ABSTRACT

One of the biggest drawbacks of using Europearv@atood species as a construction
material is its tendency to degrade by fungal &ttdbis has lead to the development of
different systems for wood preservation. Many afsth systems suffer the disadvantage
that they contain biocides, which can leach from wWood into the environment and
damage organisms.

In this project ten silanes, 3-(2-Aminoethylamin@ypyltrimethoxysilane, 3-[2-(2-
aminoethylamino)ethylamino]propyltrimethoxysilan8:Aminopropyltrimethoxysilane,
Diethoxydimethylsilane, = Dodecyltriethoxysilane, Hebecyltrimethoxysilane, N-
Trimethoxysilylpropyl-N,N,N-trimethylammoniumchlate, Octyltriethoxysilane,
Octyltrimethoxysilane and Phenyltrimethoxysilangvé been investigated for their
ability to increase the hydrophobicity of wood atetrease shrinking and swelling, and
thus increase its ability to withstand attack bgdu In the initial phase of the project
two solvents, ethanol and water were investigatefind out which of these that gave
the best result for surface modification with sdanThe results showed that water as
solvent gave a surface with higher hydrofobicitgrttwhen ethanol was used as solvent.

The samples treated with water as the solvent dastter surface modification,
Therefore, only water was used for pressure im@aegm.

It has been shown by FT-IR-spectroscopy that tlaes binds to hydroxyl groups in
the wood structure.

The systems which have given the best indicatiorzetsuitable as wood preservatives
after measuring of contact angles are octyltreteibage, 3-(2-aminoethylamino)-
propyltrimethoxysilane,  3-[2-(2-aminoethylamino)@dmino]propyltrimethoxysilane
and 3-aminopropyl-trimethoxysilane. The three lagstems contain amine groups,
which acts as a biocide and may be able to stofutigg.

Key words: Contact angles, FT-IR-spectroscopynsgawood preservation.
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INTRODUCTION

There has been developed a variety of systems dodvpreservation to cope with the
tendency of European native wood to degrade byduagjack when it is used as a
construction material. Traditional systems for wgudservation have lately been based
on copper compounds. The effectiveness of thederagds due to the fact that copper is
a biocide and will therefore kill the fungi. The marawback with these systems is that
the compounds are able to leach out from wood aidtp the environment and Kkill
other organisms. Because of this it has been stephdsat these systems shall be phased
out. It is therefore necessary to develop othetesys that can protect wood from attack
by fungi.

For wood to be attacked by fungi three factors nmhestpresent, water, oxygen and
nutrients. To prevent attack by fungi it is necessary to reenowe of these factors.
Access to oxygen will in most cases be difficuldtmanything with, while the access to
water and nutrients is possible to reduce (Hill&@00 he approach chosen in this study
is to make the wood hydrophobic to reduce the actewater.
The systems investigated here are based on sifanesonalized with different side
groups. Silanes have earlier been used with suécessaking glass hydrophobic (Mark
2004), they have also been used on textiles. Basdte similarities between cotton in
textiles and cellulose in wood, it is reasonableassume that silanes can be used to
make wood hydrophobic (Weigenand 2006).
Silanes are unstable in water, they will be hydrety to silanoles which in turn will
condensate into three dimensional structures (Doetaal. 2006). The general reactions
for the hydrolysis and condensations for silanesshown in the following equations.
Hydrolysis:

= SiOR + HO - =Si-OH + ROH (1)
Water condensation:

= Si-OH +=Si-OH - =Si-0-Si= + H0 (2)
Alcohol condensation:

= Si-OR +=Si-OH - =Si-O-Si= + ROH 3)
R is here an alkyl group on the formHGy.1.
The silanes used here are di- and tri-functionéiciv means that one or two of the Si-

OR bonds are replaced by Si-X bonds where X isrectional group with desired
properties.
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MATERIAL AND METHODS

The treatment of the wood samples was preformevanrounds, one was a surface
treatment and the other was as a pressure impregnahe surface treatment was done
to investigate which solvent gave the largest iaseein contact angles. The solvents
used were water and ethanol, with a concentratiGilanes of respectively 0.25 M and

0.025 M. The wood samples were fastened in awbst &nd submerged in the solution.
The test tube was then placed in a sealed plastilevhich was placed in a hot box for

20 hours at 100°C for water as solvent and 80°Cefbanol as solvent. After the heat
treatment the samples were washed with pure solkeenémove any remnants. They

were then air dried over night.

For the pressure impregnation only water was usesbb/ent (since ethanol as solvent
did not give as good results as when water was)u$bé same concentration as for the
surface treatment was used. The samples was plapdastic beakers and submerged in
the solution. The beakers were filled with an egaafssolution to allow for the samples
to stay submerged as the solution penetrated lireteamples. The beakers were placed
in an autoclave where they first were exposed tuwm (4 kPa) for an hour and then
pressure (0.8 MPa) for 2 hours. After this treatimiba samples with the solutions were
transferred to plastic beakers which were sealdgld lids. They were then placed in a
heating chamber for 20 hours at 100°C.

After the treatment the contact angle between déngpte and water was measured for all
the samples. This was done with a “CAM 200 Optisadile Meter”. The contact angle
was measured by the goniometer method, where aafripid is placed on a surface
and the contact angle is determined as the andgleeba the surface and the tangent of
the drop surface (Mgrk 2004). The contact angle ala® measured for untreated
samples.

It was also performed FT-IR-spectroscopy on all tieated samples and on untreated
samples. The FT-IR-spectrophotometer used was ‘@rilensor 27", with a D316/B
MCT detector. The software was supplied by OPUS.

A list of the silanes used is given in table 1.

Table 1.Silanes used for treatment of the wood samples
Compound Name
3-(2-Aminoethylamino)propyltrimethoxysilane
3-[2-(2-Aminoethylamino)ethylamino]propyltrimethosijane
3-Aminopropyltrimethoxysilane
Diethoxydimethylsilane
Dodecyltriethoxysilane
Hexadecyltrimethoxysilane
N-Trimethoxysilylpropyl-N,N,N-trimethylammoniumchiiale
Octyltriethoxysilane

Octyltrimethoxysilane
Phenyltrimethoxysilane

Boo~ouabwNr
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RESULTS AND DISCUSION

The first part of this study was to determine whsgilanes and solvents that gave the
largest increase in contact angles. The contactlangs used as a measurement to
determine whether the treatment had made the sampdee hydrophobic. The results
from these measurements can be seen in table 2.

It is a trend that water as solvent gives a laigerease in contact angle than when
ethanol is used. The results from the FT-IR-spsctipy, given i table 3, showed a

reduction in the area indicating C-O stretch cora@do a untreated sample as the only
indication of silanes bonding to the wood structwtgen ethanol was used as solvent.
The results from when water was used showed nekspeahe area indicating alkanes

for the 9 first compounds and in the area indigataimomatics for compound 10. For

compounds 5, 6, 8, 9 and 10 new peaks in the ahiaating Si-O bonds were also

detected. New peaks indicating Si-C bonds werectkrefor compounds 5, 6, 8 and 10.
Based on these results it was decided only to userwas solvent for the pressure
impregnation.

Table 2.Results from measurements of contact angles

Compound Surface treatment Pressure
Ethanol Water impregnation
1 106.9+11.8 116.2+£6.0 135.5+11.0
2 - 121.2+£13.0 140.1£14.0
3 - 106.1 £ 6.3 148.6 £ 10.5
4 106.6 £ 9.8 127.8 £ 15.7 135.9+124
5 118.2 +16.8 134.9+14.3 129.8 £16.1
6 122.7+5.7 132.9+5.6 129.2 +11.3
7 103.4+3.2 123.1+5.0 136.6 £ 13.6
8 122.5+13.0 135.0+154 141.5+£11.0
9 113.7+6.4 127.7£6.0 134.1 £10.7
10 109.1 + 8.7 98.7 £ 14.0 103.2+9.9
Untreated 90.4+145

The pressure impregnated samples showed the sdtamdar increased contact angles
as for the surface treated samples, they are havgeweewhat higher. This can possibly
be explained by the fact that the pressure tredatirenmade the silanes penetrate deeper
into the wood matrix and thus enabling them to biadmore hydroxyl groups. The
relatively large standard deviations can be asdribéhe heterogenic nature of the wood
surface.

Three of the systems used here contain aminese tbespounds act as biocides.
Considering the incentives for developing new systdéor wood preservations that do
not harm the environment, the use of these commooad seem contradictory. However
the idea behind these systems is that they birgtttirto the wood structure which may
prevent that they leach into the environment, amas tshow no biocidal effect. In
addition these systems are among the systems hdttatgest increase in contact angles
after the pressure impregnation.
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Table 3. Summary of the changes found with FT-IR-spectrpgdor the treated

samples compared to untreated

Compound Treatment Wave number [cff]
1040- 1200- 2850- 1340- 900- 600- 700- ~1600
1150 1450 2970 1470 1300 900 850
1 Surface EtOH| Reduction
Surface water] Reduction
Pressure Reduction 2850
impregnation 2915
2 Surface EtOH - - - - - - - -
Surface water] Reduction
Pressure Reduction 2850
impregnation 2915
3 Surface EtOH - - - - - - - -
Surface water] Reduction
Pressure Reduction 2850
impregnation 2915
4 Surface EtOH| Reduction
Surface water] Reduction
Pressure Reduction 1255 2850 1255 790 790
impregnation 2915
2950
5 Surface EtOH| Reduction
Surface water] Reduction 285( 720 720
2915
Pressure Reduction 2850 720 720
impregnation 2915
6 Surface EtOH| Reduction
Surface water] Reduction 2850 1460 720 720
2915
Pressure Reduction 2850 1460 720 720
impregnation 2915
7 Surface EtOH| Reduction
Surface water] Reduction 285(
2915
Pressure Reduction 2850
impregnation 2915
8 Surface EtOH| Reduction
Surface water 2850 720 720
2915
Pressure Reduction 2850 720 720
impregnation 2915
9 Surface EtOH| Reduction
Surface water 2850| 1455 680
2915
Pressure Reduction 2850 680
impregnation 2915
10 Surface EtOH| Reduction
Surface water] Reduction 143( 693 720 1590
720
Pressure Reduction 1430 693 720 1590
impregnation 720
Indication of: Cc-0 OH- Alkane | Alkane C-O Si-O Si-C Aromated
stretch bend stretch

The systems containing ethoxy groups instead ohoxgt groups do not seem to be
sterically hindered because of the increased mi@esize. This can be seen from the
FT-IR-results as well as from

the measurements hé tcontact
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Octyltriethoxysilane is among the systems with thighest contact angles after the
pressure impregnation.

The systems that look the most promising are actfioxysilane, 3-(2-
aminoethylamino)propyltrimethoxysilane, 3-[2-(2-améethylamino)ethylamino]propyl-
trimethoxysilane and 3-aminopropyltrimethoxysilar@ctyltriethoxysilane has in the
entire test been among the systems with the higlmegact angles, and has been proven
bound to the wood structure by FT-IR-spectroscdpe three last systems are biocidic
which means that they may be able to stop the furiggy are also proven bound by FT-
IR-spectroscopy and they are among the systemsthathighest contact angles after
the pressure impregnation. Since they are bourketstructure they may be prevented
from leaching out into the environment.

Compared to earlier studies (Donath et al. 200&hss with longer hydrocarbon chains
have been used in this study. The results have rstioevsame tendency to make wood
more hydrophobic.

Further test that will be done is to investigate tlegree of decay by fungi for samples
treated with the different silanes, for both leatl@d unleached samples. The leaching
of the samples will be used to investigate whether silanes can leach out into the
environment.

CONCLUSIONS

The preliminary tests showed that water was betiged as solvent for the modification
procedure than ethanol, as it gave larger incrigasentact angles. This was also evident
from the results obtained by the FT-IR-spectroscaghowing clearer indications of
silanes bound to the wood structure.

The results from the pressure impregnation followedsame pattern as the preliminary
test, but with an even bigger increase in contaales, probably due to deeper
penetration of the silanes into the wood matripwalhg them access to more hydroxyl
groups to bind to.

The results from the different treatments showead Hilanes can be used for making
wood more hydrophobic. This happens as silanes toird/droxyl groups in the wood
structure, which was proven by FT-IR-spectroscopy.
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DRYING OF SOFT- AND HARDWOODS IN OIL UNDER
VACUUM

Kaden, R, Terziev N?

ABSTRACT

Plant oils have significantly higher thermal contikity than air, thus conducting heat
more effectively to the surface and into wood. Aligh known for long time, drying in
oil under vacuum is underestimated and the infaonatn this type of drying is scarce.
The objective of this study was to investigate shaability of oil drying under vacuum
for three wood species using cheap and availabla pil.

Boards of Scots pine, Norway spruce and oak wodl thickness of 26 mm and high
initial moisture content (100-130%) were dried &apeseed oil at temperature of 60-90°C
and under permanently or alternately applied vacuulfimal moisture content,
distribution of moisture along the thickness of péems, internal stress, modulus of
elasticity (MOE) and oil uptake were measured far studied wood species. Scots pine
and spruce boards were dried to 12% moisture comigh negligible degradation for
12 h. The drying dynamic differs significantly fraimat of conventional kiln drying, e.qg.
the drying curves show only constant drying ratiee Trying times were compared to
that calculated by a drying model and it was cometuthat drying in oil under vacuum
is 4-5 times faster. MOE of the oil dried sampleasswneasured by a static method and
compared to air dried control samples. Oil dryiragl mo negative effect on the MOE.
The uptake of oil was in the range of 40-90 ky/fhe tests showed that drying in oil is
a promising process for softwood timber providitgr$ drying time and insignificant
degradation.

Use of oils as water repellent impregnation agéwts industrial potential and is an
environmentally friendly alternative to the tradiially employed chemical wood
protection. The method facilitates further impregpraof wood with modified oils.

Key words: drying quality, Norway spruce, oak, reged oil, Scots pine

INTRODUCTION

Development of faster and better methods for dryhgvood is a continuous activity.
Only several of the existing methods are of indakimportance, e.g. conventional kiln
drying, high temperature and vacuum drying. Kilyidg is the most common drying

! Student, University of Applied Science of EberswealBriedrich-Ebertstralle 28, 16225 Eberswalde,
Germany, Tel. +49-176-21952207, E-mail: rkaden@dbrswalde.de

2 Assoc. Prof., Swedish University of Agriculturali®nces, Department of Forest Products/Wood

Science, Box 7008, 750 07 Uppsala, Sweden, Tek184672589, Fax +46-18-673489, E-mail:
nasko.terziev@trv.slu.se

27



method to commercially dry timber at present tithés a fast and economical way but it
can take many weeks up to months to ensure a goaagdquality. Limited interest
from the industry has slowed down the developmémiear methods. Nevertheless, one
drying approach with great potential is drying obad by boiling it in oily liquids.
Wood can be dried rapidly by immersing into a wagelling liquid which has a
boiling point considerably above that of water avtdch is maintained at a temperature
high enough to vaporize water (Kollmann and Co884).

The first process based on the above mentionedodhetlas so-called Boulton process
patented in England in 1879 and in the USA in 18Bdulton (1881) developed the
drying process as a part of treating wood with gmnestive formulation. Heat has been
applied by immersing timber in hot oily liquid. Biben applied a constant vacuum to
efficiently evaporate water from timber at sigrafintly lower temperature compared to
normal atmospheric pressure that was common ineadional drying kilns. The US
Forest Products Laboratory reported one commetestt with green southern pine
timber which was dried by boiling-in-oil processeltimber was dried from an average
moisture content of 77 to 22% in 16 h. The reptsb gpresented a few problems like
checking, honeycombs and casehardening after diegMillen, 1961). Analogously
Hager (1971) presented a wood treatment methodalRwgcess) consisting of boiling-
in-oil drying process for impregnated timber. Aftae impregnation treatment when the
solution has been pumped out from the cylinderjgh-boiling liquid (oil) has been
introduced. Today, the boiling-in-oil process imiliedly used in combination with
preservative treatments and still known as Royatess. Grothe (2007, unpublished
material) dried green wood by immersion in oil ungdacuum. His study has shown
very interesting results, especially for dryingeiand spruce. Samples of pine, spruce
and oak have been dried in a closed cylinder umdenum and a temperature of 80°C.
The samples of pine and spruce have been shordyg dithout severe degradation to
moisture content below 20%. The oak samples wermersly degraded and insufficiently
dried. The present study is a continuation andredteparameters, e.g. samples
dimensions, process temperature and oscillatioraofium were targeted to investigate
their effect on the timber drying quality. The mamijective of the study was to deeply
investigate oil drying under vacuum and to gain enanactical experience.

MATERIAL AND METHODS

Scots pine Rinus sylvestris L.) and Norway spruceP(cea abies Karst.) boards were
purchased as fresh as possible from local sawnels of Uppsala. OalQ(ercus robur

L.) boards were purchased earlier and stored ireezér (-20°C). Four samples with
dimensions 26 x 100 x 320 mm for pine and spruckZx 100 x 320 mm for oak
were cut from each board. Two of the samples welexted for oil drying test while the
other two samples were air-dried in room climat@ (€, 65% RH) to serve as controls.
The samples intended for drying were end-coated icommercial polyurethane glue
to avoid moisture losses from the ends and to sitaubnger boards during drying. The
samples were stored in a freezer to avoid moidasses. The pine and spruce samples
consisted mainly of sapwood and the oak sampleseaftwood. Some samples had
small knots and resin pockets. Some spruce sarhptefsect holes as well. The initial
moisture content was calculated according to stan@dAN 52183 and the density
according to DIN 52182. The samples were driedanld-pressed rapeseed oil.
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The drying was performed in a small test planhat$wedish University of Agricultural
Sciences, Department of Forest Products. The tiestt gonsists of two cylinders,
equipped with heating elements and connected throwgnerous pipes and valves. A
vacuum pump was attached to the system. A flask awasected between the upper
cylinder and the vacuum pump. The flask was placed balance and cooled with ice to
condense and collect the evaporated water. Theaiyse during the drying process
was measured by a data logger (Intab Interface RA@nd four thermo-couples. One
couple was placed in the upper cylinder to meatweagemperature of the heating oil.
The second couple was placed in the lower cylifidlemeasuring the temperature of oll
during drying. The other two couples were placedrilted openings in one of the wood
sample; one couple was placed approximately 1mnenmedth the flat wood surface at
depth of 1.5 cm while the other one was placeth@wood core at depth of 3.0 cm. The
target moisture content was 12%. For each sant@earmount of water which had to be
evaporated was calculated by the initial moistwetent and the dry weight measured
by two slices taken close to the ends of samplee.SBmples were placed in a cache of
mesh wire in the lower cylinder. The lower cylindeas closed and heated up. The
upper cylinder was filled with oil which was heateg to 80°C. When the temperature
in the wood core compassed 10-20°C the oil wastsethie lower cylinder to initiate the
drying process. Vacuum was applied after the ad fiéed the lower cylinder. The oll
temperature was gradually increased from 60-65°Qoub-90°C. The temperature in
the upper cylinder was kept up to 90-120°C to iaté the removal of the evaporated
water. The evaporated water was weighed at equetvads to calculate the wood
moisture content. After the target moisture conteas achieved or when no water
bubbles came out of the wood, the oil was disclargefinal vacuum was applied for
20 min to recover oil from the sample surface. dms tests, final conditioning was
performed in a laboratory kiln (85°C, 94% RH, 2 After drying and conditioning
samples for measuring the final moisture contewistare content distribution along the
thickness and internal stress were cut. The intestnass was measured according to
standard ENV 14464. Two types of drying were stddige. one with constant function
of the vacuum pump and one with alternate functjdable 1.). During alternate
function the pump was switched on and off at 10 miarvals. The system was closed
when the pump was switched off to avoid interruptod the drying. The oil uptake was
calculated by the difference between the amounhefinitial oil and the recovered oil
corrected by 10 g (the amount of oil remaininghe tylinder and pipes). After drying
the samples were stored in room climate (20°C, 639 for four weeks and the module
of elasticity (MOE) was measured. Pairs of one rarand one oil dried sample from
the same board were chosen to compare the MORvHsatneasured by the three-point-
bending method according to standard 1ISO 3349.

RESULTS AND DISCUSSION

Scots pine and spruce samples were dried belowathet of 12% moisture content in
an impressively short time in all tests (Table Dge to severe internal stress the drying
of oak was stopped after a certain time (8.5 hg fidason for this occurrence might be
the long storage of oak wood in the freezer. Therhte working of the vacuum pump
showed better results than the constant working dlternate schedule decreased the
drying time and the oil uptake as well (Table 1d dfig. 1.). Due to the alternate
working, the vacuum pump worked only half of thedi which is an important cost
aspect.
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Table 1.Drying time, moisture content (MC) and oil uptake

Test Wood Vacuum pump Conditioning Average Average Dgyin Oll

nr. species initial MC, final MC, time, uptake,

% % h kg/m3
1 Pine constant - 114 6 12.3 84.5
2 Pine constant - 91 5 11.3 90.4
3 Pine alternate - 107 10 10.8 41.2
4 Pine alternate - 108 12 10.2 83.6
5 Pine alternate + 133 10 13.5 52.9
6 Pine alternate + 108 9 10.5 52.6
7 Spruce  alternate + 94 8 8.5 59.5
8 Spruce alternate + 103 8 9.2 75.9
9 Oak alternate - 55 26 8.5 -

The oil uptake was over 50 kg/ms3 for all tests wothe exception (test 3). This is not
consistent with the data of Hager (1971) who regmbrén oil uptake of less than 40
kg/ms3. The explanation for the high oil uptake nigh the low moisture content and the
recovery of the oil without vacuum, which was nosgible for technical reasons. The
low relative humidity and thickness of the vapaaydr that surrounded the wood cannot
protect the wood at the end of oil drying (Kollmaaomd C6té, 1984). This facilitates the
penetration of the oil into the wood. The oil uptakas observed only at depth of 1-2
mm at the surfaces of samples.

The drying curves for all tests showed a constaying rate (Fig. 1.a). This is typical
for this study and differs significantly from theodelled drying curves of conventional
kiln drying (Fig. 1.b). A conventional kiln dryingchedules was simulated by the
computer programme widely used at the Swedish shsv(firatek, TRATORK vers.
2.4). The model calculated 54 drying h from 10QLR9% final MC. The drying terms
were similar to the parameters of the oil dryinghwone exception, i.e. the maximal
drying temperature was limited to 80°C. The ressitswed that the time for oil drying
was approximately 5 times shorter than for the sated conventional kiln drying (Fig.
l.a and Fig. 1.b).

All samples showed casehardening after drying, lwhm@s measured according to
standard ENV 14464. Moisture content distributiolong the thickness showed

significant gradient which is one of the reasons dasehardening (Fig.2.a and 2.b).
After final conditioning (85 °C, 94% RH, 2 h), nasehardening was detected (Table 2.
and Fig. 2.a and 2.b).
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Fig. 1. Comparison of drying rates oil drying (Fig. 1ahtipand simulated conventional
kiln drying (Fig. 1b, left).
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Fig. 2. Moisture content distributions along the thickn@swy. 2a, right) and internal
stress (Fig. 2b, left) before (right) and afteftfleonditioning (test 6).

Table 2. Measured gap in mm after drying (average of 4 $ashp

Test 1 2 3 4 5 6 7 8 9
without conditioning 252.0 44 43 3.0 43 3.6 2.7 4.1
with conditioning - - - - 00000000 -

Only one spruce sample showed radial checks oretiols after drying. The reason
might be an incorrect end coating. All other pimel &pruce samples were without any
checking or honeycombs. This proves that dryingilims not only a fast drying method
but also a method that ensures very good dryinditguafter conditioning. Due to
technical reasons it was not possible to carrycoaditioning in the test cylinders but it
should not be difficult to combine these two pr@ess The modulus of elasticity (MOE)
was measured to analyse the properties of the sangiter drying. No difference
between control and oil dried samples were measuigd means that oil drying has no
negative effect on the MOE.
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CONCLUSION

The present study revealed a number of advantddhe oil drying under vacuum. Both
Scots pine and Norway spruce samples with higlalnmoisture content (100-130%)
were dried below the target of 12% moisture conteran impressive time in all tests.
Although the casehardening occurred after dryirspoaded to standard drying quality
(according to ENV 14464). It was shown that theinal stress could be eliminated by
conditioning after drying. It is recommendable thtae both methods should be
combined to decrease drying time and productiort. clvs general no checks or
honeycombs were observed after drying; only onacgpsample showed radial checks.
No valid conclusion could be drawn for the oak skE®pbecause they were
insufficiently dried and showed severe degradatigypparently drying of hardwoods in
oil under vacuum needs further investigation arfthdely another drying schedule. The
uptake of oil was in the range of 40-90 k/out this consequence is debatable and can
depend on the further use of the dried timber. Figh oil uptake could also be
explained by the fact that too little amount issum@ed (not measured) to be left in the
drying equipment. A high oil uptake might be goodfurther impregnation and exterior
purposes and a low oil uptake for interior purpo3é® results suggested that drying in
oil under vacuum has no negative effect on the rneodd elasticity because the
temperature never exceeds 90°C. The drying timeoiin under vacuum was
approximately 5 times shorter than for the simwaat®nventional kiln drying. The
results confirm the method to be fast and promisingnsures very good drying quality
after conditioning. The alternate working of thewam pump showed better results than
the constant working. It decreases drying time, uptake and eventually costs at
commercial use of this method. It is possible titaer time ratio of the alternate work
of the vacuum pump can lead to a better resultthexe is further need for optimisation.
This study reveals new data about distribution ofisture along the thickness of the
samples, internal stress, modulus of elasticitydnythg rates.
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LEACHING OF NEW ENVIRONMENTAL FRIENDLY WOOD
PROTECTION AGENTS

Andreas Tret Erik Larngy & Holger Militz®

ABSTRACT

New environmental benign wood protection agentsroftome from natural resources,
and are sometimes a waste product. Chitosan, \atiga from chitin which is among
other sources a by-product from the shellfish itighiss tested as well as known wood
protection agents and their synergetic effect withosan.

The objective of the research presented in thigpapto describe the leaching
properties of the following compounds: Chitosarntadan/copper, chitosan/boron and
chitosan/Scanimp (a commercial wood preservat&dg¢aching procedure was
performed on treated Scots pine sapwood samplestolin solutions have also been
tested with and without post treatment. A new eiecfire preservative has been
included in the test. Common wood preservative® limen tested as references.

The combination with chitosan did improve the figatof the wood protection agent
Scanlmp. Furthermore, the post treatment of thiosan treated samples did
significantly reduce the leaching of glucosamind emsome extend also the leaching of
boron.

Key words: Leaching, boron, chitosan, copper, Spwts sapwood.

INTRODUCTION

One of the challenges in wood material sciencéseigopic of natural durability and
protection of wood. One of the greatest problentdénutilization of most types of wood
as construction material is the low resistanceresgdniotic factors. Most European and
northern American softwoods in outdoor or humidditaned applications need to be
protected against wood-deteriorating microorganisath as fungi or bacteria, for
example by pressure-impregnating with chemicalsyamodifying the wooden matrix.
The wood protecting agents developed since theatsh of CCA are copper-organic
mixtures, such as ammonium copper quat (ACQ), aogpale mixtures, with or

without boron and copper systems (Green Il anduBzh2003; Schultz and Nicholas,
2003).

Copper is the primary active agent and the laathodmium and arsenic requires higher
concentrations. Since copper itself diluted in wadoxic to aquatic organisms, the new
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agents have only changed the environmental probAdmnch is not yet solved. Another
issue is the disposal of treated wood in genetard is a need to develop non or less
toxic wood preservatives which still allow conveyitneated wood into energetic
processes whenever it is out of use.

This study will try to find ways to improve the &#on of chitosan in wood and to detect
possible synergy effects with other protection agen

Chitosan, a natural polymer, is a nontoxic, ediate] biodegradable deacetylated
product of chitin. It is a naturally occurring psfccharide which has been found in a
wide range of natural sources (crustaceans, fumggcts, annelids, mollusks,
coelenterate etc.) (Muzzarelli, 1990). Chitosandsmally manufactured from
crustaceans (shrimp, crab, krill and crayfish)maniily because a large amount of the
crustacean exoskeleton is available as a by-praxfube food processing industries
(Brine et al., 1991). Chitosan consistgef.4-linked D-glucosamine residues with a
variable number of randomly located N-acetyl-glasosme groups. Chitin is the most
abundant natural nitrogen containing polysacchaddd its annual bio-production is
estimated to be almost as much as that of cellldgmar, 2000), at a level of upto 1 —
10 billion tons per year (Ratajska et al., 1997).

Recently chitosan has received much attentionpadential polysaccharide resource
owing to its specific structure and properties #rhs been studied extensively for
industrial applications. Chitosan has proven toimire fungal attack, however, only a
few studies have been conducted on the applicafichitosan to wood (Alfredsen et
al., 2004; Chittenden et al., 2004; Eikenes eR8l05; Kobayashi and Furukawa
1995a,b; 1996, Larngy, 2006, Lee et al., 1992; 1Mz and Morrell, 2004, Raiser et
al. 2008). Investigations on the anti fungal bebawelated to this research have been
published by Raiser et al. (2008).

MATERIAL AND METHODS
Scots pingPinus sylvestris L.) sapwood from stands in southern Norway was used to
produce samples with dimensions 5 x 10 x 30 mms.
A 5 % chitosan solution was prepared by adding@eeid until a pH-value of 5.6 was

reached. This solution was also used as basibdavther chitosan solutions.

Table 1: Overview over wood protection chemicals sl in this research

. . Concentration
Solution description pH (%)
Chitosan (1) polysaccharlde compqsed of randomly dlstr|bLﬂ€(d—4)— 56 54
linked D-glucosamine and N-acetyl-D-glucosamine
Chitosan + Boric acid Boric acid 54 55
() CAS 10043-35-3 ' '
Chitosan+Cu (l1l) Copper(Il)chloride dihydrate (CAB8125-13-0) 4.6 5.5
Chitosan+Scanimp
(V) 5.6 1.73
Scanlmp (V) Propiconazole-based wood preservative 9] 3 142
Wolmanit® CX-8 c based d .
) opper-based wood preservative 8.5 4
Fire p(r\?ltsctlon—l Fire protection agent + crosshinder 3.2 -
Fire protection-2 (IX Fire protection agent 3|2 -
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The Chitosan + Boric acid solution was producedaélgjio the basic chitosan solution
as described above. Additionally, 5 g boric acidfC10043-35-3) was added.
Solution Il was produced by adding copper(ll)ciderdihydrate (CAS 10125-13-0) to
the basic chitosan solution.

Solution IV was produced by mixing diluted solutsoof chitosan and Scanimp.
Scanlmp, a product of Jotun, is a water solubleergecnulsion based on organic
biocides. The composition is not official, but tnain ingredient is propiconazole.

Wolmanit® CX-8 is a chromium free, copper- and bbased wood preservative
consisting of the 2.80 % Bis-(N-cyclohexyldiazendioxy)-Copper (Cu-HDO), 13.04
% Copper (Il) hydroxide carbonate and 4 % boricdaci

Fire protection-1 (V1) and Fire protection-2 (I’d)e both developed for fire protection
in which their effectiveness has been proven aijreBde to fixation problems in former
trials (unpublished results) the Fire protectioselution was mixed with 2.2'-Azobis (2-
methylpropionamidine) dihydrochloride, 97% (CAS Z982-4 ), which was expected to
function as a crossbinder. The Fire protectioni@tsm is an enhanced version of the
Fire protection-1 solution, and was used as sugjliethe company.

Impregnation

All solutions were impregnated into the wood sarmalg using vacuum of 0.004 MPa
for 1 h, and pressure of 0.8 MPa (1h).

Post Treatment

Directly after the impregnation, half of all samplenpregnated with a Chitosan-solution
were wrapped in small plastic bags, sealed andtpestied at 85 °C for 20 h. The other
half remained in ambient temperature. The sampéesed with Fire protection-1 were
post-treated at 65 °C for 12 h.

Leaching Procedure

Half of the post treated samples as well as halfi@inon-post treated sample were
subjected to a leaching procedure according to £N'Bey were exposed to a vacuum
of 0.004 MPa for 20 min and maintained in the wéte2 hours, before the water was
changed the first time. 20 ml of the leaching watas collected from each of the
vessels every day for chemical analysis.

Chemical Analysis of the Leaching water

The amount of Glucosamine in the leaching water aedsrmined by high performance
liquid chromatography (HPLC) as described by Eilsegteal. (2005).

An Agilent 1100 series liquid chromatograph equibpath a Shimadzu RF-551
fluorescence detector was used for separation aE5h a Zorbax Eclipse XDB-C8

(4.6 x 75 mm, 3.5 pm patrticle size) with an anabjtguard column Eclipse XDB-CS8
(4.6 x 12.5 mm, Agilent technologies).

Additionally, the propiconazole of the Scanimp-teghsamples was analyzed according
to AWPA A 28-99 (1999).
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Element Analysis by IPC-AES

The determination was performed by a simultaneGESAES technique with axial or
radial viewing of plasma (Skoog et al. 1998) onh@rmo Jarell Ash ICP-IRIS HR Duo.
For sample preservation 0.05 ml of HCL were added ml sample. The following
elements were determined in all leaching water $esnp\l, As, B, Be, Ca, Cd, Co, Cr,
Cu, Fe, K, Mg, Mn, Mo, Na, Ni, P, Pb, S, Se, Si @md

RESULTS AND DISCUSSION

From Table 2 it can be seen that the post treatofesititosan treated wood samples
reduces to a large extent the leaching of glucasanvhich is the main component of
chitosan. Combining chitosan with boric acid ori8o#g reduces significantly the
leaching of glucosamine.

Table 2: Amount of glucosamine in leaching water [umol/L]different chitosan
treated wood samples after different leaching {RiE = post-treated, NPT= non post-
treated)

hours Chitosan Chitosan+Boricacid Chitosan+Cu Chitosan+Scanl mp

PT NPT PT NPT PT NPT PT NPT
2 1247 6259 61 1175 1058 2892 329 1250
21 2602 6071 314 1493 1557 5815 281 836
47 2289 5070 248 1013 1851 4306 243 880
71 1243 2339 133 450 882 1820 137 385
119 1140 1944 141 476 701 1621 129 356
246 472 574 128 243 200 486 64 117
314 113 109 45 72 45 109 23 32
Sum* 9902 23604 1247 5295 6722 18047 1317 4076

*The sum is calculated by the accumulated amougtuzfosamine of 10 leaching water samples. Hereralse7 shown.

Untreated Scots pine sapwood samples leach theester{, Ca and Mg during 14 days
of leaching in water (see figure 4).

The post-treatment of chitosan treated samplesibadfluence on the leaching of the
elements Na, Mg and Ca (only values > 1 mg/l acevshin the graphs). In contrary, the
post treatment was effective in order to signifitareduce the leaching of glucosamine
(see table 2).

Table 3: Amount of Propiconazole in leaching water [ppmHdferent treated wood
samples after different leaching time (PT = pos&ted, NPT= non post-treated)

hours|Scanlmp| Chitosan+Scanlimp NPTChitosan+Scanimp PT|

2 26 12.9 <1

21 11,3 4.4 <1

47 15 6.6 <1

71 10,8 3.7 <1
119 | 11,7 3.8 <1
246 6,3 2.6 <1
314 | 3,7 1.9 <1

36



154 Chitosan PT Chitosan + Cu(lCI2 PT

101

mg/l mgil

2 9 Na
T 19 6 g,

hours

Figure 1 Figure 2
Chitosan + Boric acid PT
150 15 Untreated
125
10
100
mg/l mg/l
Figure 3 Figure 4
50
25001
40
20007
1 30
mag/l 1500 mag/l
10007 20
5001 10 Cu
ol - o - o - s 0
2 21 2
AT 11946314 Mg 2L 4T 71 119,58 s
hours hours 314
Figure 5 Figure 6

Figure 1-6: Amount of different elements in leaching water dgriL4 days leaching of
different treated wood samples, values < 1 mg/hateshown in the graphs, figure 1:
chitosan treated samples, figure 2: chitosan coetbwith copper (II) chloride
dehydrate, figure 3: chitosan combined with bodid afigure 4: untreated wood
samples, figure 5: fire protection-2-treated woathples, figure 6: CX8-treated wood
samples

The leaching of boron in combination with chitosaneduced when post- treatment is
applied. However, boron is still leached out tar@é extend. Nevertheless, in
subsequent laboratory fungi trials with the leactvedd samples it can be seen that
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there is still a reduced mass loss after 9 weelkxpbsure t@oniophora puteana and

even more pronounced forametes versicolor compared to untreated control samples.
The leaching of copper could only be reduced diyglihen applied in combination with
chitosan (see figure 2, no figure is shown forriba post-treated samples). The leaching
of these elements out of non post-treated sammsset significantly different. The

anti fungal effectiveness after a 9 weeks fungiwess comparable to the fungi results of
chitosan and boric acid treated samples (Raisar 2008).

The combination of Scanimp and chitosan signifilyargduced the leaching of Cu, and
P; however, the post treatment had no influencthereaching of these elements.
Scanlmp treated wood samples leached Cu, Na, CR am@mall amounts. The analysis
of propiconazole shows the positive effect thatagdan has on the leaching of
propiconazole. The post treatment of the treatetptes further increased the fixation of
propiconazole (see table 3).

The fire protection agent 1 and 2 (see figure By fre protection 2 is shown here)
showed similar results in leaching. The amount of the leaching water is for both
substances very high and could not be reducedebgrtiss binder. However, a high
fungal effectiveness can be seen in subsequelst dnafungal decay of the treated
samples for both, leached and non-leached as welbsi-treated and non post-treated
samples.

CONCLUSIONS

 The synergetic effect of chitosan and Scanimp resluthe leaching of
propiconazole

e With an additional post treatment of chitosan arwhrfnp the amount of
propiconazole in the leachate is negligible

» The addition of boron and Scanimp to chitosan redwsignificantly the leaching
of glucosamine

* An additional post treatment increases the fixabbmglucosamine in all tested
chitosan solutions

* An addition of a cross binder to the fire protestiagent could not reduce the
leaching of P, although it gave a significantlytbetprotection against fungal
decay
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CHANGES IN THE CHEMICAL COMPOSITION OF SOFT
DECIDOUOUS WOOD AFTER THERMAL TREATMENT

Grinins J*, Biziks V.., Andersons B, Andersone F

ABSTRACT

Thermal treatment is one of the most promising wweshfor upgrading wood durability
properties. In the hydrothermal modification prageasot only the chemical properties
and structure of wood are changed, but also phHyprogerties such as colour, mass,
volume and mechanical strength. The heating of wimothe water vapour medium
influences mainly the three basic components ofdvogellulose, hemicelluloses and
lignin. As a result of the thermal treatment, tloatent of hydrophilic groups in wood
decreases dramatically. Hence, the thermally medidvood binds much less water than
untreated wood. The hygroscopicity of thermally mfied wood is affected mostly by
the hemicelluloses degradation, some break-up efathorphous part of cellulose and
changes in the lignocarbohydrate complex.

In the present study, the chemical changes indexfiduous wood — aspen, grey alder
and birch as a result of hydrothermal treatmenewevestigated. For modification, an
experimental laboratory modification device wasdus&/ood boards under pressure in
water vapour medium were subjected to the treatraef0, 160 and 180°C. Holding
time at the maximum temperature was 1 h. With asirey treatment temperature,
density decreases, mass losses grow, which caxplereed by the evaporation of more
volatile components, wood dehydration and hemitmdles decomposition to low-
molecular compounds, with the formation of C@rmic acid, acetic acid, furfural, etc.
With increasing temperature, the amount of acidsers, sugars and tannins in the
condensates grows. The Kirchner-Hoffer method waplied for cellulose
determination, the Klason method for lignin but themicelluloses content was
determined indirectly. For assessing the changéseifiunctional groups of wood, FTIR
spectroscopy was used. With increasing treatmemipéeature, as a result of the
degradation of less ordered carbohydrate (hemiosks), the degree of crystallisation
of cellulose increases; the amount of the acetatr@atable compounds in wood also
grows. Applying the water vapour sorption methdw specific surface accessible for
water vapours was determined. It has been fourtdhbabtained wood hydrophobicity
is partially reversible and decreases in elevatestare conditions.

Key words: aspen, birch, grey alder, hydrothermadirincation

! Latvian State Institute of Wood Chemistry 27 Dzed=eStr., Riga, Latvia
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INTRODUCTION

The total forest stock in the territory of the Rblitiof Latvia in 2006 was 577.6 million
m®wood. Among deciduous trees, the most widespreadiepin Latvia is birch (24%
from the total forest area) with a 62 millior® stock; the prevalence of grey alder is
5.3% (31.33 million mof wood), and that of aspen is 3.6% (24.23 milliohof wood).
The wide prevalence and great stock make them th&t @applicable deciduous tree
species in the national economy of Latvia. The mahitresistance of these tree species
against biological actions, UV radiation, moistuaad other factors is limited. To
improve these properties, urgent is the study oflifftation methods, which, similarly
to the elucidation of durability principles, embeathe changes in individual main
components of wood. Up to now, it has been regatidaidthe main property of wood —
hygroscopicity — is connected only with the dedinrc of hemicelluloses. Various
studies show that also the chemical changes imligriluence the cell wall properties,
because lignin and hemicelluloses are closely doterected. The hemicelluloses
degradation can change both the structure of gmediarbohydrate complex and the cell
wall, changing also the wood hygroscopicity, meaten strength and durability
properties. Hence, the studies on the chemicalgdsam wood components are essential
for finding sustainable technological parameters.

MATERIAL AND METHODS

Birch (Betula spp.), aspenPppulus tremula) and grey alderAlnus incana) boards
without visible defects were chosen for modificati@amples sizes were: length 1000 +
2 mm, width 75 £ 0,5 mm, thickness 25 £ 0,5 mmdspen; length 1000 £ 2 mm, width
75 + 0,5 mm, thickness 32 + 0,5 mm for grey aldmgth 970 £ 2 mm, width 99 + 0.5
mm, thickness 12 = 0.5 mm for birch. The averagesig of wood at the absolute
moisture content 12% was 546 kg/r624 kg/mi and 719 kg/rhfor grey alder, aspen
and birch, respectively. Absolute moisture contdrthe wood before modification was
6-8%.

The thermal modification was carried out in a nfutictional wood modification pilot
device. Aspen, grey alder and birch boards wenerthlly modified in the water vapour
medium for 1 h at 3 different temperatures: 14@®&)°C and 180°C. The material was
placed in an autoclave, in which 0.67 ml of wataswupplied per 1 g of air dry wood.
Chemical analyses were performed for both nondteatod and the modified samples.
8-12 g of air dry chips of each sample were exéihdh a Soxhlet apparatus with
acetone for 8-10 h for extractives determinatiofieAextraction from the solution, the
excess of acetone was distilled, and the extrad dried under a vacuum and a
temperature of 40°C.

Cellulose was determined applying the Kirchner-elofhethod, for determination, the
Klason 72% sulphuric acid method was applied [1].

Sorption-desorption isotherms were obtained onstitealled Macben vacuum balance
with a quartz spiral as the sensitive elementtat@erature of 22 0.1°C. The vacuum
treatment residual pressure was 1 Pa. The timessagefor reaching the equilibrium at
each point of the isotherms was 20-24 h. The isotheare characterised by the
comparative method in combination with the BET moeth2]. The following values
were determined: specific surface accessible fotewaapours (A, Mig), mass
concentration of hydrophilic centres,(anMol/g) and concentration at the surface (
groupgnn?), wherea = a/A. Measurements of sorption — desorption isothermznie
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or several cycles make it possible to evaluatesthbility of the hydrophobic properties
obtained in the modification process in high mastaonditions and to forecast the
material’'s behaviour under the circumstances.

Infrared spectra were obtained using a Perkin-Elfmctrum One FTIR spectrometer
with a LiTaQ; detector and the resolution 4 €mAbsorption was measured at the
wavelength from 4000 to 450 ¢ Spectrum v5.0.1 software was used. The samples
were analysed as KBr tablets. For each sample,btsawere produced, and 32
scannings were performed, from which the computdcutated and represented the
spectra average results. The average result waglai@d also from the average spectra
data of both the samples. Employing the prograrateitialities, the FTIR spectra basic
lines were corrected and normalised.

RESULTS AND DISCUSSION

Chemical changes

Table 1. Changes in the chemical composition of aspen, gidgr and birch wood
depending on the modification temperature

Treatment Wood components content (%) Cellulose/
temperature lignin
oC Extractives | Cellulose Lignin Hemicelluloses* ratio
Aspen
Non-treated 1.8 53.7 19.6 26.6 2.73
140 2.6 54.5 19.2 26.4 2.84
160 10.4 61.3 21.1 17.6 2.90
180 12.8 62.0 30.4 8.6 2.01
Grey alder
Non-treated 4.0 47.2 24.7 28.1 1.91
140 3.4 48.4 25.5 26.0 1.90
160 9.2 48.2 28.9 22.9 1.67
180 12.8 50.5 37.7 11.9 1.34
Birch
Non-treated 1.7 51.9 20.1 27.9 2.59
140 2.0 52.8 20.2 27.0 2.61
160 13.2 63.2 22.5 14.3 2.81
180 14.3 61.7 34.3 4.1 1.80

*Hemicelluloses = 100 — (Cel+Lig)

The Table 1 shows that, for the wood of all 3 speenodified at 160°C, the amount of
the extractives grows 4-6 times, and the hemiaedles amounts for birch and aspen are
almost half-decreased. The major part of the ettex is decomposed during thermal
treatment. Extracting the thermally modified woodt the extractives concentrate, but
new products are obtained, which are formed asdtref the thermal destruction of cell
wall components [3]. For grey alder, the componehenges are more uniform, and the
greatest changes are observed at 180°C. The deafklasmicelluloses can be explained
by their disintegration to easier volatile compaosifd]. Aspen and birch have a dramatic
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increase in the relative amount of cellulose at’@6@vhile changes are minor for grey
alder. The amount of lignin for all species gratlugrows, and a considerable increase
is observed at 180°C, probably, at the expenseediidelluloses degradation. It is

proven that lignin is a thermally most stable waetl wall component, but its changes
are observed at lower temperatures, as a reswiich different products are formed, as
the lignin forming elementary units (phenyl propamets) are split out [5]. For aspen

and birch, the cellulose/lignin ratio passes thiotige maximum at 160°C and then
decreases dramatically. For grey alder, the radiore&hses with increasing treatment
temperature.

Analyses of Fourier Transformed Infrared spectroscpy (FTIR)

FTIR spectra for deciduous wood are similar, béfediquantitatively by the aromatic
compounds (lignin) and polysaccharides ratio. Tigeih content decreases in the row:
alder > birch > aspen. This is testified also by themical analysis for the non-treated
wood. After the thermal treatment at 180°C, henhibetes acetate groups are split out,
and the absorption maximum disappears at 1748 ienFTIR spectra. As a result of
oxidation processes, a new absorption maximum appe& 1710 cm, which
corresponds to the C=0 groups. The higher is thedvweatment temperature, the more
acetate groups (variations in the range 1750-1%8% are split out and the more wood
is oxidised — oxidation products such as ketoneabs adehydes are formed [6]. As a
result of hydrothermal modification, double bondnfigurations change — different
oxidation products are formed, or also splitting oulsome groups and the formation of
new double bonds occur. The content of isolatecbldobonds (1680-1620 ¢t in
wood decreases. Hence, conjugated double bondhsystee possibly formed. The wood
of different deciduous tree species reacts vanoussthe thermal treatment. Comparing
the ratio of aromatic rings C=C fluctuations (15&&™") against the C=O groups
fluctuations (1709 cif), the following row can be formed: alder > birctaspen, which
characterises the oxidative changes. Probablyinitreased lignin content protects the
wood from oxidation during the thermal treatmertie FCH- groups fluctuations are in
the range 2940-2915¢hmand 2870-2845cth As the initial wood is compared with
thermally modified wood, the appearance of the séqmeak is observed, which testifies
the changes in the arrangement of the »Gidups. Greater vibrations of the aromatic
ring at 1600 cnT and 1505 crit, and the shift to 1510 chrtestify the splitting out of the
lignin aliphatic side chains or condensation readi The presence of higher condensed
structures is testified by the greater intensit§280 cn', as well as a shift at 1245-1220
cm’. The peak fluctuations typical for lignin are metrange from 1520 to 1505 ¢m
where they are somewhat shifted and become shawgd#r, increasing treatment
temperature. Hence, minor changes occur in ligang its relative content increases,
which is demonstrated also by the chemical analyBisbably, the lignin relative
content increases as a result of decompositionthessally stable compounds. In the
region 1200-900 cm, all peaks correspond to the functional groupsicafpfor
oligosaccharides. With increasing treatment tentpeza an increase in the peak’s
sharpness is observed. Hence, the carbohydratkulgsel) degree of crystallinity
increases. This occurs as a result of the degmadafi the less ordered carbohydrates
(hemicelluloses), which can be observed as changdake second alcohol groups
absorption range from 1200 to 1000tm
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Water vapour test

Water vapour sorption-desorption isotherms in twgcles were taken, and
microstructure characteristics for modified birclood were calculatedA — specific
surface accessible for water vapours/gnay, — mass concentration of hydrophilic
centres, mMol/gp - concentration of hydrophilic centres on the acef groupsim?; W

— pore volume, cifg (Table 2).

Table 2.Changes in the grey alder, birch and aspen wootbstructure characteristics
depending on the treatment temperature

Parameter A, fig an, MMol/lg | a, groupg nnt WSs, cnilg
Cycle of
sorption | I | I | I | I
Treatment,°C
Grey alder
Non-treated 274 326 2.5 2.9 54 4.2 0.27 0.29
140 216 259 2.2 2.1 6.2 4.9 0.21 0.24
160 175 211 14 1.8 5.4 5.0 0.20 0.31
180 119 179 0.8 1.5 5.3 5.0 0.09 0.12
Birch
Non-treated 315 300 2.80 2.51 53 51 0.32 0.32
140 180 245 1.77 2.06 5.8 5.1 0.21 0.25
160 135 215 1.48 1.77 6.6 5.0 0.21 0.27
180 110 170 1.09 1.43 6.2 5.1 0.16 0.16
Aspen
Non-treated 280 280 2.41 2.35 52 51 0.23 0.27
140 245 305 2.10 2.81 52 5.5 0.18 0.22
160 175 240 1.66 2.04 57 5.2 0.15 0.20
180 190 205 1.62 1.75 5.1 5.1 0.10 0.11

With increasing modification temperature, the sfiecsurface accessible for water
vapours, the concentration of hydrophilic centresvall as pore volume decrease. The
changes in the surface hydrophilic centres conaBoir have an accidental character;
determined by the summary oxidation, degradatiahrsw hydrogen bonds formation
processes. The results of the second sorption dydbow that, after staying in the
saturated water vapour medium, the material isxeelain comparison with the results of
the cycle I; the specific surface grows by 35-5%q the concentration of hydrophilic
centres increases by 15-30%. It has been fountierthird sorption-desorption cycle
that, after the second cycle, the hydrophobic ptagse become irreversible, and the
material’s structure becomes stabilised, retaitireghydrophobicity gained in the cycle
Il (these results are not shown in Tables). In tierature, the reversibility of
hydrophobicity is explained by the decrease inghlmer chains mobility under the
action of heat, the increase of mobility in higHate moisture conditions and,
correspondingly, the renewal of water absorptidre ifreversible effect is caused by the
material’s chemical changes [7].
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After the accomplishment of the grey alder and asimermal modification process,
condensate samples were taken and analysed (Tiable 3

Condensate analysis

Table 3.Chemical composition of the grey alder and aspeniensate depending on the

modification temperature

Parameter Acids, mg/g Esters, mg/d Sugars, mg/g  nisnmg/g
Measurement

Treatment, | Il | I Il I

°C
Grey alder
140 4.17 11.75 0.39 0.64 0.09 0.78 0.89 4.00
160 29.20 | 24.40 0.59 0.58 0.83 0.8l 13.12 1651
180 56.14 | 31.45 1.11 0.93 1.81 1.14 18.11 1919
Aspen

140 5.36 3.86 1.37 2.43 0.14 0.14 0.78 1.33
160 28.22 16.89 0.62 1.11 0.58 0.48 8.80 8.85
180 53.60 | 36.51 1.84 2.39 1.43 1.26 24.69 22,83

The results testify that, with increasing hydrothal treatment temperature, the

concentration of both acids and esters, both sugraddannins in the condensate grows.
The only exception is the aspen esters concemratthich declines at 160°C and then
grows again at 180°C. Acids, esters, sugars amdnmm@re hemicelluloses destruction

products. These results testify again the weakilgyabf hemicelluloses as a result of
hydrothermal treatment.

1. For birch, alder and aspen wood, with incre@shmydrothermal treatment
temperature, the amount of extractives and thdivelaontent of lignin in wood grow,

CONCLUSIONS

which occurs at the expense of hemicelluloses aesin. Except the case of grey alder,
the relative cellulose amount grows dramaticall{@&@°C. The chemical analysis shows
similar tendencies in the case of aspen and birch.

2. FTIR spectra for investigated deciduous wooéd ammilar and differ only
quantitatively. The changes are in the range 175000 cni', which is caused by the
formation of oxidation products (ketones, aldehyd&ke configuration of double bonds

changes (1680 - 1600 ¢ Minor changes occur also in lignin (1520 - 1505%), and

their relative content somewhat increases. The ggmin the region 1200 - 900 €m
testify the growth in the cellulose degree of cajlstity.
3. With increasing modification temperature, tipedfic surface accessible for water

vapours, the concentration of hydrophilic centresnvell as the pore volume decrease.

Hence, the changes in cell wall and lignin, ocawrduring the thermal modification,
enhance the hydrophobic properties of wood. Therdphbbicity gained in the

modification process is to a certain extent re\esi
4. The increase in the acids, esters, sugarsaamihis concentration in the condensates,

with increasing the treatment temperature, testifee considerable destruction of
hemicelluloses.
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OPTIMISING HYDROGEN BONDING IN SOLID WOOD

Engelund, E.T.

ABSTRACT

The chemical bonds of wood are both covalent bamitisin the wood polymers and
hydrogen bonds within and between the polymersh Bgtes of bonds are responsible
for the coherence, strength and stiffness of theenah The hydrogen bonds are more
easily modified by changes in load, moisture andpterature distorting the internal
bonding state. A problem arises when studying hyeino bonding in wood since
matched wood specimens of the same species widl fiary different internal bonding
states. Thus, possible changes in the bonding di@t¢o some applied treatment such as
conditioning or mechanical stress might be difficiol detect due to a large variation
between the specimens.

In this study, the modifications by all past exwrampacts such as climate and
mechanical history were sought erased. This wa® dignheating specimens of pine
(Pinus sylvestris L.) to 80°C about 24 h while maintaining 100 % moisture conte
the wood. The hypothesis was that this would enalbéest stress relaxation as a result of
reorganization of bonds, since moisture plasticites material and temperature
promotes faster kinetics. Hereby, all past bondodisns caused by various moisture,
temperature, and load histories were assumed &rdsed by this treatment. Thus, all
specimens would be given a common starting poinfudher experiments. After the
first treatment, the specimens were subjected fferdnt climate histories in order to
examine the impact of variations in air humidityddamperature.

The distribution of bond lengths was examined usifigired spectroscopy (ATR-FTIR)
both prior to treatments and after. The resultsastitat the absorbance bands of the
spectra related to the hydroxyl and carboxyl shietg vibrations were changed by the
treatments. Apparently, the first treatment mosthused an extension of the short
hydrogen bonds. This extension decreased afteset@nd treatment either as a result of
changes in air humidity and temperature or merglg tunction of time.

Key words: Hydrogen bonds, ATR-FTIR, mechanicahxation

! Industrial PhD-candidate, Danish Technologicatitute, Centre for Wood & Textile, Gregersensve;j,
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INTRODUCTION

This study attempts to narrow the variation betwspecimens by allowing a fast
relaxation of internal stresses. Since the hyditaphéemicelluloses and also the lignin of
wood are amorphous (Struik 1987), their rheologitehaviour changes with
temperature and also with the moisture contentl@eadt al. 1987). Water plasticizes the
wood polymers by lowering the glass transition temagure, whereas a high temperature
promotes fast kinetics enabling a faster changéuidrogen bonding into a more
favourable bonding state. Thus, the variation stdel lowered between specimens with
different climate and mechanical histories whenosega to high moisture content and
temperature. That was at least what a previousvang simple experiment indicated.
The results showed that it was possible to get eerhomogenous hydrogen bonding
state between and within samples of softwood. Bhisly attempts to verify the first
results and examine if it is possible to creatéodi®ns in the hydrogen bonding state by
exposing different samples of specimens to diffetimate histories. Changes in the
bonding state are examined using infrared speapysdocusing especially on changes
in hydroxyl stretching vibrations.

MATERIAL AND METHODS

All specimens used in this study were cut out efdsiferent pieces of wood taken from
stems of pine Kinus sylvestris L.) planted in 1917 in West Zealand, Denmark.
Specimens (R-T-L: 0.25 x 5 x 30 mm) were cut witlmiarotome from the earlywood of
different annual rings and sorted into 4 sample$&8&pecimens in such way that each
sample contained three specimens from each slamaod. This was to ensure an even
distribution of properties among the four differeamples.

Cut samples were dried in an oven (@3 for 22 h and were cooled over silica gel
before the dry mass of each sample was recordedeafer, the samples were
conditioned to room climate (30-40 %RH and°8) for 20 days to ensure equilibrium.
The room climate was fairly stable yielding moistfiuctuations within 0.5 %MC. This
condition is in the following referred to as theRE’-condition. An infrared spectrum
was obtained for each specimen using infrared spsszipy (ATR-FTIR) equipment at
Forest & Landscape, University of Copenhagen latate the room used for
conditioning. This ensured stable conditions alswind) recording of spectra. The
spectrum for each specimen was obtained in simikmner by pushing the specimen on
to the ATR-crystal with a preset load and recordli28 spectra with a resolution of 4
cm® which was then automatically averaged. The runeordf specimens was
statistically determined to avoid systemic error.

In the first of two treatments the specimens wergiexted to high moisture contents
(about 100 %) and left in an oven at |D for about 24 h. Each sample of specimens
was wrapped in aluminium foil along with added deenalised water. The wrapped
samples were placed in sealed glass bottles winictaimed 3 mL demineralised water.
Hereby, the vapour pressure around the wrappedlsammuld prevent drying of the
samples during the heating period.

After the treatment, the samples were dried out siliea gel and were then conditioned
to room climate before the infrared spectra weraiobkd again. This condition is in the
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following referred to as the “1ST"-condition. Toes& moisture and temperature
changes can induce changes in the bonding statepfdhe samples were subjected to
different climate histories A, B, C, and D depicted-igure 1. After the samples were in
equilibrium with the dry silica gel atmosphere lagé tend of each climate history, the
samples were conditioned at room climate and tfrared spectra were obtained for the
last time. This condition is in the following refed to as the “2ND”-condition.

80 80
A Relative humidity B
60 60
40 40
Temperature
20 20 Temperature
Relative humidity
0 0
0 7 14 21 28 0 7 14 21 28
Time [days] Time [days]
80 Relative humidity 50
C Temperature D
60 4 T
1 I Moisture content
30 I I
40 1 I
Temperature 20 I I
——————————————— ——— - I I
20 10 I I
— b o o -
0 0
0 7 14 21 28 0 T 14 21 28
Time [days] Time [days]

Fig. 1. Climate history of the four different samples.

All recorded spectra were normalized with the staddleviation of each spectrum. For
studying changes in the hydrogen bonding statentrered range for the OH-stretching
and CH-stretching vibrations (2600-3700 9mvere baseline corrected.

RESULTS AND DISCUSSION

lllustration of spectra obtained from one samplel8fspecimens is shown in Fig. 2.
Also shown is a zoom of the region of the hydroamt carboxyl stretching vibrations.
Four different values from the latter, describihg shape of the OH-peak, are obtained.
These include the position of the peak, the peaghhei.e. the intensity at the peak
position and the width of the peak both left arghtiof the peak position. The width is
determined from the wave numbers associated wilnatif intensity of the peak.
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Fig. 2. Infrared spectra for one of the samples of 18 igpats (left) and zoom on the
region of the OH- and CH-stretching vibrations litig

In Fig. 3-6 the four descriptive values are shoandil samples in the PRE- and 2ND-
conditions. It is clear that the four samples aetigically equivalent whish was also
seen for the samples in the 1ST-condition. Thus,different climate histories did not
create any apparent differences in the hydrogedibgrstates between the samples.
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Fig. 3. Distribution of peak intensity of the OH-stretchipeak before and after the
second treatment. Curves for all four samples laogvs.
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Fig. 4. Distribution of peak position of the OH-stretchipgak before and after the
second treatment. Curves for all four samples laogvs.
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Fig. 5. Distribution of peak width toward higher wavenumsbat half intensity of the
OH-peak in the PRE- and 2ND-conditions. Curvesafbfour samples are shown.
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Fig. 6. Distribution of peak width toward lower wave numbat half intensity of the
OH-stretching peak before and after the secondntiexat. Curves for all four samples
are shown.

Therefore, in the following average values for tbar samples are used to examine
possible differences between the three conditiBiRE, 1ST, and 2ND. In Fig. 7 and 8,
the peak intensity, position and width are shown.
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Fig. 7. Distribution of peak intensity and position of t@&i-stretching peak before and
after the first and second treatment. The curvesesent average values for the four
samples.
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In Fig. 7 it can be seen that lower tail of theethdistributions is unusually stretched.
The outliers are in general the three lowest poitsthe distribution. A closer
examination of the data behind Fig. 7 shows thatttitee lowest values of the peak
intensity are all based on spectra with a doubtbaa/l peak such as the one shown in
Fig. 2. Thus, the low hydroxyl intensity seems teflato the splitting of the CH-
vibrations into two distinct peaks. Also, the 9pig seems related to the intensity of the
peak around 1730 chwhich is due to vibrations of C=0. Since the ptraaoon is seen
for three specimens in each sample, it seemsaeibf the six pieces of wood involved
in this study significantly differ from the five loérs. However, a closer examination of
the data is needed in order to determine the cafube split.
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Fig. 8. Distribution of peak width of the OH-stretchingagbkebefore and after the first
and second treatment. The curves represent aveafges for the four samples.

In general, the peak position and peak width towlaigher wave numbers are not
significantly different between the three condigoifhe peak position is in the range of
3340 cnt* which corresponds to a hydrogen bond lengthOHof 0.187 nm (Rozenberg
et al. 2000). This value is typical for hydrogennbed hydroxyl groups on
carbohydrates, whereas a free hydroxyl group oboterates vibrates at a wave
number of 3640 cih (Rozenberg et al. 2000). Thus, the stronger tligdyen bond is,
the greater is the red shift, i.e. the peak sbiftard lower wave numbers.

The peak intensity and width toward lower wave narslis slightly different between
the three conditions. The peak intensity is sigaifit fora = 5 % except for PRE vs.
1ST. However, if the three low outliers are removiesin the statistics, the three
conditions are all significantly different far= 1 %. Thus, the hydrogen bonding state is
different in the three conditions. Statistical & of the peak width towards lower
wave numbers show that all conditions are diffefemtn each other at a significance
level of 5 %, whereas the PRE- and 2ND-conditicesnat significantly different fora

= 1 %. The change in peak width toward lower wavebers indicates a change in the
stronger bonded hydroxyl groups. In the right deagrof Fig. 8 it seems as if the first
treatment extends some of the short bonded hydmmoglps, whereas the bonds in the
2ND-conditions are in an intermediate position kestw the initial bonding state in the
PRE-condition and the extended state in the 1S@iton.

In general, the measurements did not follow thelltedrom a previous and simpler
experiment. The first treatment did not create aranlbomogenous distribution of
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bonding states within the samples by relaxatiobuwild-in stresses from bond distortion.

It therefore seems that the wood in the PRE-camtitvas in a more favourable bonding

state compared with the 1ST- and 2ND-conditionsoAlt appears that the bonding

state slowly return to the initial conditions dwgirand after the second treatment.
Whether this is a result of the changes in air lditjmiand temperature or just a time

dependant response is unclear. However, it mapéeutated that the climate variations

promote a faster return to the initial conditiombe measurement method itself might
also influence the results in that the wood is umdechanical load when the spectra are
obtained. This gives a better signal-to-noise ratibmay also change the bond lengths
of the hydrogen bonds. The impact of this has robgen investigated.

CONCLUSIONS

Measurable changes in the bonding state of theirapas were observed after the
extreme conditions in the first treatment in whibke specimens were subjected to high
moisture content and heat. This was observed asxtansion of some of the short

hydrogen bonds of the hydroxyl groups. The secoedtment consisting of different

climate histories with varying air humidity and teemature decreased the extension.
Seemingly, the bonding state approached the irgbalditions prior to any treatment.

The infrared spectroscopic method did not detecgt @easurable difference in the

bonding state between the different climate hisgriThus, whether the bond length
decrease is a result of the climate variations erefy a time dependant response
remains unsolved. However, it can be speculatedtligaclimate variations promote a

faster return to initial conditions.
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BIOLOGICAL DURABILITY AND MECHANICAL
PROPERTIES OF HYDROTHERMALLY MODIFIED
DECIDUOUS WOOD

Biziks, V.}, Andersons, B, Andersone, 1, Irbe, I}

ABSTRACT

In the moderate climatic zone, in which also Latvs located, mainly
coniferous wood is used in construction, whose @riigs are more appropriate for
load-carrying and bearing structures. The stockhef main deciduous tree species
(birch, grey alder, aspen and black alder) in lasvforests is about 229.2 million®m
From soft deciduous wood (grey alder, aspen), masmhall-size assortment is
currently produced, for example, box boards, palleath-house facing boards. To
extend the applicability potentialities of decidsonood by improving its biological
durability and hydrophobicity, thermal treatmentsviravestigated.

In the present study, birciBdtula spp), aspen Ropulus tremula) and grey
alder @Alnusincana) wood samples were used. The task was to elucibateffect of
the hydrothermal treatment process on the biolbgitaability and mechanical
properties of wood, and to find optimal treatmeatgmeters so that to compromise
between the improved biological durability and tteclined mechanical strength.
Modification was carried out in a multi-functionailot device WTT in elevated water
vapour pressure conditions at five different treaita (temperature, *C/duration, h):
140/1; 160/1; 160/3; 170/1 and 180/1.

The modification at 140°C does not improve the Hility of the modified soft
deciduous wood against rot test fungi, white @dr{olus versicolor) and brown rot
(Coniophora puteana); mass losses are similar and even greater thase tfor the
control wood, which could be explained by the pneseof easily usable thermal
degradation products. The treatment temperature Clétproves the durability
against brown rot fungi (mass losses decrease #036), to a lesser extent- against
white rot fungi (mass losses decrease by 6 -15%j}e&tion against fungi is reached,
when modifying wood at 180°C.

Modification for 1 h at 140°C and 160°C increadestbending strength of birch wood
by 31-34% and 8-10%, respectively, in comparisothwhe bending strength of
untreated wood. Extending the treatment time uf® tat 160°C, bending strength
decreases dramatically (by 26-28%) and is simitarthtat for wood modified at
170°C/1 h. Thermal modification for 1 h at 18D decreases the bending strength by
50-55% and is not suitable for producing high-gyahaterial.

Key words: hydrothermal treatment, grey alder, aspeirch, mechanical and
biological durability

Y atvian State Institute of Wood Chemistry, 27 Dzews Str., Riga, Latvia
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INTRODUCTION

During the last decades, researchers worldwide Haveloped and investigated new
treatment techniques to improve intrinsic wood prtips. Because of environmental
concerns, the pressure on the wood industry isenighan ever before to find
alternatives to tropical hardwoods and preservdtigated wood. This is the reason
why some new modification technologies such asufytétion, acetylation, resin
treatment and heat treatments have been introdoc® market [1]. In recent years,
heat treatment industrial processes have beenamaekuccessfully in Europe. These
processes use air steam, nitrogen or oil as thettaesfer. The Finnish ThermoWood
and Dutch PlatoWood using steam, French Rectifoatising nitrogen, the German
OHT-process using oil are the most investigatedrtelogies [2]. Referring to
publications of many authors, it is known that, fpening thermal modification,
wood becomes more hydrophobic, form stability igiaved, and resistance against
rot fungi is increased; at the same time, the m@chhproperties (bending strength)
decline, especially dramatically at temperaturghéi than 180-190°C, certainly also
depending on the environment in which the thermadiification occurs [3].
As the objects of our study, three deciduous tpegiss such as birch, aspen and alder
were chosen for the following reasons:
» Sufficient amount of the raw material (the amouhttlee produced high-
quality wood is increased, both from grey alder aspen wood).
« The low price of the raw material, especially foeyalder (20-23 EUR/f)
and aspen (23-26 EURAnbirch veneer logs (about 31-37 EUR)m
* There are no data in the literature concerninghgfteothermal modification of
grey alder wood. There are some publications, irchvthe data obtained as a
result of the hydrothermal treatment of aspen anthlwood are considered
[8.], although the flow diagram and parameterdhefgrocess are know-how.
* Interest of the local woodworking enterprises amkter producers in thermal
modification has increased.
To improve the deciduous wood properties, we hénsen the thermal modification
method, employing Wood Treatment Technology equignf&/TT), because it is a
simple, easily realisable process, in comparisoth vRectification (nitrogen is
necessary) or OHT (oil is necessary). It has difbns from other hydrothermal
treatment technologies. In Thermowood productiomyvection type drying is used, in
which the water vapour flow rate in the autoclav@a less than 10 m/s [4]. The Plato
process is multistage, and the heat carrier (waa@our or superheated steam) is
introduced from outside [2]. In our case, the vapoedium is conventionally static;
on the contrary, in the Plato and Thermowood preegsthe vapour medium has a
known flow speed. Besides, in our treatment, waggrour is formed in the thermal
treatment time, as a result of which pressurerséa in the autoclave, which is not
typical for the above-mentioned processes.
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MATERIALS AND METHODS

For modification, we have chosen birdBefula spp.), grey alderAlnus incana) and
aspen Populus tremula) wood boards without any visible defects. Moistaomtent
before the treatment was 6-8%, after the treatemas within a range of 3.5-5.5%,
and after conditioning it was 5-6%. The initial vidbaverage densities (at W 12%)
were 546 kg/my 524 kg/mi and 719 kg/m for grey alder, aspen and birch,
respectively. The boards average sizes were: | + 2 mm, width 75 £ 2 mm,
and thickness 25 = 2 mm for aspen; length 10002, width 75 + 0,5 mm, and
thickness 32 + 0,5 mm for grey alder; and lengtd 90,5 mm, width 99 + 0,5m,
and thickness 12 + 1 mm for birch.

Treatment of materials

The material was placed in an autoclave, and 0.G@fmiater per 1 g oven dry

material was pumped in it. The thermal modificatpocess can be divided in three
stages. The first stage: temperature rise from rtenperature to the maximum final
temperature of the process (140°C, 160°C, 170°0,Q)8 The second stage of the
process: holding of the maximum final temperatdrer(3 h). The third stage: cooling
stage. Pressure in the autoclave, depending oretampe, reached 4 to 9 bar.

Decay test

Two fungal strains were used in this study: browh fungi Coniophora puteana
BAM Ebw.15 and white rot fungCoriolus versicolor CTB 863 A. Grey alder, birch
and aspen untreated and thermally modified woodkslq20 x 20 x 5 mm) were
exposed to the fungi for 6 or 10 weeks at 22°C amdlative humidity of 70%. Test
procedures were carried out according to modifieédl EL3 [5] and EN 84 [6]
standards. Three replicates for each fungus antl gaatment temperature were
tested. Percentage of weight loss was calculatwu the weights before and after
decay testing.

Mechanical properties

Bending properties of birch wood were determinetbeding to the EN 310 standard
[7]. Birch samples sizes: 12 x 50 x 300 mm. Thepprbes of aspen and grey alder
wood samples in bending were determined accordirige DIN 52186 requirements
[8]. Sample sizes: 20 x 20 x 360 mm. Samples wetlgowt wood defects, with their
fibres parallel to the sample’s longitudinal axfster sawing, the samples were
placed in a conditioning room for levelling the stoire in wood according to the DIN
50014 requirements (air temperature 20 + 2°C, mms65 + 3%) [9]. 20 samples
from each treatment were taken for the tests, hrdrésults were compared to the
bending properties of the untreated samples ofdhneesponding species.

RESULTS AND DISCUSSION

Mass loss of wood is one of the most importantuiest in heat treatment and is
commonly referred to as an indication of qualitgv&al authors studied mass loss
with heat treatment and concluded that is depemdshe wood species, heating
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medium, temperature, and treatment time. Most efdata are difficult to compare

because different treatment processes temperatimes,of treatment, species, and
initial moisture contents were used [10].

Initially, the following modification regimes werhosen: 1 h treatment at 140, 160 or
180°C. With increasing treatment temperature, mase#aad density changes for all

three tree species grow (Table 1). The analysmadified wood has shown that, at

180°C, in comparison with the case of the treatmeritc&C, the sample’s mass and

density decrease 3-3.5 times and 1.5-2 times, c&sphy. At the same time, reaching

of wood durability class 1 against rot fungi acaéogdto EN 350-1 [11] is ensured by

the treatment 180/1 (Table 2). To optimise thettneat parameters, modification was
carried out for 3 h at 16G and for 1 h at 1PC. Initial wood average densities,

kg/m®: 546, 524 and 719 for grey alder, aspen and biestpectively.

Table 1. Effect of the chosen treatment process parameterthe wood mass and
density changes

Treatment, Mass losses, % Decrease in density,%

°C/h Birch Aspen Grey Birch Aspen Grey
alder alder

140/1 0.6 0.8 1.9 1.2 1.4 4.5
160/1 5.2 5.0 6.3 4.7 5.2 8.1
160/3 9.9 9.6 11.2 7.1 7.3 11.2
170/1 11.9 11.3 13.6 8.6 8.9 12.8
180/1 18.0 14.2 14.7 11.4 11.Q 13.0

With increasing holding time at a temperature dd°G5from 1 h to 3 h, mass losses
grow twice for all tree species, reaching about 10% the wood density decreases
1.4-1.5 times. The decrease in mass and densitheatreatment 17C/1 h, in
comparison with the case of P&I3 h, is still greater by 15-20%. The birch and
aspen changes are similar, while the grey aldepksmare somewhat more sensitive
against the thermal action. The exception is thaparatively high birch wood mass
losses at the treatment 180°C/1 h. After extractibmodified samples, only 4% of
non-cellulose and non-lignin compounds remain inoavdl12]. Already at the
treatment 140°C/1 h, minor mass losses are obsewltidh are connected with the
release of bound water and easily volatile extvasti Analysing the chemical
composition of the wood, it has been found thatthwincreasing treatment
temperature, mainly the degradation of thermallyenanstable wood components —
hemicelluloses grows [12].

The samples density changes are connected withnéiss and volume changes. Grey
alder, in comparison with aspen and birch, hagytieatest decrease of wood density
because of the greater mass losses and lower changthe samples’ volume
(geometrical parameters).

Durability

Fig. 1 shows mass losses for thermally modified antfeated wood samples as a
result of the action of whiteCpriolus versicolor) and brown Coniophora puteana)

rot fungi. The mass losses of the control sammstetl withC. puteana (pine wood)
and C. versicolor (control wood of the corresponding hardwood spgcae in the
range 37-53% and 24-37%, respectively. With indrepsreatment temperature,
wood mass losses decrease. The modification atCI#di does not improve the
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durability of the modified wood against rot teshd@it mass losses are similar and
even greater than those for the control wood, whiohld be explained by the
presence of easily usable thermal degradation ptedhe treatment temperature
160°C/1 h improves the durability against brown fiotgi (mass losses decrease by
30-40%), to a lesser extent - against white rogfymass losses decrease by 6 -15%).
Full protection against fungi is reached, when rfyalg wood at 180°C/1 h.

Coriolus versicolor Coniophora puteana
40,3 52,2
35,6 45,5
E zsznalder — O Grey alder
o ) 36,5 O Aspen
°\_ Z 25,3 W Birch o W Birch
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140°C 160°C 180°C 140°C 160°C 180°C

Fig. 1. Modified grey alder, aspen and birch wood massds as a result of the action
of white (Coriolus versicolor) and brown Coniophora puteana) rot fungi (EN 113).
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Fig. 2. Mass losses for modified grey alder and asperdvasoa result of the action of

white (Coriolus versicolor) and brown Coniophora puteana) rot fungi after washing
the samples with water (EN 84, EN 113).
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Also after washing, the resistance against rotifisigetained for the grey alder and
aspen wood modified at 180/1 h (Fig. 2).

It is interesting to note that, after washing withter, mass losses after the action of
brown rot fungi grow at 14C and 160C for modified wood. On the contrary, the
wood becomes more resistant against the most tygeaduous wood degrading
agent — white rot fungus. In the caseCofersicolor, this is possibly explained by the
washing with water of the easily taken up degradatproducts (sugars, etc.),
necessary for the fungi growth. In contrast, theputeana activity is probably
stimulated by the leaching of thermal degradatiod aydrolysis products, which
have acted as fungi growth inhibitors during the EI$ test.

Mechanical properties

The results of wood bending properties dependinghentreatment temperature are
listed in Table 2.

Table 2: Effect of the chosen treatment process parameterthe wood bending
strength properties

Treatment . Moisture .
Tree temperature Dens:)ty at content, Bending Ch_a nges
species and time, le/%, % strength, | against the
“C/h kg/m N/mm? control, %
Control 604 8.4 124 0
Birch 140/1 719 7.0 166 +34
(Betula 160/1 652 6.4 136 +10
spp) 160/3 543 55 97 -22
170/1 644 5.7 94 -24
180/1 606 54 61 -51
Control 506 8.8 79 0
Aspen 140/1 539 6.1 95 +21
(Populus 160/1 502 55 67 -14
tremula) 160/3 526 5.2 59 -24
170/1 483 5.3 60 -24
180/1 528 5.2 37 -53
Control 608 9.3 82 0
Grey alder 140/1 548 8.5 80 -3
(Alnus 160/1 533 7.1 56 -33
incana) 160/3 512 6.1 60 -27
170/1 499 6.3 48 -41
180/1 488 5.9 53 -36

With increasing treatment temperature, the wooddignstrength changes; in this
case, there are distinctions among the tree spag&xrling strength for birch at the
treatment 14%C/1 h and 16%C/1 h grows, but the increase in the modificatiometor
temperature decreases the bending strength by thane20%, even up to 50% at
18(°C/1 h. For aspen, bending strength grows only @&°C/4 h, but gradually
decreases at higher temperatures. For grey aleledjig strength decreases already at
lower modification temperatures. There are no dgdedistinctions between the
bending strength indices at £33 and 178C/1 for modified birch and aspen wood.
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In contrast, alder is the most sensitive againsttémperature increase — the strength
at the modification 17AT/1 is lower by ~20% than at 1€0'3. Taking into account
those results, the resistance of the investiggiediss’ wood against rot fungi will be
decisive for choosing the optimum conditions.

CONCLUSIONS

1. 1-h hydrothermal modification in the temperaturage from 160°C to 180°C is
sufficient to ensure the durability of birch, aspamd grey alder wood against
brown and white rot fungi.

2. The thermal treatment carried out at 180°C/1 hre&sly decreases the statical
bending strength (even to 50 %); the wood becomitteb which decreases its
applicability and processability. The acceptable 33%) decrease in bending
strength is reached in the case of the modificatgme 160/3 h.

3. The obtained results testify the principal posgipilo improve the properties of
grey alder, aspen and birch wood by way of thermadlification and to expand
its application fields.
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NATURAL DURABILITY OF DIFFERENT WOOD SPECIES
— RESULTS AFTER FIVE YEARS TESTING IN GROUND
CONTACT

Flaete, P.O%, Evans, F.G.& Alfredsen, G°

ABSTRACT

Information given in EN 350-2 on natural durabildf/different wood species against
wood destroying fungi is mainly based on heartwtested in ground contact. The
objective of this study was to test and comparealdility of many different wood
species in a field test in ground contact. The nedteonsisted of Norwegian wood
species able to give sufficient sawn wood dimerssi@@mmercial and less utilised
species, indigenous and introduced species) andrtetbspecies (Larch from Russia;
Oak, Douglas fir and Western Red Cedar from NortheAica; Merbau and Teak
from Asia). Additionally, modified wood (thermallypodified and tall oil treated) and
preservative treated wood (CCA- and Cu-preservptirge included in the test.

The wood types, 31 in total, were tested accorttngN 252 and EN 350-1 at NTIs
test site in Sgrkedalen, Norway. Results after figars exposure show that most of
the Norwegian grown wood species have low durgbillthis study also provides
information on durability of four species not inded in EN 350-2:Juniperus
communis, Salix caprea, Sorbus aucuparia andPopulus tremula.

Key words: Natural durability, ground contact, dgeca
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INTRODUCTION

Wood is used in a broad range of applications anvitf@mental conditions that can
influence the service life of wooden structurese@hthe most severe applications is
when wood is exposed in ground contact becauséeffavorable conditions for
wood-destroying microorganisms.

EN 460 (CEN 1994a) gives guidance on requiremeamntsdtural durability of wood
against wood destroying organisms in different gkesses. The use classes are
defined in EN 335-1 (CEN 2006). According to EN 4@ty wood with high
durability against wood-destroying fungi (duralyildlass 1 and 2 in EN 350-1 (CEN
1994b)) can be used in use class 4 (soil contastfwater) without treatment.

Documentation to increase the knowledge base ouaralatlurability of wood in
different use classes is therefore an importarkt fiasa proper utilisation of wood. A
study, recently reported by Brischlee al. (2009), on in-ground and above-ground
natural durability of European oak heartwood, gjitgnindicate that the natural
durability of oak given in EN 350-2 (CEN 1994c)agerestimated. Additionally, EN
350-2 does not cover all commercially available @ispecies.

The objective of this study was to test and complarability of many different wood
species in a ground contact field test.

The results reported here is part of a larger ptpjocusing on testing natural
durability of wood in different applications (Flee¢e al. 2006, 2008, Evanet al.
2008).

MATERIAL AND METHODS

The material consisted of Norwegian wood speciés tbgive sufficient sawn wood
dimensions (commercial and less utilised specneigénous and introduced species)
and some imported species. Additionally, modifiezba/ (thermally modified and tall
oil treated) and preservative treated wood (CCA} @n-preservative) were included
in the test.

Ten test stakes (25 x 50 x 500 Mmvere prepared from each of the 31 wood types
listed in Table 2.

Field testing was performed at the accredited fitekt of Norsk Treteknisk Institutt
(NTI) in Sgrkedalen (Fig. 1) in accordance with EB2 (CEN 1989).
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Fig. 1. EN 252 - field testing in ground contact (SerkedaNorway).

Evaluation of the decay rate was performed annufalpwing the grading system of
EN 252 (Table 1).

Table 1. Classes of decay
Rating of decay Classification
No attack
Slight attack
Moderate attack
Severe attack
Failure

AWIN|FO

RESULTS AND DISCUSSION

Mean decay rating for each of the 31 wood typesr difte years exposure, and mean
life time of wood types where all test stakes hiam#ed (rating 4) are listed in Table
2.

The EN 350-1 natural durability classification gystfor wood against fungal attack
based on EN 252, uses the ratio between mearnnhitedf stakes of the tested wood
species and mean life time of stakes of a referspeeiesRinus sylvestris sapwood
for softwoods andragus sylvatica for hardwoods). Hence, calculating natural
durability of a wood species in agreement with E39-3 requires that all test stakes
of the wood species have failed. Therefore, aiteryears it is only possible to
calculate natural durability for Alder, Europeanchi European lime, European silver
fir, Norway spruce, Sitka spruce and Norwegian grdestern Red Cedar. All these
species are classified as Not durable (durabilags5) in this test. For Alder,
European birch and European lime the results aaegordance with the natural
durability classification given in EN 350-2.
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There are only three Norwegian grown wood spedtiastiave a mean decay rating
lower than 2 after five years exposure, namely pean oak, Common juniper and
European larch. European oak is classified afteBE02 as durable (durability class
2). However, Brischket al. (2009) have recently tested in-ground durabdity
European oak at different test-sites in GermangeBan these tests, oak was
classified as not durable (durability class 5)jéating that the durability
classification given for this species in EN 35G2verestimated. European larch, as
well as Siberian larch, has been found to belordytability class 3-4, and are
therefore not suitable for use in class 4 apphecetiwithout treatment. Common
juniper can potentially fulfil the natural duralbylirequirements in EN 460 for use in
class 4 applications, but the test has to contowae a longer time scale before
conclusions may be drawn. It has to be pinpoirted Common juniper has a limited
commercial potential due to its limited availalyilgnd small dimensioned timber.

For all other Norwegian grown species tested irptiesent study, the mean decay
rating after five years exposure is higher tham®|ying that these species are not
suited for use in in-ground applications when usé@bout protective treatments.

Western Red Cedar (WRC) was expected to perfortertéan revealed through
these test results. The mean life time of thediedtes of the Norwegian grown WRC
was only 2.6 years and 60% of the test stakeseoifiported North American grown
WRC failed after five years exposure. One factat thartly can explain the low
durability is the low strength of this species.

Thermal modification reduces strength propertiewa@dd. This is probably the
reason why mean life time for thermally modifiecdb&cpine was shorter than for
untreated Scots pine sapwood.

The tall oil treated test stakes perform well agrears exposure (all test stakes have
decay rating 1). This complies with the resultsorégd by Jermeet al. (1993), who
found good efficacy of tall oil treatment of woadground contact after 11 years
exposure in Sweden when using very high retentions.

It must be emphasised that in-ground field testfigvood is affected by several

sources of variance, e.g. the occurrence of woastkalgng organisms in the soil.

Results from testing durability of wood in grounghtact can therefore vary between
test sites (Edlundt al. 2006). In the test field in Sgrkedalen soft rategarded as the

dominant decay type. The reported results anddutesults from this field test should
therefore be regarded as one of many contributionthe classification of natural

durability of wood in ground contact.

Although no final classification can be made fommaf the tested wood species, the
results indicate that the potential of utilising tnelated wood from the tested
Norwegian grown wood species for constructionsrmugd contact is very limited if
a long service life is needed.
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Table 2. Wood types used in the project, scientific nanoepmon name, mean decay
rating after 5 years, mean life time and EN 350a2gfication. Class 1: Very durable,
class 2: Durable, class 3: Moderately durable,sctasSlightly durable, class 5: Not
durable, n/a: data not available.

Scientific name

Common name

Rating Life EN 350-

2

Norwegian grown hardwoods (y)
Acer platanoides Norway Maple 3.8 5
Alnus glutinosa/ Alder 4.0 2.6 5
Alnusincana
Betula pendul a/ European birch 4.0 2.5 5
Betula pubescens
Fagus sylvatica European beech 4.0 29 5
Fraxinus excelsior European ash 3.6 5
Populus tremula Aspen 3.8 n/a
Quercus petraea/ European oak 1.6 2
Quercus robur
Salix caprea Goat Willow 3.3 n/a
Sorbus aucuparia Rowan 3.9 n/a
Tilia cordata European lime 4.0 3.1 5
Ulmus glabra Wych EIm 3.3 4
Norwegian grown softwoods
Abiesalba European silver fir 4.0 3.3 4
Juniperus communis ~ Common juniper 15 n/a
Larix decidua European larch 1.1 3-4
Picea abies Norway spruce (ring widtlk 1 mm) 3.7 4
Picea abies Norway spruce (ring width 3 mm) 4.0 29 4
Picea abies Norway spruce (ring width 6 mm) 4.0 3.0 4
Picea sitchensis Sitka spruce 4.0 2.9 4-5
Pinus sylvestris Scots pine heartwood 3.1 3-4
Pinus sylvestris Scots pine sapwood 4.0 4.6 5
Thuja plicata Western Red Cedar 4.0 2.6 n/a
Imported wood species
Intsia bijuga Merbau (Asia) 1.0 1-2
Quercus sp. Oak (North America) 15

American White Oak 2-3

American Red Oak 4
Tectona grandis Teak (Asia) 0.9 1
Larix sibirica Siberian larch (Russia) 2.0 3-4
Pseudotsuga menziesii  Douglas fir (North America) 1.1 3
Thuja plicata Western Red Cedar (N. America) 3.3 2
Treated/modified wood
Pinus sylvestris Thermally modified (commercial) 4.0 2.8
Pinus sylvestris Crude tall oil (high retention) 1.0
sapwood
Pinus sylvestris Cu (Wolmanit CX-8, 11 kg/m3) 0.8
sapwood
Pinus sylvestris CCA (Kemwood K33, 5 kg/m3) 0.4
sapwood
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NATURAL WOOD WEATHERING AS DESIGN OPTION

Hirche, M

ABSTRACT

Rather than an undesirable consequence of climgbesare, color changes of
wooden surfaces may be regarded an interesting um@kploited architectural
potential for using climate to produce desired Wedhg colors on untreated wooden
claddings.

This paper describes an experimental study aimingalitating the climate as an
active parameter in building design with exteriee wf untreated wood.

A series of 10 different cladding types was desigosing untreated, quartersawn
heartwood of Scots pinePifus sylvestris L.). Each design was produced in four
samples and placed in an aboveground verticalipngin walls facing approximately
cardinal compass directions.

After 18 months of weathering, coloration of theaddings was recorded and
correlated with visualisations of climate angulastribution as obtained from
available meteorological data.

Results of the study suggest the possibility ofifmteng potential color changes from
climate observations.

Key words: Weathering, color change, wooden clagldiesign.

INTRODUCTION

Untreated wooden surfaces exposed to outdoor @imiaange color by a variety of
processes commonly known as weathering. The inmiaho-color of fresh wood
changes to colors of brown and grey nuances.

Knowing what to anticipate in terms of color deyeient of a wooden facade is
crucial, when designing buildings with exterior usk untreated wood. Further,
realistic expectations regarding the developmest timme of the look of a building is
important to the relationship between architect ereht.

Most of the existing studies of weathered wood designed to investigate material
deterioration. This implies studies under extremeditions (accelerated testing) such
as surfaces facing south at 45° inclination, camtih exposure to water and direct
contact with soil. Data from such studies is ledsvant to understanding the results
of natural climate exposures of typical verticalddes.

Hence, the need to study the matter under conditioombining experimental
research methodology with conditions comparableetl facades. Two dominant

! Architect, Ph.d student, Faculty of Architecturaddfine Art, Department of Architectural Design,
History and Technology. Norwegian University of &we and Technology. E-mail:
majbrit.hirche @ntnu.no

71



climate sources are responsible for processesnigddi color changes of wooden
surfaces: Precipitation and solar radiation. Theygeolor is attributed to surface
growth of microfungi activated by wetting of woodrface. The microfungi hypha
contain black color (melanin) in the cell walls ahé black hyphae coverage makes
the wood surface appear grey to the human eyeipRegion (possibly wind driven)
directed onto a wooden surface may raise moistweld of the outmost wood cells
above the fiber saturation point resulting in furgy@awth (Eaton & Hale 1993).

The brown color is attributed to the effect of saladiation. Both visible light and
UV- radiation can produce a brown surface throughous chemical reactions. Due
to its high photon energy, UV- radiation can breakvn the lignin wood component
with products that are generally loosely attachedhe wooden surface and easily
washed out from the surface when the radiationomlgned with precipitation.
(Kollmann & Coté 1968)

MATERIAL AND METHODS

Since the understanding of the relationship betwaenate and coloring requires
detailed knowledge of climate exposure, a contdodxperimental approach was
chosen for this study rather than the acquisitibdata from existing buildings with

untreated wooden facades.

Figure 1. Voll research fields. In front the Southern expental wall and the
automatic weather station to the left.

A series of 10 different cladding types was degilgine order to investigate the
relationship between cladding geometry and clinetposure. The claddings were
prepared from untreated quatersawn heartwood ofsSmoe Pinus sylvestris L.).
Each cladding covers 60 cm by 90 cm and is moummed plywood box to provide
constructive protection corresponding to typicalldiog conditions. Effects from
mounting materials e.g. corroding metal parts hbgen avoided by applying all
mounting from the back side of the cladding. Theigles were produced in four
samples and placed in an aboveground verticalipnsitn walls facing app. North,
South, West and East, Figure 3. The experiment egsed out at Byggforsk-
SINTEF research fields at Voll in Trondheim, Norway
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Tl 1'H

2S. Vertical relief cladding 1S Vertical plane cladding
Figure 2. Two examples of board cladding design

Following 18 months of weathering, from Februarp@@o October 2007, claddings
were demounted, dried and disassembled. Board faees scanned in a flatbed
scanner. No cleaning or other preparation was egppo the board faces prior to
scanning.

In this paper two south-facing designs are disals$8 is a vertical plane cladding
and 2S is a vertical relief cladding (Fig. 2). Orepf relief from front edge to back is
37 mm.

Diagrams have been constructed to show the andigt@ibution of wind driven rain
(WDR) as based on data from an automatic weath#ostplaced at the experimental
site, and of solar UV-radiation as estimated froaculations of sun positions and
atmospheric attenuation.

RESULTS

Figure 3 shows the climate facing the experimemtalls with a highly uneven
distribution of WDR and radiation towards the dtrees of the walls. The South Wall
is accessible to climate from Azimuth 84° - 264°ithwh this sector there is a highly
asymmetrical distribution of WDR with a significaobntribution coming from app
180° - 264° only. From 84° to app 180° the sectardly contains any WDR. In
contrast to this the angular distribution of UVhisarly symmetric.

344°

Wind-speed m/s

UV- intensity _
-
0 3 6 e}

12 15

Figure 3. Angular distribution of exposure to experimentalls. UV-radiation
intensity and amount of wind driven rain (WDR) aht®wn in arbitrary units.
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Board faces Accessible sector Angular distribution of exposure

1S ey GO

264°
174°

Board face 1 has a 180° opening.

84°

174° 174°

Board face 1 has a 180° opening. 174°

1

A, TR

174° 174° 11°

11°

Board face 2 has a max of 90° opening at the front

that gradually narrows to 63° at the rear corner. °
174
2
174 111 219 129 237 174 2370 11°
219° 129°
Board face 3 has a max of 90° opening at the middle of the 174°
3 board that gradually narrows to 63° at the right and left corner.

174 237 174 237°

Board face 4 has a max of 90° opening at the front

that gradually narrows to 63° at the rear corner. 174

== 1= 264°
264° ——] =]
4
Figure 4. Relation between cladding surfaces angaté affecting 1S and 2S

74



12 3 4 1
28 | | | ||
Figure 5. Scanned images of board faces from atgdts and 2S
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Figure 4 shows board faces of claddings 1S and i##& respective climate angular
sectors.

Front faces of 1S and 2S both face climate from ftile 180° sector. For the
remaining board faces of case 2S it is seen howdbenetry of the cladding narrows
the accessible sector thus differentiating the alercontributing to the weathering of
the different board faces.

Figure 5 shows weathering colors of 1S and 2S. dsSdeveloped a grey monocolor
covering the whole surface area and 2S has dewkpaulticolor pattern of grey and
brown.

The color patterns may be described as sequencesythims with 1S as |: G ||
(repeated grey boards) and 2S as |: G-B-GB-Gpeéted pattern of boards of grey,
brown, combined grey and brown, grey). The vertoxdbr distribution on board face
2S-3 is ascribed to shading effects of the plyweondosure.

The apparent correlation between the weatheringreaf 1S and 2S and the angular
distribution of climate suggest a relation betwekmate and color development. In
the case of face 2S-2 amounts of water have beelowoto allow the growth of fungi
on the surface. For this board surface, radiatias leen the dominant contribution
resulting in a brown surface. For the other sudamfeboth cladding designs the WDR
has contributed sufficient water to a greying @& surfaces.

DISCUSSION

Much of the guidelines available to architects ahents recommend facade designs
with homogenous access to climate in order to &ehimonocolored surfaces. This
desire for monocolor appearance of a surface magekea as the result of lack of
predictability of color changes. The results of pnesent study suggest a development
of a controlled pattern of varying weathering cotmuld be regarded a valuable
design option.

In addition to the effect of a relief geometry dissed in this paper, one may consider
varying the vertical angle of the surface. Foransk, in the present study the East
facing claddings were subject to very little wageposure due to the predominantly
South-westerly wind direction. Even a slight inalilon of the board surface away
from the vertical orientation would dramaticallyciease water exposure on the East
facing claddings.

Yet another parameter is the quality of the wosdue as this generally affects the
weathering processes. One such source of varigdidhe woods content of toxic
extractives known to retard the surface growthuoii.

It is common practice in building construction ajwato select materials with
maximum durability properties for all parts of theilding regardless of exposure. A
detailed understanding of the angular distributdrclimate exposure as established
in this study allows for a more differentiated ateoiof materials opening a broader
spectrum of design options. For instance, the uUsenaterial qualities normally
regarded inferior for external use could be detrabdry sections of a cladding.

The mathematical modeling applied to the angulatridution of climate exposure
presented in this paper is subject to a numbeewére limitations. This includes the
lack of account for variations in atmospheric cosipon, cloud coverage and the
application of a pure free-field approach to tleatment of WDR.

However, more advanced modeling could be done seareh in the field is rapidly
progressing (Blocken & Carmeliet 2005).
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ASSOCIATION OF GROWTH WITH HIGH HEARTWOOD
QUALITY IN SCOTS PINE

Harju, Al, Venaldinen, M.& Haapanen, M.

ABSTRACT

The natural durability of wooden structures sulgdcto decay has become more
important along with increasing concern about tlwelagical impacts of wood
preservation chemicals. The fact that wood is lyighdriable in its characteristics
offers a real challenge for its optimal use in @as applications.

The possibility of increasing the quality and quigndf Scots pine heartwood timber
by means of forest tree breeding was studied bynashg phenotypic and genetic
parameters for stem diameter, the amount of headvamd the concentration of total
phenolics in the heartwood. The concentration tdltphenolics has proven to be a
good predictor of the resistance to decay of Spate heartwood, which can be
regarded as an important wood quality characterislihe estimated genetic
parameters comprised heritability, additive geneateefficient of variation, and
genetic correlation. The purpose was to descrilee distribution of the studied
characteristics and to evaluate the outcome ottefe

The phenotypic variation in all the traits was wide the concentration of total
phenolics, a large part of the variation was atted to genetic differences among the
families. For the variation in the stem diameted @he amount of heartwood the
environmental effect was more pronounced. The piypioand genetic correlations
between the studied characteristics varied betwé&ep4 — 0.04 and —0.26 — 0.04,
respectively.

In a breeding program, target traits may be impddwe combining them into a single
selection index, or by selecting for each traitesagely.

Based on this preliminary study on a single progést, we conclude that it is
possible to select for trees with a larger proportof heartwood and better decay
resistance without a loss in volume growth.

Key words: Heartwood, durability, quantity, growtbrest tree breeding
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INTRODUCTION

The interest on the natural durability of Scotsepfinus Sylvestris L.) heartwood has
increased due to the legal restrictions on theofisgood preservation chemicals. The
natural durability of Scots pine heartwood is knadwibe dependent on the extractives
(Rudman 1966, Scheffer & Cowling 1966), which amawoidably produced during
the heartwood formation. However, due to the dgwelental, environmental and
genetic causes, wood material is highly variabl@srcharacteristics, which offers a
real challenge for its optimal use in various aggtions.

The efficiency of the exploitation of the good duifidy properties of Scots pine
heartwood is strongly dependent on the amount aftiveod as well as on the
uniformity of the quality offered to the end-useltswould be possible to reduce the
variation in the quantity and quality of heartwoby technological applications to
grade timber during and after the harvest, by tnest management practices as well
as by selection of the forest regeneration material

The aim of our study was to investigate the pobfilio combine high heartwood
content and high extractive concentration with fastume growth by means of
selective breeding. The aim of such breeding limeilal be to produce timber with
good natural decay resistance and dimensionallisfaltiaits that are important in
construction use.

MATERIAL AND METHODS

The study population consisted of 520 trees betantp 53 half-sib families in a 38-
year-old Scots pine progeny test (Harju & Venaléi2®06). We estimated genetic
parameters i.e. the genetic correlation, heritgbdnd additive genetic coefficient of
variation for the stem diameter, for the amount h#artwood, and for the
concentration of total phenolics within the annuiadis 3-6 counted from the pith. The
concentration of total phenolics, which was measime Folin-Ciocalteu assay (Prior
2005, Harju & Vendalainen 2006) describes the depssistance of Scots pine
heartwood against cellar funguSeniophora puteana (Schum. Ex Fr.) Karst. (strain
BAM Ebv 15) (Harju & Venélainen 2006).

Diameter ([1.30)
Rk BUDRE LI, AT I TR T

Total phenolics (TF

Heartwood (HW) radiu

HW proportion =100 x HW area/Stem cr-section area (1.30)

Figure 1. The variables that were measured.
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The estimates of the genetic parameters togethbrplienotypic variation parameters
were applied in estimating the gain to be achidwedelective seed harvesting from
existing seed orchards using progeny test datdoyoestablishment of a new seed
orchard with trees obtained by novel phenotypied@n from natural stands.

RESULTS AND DISCUSSION

Description of the variation

Both phenotypic and genetic variation was the lsirger the concentration of total
phenolics. Phenotypic and genetic variation wagelarfor the proportion of
heartwood than for the stem diameter. Regardinchéngable variation, the order of
the characteristics was similar (Table 1.).

Table 1. Description of the phenotypic and the genetic vemme of the studied
characteristics. Coefficient of variation = CV (%Jx00xSD/Mean). Proportion of
heritable variation of the total phenotypic vadati= Hf (%). Coefficient of additive
genetic variation = Cy (%).

Phenotype Genotype
Range Mean CV (%) h°(%) CVa (%)
D13 mm 85 - 257 185 14 17 6
HW proportion, % 3-38 15 33 28 18
TP, mg TAE/g 2-21 9 39 71 33

Heartwood proportion and the concentration of tptenolics were independent from
the stem diameter. However, there was a slight thegaorrelation between the
concentration of total phenolics and the proportbheartwood. Thus, the larger the
proportion of heartwood was, the less it contaitiesl extractives within the annual
rings 3-6 counted from the pith. (Table 2.).

Table 2. Phenotypic @ n = 520) and geneticdrn = 53) correlation between the
studied characteristics. Standard deviation = SD.

re, P\, (SD) Dy 3 mm HW TP, mg TAE/g
proportion, %
D13 mm 0.03 0.04
(0.391) (0.309)
HW proportion, % 0.04 -0.26
0.411 (0.243)
TP, mg TAE/g 0.04 -0.23
0.309 <0.000
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Breeding for the decay resistance of heartwood timber

Breeding programs usually aim at simultaneouslyronipg multiple traits. A
selection index is a technique used to integrdtenmation on many traits for an
optimal result. In the selection index approach,tthit-wise values on individuals are
weighted with estimates of economic values and tieaad phenotypic variation
parameters.

Genetic gains are commonly delivered to forestryn@ans of seed orchards (sexual
propagation). We predicted the genetic gain for tegroduction scenarios that
differed with respect to the intensity of select{pnoportion of selected trees = P) and
the estimate of pollen contamination (= CONT):

1) Selective cone harvesting from existing seed odshasing progeny test data (P =
25 %, BP = 100 %), and

2) Establishment of a new seed orchard with treesradaddby mass selection
(phenotypic selection from natural stands) (P =,XC¥®NT = 50 %).

Fig. 2 A demonstrates the genetic gain that coalddhieved by selecting for any
single trait, irrespective of changes in othertstai

The results for index selection (Fig. 2 B, nextgaghow the predicted improvement
when diameter as well as heartwood quantity antityweere selected for. The
concentration of total phenolics dominates the gaia to its high heritability and
large phenotypic variation in relation to the twiber traits in the index. One example
of restriction is given to show the breeder’s poiisies to balance the end result (C).
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Selection for single trait
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Fig. 2. The genetic gain in stem diameter, heartwood péage, and the
concentration of total phenolics obtained in diferselection and seed production
schemes. A) selection of one trait at a time, Be&mn for all the traits
simultaneously using Smith-Hazel selection indethwequal economic weights
among the traits (the same percentage change lintegicwas considered to be of
equal value), C) Selection index with restrictioegual gain in total phenolics and
heartwood percentage with maximised gain i3 Besired.
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CONCLUSIONS

We conclude that it is possible to select for tregth a larger proportion of
heartwood and better decay resistance withoutsaitogolume growth. The gain to be
achieved by selective seed harvesting is subslgni@awver than that of mass
selection. However, it would take more than 20 yedter the mass selection until a
new seed orchard will attain the full seed productMWhen a mass selection is carried
out, an index with restriction is needed to balatiee genetic gain in the heartwood
volume and the concentration of total phenolics.
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COMPARISON BETWEEN DIFFERENT DECAY
ASSESSMENT METHODS

Friese, F, Larngy, B, Alfredsen, G, Pfeffer, Al & Militz, H.*

ABSTRACT

The durability of wood in exterior use is limite¢ bo climatic factors and wood
deteriorating organisms. The natural durability tbob Nordic wood species is
generally regarded as low, and for e.g. decking amd in soil contact wood
protection is needed. Within the last years, new-biocidal treatments, like wood
modification systems, have been developed to ingitne biological resistance of
wood. For information about the decay resistancernfeated and modified wood,
natural outside exposure is necessary. EuropeadathEN 252 is the main field test
method for use class 4. In use class 3 the neewkwfor improved test setups has
been put forward. Traditionally evaluation of fididals has mainly been based on
visual evaluation and pick-test. However, to getdepth knowledge about: 1)
different field trial methods and 2) fungal coloaimn of new wood protection
systems, additional assessment methods can be Hisede, comparative studies are
needed.

In this study, two outdoor test-procedures, thecloliest for use class 3 and the EN
252 standard for use class 4, were used as modébdsefor comparison between
different decay assessment methods. Untreated BuowspPinus sylvestris) samples
were exposed in field for 4 years (2004 to 2008yaAge of different methods were
used to evaluate decay. The following methods fetecting early decay gave
significant correlation with mass loss: MOEdyn,tehiand ergosterol assays, lignin
content using TGA and EMC. For severe decay, oiggin and cellulose gave
significant correlation with mass loss.

Key words: Assessment methods, block-test, EN &Zgdts pine sapwood, wood
decay

INTRODUCTION

Wooden building and construction materials are iooiously exposed to fungi, which
under suitable conditions are able to colonize dadgrade wood using enzymatic
processes. In the Nordic countries there is atteadfor the use of wood (mainly
conifers) as construction materials, even thoughntural inhabiting wood species

! Wood Biology and Wood Products, Burckhardt-Insétu®eorg-August-University, 37077
Gottingen, Blsgenweg 4, Germany. Tel: + 49551393B4%; +49551399646, E-mail: franziska-
friese@t-online.de, apfeffe@gwdg.de, hmilitz@gwdg.d

2 Norwegian Forest and Landscape Institute, P.O. Bd 1401 As, Norway. Tel: +4764948000, Fax:
+4764948001, E-mail: erik.larnoy@skogoglandskapgng.alfredsen@skogoglandskap.no
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are generally not regarded as very durable. Withenlast years, new non-biocidal
treatments, like wood modification systems, havenbdeveloped to improve the
biological resistance of wood.

European standard EN 252 (1989) is the main fielst tmethod for new wood
protection systems in ground contact. However, napglications for untreated and
modified wood are without ground contact in uses€la situations. For above ground
testing there is a range of standard and non-stdnu&thods available. Lap-joint
(ENV 12037 1996) and L-joint (EN 330 1993) are dimd tests, but there are some
dissent about whether or not they are really acatdd test methods (Grinda et al.
2001, Grinda and Carey 2004). The test setups Beans disadvantages: the samples
are complicated to prepare, sample size is toe lpagticularly if the samples have to
be prepared from sapwood (Sailer et al. 1999) hadample size is not optimised for
evaluations with e.g. dynamic modulus of elasti¢®yeffer et al. 2008). Some new
accelerated non-standard above ground tests areldbk test (Pfeffer et al. 2008),
double layer (Rapp and Augusta 2004) and closedongl tesWestin et al. 2002).
The block test was developed to expose the woaoskdo the ground, hence to an
environment with high humidity and high biologiadtivity (Pfeffer et al. 2008). The
objectives of the test were: 1) fast colonisatignfingi based on the positioning of
the samples, 2) non-destructive evaluation whike tést runs, 3) significant results
after a relatively short time (5 years), simplegamation of the samples and test setup.

Visual inspection combined with a pick-test is thest common method applied to
assess wood decay in field trials. It is a subjectnethod and under estimate early
internal decay (Grinda and Goller 2005). Field deséed many years before any
conclusions can be drawn. How many depends onitineusd climate. Neither mass
loss nor visual inspection methods are sufficiestynsitive to detect early stages of
decay. The interpretation from test rating to eation of service life is also a topic
that needs further work. “Accurate, quantitativenstive and species-specific”: these
are according to Eikenes et al. (2005) the mairdittegthat an ideal technique for
evaluation of fungal wood deterioration should ha¥ewever, this ideal wood decay
assessment method has not yet been found. As ¢éesugg to the traditional wood
decay evaluation, both mechanical and biochemgs¢ssment methods can provide
new and useful information in the testing of newo@@rotection systems.

The aim of this study was to compare and evaluatange of different decay
quantification methods after exposure in use c3aasd 4.

MATERIAL AND METHODS

For this study two field test procedures were udgdhe European standard EN 252
(1989) for evaluation of specimens in soil contagte class 4), 2) the block-test
(Pfeffer et al. 2008) for above ground (use clgssTBe samples were exposed from
2004 to 2008 in Gottingen, Germany. A subset ofrd@icates was harvested for
analyses each year in addition to the samplesi§agiach year. In this paper, only
results from untreated Scots pifrus sylvestris L.) sapwood will be presented. The
mass loss were calculated gravimetrically for esarhple.

Wood samples: Samples of Scots pine sapwood without faults weesluThe block
test samples were 20 x 20 x 300 mm, and the ENs25%ples were 25 x 50 x 500
mm.

86



Evaluation and analyses. The methods used to quantify fungal colonizatiod an
determine the change in wood properties are gindrable 1.

Table 1. Methods used for determining the change in woogpnties.

Method Reference

Ergosterol assay Eikenes et al. 2005
Chitin assay Eikenes et al. 2005
Quantitative real-time polymerase chain reaction Eikenes et al. 2005
(4PCR)

Calorimetric value (Bomb Calorimeter) SIS-CEN/T918:2005
Dyn MOE Vibration (Grindosonic) Machek et al. 1998
Dyn MOE Ultrasound (Pundit) Alfredsen et al. 2006
Visual evaluation of surface moulds ASTM E24-06
Visual evaluation of decay EN 252 1989
Thermo gravimetric analyses (TGA) Granli et al. 200
Equilibrium moisture content (EMC) Gravimetric

Statistical methods: JMP software V.8.0 was used for statistical analydihe
screening was performed by using a multivariatestation. The comparison between
different test methods was performed using bivariatwith ANOVA.

RESULTS

The traditional evaluation of EN 252 gave a decaek of 97 after two years and all
samples had failed after three years. After folaryef exposure none of the block
test specimens failed, and the mean decay indexd@asll specimens in the block
test were totally covered with surface moulds alyeafter one year. Mass loss in the
two test setups are given in Fig. 1 and Fig. 2.

ANOVA was used to analyse the effect of the différguantitative evaluation
methods compared to percent mass loss (Table 2)eliEN 252 specimens, change
in cellulose (f = 0.495) and lignin content?(r 0.330) were the only parameters that
significantly correlated with mass loss. Also soatker interesting significant (p <
0.05) correlations were found. TGA results showkdt twhen cellulose content
decreased from initial value in unexposed samples relative lignin content
increased, {r= 0.862). When the cellulose content decreasedrtmint of ergosterol
increased (r= 0.373). The qPCR gave very low or no result tuiack of optimal
storage, therefore no statistical analyses welf@meed.
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Figure 1. Mass loss Figure 2. Mass loss
distribution in EN 252 after  distribution in block test after
failure. four years.

In the block test all the following parameters #igantly correlated with mass loss
(Table 2): ergosterol {r= 0.307), chitin @ = 0.730), MOEdyn ultrasound
20C°/65%RH (r = 0.974), MOEdyn ultrasound water saturatéd-(0.672), MOEdyn
vibration water saturated?(= 0.922), lignin content {r= 0.348) and EMC f{r=
0.391). Also some other interesting significank(P.05) correlations were found. The
amount of chitin increased when the change in M@BEdyrasound 20/65 compared
to unexposed specimens increaséd=(10.695), and the same trend was found for
MOEdyn vibration versus chitin {r= 0.714). MOEdyn ultrasound 20/65 versus
MOEdyn vibration was found to be strongly corretafé = 0.947).

Table 2. The effect of the different evaluation methods paned to percent mass loss
using ANOVA.

EN 252 Block test
M ethod p-value r’ p-value r’
Ergosterol 0.351 0.045 <0.05 0.307
Chitin 0.759 0.005 <0.05 0.730
Bomb calorimeter 0.132 0.097 0.535 0.018
Dyn MOE ultrasound (20C°/65%RH) - - <0.05 0.974
Dyn MOE ultrasound (water saturated) - - <0.05 R.67
Dyn MOE vibration (water saturated) - - <0.05 0.922
TGA; change in cellulose content <0.05 0.495 0.348 0.040
TGA; change in hemicellulose content 0.979 0.000 530D. 0.018
TGA; change in lignin content <0.05 0.330 <0.05 48.3
TGA; change in extractives content 0.308 0.050 D.54 0.017
Equilibrium moisture content (EMC) 0.502 0.022 9.0 0.391
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Figure 3. The bottom layer (1) had higher mass loss thanadther layers and no
significant differences were found between laye3 and 4.

The samples in the bottom of the block test hadmiugher mass loss than layer 2, 3
and 4, with did not differ between themselves (Feg8). In the block test, samples
were taken from both the centre and edge of easthstake. In the EN 252 test,
samples were taken from the bottom end in soil €edmd in the transition zone
(centre). No significant difference in mass loss@und, neither for EN 252 or the
block test specimens.

DISCUSSION

The German test site for EN 252 showed high bicllgactivity. In the EN 252 test,
the only factors significantly correlating with tineass loss was cellulose and lignin
content. This show that cellulose is faster detateml than lignin at this EN 252 test
site. This might indicate that brown rot is the mdeminant decay fungi. The
correlation between ergosterol and cellulose iridicdnat both can be used as
quantitative measurements for decay. Decay fungalbrdown cellulose and the
higher the fungal activity (more fungal biomaskg higher the amount of ergosterol.
The specimens from EN 252 were severely deteridratel sensitive measurements
of fungal colonization using chitin and ergostesals not optimal at this late stage of
decay. The results from the quantitative real-tr@R method showed undetermined
results. The storage of the samples was not optionajPCR analyses and samples
for further studies should immediately be stored ireezer.

For the above ground test (block test) the decteywas slower than in the EN 252
samples. As the samples were not heavily decayed more sensitive evaluation
methods provided interesting information. The mdththat gave significant values
with mass loss were chitin and ergosterol assa@3Ed/n methods, change in lignin
content and EMC. The chitin and ergosterol is asis®Rr, quantitative measure of
fungal biomass, where chitin corresponds to livargd dead fungal mycelia, and
ergosterol is a method for living fungal mycelighelresults of this study show that
chitin and ergosterol assays are convenient tamisdétermination of early decay.
This concurs with the laboratory experiment by Bié® et al (2005). The correlation
between increased chitin values and increased gstrdoss (MOEdyn ultrasound
20C°/65%RH) indicates that higher fungal colonizatgives higher strength loss in
the block test samples. It was a strong correlabetween MOEdyn ultrasound
(20C°/165%RH), and MOEdyn vibration (water saturpt&dhe correlation was lower
between MOEdyn ultrasound (water saturated), andEM@ vibration (water
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saturated). This shows that MOEdyn ultrasound bdibve saturation is a reliable

tool for early detection of strength loss. Above tlibre saturation calculation of

MOE needs further optimisation, or alternativelglyotransit time might be used. The
result from this study shows that the EMC of woadvder increase with increasing
mass loss. This illustrates that acclimatized dmtsted wood not necessarily has
uniform moisture content, and is important to keemind when performing physical

and chemical analysis.

CONCLUSIONS

« The following methods for detection of early deq@wve significant correlation
with mass loss: MOEdyn, chitin- and ergosterol gsskgnin content using TGA
and EMC. For severe decay, only lignin and cellellgave significant correlation
with mass loss.

* The bottom layer in the block test had the higinesss loss. The remaining layers
had lower mass loss and no significant differemcenass loss was found between
them.
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ULTRASOUND — A FEASIBLE TOOL FOR DECAY
DETECTION?

Mari Sand SivertsénGry AlfredseR, Mats Westin

ABSTRACT

Mechanical strength properties are the most importeeature of wood in
constructions. In decaying wood strength loss aaequle mass loss. Hence, both in
laboratory and outdoor applications non-destructh@asurement methods for early
decay detection are in demand. The aim of thisystvas to evaluate the applicability

of ultrasonic pulse propagation as a tool for dedatection in different laboratory
setups. A dynamic MOE (MQfz) strength test device based on measurement of
ultrasonic pulse propagation was used for non-deste strength evaluation in
different exposure situations for Scots pine samlvdavo different test setups were
used.

In the first test MOEy, was measured above fibre saturation. A range fiérent
wood protection treatments were tested accordingh® terrestrial microcosms
(TMC) test, a modified ENV 807. Three differentIstyipes were used: forest soil
dominated by white rot, Simlangsdalen test field dominated by brown rot and
compost soil characterised by a mixture of bactand soft rot. Before strength
testing the samples were water saturated and dykOas measured above the fibre
saturation point at time intervals (0, 8, 16, 22,dhd 40 weeks) using ultrasound.
Comparisons of strength loss were performed betweatments in the different soil
types, and strength loss was also compared witls foas.

In the second test MQE were measured below fibre saturation. Ultrasound
measurements were performed on 0.5 m pine logsledrfom five trees from the
same stand in central Southern Norway. Logs from ok the trees had varying
amounts of discoloration due to an incipient attdmk the white rot fungus
Phlebiopsis gigantea during storage. Amount of visible discolorationdheffect on
MOEqyy, values from measurements on log ends. Transversasurement of MQE;,
was not successful. In a subsequent water uptadte legs with discoloration
absorbed substantially more water than the resteofample.

The conclusion of this study was that the use thsbnic MOE is applicable as an
evaluation tool in early decay detection.

Key words: ultrasound, early decay detection, dyiocdvtOE
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INTRODUCTION

Mechanical properties, usually the most importdrdracteristics of wood for use in
structural applications, are highly influenced bycrobial deterioration. In order to
assess the degree of decay in wood in laboratety &nd in use, non-destructive tests
are in demand. Modulus of elasticity (MOE) is higldorrelated to the ultimate
strength in bending (Kollmann & C6té 1968), andighhcorrelation between static
MOE and dynamic MOE has been reported (e.g. GeshE®d@5; Pellerin 1965). The
determination of dynamic MOE (MQ¥g) is non-destructive even on decayed wood,
and these methods are particularly interesting dgaluation of wood decay.
Ultrasound is one of the main methods of deterngiMtOE;y,, and this method has
been shown to give satisfactory results (Bauer ®éftus 1991; Faraji et al. 2004).

When evaluating ongoing decay tests, drying ofsiecimens is not feasible because
it will affect the biological activity in the wooth a negative manner. All mechanical
properties of wood stay more or less constant altoedibre saturation point (e.g.
Kelsey 1956; Skaar 1984; Tiemann 1906). This makdeasible to test wood
specimens at moisture contents above the fibreratein point (FSP). However,
earlier studies have reported some problems wittasdund measurements above
FSP (Alfredsen et al. 2006; Larngy et al. 2006).

The permeability of wood is known to increase irryvearly stages of decay
(Behrendt & Blanchette 1997; Lindgren 1952), pavitigg ground for further
decomposition of the wood. Early detection of deaaywood in outdoor use is
therefore of great importance. M@FE testing has mainly been done on small
dimension specimens prepared for durability tesig. Machek et al. 1998; Alfredsen
et al. 2006). Possible utilisation of the method tba larger dimensions used in
wooden constructions would be practical in earlyagedetection on wood in use.

The aim of this study was to evaluate the applitgof ultrasonic pulse propagation
as a tool for decay detection in different labonatetups.

MATERIAL AND METHODS
Terrestrial microcosms (TMC)

The wood modifications, reference treatments amdrobsamples used in this part of
the study are given in Table 1. Scots pine sapw@aals sylvestris L.) was used for
the different wood modifications and preservatikeated reference. The specimens
had the dimensions specified in ENV 807 (2001),®» 100 mm, and were leached
according to EN 84 prior to decay testing. The glestudy was a terrestrial
microcosms (TMC) test (Edlund 1998), a modified ER®7 (2001). Three different
types of soil were used: soil from Scandinavianifesaus forest, garden compost
from Sweden and soil from the Swedish test fiel@imlangsdalen. The forest soil is
dominated by white rot fungi, Simlangsdalen soildspwn rot and compost soil by
soft rot and bacteria. Further soil characteristios given in Westin and Alfredsen
(2007). MOEyn was measured above the fibre saturation poininat intervals (0, 8,
16, 24, 32 and 40 weeks) using ultrasound. Theimges were water saturated for
one hour prior to the strength testing. Twelve iogés of each treatment were tested
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in each of the three solil types. Six specimensaschdreatment were harvested and
oven dried after 24 and 40 weeks.

Table 1. Wood treatments in the terrestrial microcosms arpaits (TMC).

Treatment Treatment levels (abbreviations)
Wood modifications: Furfurylation 25 WPG (FA 25)
Thermal modification 212°C, (TM)
Acetylation 23 WPG (Ac 23)
Linseed oil* 150 kg/msd ret. (Linseed)
References: Copper chromium based 10 kg/n? (CC 10)
Semi-durable hardwood Robinia pseudoacacia heartwood (Robinia)
Contral: Pinus sylvestris sapwood (Control)

* wood modification according to the manufacturaedo grafting compound.
Coated log sections

Five Scots pine trees from a single stratus innglsistand in the central part of
southern Norway were sampled in such a way as tnmse between-tree and
within-tree variation. The specimens for the expemnt were taken from the second
log of each tree, between 5 and 10 m from thesie®p. The logs were pre-cut along
two sides to obtain two distinct cracks during dgyi debarked manually and dried
naturally outdoors for 12 months. Each log wasictat nine test specimens of 0.5 m
in length.

During drying two logs were attacked by a rot fundgdetermined to the white rot
fungusPhlebiopsis gigantea (Fr.)). The attack caused brown staining of the wood (up
to 35 % of the slice area) in all specimens frog lld and in some specimens from
log Il (up to 8% of the slice area) (Figure 1; Tall). Annual increment and brown
stain were determined by visual inspection of slicet from the butt end of the
specimens.

Figure 1. a: Slice from log Il showing extensive brown stainrdws indicate pre-
cut cracks. Measurement points for M3 cm from the pith and outer edge) is
indicated with circlesh: Slice from log 1l showing only minor brown stainngs)
and some blue stain.
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Table 2. Annual increment width and brown stain. Meansdach tree, n =9
specimens. Max values for area of brown stain dubke white rot funguBhlebiopsis
gigantea are listed.

Tree Annual increm. (mm)  Brown stain (% area)

no. Mean StDev Mean M ax

| 1.3 0.03 0 0

[ 14 0.03 3.06 8.42
Il 15 0.13 10.30 35.07
v 1.4 0.04 0 0

\Y 1.3 0.03 0 0

After 6 months of conditioning in lab climate (2G,°65 % relative humidity) the end
surfaces of the specimens were sealed using adwpa@nent epoxy sealant. Three
different surface coatings (alkyd, acrylic and eated) and two crack directions
(up/down) were used, and the experiment was desigmegive two full replicates
from the brown stained part of the sample. The lteg were put through 6 wetting
and drying cycles, and ultrasonic M@kEmeasurements were done on the specimens
prior to the first wetting cycle. Measurement pseimin the end faces are shown in
Figure 1 a. Transversal measurements were dondéeomidpoint and 10 cm from
each end on the same axis as measurements oncesd fa

Ultrasound

In both parts of the experiment, dynamic MOE (MJEwas measured using Pundit
Plus, an ultrasonic pulse exitation device. Thenddaicers used had resonant
frequencies of 200 kHz. The M@ was calculated from the measured transit times
using the following formula:

MOEgn = (1 /t)2-m /v (1)

where | = length of specimen (mm), t = measuredisitatime, m = mass at
measurement moisture level (kg) and v = volume easarement moisture level {m

In the TMC experiment calculation of M@z gave illogical results. Therefore, transit
time was used for analyses in this part of the expnt.

RESULTS
Terrestrial microcosms (TMC)

In Table 3, percent mass loss and percent strdogth (measured as transit time)
compared to initial measured values are shown. 3inength evaluation using

ultrasound gave the same general trends betweaimeats as mass loss for all soll
types. Interestingly, Simlangsdalen soil gave tighdst strength loss, while compost
soil gave the highest mass loss. Forest soil giipegave the lowest mass and the
lowest strength loss. However, for FA 25 strengslwas highest in forest soil. Mass
loss after 40 weeks was equal in compost and femksand higher in forest soil than

in Simlangsdalen soil. In compost soil several spens failed (fell apart) from week

32.

96



Table 3. For the three solil types: percent change in drghtanass loss (ML) at 24
and 40 weeks and percent change in ultrasoundtttame at 8, 16, 24, 32 and 40
weeks.

Compost soil Simlangsdalen soil Forest soil
ML Transit time ML Transit time ML Transit time
24 40| 8 16 24 32 40 24 40 8 16 24 32 |40 24 |40 8 24 32 40
FA25 | 1 43 3 3 1 1 o0 3 3 5 4 5 4 0 |4 5 6 6 10 10
™ 1 3|4 5 5 5 51 20 3 5 5 6 4 1 pH 5 5 6 7 8
AC23 |1 1|1 2 1 2 2 0 12 o 0o 0o 1 o O 1 3 3 2 3 3
Linseed| 11 26 5 5 5 7 5 2 4 6 5 4 9 |6 4|9 4 3 2 8 6
ccio| 7 20 0 1 3 6 g§ 5 v 1 1 1 2 |2 3 (6 1 1 0 2 2
Robinia| 28 45 7 11 12 14 17 5 12 6 7 10 13 |14 6 |I0 8 8 1.0 9
Control | 36 74 9 14 19 15* 9r 33 50 20 23 30 50 |83 &7 4 4 4 2 4

* Decrease in ultrasound transit time occurred tduRilure of specimens.
Coated log sections

In an ANCOVA test on the whole sample, both amoohtrown stain and log
number (between-tree effect) had significant effest MOE;y,. Brown stain had
negative effect on MOf,, while the sign of the tree effect varied betwéegs
(Table 3). Analysis including only specimens witlonam than 2.5 % brown stain
(n=11) yielded even higherR0.64) (p brown stain = 0.0171, no tree effect). |
transit time was analysed directly, brown stain whs only significant effect
(p<0.0001, estimate positive).

Table 4. Results from ANCOVA tests, effect on M@k and transit time.

Sample Effect R2 Sign of estimate p value

_ Log no. +(1, 1/-(11, 1V, V) 0.0110

All sp., n=35 Brown stain 0.79 - <0.0001
All sp., n=35 Brown stain + <0.0001

Transversal measurements gave substantially low@Ej than longitudinal
measurements. There was a statistically significantelation between longitudinal
and transversal measurements (p = 0.0362). Thelaban was clearer in analysis on
specimens with no brown stain (p = 0.0084), andppeared if logs with no brown
stain were excluded.

Brown stain had a large influence on water uptake effects of coating and crack
orientation became important only when brown sthispecimens were excluded
from the analysis. Detailed description of the hsswegarding moisture uptake in
specimens with different treatments and degredsafn stain will be reported in an
article presently in preparation.

DISCUSSION

The use of ultrasound to measure strength in ssodlexposed samples was shown to
be useful in detecting early stages of decay. Aerasting result was that the highest
strength loss was found in Simlangsdalen soil wthige highest mass loss was found
in compost soil. This is most likely due to diffeces in species composition of
deteriorating fungi in the different soil types.erBimlangsdalen soil is dominated by
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brown rot. Brown rot is known to cause more raprdrggth loss at lower mass losses
than white rot fungi. Even though the highest gaherass loss was found in compost
soil and the highest strength loss was found inl&igsdalen soil, the furfurylated
samples were most affected by the forest soil. fohest soil is dominated by white
rot fungi and had the highest water holding capaaiid the lowest pH. This result
will be of interest for further investigations ohet mode of action of furfurylated
wood.

The correlation between MQf and brown stain due tBhlebiopsis gigantea was
less clear in samples with very minor brown stMQEgy, was measured in one point
at a time, and as the brown stained areas in #@se@mens were small the MQE
measurements may have missed them entirely. Thstumeidata include the whole
log cross sections, including the highly permedirlewn stained areas. This might
explain why these small areas of brown stain gétte effect on measured MQE,
even if they were highly influential on water aljstawn.

The lack of a significant tree effect on the meaduransit time in the coated logs
indicates that the tree effect on M@iEwas caused by the relationship between mass
and volume of the samples. On this backgroundrifieence by mass loss can be the
reason why calculated MOE gave illogical resultthimn TMC experiment.

The much higher transversal than longitudinal ttatrfie can be explained by the
fact that the ultrasound must cross a lot more walls in the transversal direction.
The significant correlation between longitudinatlaransversal transit time indicates
that transversal decay detection should be possiile lack of success in detecting
early fungal colonization by transversal transmei might be explained by the fact
that the brown stain is caused Bylebiopsis gigantea, a white rot fungus which
leaves the cellulose fibres more intact than breetn This should be given further
study, which should include wood in different stagé decay and brown rot versus
white rot.

The conclusion of this study was that the use thsbnic MOE is applicable as an
evaluation tool in early decay detection, but thas important to take moisture and
temperature into consideration in experimental miagn Ultrasound measurements
during decay give supplemental information to miass measurements and visual
evaluation, illustrating the influence by differesi¢terioration organisms. The direct
link to strength properties makes ultrasound a mi@ky useful tool in technical
service life prediction.
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ULTRASOUND AND VIBRANT RESPONDS OF MODIFIED
OAK WOOD: A COMPARATIVE ANALYSIS

Baltrugaitis, A%, Ukvalbergies, K.2, & Pranckeuiien¢, V.2

ABSTRACT

Understanding and modeling links and relations betw wood micro-scale
characteristics and behavior of real timber elesemquires scaling-up sizes of
specimens as well as testing methods and instratie@mt corresponding to the
sophisticated diversity of wood structure.

Methods of non-destructive wood testing are gettimgge and more popular due to the
possibility to evaluate mechanical properties ofodioHowever concerning to wood
anisotropy and un-homogeneity in some cases itificudt enough to get reliable
results.

In this work for the experiments two testing degieeere used — portable timber grader
MTG and special ultrasonic strength meter, develop¢ Kaunas University of
Technology. To explore and compare applicabilityttué specific testing equipment
based on ultrasonic and amplitude-resonant ingpectammonia-modified and
unmodified oak wood samples are used. Variable ipAlysmechanical and size factors
of specimens were focused on comparative specdicéhe measurement accuracy and
validation of applicability for testing specific wd properties.

Keywords: ultrasonic, amplitude, resonance, wooddifitation, dynamic Young’s
modulus.

INTRODUCTION

Non-destructive testing methods (NDT) for invediigia of wood especially large-scale
dimensions specimens become more and more popldardestructive methods allow
enhancing species and grade populations for stalctimber though requiring
permanent and adequate control measures. Critoaitton for scientific and industrial
NDT applications is measuring uncertainties andal/accuracy [1]. Being anisotropic
biological material wood marks wide spectrum andiatn of physical and
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mechanical properties. Internal structural formadias knots, fissures, spiral grain,
early/late wood ratio, etc. make characterizatidncertain properties even more
difficult [2]. Detecting and evaluation of such fieations could be equivalently
sophisticated as tested substance and structett &¢$ the same time, those methods
have to be accurate, reliable, productive and efisient. Ultrasonic wood examination
was universally acceptant as corresponding aboveiomed requirements especially
for evaluation mean values of wood elastic constanth as Young's modulus (MOE)
and indirectly strength [3-5].

Large databases are nowadays available for chagatien of ultrasound velocity in
wood depending on species, grain direction, mastontent and temperature [6-11].
Changes of wood properties under heat treatment naodification were open for
careful studies for more than 50 years. Howeveenewell known wood ammonia
modification remain many questions on plasticizatwoportions, colorings, extent of
structural changes influencing physical-mechanpraberties. Emerging new testing
methods focused on wood characterization on mierd manoscales seems to be
revolutionary in understanding breaking by ammonieatment intra-molecular
hydrogen links [12]. For practical applications safch a modified timber, e.g. wood
flooring key interest is monitoring, targeted catren of resonant behavior and grading
and batching during production factory control.

Concerning to wood anisotropy and un-homogeneisome cases it is difficult enough
to get reliable results. Considerable differencésneasure values recorded in even
negligible changes of testing position and specim@res makes problematic
determining mechanical and physical propertiesef@n externally identical specimen.
Even more confusions appear when applying diffefdBT testing methods and
devices.

As indicated above, there are many reports ondbkearch about nondestructive testing
of wood. However, few investigations have been eomed with comparative
nondestructive testing of wood-based on usage dferdnt methods and
instrumentation. To complement existing data vaidaof NDT using portable timber
grader MTG (Holland) and special ultrasonic strbngteter developed at Kaunas
University of Technology was performed [13]. Themabf the work focuses on
comparative specification the measurement accusadyvalidation of applicability for
testing specific wood properties.

MATERIAL AND METHODS

For the study, oak timber was cut into samples wih mm length, 75 mm width and
24 mm thickness respectively. The average specinmd density was 658.3 kgfm
and initial average moisture content for unmodifedt wood was 9% while that for the
ammonia-modified wood was 12%.

Resonance frequency, modulus of elasticity (MOHK) aoefficient of damping of all
samples initially were estimated using measurenmstitument , Timber Grader MTG".
The measurement system consists of the ,Timber €BrdiTG“, weighing device,
wireless communication device bluetooth and PC wiimber Grader“software. The
measuring principle of the MTG is the measureméthe natural frequency of wooden
specimen. The stress waves are introduced withneegrated electric hammer and
measured with an integrated sensor. Vibrations #nat brought into the wood are
converted into a digital value and sent via theeless connection bluetooth to the
computer.
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Parallel to the above mentioned were accomplishedsorements using acoustic
stiffness-strength meter developed at KTU. A tegbeiis based on excitation of
acoustic Lamb waves in wood and measurement tinfkgbt between fixed at 380
mm transmitter and adapter. Later on series of M®pgeriments using KTU stiffness
meter were carried out for evaluation size factod avood anisotropy in changing
specimen widths and thicknesses.

Measurements were performed on four specimen pld@esminated Side 1 (S1), Side
2 (S2), Edge 1 (E1) ir Edge 2 (E2). Specimen wwd#ls changed by planing repeatedly
every 6 mm on edges and that for changing thickmess successive 3 mm on sides.
Longitudinal ultrasound scanning was performed gallg on every particular
specimen plane at 10 steps (zones). Scanning datplamed and sawn specimen
surfaces was also compared. Comparative formatirofesearch focused on distinctions
of treated-untreated wood characteristics and mmeasnt method accuracy and
uncertainties allowed to narrow testing proceduith whe specimens having near-
longitudinal grain direction.

Modulus of elasticity was calculated after meagyirsound velocity (time-of-flight)
using simplified Eq. 1:

MOE =C?p 1)

whereC — sound velocity, m/g; — wood density, kg/fh
For evaluation of wood plastic properties, anotaplitude-frequency characteristic —

coefficient of damping - is used Eq. 2 [14]:

fz_fl

f

tgd=n = (2

rez

where tg — tangent of loss angle;— coefficient of damping.

RESULTS

Received format of resonance frequencies for medliind non-modified oak wood
was similar yet careful evaluation of vibration iagtion time and coefficient of
damping character emerged substantial differenidesse are seen from Fig. 1 showing
time-to-flat graph and Fast Furier Transform (FFEFaph on Fig. 2. Excitations in
modified wood fade away 1.2 times faster (Fig.)lthlan in unmodified one.
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Fig. 1. Patternof vibration fading in time: a — unmodified oak:-bmodified oak
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Fig. 2. Fast Fourier Transform data: a — unmodified oak;modified oak

Resonant amplitudes in ammonia-modified oak are By times lower than those in
unmodified. For illustrated case, average coefficief damping in unmodified wood
(0.01228) was by 1.5 times higher than of modifeak. For all tested specimens
vibration fading for ammonia-modified oak was ori@age by 1.2-1.4 faster than that in
unmodified; coefficients of damping were in turiger by 1.4—1.9 times.

MOE values obtained using KTU stiffness meter wgoeto 29 percent different from
those measured with Timber Grader MTG. Supposedij-te-end measuring with
MTG gives lengthwise-generalized MOE values whifeptane positioning of KTU
stiffness meter reflect localized within 380 mm e@tiffness properties.

Fig. 3 presents differences in MOE values measwuigid Timber Grader (MTG) and
KTU ultrasound tester US (KTU).

| US (KTU)

M3 M- BTG
IS

LULLLIMIIHHIIMY
JILL LA/ 777077000 07772,

M

N

10000 12000 14000 16000 18000
MOE, MPa

Board Number
Board Number

10000 12000 1;1000 iGOOO 18000
MOE, MPa
a b
Fig. 3. Comparison of MOE values obtained with tested des/iTG (Timber Grader)
and KTU ultrasonic stiffness tester US (KTU); anmodified oak samples U1-U3; b-
ammonia-modified oak wood samples M1-M3

On average values obtained with MTG for unmodifreabd are by 2-10% than those
received with US (KTU). For ammonia modified wooffefences were even larger —
0.5-29%. Whether wood modification and resultinguaural changes influences in
measuring principle (eg. Lamb wave propagation [eties) or it is matter of
measuring uncertainties it is still not clear. Speexperiments are planned to be
focused on clearing-up latter questions.
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Next series of experiments dealt with size facttfeats on measuring results and
accuracy. All specimens have been successivelyeglan the same edge by 6 mm for
width changing. Ultrasound velocities on new swfawere measured with US (KTU)
tester and recalculation of them into dynamic M@Eqgrmed. Longitudinal lengthwise

specimen scanning on 10 zones (points) alloweeénseslocal structural variations. Fig.
4 presents MOE variation lengthwise specimen medsun successively planed
surfaces.
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Fig.4. MOE variation lengthwise specimen for changing widh — unmodified oak
wood; b — modified oak wood

For unmodified (Fig. 4, a) wood specimen width diisining causes MOE decrease by
4.1-18.6% (respective ultrasound velocities fall3§-9.7%). Near-surface structure of
modified wood appear to become more homogenouslesyl related to the width
changes and thus size factor effects on measureasentacy. lllustrated example,
Fig.4, b, indicates that 60% of MOE values increasem 1 to 23%; remaining 40% of
MOE values decreased by 3.4-12%. Still measurenartsensitive to the localization
of the ultrasonic tester closer to the specimenseMDE values decreases in some
cases by 25-35 % when scanning at both ends.

Similar series of experiments examined dependencfespecimen thickness and
lengthwise variation of structure anisotropy orutesg MOE values. By nature Lamb
wave propagation is not sensitive to the specinméckness, therefore fluctuation of
MOE measures is clearly dependent on tester pogiicanning point) and responds the
spatial singularities of wood within ultrasound pagation path. For unmodified oak,
the decrease of specimen thickness from 24.6 mg8tanm results in MOE increase
by 1.5-25.7%; coherent (computational) ultrasoueldeity increases by 0.7-13.8%.
Lengthwise MOE variation of modified oak shows Ertpcal anisotropy (Fig. 5, b).

20000
180001
160001
14000
12000
10000
8000 1

20000
18000
16000
14000
120001
10000

MOE, MPa
MOE, MPa

8000 1

—+—s=9.8mm

—=—s=1245mm

6000 1

4000

——s=9.8mm
s=18.8 mm

—=—5=12.26 mm
—*—s=21.7mm

s=159mm

——s=24.6 mm

1 2 3

4

5 6
Scanning point

a

7 8 9 1

6000

s=1865mm —*—s=217mm

s=15.91mm
——s=246mm

4000
0

1

2 3 4 5 6

Scanning point

b

7

8 9

10

Fig.5. Variation of ultrasound velocity (a) and MOE (b)r faifferent thickness
unmodified specimen
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For the same as above mentioned unmodified spedinekness range MOE increases
by 13.7-44.8% (ultrasound velocity increases respeyg by 3.5-25.7%). Indirectly
those figures indicate that no-homogeneity of testedified specimen by 1.74 times
higher than that of unmodified.

Comparative testing of nondestructive instrumerds éxamining wood stiffness-
strength properties allowed evaluating measuringuracy and uncertainties and
judging the optimal scope of application. Experita¢validation of end-to-end tester
MTG Timber Grader and on-plane Lamb wave stiffnesster unfolded significant
differences of nominal values when testing idehtg@ecimen and also measuring
accuracy and uncertainties.

CONCLUSIONS

1. Ammonia-modification of oak wood results in notableneficial accomplishments
compared with the natural solid oak. Oscillatiorpitnde decrease up to 4.47 times
and vibration fades by 1.2-1.4 times faster, cogffit of damping is on 1.45-1.90
times higher compared with the untreated oak wood.

2. Comparative stiffness values determined with testdant-acoustic instruments
differed up to 29% when measuring identical speosneRegarding resonant
behaviour of the whole specimen end-to-end vibemaustic examining gives
somehow generalized lengthwise stiffness valuegnifstant local anisotropy,
especially critical as regards strength, remaindantified.

3. Lengthwise ultrasonic Lamb wave scanning of timpieces allows localization of
hazardous positions with the unacceptable visctagtie performance. Together
with the end-to-end scanning it could be recommeénfie in-line out-grading
timber with the predictable vibrant-resonant bebawi

4. Ultrasound velocity is dependent on specimen dimess Width size factor
controversially affects Lamb wave propagation viéyoén wood: reduction of
specimen width follows ultrasound velocity decrebget-10 % in unmodified oak
while width diminishing reveal tendency to ultraasduelocity growth for modified.

5. Theoretically, Lamb wave propagation velocity ist neensitive to specimen
thickness in tested range. Increase of ultrasowgldcity in decreasing specimen
thickness respond changing anisotropy, early-lab®dvconfiguration and hence
variant stiffness. Resulting variable modulus odséctity for tested thicknesses
changed by 1.5-25.7% for unmodified and by 13.B%/for modified wood.
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RFID TAGS APPLIED FOR TRACING TIMBER IN THE
FOREST PRODUCTS CHAIN

Gjerdrum, P

ABSTRACT

Wood products are typically produced in ‘break-daaml sorting’ processes: stems are
cross-cut and sorted into saw-, pulp- and energg;:lsawlogs are sawn to boards and
sorted according to quality, then split again apgliad in various ways. Through the
sorting processes, the ‘group traits’ become irgngdy more homogeneous, but any
individual identity or origin is lost after eachgmess. ‘Group identity’ is even the
method for the popular and much applied timberifcation systems. ‘Individual
identity’ should be an option, however, if the isthy wants e.g. to send some specific
information together with the wood pieces to subsed] processes, or the answer to
questions like ‘what was the outcome of products$ mofitability of a given lot of raw
material?’ Pursuing efforts from the Indisputableykproject, this paper discusses some
experiences and commercial opportunities for taovood pieces by applying the
RFID (radio frequency ID) technique. A rather starttised system has been set up for
the forestry chain tracing system: reading/adding &ransferring information from
various sources like a harvester, a log scannersamang machines, and joining this
information in databases to be retrieved in subseigstages. Dissolvable tags that can
be accepted in chips for the pulp industry, andeottags tolerable to the harsh
conditions in a creosote preservation plant, haenhdentified. Models are developed
that add reliability to the prognoses for qualitgaome from stems and logs based on
stored information. The option of calculating eowimental, wood quality and
profitability indicators is incorporated. A caseaudy in tracing preservation treated
transmission poles is presented. However, so fatahs appear quite expensive, up to
one euro, and there are additional costs to sendprun the system, so the commercial
benefit should be indisputable before venturing emRFID project.

Key words: Wood industry, tracing cost, informatiexchange, profitability

INTRODUCTION

Wood is generally acknowledged as a natural matevith a certain degree of
unpredictable variability in traits. A producer wbod products — from logs through
sawn timber and chips to furniture or paper — vidl his best ability, do a pre-process
guality assessment and sorting. Nevertheless, samebility will always remain in the
end product. It has been assumed that better kdgelef wood origin should facilitate
the quality assessment and increase the efficiehtye forest products chain. This has

! Dr. scient, Norwegian Forest and Landscape InsetifBiox 115, N-1431-As, Norway, Tel: +47 6494
800, Fax: +47 6494 8001, E-mail: peder.gjerdrum@sktandskap.no

109



been one of the driving forces for establishing idisputable key, IKey, project; a
brief presentation of the project is given as appen

However, it has also been assumed that tracingqi¢éetpy might be used in the wood
industry for a wider variety of purposes, like kegpcontrol with consignment lots
("what has been the outcome of a given roundwoti!)ldocation of products in stock,
or calculating environmental impact of individuab@d products.

The objective of this paper is to give an overvieWwthe tracing technology and
illustrate a few applications, based on activitiesthe IKey project. Other tracing
systems than RFID are considered in the projettwilunot be dealt with in this paper.

TRACING TECHNOLOGY

RFID, radio frequency identifier, is a general &lecic technology, commercially

applied already for some decades. A tag consista efmall chip connected to an
antenna (Fig. 1). A unique identification numbersisred in the chip, and might be
transmitted to a reader through the antenna bytrefeagnetic waves. The chip and
antenna are encapsulated for protection and to #esepplication, and might be
supplied with additional information, e.g. by pmg the ID number. The cost of a tag is
to a large degree depending on the quality of tieaygsulation.

In IKey a particular tag has been developed, slatidy automated application directly
from the harvester head into a log and with a cpdissolvable during pulp processing.

Fig. 1 An open RFID; CPU (black square on top, centreneated to the antenna

Fig. 2 Various tag types encapsulated in paper (lef@sg(right, down) and plastic
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The only way to communicate with the RFID tag isotilgh a reader. The reader
consists of an antenna, a computer and softwanatenpretation, filtering e.g. to avoid
repeatedly reading, and typically also providing mmerface to the company's
commercial databases. Even for the readers a yarfi¢ééchnical solutions are available

(Fig. 3).

e "
.

‘,a‘

Fig. 3 Left: Hand-held reader operates only at verytstistances
Right: Experimental setup of antenna (top rigim)l computer for reading
distances up to a few meters

Transponders might come with a power supply, algwthem to actively and
continuously submitting radio waves, which mightrease reading distance. Such tags
are, however, too expensive to have been considerd¢de wood industry.

For a passive tag, the reader antenna emits ragi@svthat are received in the tag,
which accumulates enough energy to return a radioak giving away its identity.
RFID tags are produced with varying frequency, @valength, specifications. Tags
and reader must be compatible, i.e. of identicabjdency, to communicate. Also,
emitted energy from both tags and antennae wilically be inhomogeneous in
different directions. Thus, a proper alignment ianehatory to get a maximum reading
signal and reading distance. Even vicinity to watemetals might cause distortion in
the radio waves.

Setting up a RFID tracing system is rather labarj@nd consequently most appropriate
for applications that will be used as routine f@ralonged period.

APPLICATION IDEAS

The IKey idea: Added value by adding info on wood igin

The idea of IKey is to establish an operationahtetogy. This is to be achieved in the
forest products chain: An RFID tag is automaticapplied to the chosen logs during
harvest, giving the log a unique ID that will beintained until the breakdown process
in the sawmill. Information related to each log Iviak stored in a database, i.e. site,
stand and harvest information. New information midie added during hauling,

transport and scanning at the log sorting planterAbreakdown each board will be
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given a new ID number directly connected to theand. Additional information from
the breakdown, green sorting, kiln drying, strengthding etc. will be added to the
database, and so on during secondary manufactuBStandardised internet data
communication and database structure have beemedefand example procedures and
software for wood quality modelling, performanceéigators, environmental issues and
information exchange between commercial partnenge Haeen given and will be
demonstrated during the project. Once the techyolsgestablished, the hope is that
commercial pluralism will identify new and profitigbapplications.

However, the profitability should be carefully aysdd before venturing into a full
tracing system. Considerable information is alreadsilable, or can be easily achieved,
on request and at low cost without RFID tags. Onleexpect increasing marginal cost
and decreasing revenue when transferring towattftracing for all logs (Fig.4).

Additional

cost/
revenue Additional

cost

. / ’
Additional o Transponder
revenue |, s ~ cost
L~ . "_,/ Missing ID,
. corrupted data
System cost
Cost of changing practice
Additional information
Origin Tracing intensity
Present practice; no Lot and Category ID on sub- Full ID for
category or ID tracing stand info tracing sets of logs all logs

Fig. 4: Sketch illustrating decreasing profitability atreasing tracing intensity

Idea: Posterior verification of profit from specific sawlog lots

In the sawmill industry, acquiring proper raw makri.e. sawlogs, is by far the
heaviest expense. Nevertheless, most major sawnhitise with a log sorting system,
have only a faint and qualitative impression of dlitcome of single sawlog lots. Even
if reliable info is available at the time of arrivia the sawmill, the traceability is lost
once several lots are mixed in the log sorting, &mdher confused during the
breakdown process. Consequently, a sawmill rarak/the opportunity of identifying
the sawn timber outcome of a lot and thus is degrithe chance of calculating the
revenue. With RFID, only tracing within the compasyneeded, and thus simpler than
tracing between two or more independent commepaiehers. Improved knowledge of
lot profitability will stimulate the buyer to payare correctly for suitable wood.

Idea: Consignment lot control for transmission pole
At least two approaches apply: Control of impregdapole truck-load weight, and

invoice control for shipped poles. Poles are rathdky and heavy, and transport cost
substantial. Poles are classified according to aime sold by the number. Volume and
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weight vary considerably between poles in the salags. To have full control of load
weight, individual data are needed. Further, thpmhg documents and invoice state
the number of poles delivered. Counting the nundfepoles (or logs) might seem
straightforward — but it is not; missing by onetwo in one hundred is not unusual. So
we wanted to identify every loaded pole to be sbipfFig. 5). So far, however, there
are a few challenges: Reading reliability mustroproved, transponder casing must be
tolerable to creosote, and revenue so far doedaance system cost. However, we
hope to come to better solutions in the subseqests.

L

Fig. 5 Four antennae mounted in each corner of the gwrtédr reading RFID
transponders on transmission poles during loading

COST FOR A SAWMILL RFID TRACING SYSTEM

For any commercial company, the verification of fppadility of new procedures and
applications is a prerequisite. RFID technology esn at hand for a couple of decades
or more, and has found application in various itdles. Newer technology versions
offer better value for money, so it is easy to assuor hope, that even our industry
should benefit from the same tools. However, it nngsacknowledged that, despite that
the technology was introduced to the sawmill indust a first project fifteen years
ago, no company has so far ventured into a pernalication on a commercial
basis. Certainly, the costs are not preventiveoviged a manifest revenue increase.
But costs are not negligible neither, so no compailly afford until this increased
revenue is readily at hand.

It is very hard for a researcher to estimate regenua commercial business, and this
task will be omitted here. Contrarily, the estiroatof cost elements is much easier and
some rough information will be given (Tab. 1). Tigures are based on unpublished
materials from the project, and must be considaegreliminary. The illustrative use
of figures, e.g. by calculating annual cost foaasill of given size, is mine.

A few comments should be given. The standards (ii¢ne.g. for data transfer, are

produced inside IKey, and will be free for use wiith cost. A certain effort will be
needed to establish info and routines for calaudpkiey performance indicators, KPI.
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The same for process and wood quality models, diuthese (item 3), even an annual
fee will apply. The main annual fee, however, iate to the use of the IKey database
and the software — IK adapters — to connect towuous RFID readers and the

sawmill's ICT system (item 5). All these items emto an annual cost, irrespective of
how many tags will be used. Finally, tags are mesito cost 35 eurocent each (item 4,
the price will have to be verified), for at totdl 30 thousand Euro if a medium-sized
company sawing a million logs a year should taghair logs. Even a small sawmill, or

a medium-sized tagging a fraction of the log, mightl up with a total annual cost of

several hundred thousand Euros.

Table 1. Estimated annual cost for a sawmill applying tiéRtechnology based on
IKey ideas

Estimated annually, k€ Total annual cost, k€
No It Depri- Time- per 10r5  per 1076 | Total, 105 Total 1076
° em ciation ® dependent tags tags tags b) tags e
1 Standards 0 0 0
9 KPI nmvegtory and 1.1 11 11
configuration
Process & wood quality
3 aQ 22.2 5 27 27
models
4 RFID tags, applicator & 11.47 35 350 46 361
reader/antenna
5 Services, IK adapters, 37 102 106 106
tools
6 Pacing system in sawmill 1.85 2 4 4
7  Training 1.85 2 2
TOTAL 196 511

a3 years incl. 8% interest, i.e 37% p.a.
b)equivalent to 10% subset of sawmill producing 200 000 m3 sawn timber annually
C)equivalent to all logs of sawmill producing 200 000 m3 sawn timber annually

Ywide variation depending on the model ambition
Appendix — the IKey project

Full project name: Intelligent distributed procesgization and blazing environmental
key.

A EU-FP6 project running from autumn 2006 throudd02 with 30 partners from

Norway, Sweden, Finland, Estonia and France, aptesenting forestry, harvesting,
sawmilling, pole production, ICT industry: electrosy and data processing, and
teaching. Public demonstrations of the achievemargsplanned in the last quarter of
2009 and first quarter of 2010.

Objective: "The main proposal objective is to mié and stimulate an industrial
breakthrough in tracing systems for biological raaterials, specifically wood, leading
to substantial economical and environmental impmomats in the wood processing
chain" (cited from the description of work.)

For further information, see www.indisputablekeynco
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CHANGES OF THE PHYSICO-MECHANICAL PROPERTIES
IN THE STEM LONGITUDINAL AND TRANSVERSE
DIRECTIONS FOR WILD CHERRY WOOD

Gunars Pavlovics Janis Dolacis Mudrite Daugaviete Dace Circulg
Anda Alksné, lizite Lavnikovicd, Andis Anton$

ABSTRACT

During recent years, interest in wild cherry woderupus avium L.) has grown
dramatically in Europe and worldwide owing to itsique decorative, technical, and
physico-mechanical properties. Wild cherry woodsgd in production of furniture and
flooring, in yacht interior finishing, motorcar cstnuction, civil engineering as well as
in woodcarving. Wood is easy-to-process and eagpglish, it can be etched and
lacquered - it is as if specially designed for famiture industry. In Germany, wild
cherry wood is more expensive than oak, ash anagaaty.

Since the demand for wild cherry wood grows onwloeld’s market and in Latvia, its
cultivation for wood production was started, anadgts to elucidate the anatomical and
physico-mechanical properties of wild cherry woadvgn in Latvia were carried out.
Density p12), swelling (K,), shrinkage (k) and shearing strengthif) were studied.
The average characteristics in the stem’s periphedscentral parts (wood density at
12% moisturesz - kg/nt; volume shrinkage coefficientgk %/%; shearing strength at
12% moisturet;, - MPa, compressive strength - MPa,) were obtaifldee results
gained make it possible to forecast that the witéry wood grown in Latvia is
competitive on the world’s market.

It has been found that the values of the physicohaeical properties of wild cherry
wood have minor distinctions among the stem’s trarse, central and outer periphery
parts.

Key words: cherry wood, mechanical and physical properties

INTRODUCTION

In the future, wild cherry may substitute the haodd of tropical origin for the

manufacture of different wood articles so that ézréase the consumption of tropical
tree species wood. This is one of the possibletisnisi to decrease the cutting intensity
of tropical forests, which is a global problem tpd@&he wild cherry species is selected
and cultivated mainly for fruit production. Howeyeot long ago, it became a valuable
tree species directly from the timber productioemypoint. In many European countries,

! | atvian State Institute of Wood Chemistry,d@zenes iela 27, Riga, LV-1006, LATVIA
tel.:+371 7553063, fax: +371 7550635, e-mail: disl@edi.lv

2 Latvian State Forestry Research Institute “Sila/afas iela 111, Salaspils, LV-2169, LATVIA
tel.: +371-7949621, fax: +371-901359, e-mail: niteddaugaviete@silava.lv
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wild cherry is cultivated in plantations, includirmgso in Latvia, at the Latvian State
Forestry Research Institute “Silava” [1, 9, 10].nde, it can be forecasted that wild
cherry wood will become increasingly promising e furniture and civil engineering —
in finishing works.

Wild cherry has a bright red or red-brown coloud anfine, straight fibre. In stands, the
height of wild cherry, depending on the soil fetyil ranges from 15-20 m to 30-35 m,
and the stem diameter from 40 to 70 cm. Up to 40s/ehe wild cherry growth is very
fast, but, reaching the 50-60-year age, its anm@ement decreases. Therefore, the
maximum cutting age does not reach 60-80 yearsthedtime being, no regular studies
on the anatomical, morphological, chemical, physicaechanical, technological,
optical, thermo-physical and other properties Hasten carried out.

It is important that at the end of the 20th centwid cherry plantations had been
established in many regions of Latvia and, untytineach the necessary felling cycle,
the main proposals and technologies for practithtation and application of the new
material should be ready. The following studieseéhbgen carried out on the anatomical
and physico-mechanical properties of wild cherryodioas well as the introduction in
Latvia [1, 6-8, 11]. However, the versatile eludida of the properties of wild cherry
wood requires profound studies on such innovatind promising material, which
would enable to forecast the properties of the wiidrry wood grown in Latvia.

MATERIALS AND METHODS

With changing climatic conditions and looking foecpnomical” tree species for
providing the forest owners with a high-quality wlothat can be produced within a
relatively short term, profound studies on the prance selection and reproduction of
wild cherry Prunusavium L.) have been carried out in Latvia.

Wild cherry samples were taken from two Latvia'arsts: from $ede, Talsi region
(height 20.5 m, stem diameter at the the heightrli8 32.0 cm, and the age 31 years),
and From Jaunlutgi, Saldus region (height 19.7 m, stem diameter7i$ Zm at the
height 1.3 m, and the age 43 years). The studies varied out for samples from four
stem heights — butt-end, %, %2, %, in the periphed/central parts.

The samples’ preparation is schematically represkint Fig. 1.

E7)
2

4 ;

/ \

L b

Butt-end f \-.

Fig. 1. Schematic representation of the samples’ locatidhe stem.
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The physico-mechanical properties were investigatedompliance with DIN and
GOST standards. Density was determined accordigltb52 182 [2]. Swelling and
shrinkage were determined according to DIN 52 18§ [Water absorbance was
determined according to GOST 16483.20-72 [13]. Bhgastrength was determined
according to GOST 16483.13-72 [12]. Compressioengfth was determined according
to DIN 52 185 [4]. Bending strength was determira@dording to DIN 52 189 [5].
Ultimate shearing strength was determined accordmgGOST 16483.5-73 [15].
Tensile strength was determined according to GO$#83.23-73 [14]. Ultimate
strength in cutting was determined according to Q6 483.13-72 [12].

Oven dry wood densityp(), radial, tangential, and volume swelling wereedeined
for all samples. The wood density at the moisture 2% -pi,was calculated.

RESULTS AND DISCUSSION
Table 1 shows the physical indices of wild chergod at different stem heights.

Table 1.Physical indices of wild cherry wood at differat¢m heights

Properties Height of Wild cherry
the stem Sapwood Heartwood
part
Density,
kg/m®
Po B 660 682
Ya 574 574
Y 692 602
P12 B 692 714
Ya 607 607
Yo 723 635
Swelling,
% / Ky
Tangential B 13.6/0.45 13.0/0.43
Ya 12.9/0.43 10.6/0.35
Y 12.6/0.43 9.9/033
Ya 11.8/0.39 -
Radial B 5.7/0.19 5.8/0.19
Ya 5.6/0.18 4.6/0.16
Y 6.0/0.20 4.9/016
Ya 5.9/0.19 -
Volume B 18.8/0.62 19.4/0.64
Ya 19.2/0.64 5.2/0.60
Ys 18.9/0.63 15.4/0.18
Y 17.9/0.59 -

117




Table 1 (continued).Physical indices of wild cherry wood at differestém heights

Property Height of Sapwood Heartwood
the stem
part
Shrinkage,
% / Kg
Tangential B 12.0/0.4 11.5/0.38
Ya 11.4/0.38 9.9/0.33
Y% 11.2/0.37 9.0/0.30
Radial Ya 10.5/0.35 -
B 5.4/018 5.5/0.18
Ya 5.3/0.17 5.7/0.19
Y% 5.7/0.19 4.7/0.15
Volume Y 5.6/0.18 -
B 15.8/0.52 16.2/0.54
Ya 16.3/0.54 13.1/0.43
Y% 15.7/0.52 13.1/0.43
Ya 15.8/0.52 -
Moisture
Content, %
Green B 51 50
Ya 52 55
Y 53 54
Maximal, % Ya 52 -
B 105 103
Ya 109 127
Y% 114 117
£ 110 -

Notes: B = butt-end; Y4; ¥2; % = part of the sterferr® Fig. 1.
Designations: R- radial; T- tangential; V- volum&; —shrinkage coefficient; &—swelling
coefficient.

The density of the central part of the stem, in panson with the density of the outer
part, is lower by 4.3%. Greater linear changes aody with varying wood moisture,
which is characterised by swelling {Kand shrinkage (g coefficients, are observed in
the outer part of wild cherry wood. This appliesltoth the changes in the radial
direction and also the tangential direction. Watksorbance for wild cherry wood is
higher by 9 % in the stem’s central part, in congmar with the outer part.

Regarding the mechanical properties of wild chewgod, studies on ultimate
compression, tensile, bending, shearing, cuttirength, and hardness were carried out
during the work. The results are shown in Table 2.

In general, the mechanical properties of wild che&rood are demonstrated to be higher
than those of other hardwoods. Hence, wild chermyodvis suitable for wide
application.
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Table 2Average mechanical indices of wild cherry wood

Properties Values, MPa
Compression 53.9+1.8
strength
Tensile strength 141.1 £ 20.8
Bending strength 116.2 +19.6
Modulus of 8650 + 1130
elasticity in
bending
Cutting strength 35621
Shearing 16.1+£0.4
strength
Hardness 54.00

As can be seen from Table 3, the ultimate compasdensile, bending, cutting,
shearing strengths are highest at the butt-end;hmisi the most valuable part of this
wood, and decrease slightly towards the top entdeoftem.

Table 3Mechanical indices of wild cherry wood at differetém heights

Properties Height of the stem part Ultimate strenitPa
Compression B 55.16
strength Ya 54.01

Yo 53.55

Ya 52.94
Cutting B 39.1
strength Ya 35.1

Yo 33.7

Y 34.8
Shearing B 17.0
strength Ya 15.8

Yo 15.6
Bending B 119.3
strength Ya 113.1
Tensile B 141.1
strength

Notes: B= butt-end; ¥; ¥%; % - part of the stemeréd Fig. 1.

CONCLUSIONS

1. It has been shown that the indices of the physiechanical properties of wild
cherry have some distinctions in the stem’s crestian central and outer periphery
parts. Hence, it is suitable for fabricating bo#inquet and flooring boards, as well as
the manufacture of different articles and souvefiosn both the central and outer
parts.

2. The physical indices — density, swelling and shage are greater in the stem’s outer
part than those in the central one.
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WOOD PRODUCT MANUFACTURE POTENTIAL OF
EUROPEAN AND HYBRID ASPEN IN FINLAND

Herajarvi, H

ABSTRACT

Aspen species cover ca. 1.5% (ca. 30 Milf) of the total growing stock in Finland.
Their principal end use is in papermaking currentiywever, increasing proportion of
logs is expected to be obtained from planted hybsgden stands in the future. The
purpose of this study was to compare the techmpicgperties of European and hybrid
aspen Populus tremula L., Populus tremula x tremuloides) stems in Southern Finland.
Material consisted of five European aspen stand$ seven hybrid aspen stands
between 20 and 60 years of age. Routine measursmenthe characteristics of the
stands were done from 10 gircular sample plots, 6—7 of them per stand. Jaraple
plots were located around one randomly selectet sGwlog-quality aspen that was
then more comprehensively measured as a sampleFiredly, altogether 75 of these
sample trees were felled, bucked and cut into Id¢e logs were graded and their
technical quality characteristics were assessedeinil. The most common external
quality defects included curves, sweep, and braredsi. European aspen trees showed
better quality in terms of branchiness and stermfdfast growing hybrid aspen trees
had even 1.5 metre long clear distances betweenvittogls, which is an interesting
possibility considering wood product manufacturettB European and hybrid aspen
suffered from diverse rot and surface defects. 8asethe evaluation of logs, heart rot
turned out to be more common than could be expebtesdd on the evaluation of
standing trees. Therefore, the overall qualityhef lbogs was relatively poor compared to
the impression obtained by pre-harvest measurenoénbe stands. As a conclusion, it
turned out that planted hybrid aspen that is oalijyn meant for pulpwood, has
considerable potential to produce saw or venees lagthin significantly shorter
rotation time than European aspen.

Key words: European aspen, hybrid aspen, timbetegdastribution, branchiness, stem
form.

! Researcher, Programme director, Finnish ForestdRel Institute, Joensuu Unit, P.O. Box 68, FI-
80101 Joensuu, Finland, Tel: +358 50 391 3037, #3%8 10 211 3001, E-mail:
henrik.herajarvi@metla.fi

121



INTRODUCTION

European asperP@pulus tremula L.) is the fifth common tree species in Finlandthe
entire country, aspen species are dominant on @a rapresenting 0.3% of the total
forest area, whereas in southern Finland the réspeproportion is 0.5%. Aspen
species make up ca. 1.5% (30 Mill®)nof the total volume of Finland’s growing stock
of 2000 Mill. nt (Peltola 2008). There are ca. 54,000 hectaresspéradominated
forests in southern Finland, however, most of thigea grows in stands dominated by
conifers or birch. Lots of aspen grows also in fn@gted small stands along the
agricultural lands and roads. Therefore, aspendsting is difficult and expensive.

Breeding trials of European and North American agfe tremuloides Michx.) during
the 1950’s led up to finding an exceptionally fgsbwing tree for boreal conditions,
i.e., hybrid aspenK. tremula x tremuloides). It can yield as much as 20*fma/a in
southern Finnish fertile soils. Hybrid aspen isitaty the only tree species that can be
grown in a manner of agroforestry in boreal cowndii. Most of the annual aspen wood
consumption goes for production of high-quality @apin Finland. Finnish wood
product industries use some 3000-506mfraspen logs annually.

In timber purchase, the most severe problem has ke the aspen supply is so
fragmented and the harvesting removals per hecsee subsequently, small. Only
seldom pure aspen stands are harvested, mostlgrtisibbtained in small amounts as a
secondary assortment of harvesting spruce or hi@minated stands. There is a
countrywide buyer for aspen pulpwood, but only adi®us buyers for aspen logs.
Thus, the small amounts of sawable or veneeragkdften end up to the pulp or paper
mills. Due to a company-driven campaign startedhatend of the 1990’s, ca. 1000
hectares oP. tremula x tremuloides has been planted in Finland. Their principal am i
to fulfil the needs of paper industries, but it c@nsupposed that in ca. ten years some
timber will be also available for the wood produadustries. The wood technological
properties ofPopulus species in Finland have been studied,, by Jalava (1945),
Karkkainen & Salmi (1978), Herajarvi & Junkkoner0(®), Her&jarviet al. (2006),
Junkkonen & Hergjarvi (2008), Borrega al. (2009), and Herajarvi (2009). The
objective of this study was to determine the ddferes between the external quality of
European and hybrid aspen stems and logs.

MATERIAL AND METHODS

The material comprised of 12 stands located intsoat and central Finland. When
selecting the sample stands, criteria were séh®area and soil fertility of the stand, as
well as for the size and quality of the trees. Fofe¢he stands werk. tremula stands;
two of them mixed stands of aspen and conifers. Ginthe P. tremula stands was
planted and four of them were of natural origineThst of the stands, 7 of them, were
cultivated single-specieB. tremula x tremuloides stands. One of those represented
“second generation”, i.e., it was regenerated loy soickers. All stands were located on
medium-fertile to fertile mineral soils, either dorestland or on former agricultural
land. The average age of tRetremula stands was 44 years and thatPotremula x
tremuloides stands was 32 years.
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Altogether 6 to 7 circular sample plots with anaaoé one hundred square metres were
measured from each stand to determine the averageing conditions and tree
characteristics (Table 1). The tree in the cenfreach sample plot was selected as a
sample tree that was measured in more detailed enamergjarvi et al. (2006)
described the exact measurements made in sampld s@mple plot and sample tree
levels. Further measurements for stem form, braredsi, etc. were done for logs after
the felling of sample trees. The 2-m-long logs wegraded into A,B,C and D (reject)
classes according to the quality requirements ptedeKeinanen & Tahvanainen
(1995)(Table 1). The log material consisted of Za@opean aspen logs (mean log
volume 90 df) and 348 hybrid aspen logs (84 Ym

Table 1.Quality grading rules for aspen logs (Keinanenahifanainen 1995).

LOG GRADE
CHARACTER-
ISTICSE

A B C
TOP DIAMETER MIN. 23 CM MIN. 15 CM MIN. 15 CM
LENGTH * 31-55 DM 31-55 DM 31-55 DM
LENGTH +3 CM +3 CM +3CM
GROWTH UNIFORM NO NO
SWEEP MAX. 2 CM/M MAX. 2 CM/M MAX. 3 CM/M

BRANCHES, NUMBER PER M OR MAX DIAMETER

BRANCHES NOT ALLOWED 4 BRANCHES 6 BRANCHES
GREEN NOT ALLOWED 2 BRANCHES/4 3 BRANCHES/8CM
DRY BRANCH NOT ALLOWED 2 BRANCHES/2 3 BRANCHES/4CM
SOFT ROT NOT ALLOWED NOT ALLOWED 2 BRANCHES/3 CM
SPLITS NOT ALLOWED NOT ALLOWED  NO RESTRICTIONS
DISCOLOURATI NOT ALLOWED SOME ALLOWED 50% OF DIAMETER
HEART ROT MAX 1 CM MAX 5 CM MAX 50% OF

* Not applied in this study.

RESULTS AND DISCUSSION

All sample stands were located on fertile siteser€hwere only minor differences in the
basal areas of the stands. Numbers of stems p&aréeon the other hand, differed
between the stands since hybrid aspen stands anee@, whereas European aspen
stands were mostly of natural origin. In case @npd stands, saplings had occupied
the stands very efficiently. Table 2 presents steubnical characteristics of the sample
stands, based on sample plot measurements. Althbedburopean aspen trees were on
average 12 years older and 18 mm thicker than ybeichaspen trees, the latter ones
were slightly taller, and thus, more slender. Hosvethe slenderness is more likely
related to the origin by planting and age than® dspen species. Between 1.3 and 6-
metre heights, the stems tapered only slightly,ctvhs a positive feature considering
the sawing or veneering processes.

European aspens were more efficiently self prureh tthe hybrid aspens. This is
related to the more wide spacing in the plantedridlybspen stands at young age.
Generally, if young aspen tree grows thick branchesy self prune inefficiently later.

Large hybrid aspen trees (> 35 cm Dbh) appearedritain whorls of dead branches all
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the way down to the stump height. Also water sgawriginating from adventitious
buds were common in hybrid aspen trees. Europgagnastands provided some knot
free butt logs, but hybrid aspens trees were fotaibtty. The lowest living branches
were approximately three metres higher in planteestthan in trees of seed origin. The
average saw log reductions (percentage of log s&tech that cannot be log due to
quality reasons) in European and hybrid aspens sstemre 21.0% and 21.8%,
respectively. However, the variations in saw lodution were extensive between the
stands and, especially, between the trees. Mosindfte saw log reduction was
increased by curves, sweep, heart rot or overdizauches.

Table 2. Selected technical properties of aspen trees reptiag the dominant crown
layers of the stands.

STAND AGE DBH STEM LENG SAW HEIGHT  HEIGHT OF
TAPE TH LOG OF THE THE
R REDUC LOWEST  LOWEST
A MM MM/ M % M M
EUROPEAN ASPEI
1Y 52 32t 8.7 24.2 16.7 4.4 9.2
2 38 27¢ 90.€ 23.7 21.1 3.7 11.2
3 34 244 11F  19.C 18.2 3.c 7.C
4Y 57  32€ 8.c 24.¢ 8.2 3.6 10.C
5 42 267 6.2 29.2 16.2 1.4 16.5
HYBRID ASPEN
6 29 267 6.6 26.€ 23.F 1.1 10.4
7 42  29¢ 5.2 29.€ 24.( 3.2 14.¢
g% 33 241 7.€ 22.€ 23.€ 3.6 9.c
o 23 24¢ 6.6 24.4 13.7 2.¢ 9.6
10 34 31z 7.1 25.¢ 25.% 1.€ 13.¢
11 33  29C 6.2 26.( 8.7 2.6 11.€
12 32 23¢ 6.2 23.F 12.¢ 0.7 10.E
EUROPEAN 44  28¢ 9.C 24.2 16.1 3.4 10.€
ASPEN
HYBRID 32 27C 6.€ 25.F 18.7 2.1 11.F
ASPEN
SEED ORIGIN 41 284 9.1 23.2 15.€ 3.7 9.5
PLANTED 3B 272 6.5 26.2 19.1 1.8%) 12.4
ENTIRE 37 277 7.€ 25.( 17.€ 2.7 11.2

Y Mixed stand.

2 Planted European aspen stand.

® Pruned up to 4 m in 1986.

) 2nd generation hybrid aspen stand regenerateddbysuckers.
® Calculated without the pruned stand number 8.

The percentages of stems with form defects in Eranpand hybrid aspen stands were
26 and 45, respectively. Hybrid aspens had curmeluit logs, probably caused by
improper planting. Only 2-5 percent of the treestamed some kind of surface defects,
such as fungalNeofabrea populi) or mechanical defects. The internal quality af th
logs was poor in comparison to the relatively geaternal quality. Almost every log
had more or less discolouration, decay or wetwédasdnuch as 42% of European aspen
trees and 26% of hybrid aspen trees contained|l&umaels of Large poplar longhorn
(Saperda carcharias). These tunnels, usually located near to the stheight, cause
discolouration of the most valuable part of stem.
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Figure 1 shows the size distribution of the largdsad and sound knots in different
parts of aspen stems. Logs obtained from felledstnwere graded according to the
guality requirements suggested by Keindnen & Tahwem (1995) (Fig. 2). Overall
quality was poor due to discolourations, decaypormany or too big branches. Grade
D (reject) made up to 40% of all logs. Upper logsnf hybrid aspen trees actually
represented rather good quality due to long, evemktres branch free stem sections.
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Figure 1. Mean diameters of the largest dead and sound knots on log surfaces at different heights in
European (E) and hybrid (H) aspen stems (pruned stand nr. 8 excluded). Measurements up to the height
of 12 cm diameter.
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Figure 2. Grade distributions of logs obtained from samgknds accroding to the
grading system by Keindnen & Tahvanainen (1995taids for the average European
aspen, and H for average hybrid aspen.
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CONCLUSIONS

Consumption of aspen in pulp and paper industréssdecreased, partly as a result of
the global economic downturn. Apparently, the dednah aspen pulpwood will not
return into its highest level within the next coaiglf years. The plantations of the late
1990’s and early 2000’s will, however, reach tHeial felling size in 5-10 years. At
that time, there will preferably be buyers and sder the timber, including saw and
veneer logs. From the quality point of view, thelgems related to discolouration and
decay in the wood material make up a substantiallesige to the utilisation of aspen
timber in wood products. The current technologsegh as finger jointing, gluing and
mechanical or chemical modifications, however, émgirofitable end uses for this
beautiful, light coloured, low density, uniform aedsy-to-machine wood.
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VARIATION IN WOOD PROPERTIES OF PINE PULPWOOD
FROM THINNING STANDS AND FINAL FELLINGS ON
PEATLAND

Rikala, J}, Rissanen, A.& Sipi, M.?

ABSTRACT

Drained peatlands are a characteristic specifieirtaish forestry; almost five million
hectares of peatlands have been drained for fgrédtist of that area was drained
during the 1960s and 70s, and the stands havealglreached the thinning stage.
Thinning stands on peatlands are dominated by $ooesPinus sylvestris L.), which is
widely used both in wood product and pulp and papshustries in Finland.

The aim of the study was to examine the variatiowand properties of Scots pine in
typical thinning stands on peatlands, and to comfia results to those of mineral soil
sites. Results concerning top pulpwood from mapeatland pines were used as a
reference material. The idea was to get a bett@enstanding about the variation in the
wood properties of the pulpwood flow to be ablevaluate the need for pulpwood
sorting according to its origin.

The thinning stand material was collected from sample plots representing site types
generally managed for pine. Altogether, eight santides were felled. Sample discs
were taken at two meter intervals from the stumihéotop diameter of 5-7 cm. The
properties studied were age, growth rate, basisityetatewood content, heartwood
content, moisture content, extractive content @ore length.

Ring width, basic density and heartwood conteniedaa lot both within and among the
trees in the thinning stands. Trees containingdpagage wood showed an extremely
high variation in the properties. There are sonfierdinces in wood properties between
peatland thinning stands and upland first thinratagnds. Since the harvesting removals
are quite low in peatland thinnings, roundwoodiagrivithin stands is not reasonable.
Steering pulpwood stand-wise to different uses tighreasonable. However, this does
not eliminate the large variation in certain prdjes.

Key words: Scots pine, pulpwood, wood propertieairetd peatlands

INTRODUCTION

Up to five million hectares of peatlands have beéexined for forestry. Most of that area
was drained during the 1960s and 70s, and thestaak already reached the thinning
stage providing a great harvesting potential. Timgistands on peatlands are

! University Lecturer, Department of Forest ResoMamagement, University of Helsinki, P.O. Box 27,
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dominated by Scots pin@ifwus sylvestris L.), which is widely used both in wood
product and pulp and paper industries in Finland.

Peatland forests are characteristically unevercired. They contain uneven-aged and
-sized trees born before drainage. Furthermorénalya with cleaning-thinning
promotes natural ingrowth and birth of new tredssTmeans that structural inequality
may even increase for several decades after deij@grkkola et al. 2005)

Pulpwood is very seldom sorted according to itginrbut wood from mineral soil sites
and peatlands are mixed together. The aim of thiystias to examine the variation of
wood properties of Scots pine in typical thinninarsls on peatlands, and to compare
the results to those of mineral soil sites. Restdtgcerning top pulpwood from final
fellings on peatland were used as a reference rmat€he idea was to get a better
understanding of the variation in the wood proesrof the pulpwood flow to be able to
evaluate the need and means for pulpwood sortiogrding to its origin.

MATERIAL AND METHODS

The thinning stand material was collected from sample plots representing site types
generally managed for pine: ManniMatcinium vitis idaea type, VT) and Ahvenrame
(Dwarf-shrub type, DsT). In both sample plots, $reere divided into groups according
to the breast height diameter (dbh) and drainaigetah growth rings (yes/no).
Altogether, eight sample trees were felled. Sardpges were taken at two meter
intervals from the stump to the top diameter of Bl The material consisted of 47
sample discs. The properties studied were age,tgnate, basic density, latewood
content, heartwood content and moisture contemig Rumber, ring width and

latewood proportion of a ring were measured withinenemental measuring device and
microscope. Heartwood and latewood contents weesmdened as a proportion of a
disc cross-section. Basic density and moistureectdiwere first determined from pith to
bark and then calculated to disc-wise by weighiachepiece by its volume proportion.
In the thinning stand material, stem-wise valuesaveehieved by weighing each disc
by its volume proportion. The basic tree charasties are presented in Table 1.

Table 1. Characteristics of the thinning stand material.

Stand Site type Tree Height Dbh Age at stump  Clear dgairedfect

no. m cm height, years  visible in growth rings

Ahvenrame (1)

DsT 1 14.1 18.7 75 Yes

DsT 2 16.5 20.0 75 No

DsT 3 14.0 15.1 69 Yes

DsT 4 12.6 12.2 62 No
Mannila (2)

VT 1 16.4 18.9 82 Yes

\a) 2 15.7 18.1 87 No

VT 3 11.2 11.6 83 Yes

VT 4 14.1 11.0 71 No

The reference material from final fellings consisté 335 sample discs taken from
pulpwood section (stem diameter 5-15 cm) of mgbeland pines. The trees (100)
were felled on ten old drainage areas in southeram®d representingaccinium vitis
idaea and dwarf-shrub types. Average stand ages (datedrirom the stump height)
varied from 81 to 146 years. The mean diametereeitweighted by the basal area
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varied from 22.1 to 29.4 cm and the mean heiglaflcfample trees from 16.8 m to 24.9
m. The disc sampling in the pulpwood section fokboMihe procedure presented above.
In contrast to the thinning stand material, thelltssare given disc-wise. Fibre length or
extractive content were not determined. Detailextdption of the study material is
given in Rikala (2003). Location of the sample plst shown in Fig. 1.

\\

Fig. 1. Location of sample plots. Numbers 1 and 2 (blackles) refer to the thinning
stands and numbers 3—6 (white circles) to the felahg stands.

RESULTS
Thinning stands on peatland

Ring width

Mean annual ring width of the stems ranged fromt@.8.6 mm. The narrowest rings
were found in the wood formed before drainage aediaidest rings at the lower parts
of the stems in the wood formed after drainageragat the pith in the top of the trees.

Basic density

The average basic density of stems varied fromt8828 kg/ni being higher in the
wood formed before drainage (397—648 ki)/and somewhat lower in the wood
formed after drainage (317-558 kdjniThus, variation in basic density was very high
both within and among the trees.

Latewood content
Latewood proportion of the stems ranged from 285%. There was no significant

difference in latewood proportion between the womded before drainage and after
drainage.
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Heartwood content

Heartwood proportion of the stems varied from 2@80. In the site representing DsT,
the heartwood proportion was stable (from 7 to 98a},in the site representing VT, the
variation was high. Age or growth rate did not eiplthe high variation.

Moisture content
Moisture content of wood varied from 18% to 29%gu#en weight in heartwood and
from 46% to 65% in sapwood. Variations in the maistcontent between the trees
were quite small.

Fibrelength

Fibre length varied from 1.65 mm to 2.05 mm. Inseshgrowth rate due to drainage
did not affect the fibre length.

Extractive content
Acetone-soluble extractive content varied fromt8.6.0% being higher in heartwood
than sapwood (3.0-13.5% vs. 2.5-5.2%).

Final felling stands on peatland

Ring width

Mean annual ring width of the discs ranged fromt6.8.0 mm (mean 1.8 mm, SD 0.4
mm). Extremely slow growth (mean ring width lesartii mm) was only found in three
discs originating from a tree which contained pratthge wood (age 170 years).

Basic density

Basic density of the sample discs averaged 383&8°*K$D 26.6 kg/m, min. 325.6
kg/m®, max 489.8 kg/ri). Basic density was on average about 12 Rapigher in the
more fertile site type (392 kg#in VT vs. 380 kg/min DsT).

Latewood content

Latewood content was on average 19.1% (SD 4.3%, 9836, max 33.9%) determined
as a proportion of the sample disc cross-sectiateood content was on average
20.0% in VT and 18.2% in DsT. This is in line witke basic density figures.
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Heartwood content

Variation in the heartwood proportion was high betw the discs (stems). For example
at a relative height of 50%, the heartwood propartiaried from 10 to 40%. Relative
height accounted about 64% of the variation in twe@yd proportion. In old peatland
pines, heartwood was observed up to 95% of treghhei

Moisture content

Moisture content was not determined separatelyéartwood and sapwood but for the
whole sample discs. Moisture content varied fro®48 65% of green weight (mean
56%, SD 4.2%) increasing towards the top of the where heartwood proportion is
lowest.

DISCUSSION

Results from the thinning stands on peatlands wengared to those of typical first
thinning stands on mineral solil sites in southemaird (Hakkila 1968; Hakkila et al.
1995; Hakkila et al. 2002). Results from final ifedjs on peatlands were used as a
reference material. Comparisons are presenteabla P.

Table 2. Comparison of pulpwood properties in thinning stmahd final fellings on
peatlands (top pulpwood) and first thinning standsmineral soil sites. Range, mean
and standard deviation (SD) of wood propertieggaren if available.

Wood properties Thinning stands Final fellings First hinning stands
on peatland on peatland® on mineral soil site$
Range (mean) SD Range (me&n) SD Range (mean) SD

Ring width, mm 0.8-1.6 0.28 0.5-3.0 (1.8) 0.4 (2.6) Notg
Basic density, kg/h 382-478 325 326-490 (38F) 26.6 (398) 26.3
Latewood content, % 26-35 3.0 10-34 (19) 4.3 25.9-21.1 0 2.
Heartwood content, % 4-20 4.7 1-45 (11 9.5 0-10 Notrgive
Moisture content 50-56 1.8 42-65 (56 4.2 (59) Not given
of green mass, %
Fibre length, mm 1.7-2.1 (1.9 0.13 Not giver Not given 2.3 0.22
Extractive content, %| 3.0-5.0 (3.9) 0.74 Not givep bioen 3.3 0.49

! Stem-wise values
2 Disc-wise values

The most evident differences in wood propertiesvben thinning stands on peatland
and first thinning stands on mineral soil sites barobserved in ring width (growth
rate), basic density and heartwood content. A(fir&) thinning stage, peatland trees
are usually much older — due to slow growth ratiean first commercial thinning
stands on mineral soil sites. Since the peatlamadstare typically uneven-age
structured, some trees contain narrow-ringed wooaéd before drainage while others
emerged after drainage in better growing conditidiss increases the variation
especially in ring width and basic density bothhivitand among the trees in stands. In
peatland trees, higher tree age appears in higlatvinod content and somewhat lower
moisture content. Also latewood content may benhslijghigher in peatland trees.

Top pulpwood from final felling stands on peatlastewed large variation in wood
properties. One reason for that is that the reswdte given disc-wise not stem-wise
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bringing clearly out the naturally high longitudinariation in stems. In general, the
properties do not seem to differ markedly from ghoktop pulpwood in mineral soil
sites.

CONCLUSIONS

This study focused on exploring the variation ino@groperties of pulpwood

originating from thinning stands and final fellings peatland and comparing the results
to those of mineral soil sites. There are somedifices in wood properties between
peatland thinning stands and first thinning stamasnineral soil sites. Since the
harvesting removals are quite low in peatland timgs, roundwood sorting within
stands is not reasonable. Instead, steering pulpwitzmd-wise to different uses might
be possible. This does not eliminate, however|adtge variation in certain properties.
Even though some wood properties in thinning stamdgeatland and mineral soil sites
may be on a different level, the differences shauwtlessentially hamper the main use
object, i.e., pulp production (Varhimo et al. 2003)
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VARIATION IN THE MOISTURE CONTENT WITHIN PULP
LOGS OF NORWAY SPRUCE

Hultnas, M* Jonsson, M?

ABSTRACT

The moisture content (mc) of wood is of great inb@oce to several processes in
mechanical pulp mills. Debarking, chipping, refigiand indirect bleaching are factors
that are affected by the mc of the wood. The maegawithin a log, mainly between
heartwood and sapwood, but also within the sapwomldere mc often varies
significantly. This study aims to describe the &aan in the mc of pulp logs of Norway
spruce Picea abies) arriving at Braviken paper mill in southern Swedg74 discs from
82 logs were sampled in April, June and Octobespeetively. Of the sampled discs,
164 were divided into 8 equal pieces, and the tveaxd content of each piece was
determined. Mc values were determined for all distise results showed a high
variation in the mc values, with up to a 25 % d#fece in mc within a single disc. The
average difference in mc within a single disc \@rieetween the different sampling
periods, from 7.2 % in October up to 11.0 % in June

Key words: moisture content, pulpwood, Norway spritcea abies, disc

INTRODUCTION

The wet based moisture content (mc) in wood is fafy importance to several
processes in mechanical pulp mills. Debarking, mingp and pulp production are
typically affected by the mc of the wood (BjuruB93, Sundholm 1999). The mc is also
a good indicator of the freshness of the wood (@fittsson et al. 2005). Mc is
particularly important for mechanical pulp millsathprimarily use spruce as a raw
material because the wood quality and mc stronfjéctathese processes (Persson et al.
2001). The mc also varies within logs, especiayween the drier heartwood and the
sapwood, but also within the sapwood (Tamminen L9B4ese differences in mc often
increase when the wood is stored and is able toTdrg variation in mc within a log
also depends on the time of year, with a higheiatian in the mc occurring during the
summer than during the winter (Bjorklund 1988). \Wliee tree is cut, the water supply
to the wood is cut off, and the wood begins to diye drying process is affected by
several parameters, such as time of the year, whétk wood is placed in a sunny or
shadowed location, weather, the duration of stqrage These factors are correlated
with the variation in mc that occurs in pulpwood.h& the mc in the harvested
roundwood decreases and reaches a mc value ofxapately 50 %, it can be attacked
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by fungi, which makes it harder to bleach the pWMifnen the mc drops below 40 %, the
wood becomes harder to debark and the fibers beduander to separate during
processing. When the wood reaches the fiber sainrpbint (approximately 23 % for
spruce), the wood starts to crack, which has ativegafluence on the processability,
both for the pulp industry and for the sawmills r§3en et al. 2002). Having a deeper
knowledge of the variation in mc values could imy@eseveral processes in the pulp
industry. Efforts to develop a tool to take sampliesm roundwood for mc
determination created interest in determining hdw tc varies within individual
pulpwood logs. Thus, this pilot study was initiateith the aim of describing the
variation in mc within spruce pulpwood logs wheaytlarrive at the mill.

MATERIALS AND METHODS

The study was performed at the Braviken paper (@didiimen) in Norrkdping on spruce
(Picea abies) pulpwood logs during three sampling intervals (BApril, 25 June and
10-11 October) during 2008. Thirty logs were sampderring the two first intervals,
while only 22 logs were sampled during the thirchplng interval due to bad weather
conditions and technical problems with the equipménsummary of the sampling
effort is presented in Table 1. The logs were takarmomly from the first truck with
roundwood that arrived at the wood measuring statiive discs, 20 — 30 mm thick,
were taken from each log (Fig 1). These discs weesl to describe the variation in mc
along the logs, in order to describe the relatigndletween mc and the diameter of the
logs and to describe the ratio of mc to the peegmbf heartwood. Mc was determined
by weighing the discs and drying them in an oveh(& + 2° C until a constant weight
was achieved, after which they were weighed agaid,the mc was calculated with the
formula presented below:

me = Weight of raw wood - weight of dry wood
Weight of raw wood

(1)

At two positions on each log, additional discs wikeen and were divided into eight
pieces (Fig 1). Mc and heartwood were determine@dch piece.

Table 1. Summary of the three sampling intervals

Date Number of Number of single cut Number of double cut Average log
logs disc/log disc/log diameter (cm)
0804 30 5 2 21.3
0806 30 5 2 19.2
0810 22 5 2 11.3
Total 82 410 164 17.9
2 1 C‘{ \{ a5 ) 5 / ‘ /
®© 6 6 0 O 57 J/
GEs EEE : e ‘ \ >

Fig 1. Schematic of one of the sampled logs where fivesdsere removed for mc
determination to describe the mc variation along lhy. Two extra discs were taken
and were divided into eight pieces to describenerariation within a disc.
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The mc variation within a disc was calculated asdlfference between the highest and
the lowest recorded mc value from the eight pieddse standard deviation (SD)
presented in Table 2 is the average SD within aalsl was calculated as follows:

_D((n-1)*s)
. Z(ni '1) ) (2

RESULTS

Variation within a disc

A relatively high variation in mc values within @ngle disc was observed with an
average variation of 8.3 %, which differs over year (Table 2). The highest and
lowest average values of variation in the mc webseoved in June and April,
respectively. The maximum and minimum values ofvacation in a single disc were
also found in June and April, respectively.

Table 2. Average difference, expressed in percentages, ketwlee maximum and
minimum mc within a disc for the three differentcasions and the maximum and
minimum difference in mc within a single disc. T is the mean SD for the
difference within a disc.

0804 0806 0810 Total
Average diff. (%) 7.1 11.0 6.9 8.3
Max diff. (%) 22.1 25.6 16.6 25.6
Min diff. (%) 1.9 2.8 2.1 1.9
SD (%) 2.9 4.1 2.7 3.3

Mc variation along a log

The mc was relatively evenly distributed along libgg with a tendency for the log to be
drier at the ends of the logs during the first slmgpinterval. At the second and third
sampling intervals, the butt end of the logs wasrdiand the mc increased after this
point with increasing height. The mc was highesOictober and lowest in June. In
Table 3, the average mc is presented for the fifferdnt positions along the log, where
the first location was at the butt end of the lagd the fifth location was at the top of
the log.

Table 3. Average mc values along the log at the five samggbositions

Sampling 0804 SD 0806 SD 0810 SD

place mc (%) (%) mc (%) (%) mc (%) (%)

1 48.1 6.6 42.8 7.4 58.7 4.3
2 50.2 5.2 45.1 8.4 60.9 5.1
3 50.5 5.7 43.3 10.0 61.6 5.8
4 51.0 6.6 45.1 8.2 63.1 5.2
5 49.0 5.7 45.0 7.6 62.7 4.2
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Mc versus diameter

For April, the mc decreased steadily with increggiameter (Fig. 3). The highest mc
value in a single disc (60.8 %) was found in th&-260 mm diameter class, while the
lowest mc value in April (37.4 %) was also foundtlve same diameter class. In June,
the mc decreased with increasing diameter for lggto 200 mm thick, after which the
mc increased with increasing diameter. Howevery ait and two logs were included
in the two last diameter classes which make thessts very uncertain. The highest mc
value observed in June was 62.0 %, which occurréda 201-250 mm diameter class.
The disc with the lowest mc value observed (21.2&6urred in the 151-200 mm class.
In October, the mc initially decreased slightlyto@a log diameter of approximately 100
mm, after which it increased slightly. The highastd lowest mc values recorded in
October (62.9 % and 48.1 %) were both found inlhe-200 mm class.

Moisture content versus diameter

70%
65%

60%

55% o April
50% ® June
45% O October
40%

35%

30%

51-100 101-150 151-200 201-250 251-300 301-350

Diameter, (mm)

Moisture content

Fig 3. The relationship between diameter and mc for theetsampling locations. Mean
values £SD are shown

Mc versus heartwood content

The general trend observed in this analysis was tthe mc value decreased with
increasing heartwood content (Fig. 4). In Aprik timc value decreased with increasing
heartwood content. The first class was only represeby four discs. In June, the mc
value increased with increasing heartwood contpribwa value of 20 % heartwood and
then decreased with increasing heartwood contemd &0 % of heartwood, whereafter
it slightly increase again. In October, the trenalswhe same as in April with the mc
decreasing when the amount of heartwood increablee.last bar for October only
consisted of one disc, and conclusions from thimsdeshould be made cautiously given
the single sample unit.

Moisture content versus heartwood

70%

65%

60%

55% @ April
50%  June
45% O October
40%

35%

30%

Moisture content

0-10 10,01-20 20,01-30 30,01-40 40,01-50 50,01-60
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Fig 4. The relationship between heartwood and mc forlheetsampling intervals. The
mean value £SD is shown
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Diameter versus heartwood
Fig. 5 shows the amount of heartwood in compariedhe log diameter. There was a
clear trend of increasing heartwood content witlieasing diameter. However, there
was a dip in the heartwood content in the last di@mclass. This class only included
two discs, thus large-scale conclusions shouldaatrawn from this class.

Heartwood versus diameter
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Fig 5. Amount of heartwood versus log diameter

DISCUSSION

The results from this study show that there canabsurprisingly high degree of
variation in the mc values within a single disc,camting to more than 25 %, when the
wood arrives at the mill. An even mc in the logsfsgreat importance for the pulp
industry; if the mc drops too low, problems areshikto arise. For example, problems
can arise when debarking the logs, which then teaal higher energy consumption, a
higher loss of fibers, more bark left on the logfg, Ekenstedt et al. (2002) showed with
computed tomography that logs dry unevenly in thdial direction; however the
difference in mc was not quantified. In additiomyler studies showed that the mc
varies naturally in the living tree both betweee teartwood and sapwood and also
within the sapwood (Tamminen 1964).

One explanation for the large variation within thiscs is that the bark was damaged
during harvesting. The bark prevents the logs fdvging. Logs without any bark have
been shown to dry more than ten times as quickljogs with all of their bark
remaining, and logs showing injuries in the batieraharvesting dry two to three times
as fast as logs without any damaged bark (Ekensteadt 2002). Also, Filipsson (1999)
found that thin logs with a lot of damaged bark tister than thicker logs without any
bark injuries. If the bark is damaged at some @adeng the log, these places are likely
to dry faster and cause high variation in the moes Filipsson (1999) pointed out that
the drying of logs is mainly affected by three &ast storage place, storage time and
local climate. Logs that are exposed to the sundcgrup to 1 % a day (Persson et al.
2001, Persson et al. 2002). Filipsson (1999) fothvad logs that were not forwarded
from the harvested area dried four times fasten thahey were placed in piles that
were exposed to the sun. Furthermore, piles placéte sun dried 11 times faster than
piles placed in shadows. Persson (2002) reportadidigs placed in the upper part of
the piles dried faster than logs in the middle kwder parts of the pile. Local climate
also affects how fast the logs dry. Low humiditgwl precipitation and low wind
conditions slow down the drying process (Filipsd®99, Persson 2002). Time is also
an important factor; the mc in the logs decreas#fsimcreased storage time.
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There was a difference in mc between the three wagnmtervals in this study. The
driest logs were found in June and the logs withhighest mc were found in October.
These findings correlate well with previous studssgh as Bjorklund (1988) and
Tamminen (1964), demonstrated that the mc varies the year, with the driest logs
observed in the summer. However, only one truck loalogs was taken per sampling
period in this study. This low number of trucks gampling period increases the risk
that the logs could become misrepresented, makidificult to establish conclusions
about seasonal changes. In April, the ends of hagklower mc values than the middle
of the logs. In June and October, the butt endeefogs were drier, but the top ends of
the logs were not. Bjorklund (1988) investigatedetiter there were any differences in
mc at the ends of the logs. He found that durimgstiimmer, differences in mc could be
very high, up to 9 %, in the first 25 cm of the dogvhile in the winter (December to
Mars) there were no significant differences. To eatain extent, these results are
contradictive to the findings in this study; howevihe number of sampled logs and
samplings was limited in this study.

In April, mc values decreased with increasing dieamewhich was likely correlated
with the heartwood content that was increasing wvnitreases in diameter. This is
consistent with results from Bjorklund (1988). lantrast, the mc has been found to
increase with increasing diameter (Nylinder 1958&dcin Tamminen 1964). In June,
mc values showed slightly different patterns, betduse some of the diameter classes
included very few discs, no conclusions could ksenar.

Mc values decreased with increases in heartwoodenbnn April and October, a
finding that was similar to results achieved by rBjgnd (1988). In June, the results
were a little bit contradictory; the mc value dexed at heartwood contents between 10
% and 50 % but increased at heartwood contentseleet@-10 % and 50-60 %.

The heartwood content increased with increasingneiar, similar to results of
Tamminen (1964).

This study showed that there can be substantigti@r in the mc within spruce logs.

Because mechanical pulp mills require that theviagiwood is fresh, it is important to

determine how the commodity actually looks whemritves at the mill. This study

shows the difficulties of accomplishing such a iiegment. In the future, the focus must
be on decreasing the time between harvesting anwdafding, as well as between
forwarding the logs and transporting the logs te thill; this is especially important

during summer. If the logs need to be stored atdhdside, it is of great importance to
place the logs in shadows when possible.

CONCLUSIONS

* There is significant variation in mc values withéimgle logs and even within
single discs.

» Bark injuries occurring during harvesting increéise drying rate and make the
pulpwood more sensitive. This indicates that baylries should be reduced.

* The focus for spruce logs must be to shorten time tbetween felling and
transportation to the mill.
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SELF-BINDING FIBREBOARD MADE OF STEAM
EXPLODED WOOD

Tupciauskas, R?, Gravitis, F, Veveris, A? & Tuherm, H°

ABSTRACT

Manufacturing of wood-based panels takes suffigeate in wood processing industry
around the World. An application and demand fothsonaterials has been growing up.
Wood-based panels are competitive with other piatgerials. Wood fibreboard
represents 25 % of manufacturing of all the wooskebapanels in Europe. Usually
synthetic adhesives are used for producing the widm@board. These adhesives
(usually phenol formaldehyde) are obtained frontgdetim and gas products; therefore,
they make 50 % of all the manufacturing costs eflibards. The cost of petroleum has
a trend to increase; therefore the cost of woo@dasinels could not be stable. Besides,
synthetic adhesives are not environmentally frigndhd there is a problem of
utilization.

It is possible to obtain wood fibreboard withouh#etic adhesives by means of using
steam explosion (SE) pre-treatment. A saturatednstof 250 °C temperature makes
certain pressure in hermetic reactor where woogschre put. After 1-3 minutes the
chips are decompressed within a split second amdarverted to fibrous mass. During
SE process wood chips structure gets broken ugeltomall level. Phenol and other

adhesives are generated from wood without any iadditchemicals. After the biomass
is dried in the open air it can be hot-pressed thede is a possibility to obtain wood

fibreboard material which competes with commergialbtained wood fibreboard. The

board is called self-binding material because & mmanufacturing process synthetic
adhesives are not used.

Self-binding board samples hot-pressed from locgtlywn grey alderAlnus incana
(L.) Moench) at temperature 168—-192 °C and pressfie-8 MPa for 10 min have a
good form stability and other properties compatmgommercial boards.

Key words: wood-based panels, steam explosionrpegrhent, self-binding board.
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INTRODUCTION

In the recent years there are widely talking abeuaewable resources and it's more
effective usage. Notably takes aim bio fuel or otkimd of energy from non-food
products. All of this is because of fossil immineasources as well as of air pollution.
Wood industry is considerably dependent of foseil the synthetic adhesives are
produced from it for obtaining of wood compositetenels. In quest of alternative
solutions, once again is reviewed the SE technoldggh was invented by William H.
Mason in the first quarter of #0century (1925 - Masonite Founded). The process
allows generating the substances from processed whdach then act as self-adhesive
during hot-pressing. In nowadays the technologcisse used in bio refinery (Gravitis
and Della Senta 2001). SE is one of leading pmfrent methods for second
generation bio ethanol and bio gas production flignocellulosics (Scott Miller 2007).
Nowadays the SE technology includes such modiGoatias ammonia fiber explosion,
supercritical CQ pre-treatment, deinking, etc., which are differgam Mason process
(Taherzadeh and Karimi 2008).The SE treatment iglased by Japanese researchers
for getting an alternative product from forest iatlty wastes to commercial fiberboard.
(Laemsk and Okuma2000).

The general aim of the study is fast-growing grieeiatreat by SE and then hot-pressed
self-binding board samples compare to commercaitained fiberboard. Usually there
are used softwood species in the fiberboards, bupreliminary research (Abolins et.
al. 2008) gives hope for enough effective applaratof little value grey alder. In the
paper described the processing of the self-binfilmgyboard samples, its mechanical
(bending strength, modulus of elasticity and indkitiond) and form stability properties
(swelling in thickness and water absorption). Coragao other soft deciduous tree
species, growing of grey alder for production ofodanass is beneficial due to its fast
growing (Daugavietis and Daugaviete 2008). Theeefgrey alder also could be
advantageous tree species for obtaining self-bgnfiberboard.

MATERIALS AND METHODS

In the study only one locally fast-growing tree gps: Grey alderAlnus incana (L.)
Moench) was used to obtain the fibreboard samples.raw material was crushed by a
“Bruks” (Sweden) wood chipping machine, cleanedbafk and air-dried to constant
mass (8-9 % of moisture content).

Steam explosion pre-treatment

Steam explosion (SE) is a rather simple procesdifigrentiates in technical details
(Gravitis 1987). The biomass is treated with sa&atrasteam, usually at pressures up to
4 MPa. The treatment time varies from some secdaadsome minutes. After the
treatment, within a split second, the biomass @d®ressed (exploded) to the pressure
of ambient atmosphere. The diagram of the SE psoteshown in Fig. 1. The SE
equipment with periodical activity allows changelsiprocessing conditions as time,
pressure and temperature. All the settings of tloegss are controlled by integrated
computer program. Modified grey alder fibres haeerb generated under certain SE
conditions: 235C temperature and 3.2 MPa pressure for 1 minuter Afie SE process
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the steam-exploded biomass was dried in the opemoatonstant mass (4-5 % of
moisture content) for 2 weeks.

Water ' l Sample

2
X

b
b4 Reactor
(0.51)
Ball Valve m
ﬁ LSIWC

To separation column
-

Receiver (10 1)
Fig.1. Diagram of the experimental SE unit

Pressing of the board samples

The steam-exploded and air-dried grey alder fibassnwith moisture content of 4-5 %
was pressed in a single stage hydraulic hot pidse was used the press form of size
105 x 105 x 105 mm to obtain the board samples f&infibore mass. The weight of
pressing sample was evaluated to 100 g of ovelfilshgy mass. The fibre mass was put
into the press form without the mass separatiom dgifferent fractions and pre-pressed
by hand. Foil sheets were used on both the bottmht@p surfaces of the mat to avoid
destruction of pressed board during opening ofptiess. Then so prepared mat of fibre
mass pushed on the heated press platen and pfessHdl minutes. There was taken
one step pressing method with platen temperatut@@fand 190 °C and pressure 5 and
8 MPa (see Table 1). Two replications were madesémh pressing regime. The hot-
pressed boards were left in the press to cool dmvmore than one hour while the
pressure decreased.

Testing of the board samples

After the pressing the board samples were cut waioous test specimens and then
conditioned in the open air at temperature of 20 (€ and relative humidity of 60 (+5)
% prior to following testing. Mechanical propertiésmodulus of elasticity, bending
strength (EN 310:1993) and internal bond strength 819:1993)) of hot-pressed board
samples were tested by a universal machine foringestmaterial resistance
ZWICK/Z100. For the bending strength testing (see E a) the specimens size were
30 x 95 mm; the distance between supports 74 mnthentest speed 1 mm rifinFor
the internal bond testing (see Fig. 2 b) the bamecimens in size 30 x 30 mm were
bonded to hardwood plywood testing block by PVAGegand then after conditioning
for at least 72 h tested with test speed of 3 mm'mi

143



o=

a b

Fig. 2. Diagrams of the mechanical properties testang. arrangement of the bending
strength testing: 1 — test piece; t — thicknessheftest piece;; |- distance between

supports; 4 — length of the specimen; F — loddl— arrangement of the internal bond
testing: 1 — hardwood plywood testing block; 2 st fgiece; 3 — self-aligning ball-and-
socket joint; F — load.

The board samples density evaluated for specinrersize 30 x 95 mm. One part of
each specimen broken at bending strength testisgusiad to determine form stability
at swelling and water absorption. After cutting i€ broken edge the specimens in size
30 x 30 mm were immersed in deionised water foh@drs, then thickness and mass
measured. The swellinG;: was calculated from Eq. 1 (EN 317:1993) and théewa
absorption Gfrom Eqg. 2.

G, = tzt;tl [100,% (1)

1

wheret; is thickness before soaking— thickness after soaking in water for 24 hours.

G, = % [100% @)

where m is mass before soaking,rm mass after soaking in water for 24 hours.

RESULTS AND DISCUSSION

After cutting to various specimens, all the boaathples were hard and heavy with
smooth surfaces and had dark brown colour witht Iggrecific smell. Thickness of all
the board samples was 7 mm. The hot-pressed beangles, transferred out of the
press at higher temperature than°@) had one gap in the cross-section of the board
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less than 1 mm thick and approximately two thirdhef board long. It's the unfriendly
technological nuance that should be improved becdutakes time for cooling the
board in the press at least 2 hours. This factlveilseen below on the variable results of
internal bonding too. The board samples, takerobthie hot-press after at least 2 hours
(at less temperature than ), were qualitative and without gaps.

The properties of the obtained self-binding fibrettbsamples are summarised in Table
1. The tested mechanical properties of the boampkss increase with increasing
density. The best properties belong to the boandpkss pressed at high pressure (8
MPa) and relatively low temperature (168, Table 1). Interesting to mention that
density of the board sample, pressed at high teatyoerand at lower pressure, is higher
of density of the sample pressed at the same tatyerand at higher pressure (Table
1). This allows conclude that the fibres alreadsta®yed during SE and then pressed at
the temperature of 19 are destroyed more significant and that the prgsggime
should not be useful in this case.

Table 1 Properties of the self-binding fibreboard samples

Pressing .

conditions Board samples properties

o pa 0, 0, fm! Em, fU—’
T, C P, MPa 9 Cm.3 Gt, Yo Ga, Yo N mm-2 N mm-z N mm_2

168 8 134+004 8+1 7+3 32+p 4701+1296 6 0.6

172 S 1.27+0.04 9+1 10x329+5 | 4121+1237, 0.8*0.

189 8 1.24+0.18 11+] 17+614+5 | 2573+1273 0.4=+0.

NV 450)

192 5 1.30+0.03] 10+[111+2| 16+1 3593 +332| 0.9+0.]

T — average temperature at pressing; P — presspressingp — density; G— swelling
in thickness; G— water absorption;f— bending strength; = modulus of elasticity;
fi. —internal bond (tensile strength perpendiculahtoplane of the board).

As seen from Table 1 very good form stability pmbies of the board samples were
achieved. The board samples obtained at temperaturg0°C and pressure of 8 MPa
show the best properties of swelling in thicknesd water absorption. It's due to low
porosity of SE fibres that also had low moisturateat as mentioned above.

Comparing the properties with European Standardh&odboards (EN 622-2:2004) we
see that the board samples obtained at temperafut80 °C mismatch with no one
requirement of the standard because of too lowibgrgtrength property. However the
board samples obtained at temperature of ‘C7@nd pressure of 8 MPa comply with
the requirements for load-bearing boards for useamn conditions (type HB.LA).
Because of good swelling property the board sampbesd be assigned to the type
HB.E which belongs to boards for use in exteriondibons, but only one property —
internal bond after boil test — was not testedaaficm it.

CONCLUSIONS

Based on the results of the study the conclusiookicsummarize following:

The obtained grey alder self-binding fibreboard glas from steam-exploded fibres are
comparable with those of commercially obtaineddiiwards.
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Due to all the board samples density exceed theevafl 1.2 g cif it could be defined
as hardboard.

The optimal pressing conditions for the grey akldf-binding fibreboard are following:
temperature of 170C and pressure of 8 MPa.

Due to very good swelling property the board sampleuld be assigned to boards for
use in exterior or humid conditions.
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APPLICATION OF THE NEW CATALYST
MANUFACTURED ON THE BASIS OF AMMONIUM
NITRATE IN THE PRODUCTION OF PARTICLE BOARDS

Sumigin, D! & Meier, P?

ABSTRACT

Particle board is an engineered wood product mahwkad from wood particles,
synthetic resin and other components. Catalyst isyportant element in the particle
board production process. The purpose of usindysata the production of particle
boards is simple: allow resin to cure in the hetsgr Nowadays particle board
production uses three different catalyst solutygres: ammonium chloride, ammonium
sulfate and ammonium nitrate.

Ammonium nitrate based catalyst has been spedifidakigned as a core and surface
layer catalyst for particle board resins to incesaoduction rates. These increases can
only be taken as an advantage, if all the othdspmrthe line can sustain (flake
preparation, drying, blending, forming, loadingegsing, unloading, trimming etc). If

all other parts of the line can maintain, then piabn increase of up to 25% can be
achieved.

Ammonium nitrate is faster in reactivity than stardlammonium chloride or sulphate
solutions and the high solids content allows loage moisture contents and higher
surface moisture contents for better heat transgtde the board which permits higher
press temperatures and faster press times to evadhwithout a reduction in board
properties. This generally leads to a reductiooMerall board costs. Although it has a
high reactivity at elevated temperatures, it si@$ good pot life at room temperature
when mixed with the resin. It is suitable for uséhwrea-formaldehyde and melamine-
urea-formaldehyde resins and works well with EO Baidesins.

Ammonium nitrate based catalyst has been tested@ng@ared with current catalysts
at two European particle board factories. The curaeticle gives an overview of a new
type of catalyst, trials, results that have bedneaed and makes further
recommendations.

Key words: particle board, catalyst, resin.
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INTRODUCTION

Ammonium nitrate based particle board catalystsehbeen designed to increase
production rates in both single- and multi-dayligiesses. It is necessary to mention
that these production rate increases are not axpense of board properties.

Ammonium nitrate catalysts are supplied as highceatration liquids. This allows
them to be transported and stored economicallyedintinates the need for plants to
mix their own catalyst solutions, which is a potainsource of error and hazard.

If a conventional ammonium salt catalyst (ammonaimoride or ammonium sulfate) at
a solution concentration of 10-25% solids is baisgd at 2-4% (solid catalyst on solid
resin), ammonium nitrate catalyst at a higher so(8b-70%) reduces the moisture of
the board by up to 1%. For plants with drier cafyaproblems this is an immediate
benefit since the lower board moisture allows fhations in the dry flake moisture
content to be absorbed by the plant without thel eepress time adjustments.

Ammonium nitrate based catalysts have a scavengifext on free formaldehyde
present in the board due to urea that is one ot#talyst constituents. The quantity of
catalyst added is so small that the scavengingteBenot great - up to 0.5 mg using the
WKI method. The catalyst can be made a true catabgsenger and the level added
increased to achieve greater scavenging, if ie@rdd. The scavenger is also very high
in solids (80-90%), so it does not increase thestnog content and negate the benefits
of the catalyst and is more effective than simplgliag a urea solution to the board
which is a common practice. As a result, catalgst loe tailor made to each individual
mill’'s requirements.

The catalysts are chloride free, which ensuresttteenvironmental concerns of using
ammonium chloride are avoided. This is particuladievant when “Total Life Cycle”
of the finished product is considered. The costhef catalysts is competitive with
Ammonium Salt solutions on a solids basis and gdlyean increase in raw material
costs of only 0.5-1.0% is experienced. When a dgpaccrease of up to 25% is
achieved, however, other savings can outweighrtiedl sncrease in raw material cost.

MATERIAL AND METHODS

The aim of this study is to increase the produttiaf particle board factories (see
Table 1) via lowering press time in the hot pregaubing new generation high solids
ammonium nitrate based catalyst. In addition, hAilgical-mechanical properties of the
final board should correspond to EN 312 standakdy,[since these are decreasing with
particle board line speed increase. Free formaldielynission is tested by EN 120 [3].

Ammonium nitrate based catalyst trials took placeAugust 2008. Different particle
board types were in the production of plants dutimg trial period: Company A — P2
(16 mm), Company B — P6 (22 mm). According to EN:21(P2) and EN 312:6 (P6)
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standards, the following physical-mechanical properof the particle board are needed
to be tested to meet the standard requirementsTgdde 2):

P2 - bending strength, modulus of elasticity, inétbond, surface soundness.
P6 - bending strength, modulus of elasticity, inétbond, swelling 24h.

Table 1L Comparison of two particle board plants

Characteristic Company A Company B
Foundation year 1975 1971
Annual production rate, m | 110 000 300 000
Board types P2, P4, P5, P6 P1, P2, P3, P5, P6
Board thicknesses, mm From 6 to 30 From 11to 25
Board formaldehyde class El El
Board layouts, mm x mm P2, P4, P5, P6: P2, P3: 1830 x 2500;
600 x 2750 P1, P5, P6: 600/1200 x 2400
Hot press type s:ggf(js:liigntsx 2 Multi-daylight
Hot press temperaturd 225 176

Table 2 EN 312-2 and EN 312-6 requirements for board stregrpdes P2 and P6

Characteristic Unit RequirementRequirement
16 mm P2 22 mm P6

Bending strength (min) N/mm 13 16

Modulus of elasticity (min) N/mm 1600 2 550

Internal bond (min) N/mm 0,35 0,40

Surface soundness (min) N/rhm 0,8 -

Swelling 24h (max) % - 14

The catalyst types that have been used at Compahieand B during the
trials and the comparison of these products witlw n@gh solids ammonium
nitrate based catalyst PC2015 is provided in Table
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Table 3. Comparison of PC2015 with existing catalysts

1°2}

Characteristic PC2015 Company A catalyst CompancwtBlyst

Package 1000 kg IBC 25 kg bags — solid | 25 kg bags - solid
100% (NH),SO, 100% NHNO;

Use Direct Produce 23,7% Produce 20% aqueou
agueous solution solution

Chemical NH;NO; — 50%, (NH,)SO, — 23,7%, | NH;NO; — 20%, HO

composition, %

(NH,),CO — 15%, HO

(NH,),CO — 18,4%,

—80%

— 30%, other — 5% H,O — 57,9%
Density, kg/m 1230 1180 1150
pH 6,17 6,6 6,68

Addition rate, %

3 (solid /solid resin)

3 (soliabligl resin)

3 (solid /solid resin)

RESULTS AND DISCUSSION

Particle board strength properties have been tésitéally at nominal press times and
then it was lowered until the board properties egponded to the minimum/maximum
limit of EN standards (see Table 2). Trial resulisa be seen in Table 4.

Table 4. Trial results of PC2015 catalyst at Companieéd B

Company | System | Press Bending | Modulus |Internal | Swelling | FA Surface
time, |strength, | of . bond, |24 h,% |emission,|soundness,
> N/mn? elasticity N/mn? mg/100g | N/mn¥ (not

N/mn? tested)

Company| Old 123 | 1351 2181 0,50 - 6,4 -

A PC2015|123 13,46 2137 0,51 - 6,8 -
old 115 |1261 2009 0,46 - 6,3 -

PC2015| 115 13,02 2068 0,47 - 6,5 -

old 110 |12,36 1922 0,43 - 7,3 -
PC2015|110 (1241 1963 0,41 - 8,0 -

Company | Old 366 | 17,5 2748 0,59 12,5 6,3 -

B PC2015| 366 17,9 2883 0,62 12,1 6,25 -
Old 340 | 16,1 2721 0,35 13 6,3 -

PC2015|340 | 16,4 2811 0,51 12,6 6,25 -
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From the results presented in Table 4, it is cjeseken that ammonium nitrate based
catalyst PC2015 performed better than the existatglysts. As a result press time was
lowered at Company A by 7,0% from 123 s to 115&&nCompany B by 7,1 % from
366 s to 340 s.

To take the full advantage of the decrease in gness it is needed that all the other
parts of the line (flake preparation, drying, blemy forming, loading, pressing,
unloading, trimming etc.) must run faster by theoant of press time decrease. This
aim was fully obtained at Companies A and B, consat]y production rate increase of
7% and 7,1% was achieved at factories respect(gely Fig. 1). Moreover, the
enhancement in plant productivity increases paaéngt profit of particle board plants
(see Fig. 2).

m? - 3
350000 300000m3 321300m M Production rate with the use of
s existing catalyst
300000 -
L~ Production rate with the use of
250000 PC2015
e

200000 -
-~ 3
150000 ~~110000m? 117700m

Production rate increase with
the use of PC2015

-
~
100000 - 7700 m?3 21300m3
e 7,0% incre (7,1% increase)
SO000 -
-
0 L= 7

Company A Company B

Fig. 1. Expected annual production rate increase of Coiepa and B in m

EUR e

- 53min FUR

60000000,00 - 50,2 mIn EUR m Profit with the use of existing
pd catalyst

50000000,00 - Profit with the use of PC2015
/

40000000,00 1~ m Profit increase with the use
e of PC2015

30000000,00 -+ 15,5mlIn EUR

| 44,6 min EUR

20000 000,00
,& min EUR
(5,6% increase)

10000000,00 A

0,00

Company A Company B
Fig. 2. Expected annual net profit increase of Compafiaad B in EUR

The net profit increase of Companies A and B isgrowing proportionally with the
production rate increase, since the price of nemamum nitrate based catalyst
PC2015 is higher than the price of conventionadlgats. However, it is clearly seen
that PC2015 is performing better than other catalgad small increase in the raw
material price can be easily overdriven by providetprofit increase.
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CONCLUSIONS

According to the results obtained during the catalgrals the following conclusions can
be made:

Using the new generation ammonium nitrate basedysatPC2015 productivity
of the particle board plants has been increaseétias (7700 M) and 7,1%
(21300 ) accordingly via lowering press time in the haégs and increasing
production line speed.

Furthermore, due to the production rate enhancearenial net profit of
Company A can be increased by 6,2% (0,9 million E&iRd Company B by
5,6% (2,8 million EUR)
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WATER SORPTION PROPERTIES AND DIMENSIONAL
CHANGES OF HIGH WOOD-CONTENT WPC

Walinder, M.E.P., Segerholm, B. K2 & Séderstrom, G.

ABSTRACT

The increased use of wood plastic composites (WRE®utdoor building applications
iIs accompanied by an increased need for reseamlt #ieir durability properties. One
particularly important feature is their water savptbehaviour which relates to e.g. their
dimensional stability, mechanical properties anchgeaesistance. In this study, we have
investigated the water sorption ability and resgltdimensional changes of WPCs with
a comparable high wood content, i.e. ca 70 weightp¥epared with either a heat
treated, acetylated or unmodified wood componené @xperiments involve immersion
of thin veneers of the composites in water withigegtion of their weight and
dimensional changes until they have reached sainrathe results show that the WPCs
containing a modified wood component show the ldawegel of water sorption and
dimensional changes after saturation compared thghWPCs containing unmodified
wood. A notably lower degree of a supposedly algaevth is also observed for the
samples with acetylated wood. One question that weserated during this
investigation relates to the density of the woolthwall and its relation to the applied
wood modification route and moisture uptake. Thieegal conclusion regarding this is
that further studies are necessary to encompads auopic, e.g. by more precise
measurements of the wood cell-wall density in bthand wet state.

Key words: WPC, water sorption, dimensional change®d modification

INTRODUCTION

Wood plastic composites (WPCs) is a new categomatkrial which recently has been
introduced on the building and furniture materiaarkets in Scandinavia and Europe,
see e.g. some advertising web pages in Anonym@@9&2-f). In North America WPCs

have gained continuously increasing market shanesglthe last 15 years for the use
in outdoor applications such as decking, sidings\aimdow frames (Eastin et al. 2005).
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It has been estimated that these composites havbae a market share of ca. 23,5% of
the total decking market in US, where pressuretdteavood has ca. 50 % and other
woods (redwood, western red cedar, tropical hardisoetc.) have ca 20 % of the
market (Eastin et al. 2005). WPCs are in generatpased of a reinforcing wood
component combined with an olefin thermoplasticrmaihe former usually consists
of wood residuals from the saw mill and wood wogkimdustry, e.g. sawdust and
shavings, and the latter of recyclable plastias, golyethylene (PE), polyvinyl chloride
(PVC) and polypropylene (PP). These components um@ally “thermo-formed”
through extrusion into continues profiles or injest moulded into final three-
dimensional shapes, see example in Fig. 1. (Lé#haextruded WPC profile.

It is obvious that an increase of the wood conterthe composite, and thus using less
amount of thermoplastic matrix, would be benefianah raw material cost perspective
since the plastics used are several times morensk@ethan the wood component. In
this work we elaborate on using wood contents ofaupO dry weight-% in the WPC.
An important question that arise when applying shbigh wood-content levels in WPCs
is, of course, how this influence their in-serviEhaviour in out-door use, in particular
their water sorption properties and related dimamai stability? The WPC processing
temperatures, around 180-200 means not only a risk for thermal degradatiothef
wood component but also that in principal all ef matural moisture will be vented out
from the extruder creating a, close to, completiily composite material. We argue
therefore here that one of the most critical ingerissues for the use of WPCs in out-
door applications is the high moisture sensitivitiy such an absolute dry wood
component, even though it is embedded in a hydigiphthermoplastic. The general
observation, however, is that moisture uptakeas/sh conventional WPCs compared
with solid wood, even when immersed in water, bantmues over a long period of
time. Wang and Morrell (2004) have shown that muwestwill not penetrate deep into
the material, but the moisture levels close to shgace may be very high. A moist
environment will swell the wood particles closethe surface, and the particles will
shrink upon drying. This will cause stresses witiie material and create microcracks,
especially in the form of interfacial cracks betwabe wood and plastic components
(Segerholm 2007), which may create new pathwaysvéier intrusion deeper into the
material. An accelerated moisture uptake may tbeedabke place after some years.

Regarding the use of very high wood contents, onigcal problem is that an
interconnecting network of touching particles/fdrmay be created above a certain
wood content threshold following that the susceliiyito absorb moisture dramatically
increases. It has been shown that the rate andteftenoisture uptake increases when
the wood part exceeds 50 % of the composite (Ro2@D5). This will lead to poor
dimensional stability and also an increased risk Iological decay by micro
organisms. To be able to use a high wood conteM/RCs there is thus necessary to
reduce the moisture sensitivity of the wood componand one means for this is to use
modified wood in the WPCs instead of conventionateated wood residuals. For cost
efficiency reasons, the main concept here is taesiduals from the production of heat
treated and acetylated solid wood boards which sméaat the wood raw material cost
can be held to a minimum. And furthermore, if tbis\cept makes possible a 20-25 %
higher wood content in the composites than otherpisssible, the increased wood raw
material costs will most likely be out ruled by tfaet that the thermoplastics used are
even more costly than such modified wood residuals.
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Similar to solid wood, the macroscopic performaracel behaviour of WPCs are

strongly related to their microscopic structurem@amportant microstructural features,
in this case, are related to distribution, disgarsprientation, form, and damage of the
wood component embedded in the plastic matrix (ed® 2007, Segerholm et al.

2007), see the example of a WPC’s micromorpholodyid. 1. (Right).

Fig. 1. Left: Examples of extruded WPCs with approximatély weight-% wood, 25
weight-% polypropylene and 5 weight-% additivesuf@ang agent, lubricant and UV
inhibitors). Right: Micrograph exposing the micrompbology of the composite (lighter
parts represent the wood component and the daskes ghe polypropylene matrix

Of course, the properties of the separate compsnantl any porosity within the
composite are also essential for the macroscopigegpties of WPCs. One thing that we
find important to highlight in this work is thatig critical to know the wood component
(or wood cell wall) density, in other words, thendities of the separate composite
components plays a central role for the final dgnef the composite and also for
finding suitable composite formulations with optinvalume fractions of the different
components. Kellogg and Wangaard (1969) reportedsitye values, determined
pycnometrically in toluene, of dry softwood cell i8ain the range of 1.48—1.50 g/ém
(containing ca 2% voids), whereas Hill and Ormondr¢2004) reported significantly
lower corresponding values of 1.42 gfrand 1.44 g/cth (based on helium
pycnometry) for an unmodified and an acetylatedvswdd species, respectively. Some
uncertainties of such measurements seem to egisg\er, e.g. regarding effects of cell
wall micropores, which are generally inaccessiblsdme displacement media in non-
swollen cell walls. It is also important to pointitoanother important factor that
influence the final WPC performance, namely wooeHthoplastic adhesion or
compatibility, i.e. the problematic contrast betwethe inherent hydrophilic wood
substance and the hydrophobic nature of olefinmbefastics. However, this topic is
not dealt with in this paper, see other studies.gy Bryne (2008).

The objective of this paper is to present some rwbsiens about the water sorption
ability and resulting dimensional changes of WPdthva comparable high wood
content, i.e. ca 70 weight-%, prepared with eitlaerheat treated, acetylated or
unmodified wood component.
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MATERIAL AND METHODS

The wood raw material used in this study was pregbénom acetylated and unmodified
boards of Scots pine (Pinus sylvestris L.) sapwerad from heat treated Norway spruce
(Picea abies L.). The acetylation was performedmicg to Rowell et al. (1986) in a
pilot plant with a microwave heated reaction vesstl0.67 m. The degree of
acetylation was about 20% expressed as wood acetyent. The heat treatment was
performed by Stora Enso according to the ThermoV®ob&dprocedure which has a
peak temperature of 212 °C (Anonymous 2003a). Alards where ground into
particles in a two step process. First 190 mm Iblugks were fed into a disk flaker
(Bezner) and processed into thin veneer strandthdrsecond step the veneer strands
were fed into a dry grinding knife-mill (Condux) gachopped into fine particles. The
particles where characterized by standard sievlysiaaThe thermoplastic matrix used
was polypropylene (PP, Moplen HF 500N). The unmedifand modified wood
components were dried to a moisture content (MQgss than 1% and mixed with the
PP and compounded into pellets on a counter rgtatvim screw extruder at OFK Plast
AB in Karlskoga, Sweden. The wood/thermoplastidoratas 70/30 based on dry
weight and. The pellets were then fed into a cdreg&ruder located at Conenor Oy in
Tampere, Finland, and extruded into rectangulapatiaghollow profiles, see Fig. 1.
(Left), i.e. three different WPC samples were pigati a) a control with an unmodified
wood component; b) an acetylated wood componend; @na heat treated wood
component. The cross-section of the profiles meas®0 x 40 mm with a wall
thickness of ca 8 mm. Thin specimens were therogtiusing a small band saw from
these profiles in three different ways: 1) in theresion direction from one of their
wider sides (here denoted Axial long); 2) in theéresion direction from one of its
narrower sides (here denoted Axial short); and&@)dversal to the extrusion direction
from the opposing wider side (here denoted Crees Fig. 2.

SR
\
N
o~
N

Fig. 2. Schematic drawing of the three types of specinsams out of the hollow WPC
profiles

The specimens were about 40 mm long, 1.8 mm tmdktlae width corresponded to the
original thickness of the hollow profile (ca 8 mmne set of matching specimens were
then oven-dried and exclusively used to determimgeinitial moisture content of the
composites. The initial dimensions and weight wegeorded for the rest of the
specimens prior to immersion in de-ionized wateptki@ closed jars. All immersed
specimens were weighed after three weeks and #femmmersed again and left for
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three years before the test was terminated andfinlaé moisture and dimensional
changes were recorded. The specimens were washedip@ed of excess water before
the weight and dimensions measurements.

RESULTS AND DISCUSSION

Table 1 presents the starting and final moistungtesd (MC) of the water immersed
WPC samples, both for the total WPC, and by exolydne polypropylene (PP) matrix.
Since this matrix material do not absorb any mogstuhe latter value is more
representing the actual MC in the wood componetitiding also the moisture in any
voids. As can be seen, and as expected, the WP@lescontaining a modified wood
component gained significantly less moisture comgamwith the samples with
unmodified wood. It can also be noticed that thealfiMC of the WPCs with
unmodified wood, excluding the PP matrix, reach&dGcontent higher than a normal
fiber saturation point (FSP) for pine wood, indiegtthat this material has a porosity of
approximately 5-10%, and/or that voids have beeméd within the material, perhaps
due to swelling stresses. A similar observation lsarmade for the composites with a
modified wood component, if it is assumed that B8P of the acetylated wood is ca
10% and for the heat treated wood ca 20 %, base@morted water vapour sorption
values at high humidity levels for similar matesigsegerholm 2007). | should also be
noted that all of the WPCs had reached saturatiready after three weeks immersion.
At this stage it was also observed some supposddde growth on the samples with
untreated and heat treated wood. No or very liflesuch algae growth could be
observed on the samples containing an acetylatest veomponent even after three
years of water immersion.

Table 1. Start and final moisture content (MC) of the WP&ngles. Based on 5
replicates, standard deviation in parentheses.

MC [%] of the WPC

0
MC [%] of the total WPC excluding the PP matrix

WPC sample Start Final [%] Start Final
Unmodified Axial long 28.6 (0.3) 40.9 (0.5)
Unmodified Axial short 3.2(0.2) 29.0 (0.2) 4.6 (0.3) 41.5 (0.3)
Unmodified Cross 28.2 (0.2) 40.2 (0.3)
Acetylated Axial long 10.2 (0.2) 14.6 (0.2)
Acetylated Axial short 1.4 (0.2) 10.8 (0.2) 2.0 (0.3) 15.4 (0.3)
Acetylated Cross 9.9 (0.1) 14.1 (0.2)
Heat treated Axial long 19.9 (0.4) 28.5 (0.6)
Heat treated Axial short 2.5(0.1) 19.8(0.2) 3.6(0.2) 28.4 (0.2)
Heat treated Cross 20.0 (0.2) 28.6 (0.2)
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Table 2 presents the corresponding dimensionalggdsanf the water immersed WPC
samples. As can be seen the resulting swellingigsifeantly lower for samples
containing modified wood as compared with the aastrThere is also a notable higher
swelling transverse the extrusion direction (fa #amples denoted Axial representing
the thickness and width values and for samples tédnGross representing the length
and width values) for all three type of samples,ciwhindicates a high degree of
alignment of the wood component along the extrusiogction.

The porosity of WPCs is generally in the range -e1@%, i.e. very low compared to
most wood species. By applying the rule of mixttoe the densities of the different
WPC components and literature values of the drydwoell-wall of untreated pine,
combined with the over-all densities of the WPCghiair dry and saturated state, as
presented in Table 3, indicates a dry wood cell-d@hsity for the two modified wood
samples in the range of 1.4—1.5 glc®uch an estimation should, however, be verified
by more accurate measurements of the modified webadvalls.

Table 2 Swelling of the WPC materials due to water sogkimote that the directions
are the specimen directions, not the original peafirections). Based on five replicates.
Standard deviation was 0.1-0.3% for the lengthwaiath directions and 0.5-1.3% for
the thickness direction.

Swelling [%]

WPC sample Length  Thickness Width
Unmodified Axial 1.9 111 9.6
Unmodified Cross 7.6 4.0 8.5
Acetylated Axial 0.3 3.2 1.7
Acetylated Cross 1.6 2.2 1.8
Heat treated Axial 14 5.2 6.3
Heat treated Cross 4.4 2.3 6.3

Table 3 Estimation of the density of the WPC samples withunmodified, acetylated
and heat treated wood component, before (Startlafted soaking (Final). Based on 5
replicates. Standard deviation was 0.01 g/famall samples.

WPC density, std in parentheses [gfgm

Unmodified Acetylated Heat treated
Start 1.19 1.15 1.19
Final 1.16 1.17 1.19
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CONCLUSIONS

The water sensitivity and resulting dimensionalrgjes of wood plastic composites (WPCs)
with a comparably high wood content of ca 70 welghtan be significantly reduced by using a
modified wood component instead of a conventionélaated one. It can also be concluded that
thin sections (1.8 mm thickness) of such WPCs leadhed a saturated state after three weeks
water soaking.
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TIMBER ELEMENTS STRENGTH-STIFFNESS EFFECTS ON
THE PERFORMANCE OF GLUED LAMINATED BEAMS

MiSeikyte, St, Baltrugaitis, A:

ABSTRACT

In order to determine changes of strength charatitey in glued laminated timber a
research was made with flat and edge glued spesiaed by changing their length.
Pine timber specimens of primary sizes 2000 x 8Dxnm and 2000 x 50 x 40 mm
were tested. Edge glued specimen beam modulusasti@ly (MOE) increases, while
the flat glued specimens MOE and general MOE db@dims decreases comparing with
separate elements MOE. Results, gained from bednflatpedge glued timber and
from beam length changes, show the decrease of MB&n density is increasing.
Nevertheless general MOE of all tested glued latethéeams increases with increase
of density. However, due to limited amount of speams and the initial testing
character, it is not possible to make exact commhss therefore, it is necessary to
perform research that is more exhaustive.

Key words: glued laminated timber, non-destructnethods, strength, stiffness.

INTRODUCTION

With development of wood industry, the use of timipeoducts has significantly
increased. Glued laminated wood products, beamsisad in furniture industry, and
also as load bearing elements and structures blikeghe elements of décor. This kind
of products has advantages, like large dimensiontatval, different forms (various
shape, technological holes in glued laminated wepooducts etc.), large strength
interval, which depends on quality, geometric partars etc. Despite all those
advantages, there is one very important disadvanté&fects in inner layers, which are
not seen, but effect the quality and strength @ntbeFor this reason, many researches
are made with ultrasound, vibrant, x-ray or otheamsining in purpose to determine
inner defects not only in manufacture, but alsexploitation period.
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Investigating defects — voids of glued laminatedrbs with ultrasound, the beam,
which dimensions were 222.25 x 419.1 x 1219.2 mas wsed. This beam was made
from 11 Douglas fir layers, which each dimensioreser38 x 222.25 x 1219.2 mm [1].
The beam was investigated with ultrasound waves;hwivere released through length
and width of beam. All eleven layers were inspedtelividually within the width, and
all beams were inspected in 92 places along thghheUltrasonic inspections were
made over 50.8 mm in length. This inspection waslenaith commercial 38.1 mm
diameter, 100 kHz broadband sensors. Energy semsoes plugged to the surface of
beam using pressure system. The results showeththapeed of ultrasound wave, the
parameters of amplitudes allow to determine unseads and their approximate
dimensions and location in glued laminated beanasvev¥er, there are some difficulties
investigating small voids because of the inconststeequency and amplitude values of
waves

In other research, the beam with longitudinal craels investigated. The dimensions of
block were (width x height x length) 120 x 440 X0RImm. The crack begins in one end
of block and propagates longitudinal directionisltseen on both side layers the most
part of its length. In this research two piezoelecultrasound) transducers - transmitter
and receiver - were used positioned in front oheatber in the middle of width on the
smaller blocks layers parallel to the height. Reeeiultrasound waves signals were
analyzed by three scalar parameters: wave promgag#tne, two biggest amplitudes
and the first amplitude. All these parameters hgdifscant correlations with full or
partly seen investigated crack. The results shdwf ultrasound is a good non-
destructive method for investigation of glued laated wood products in order to
determine defects and general quality [2].

There are also researches made for purpose tomde¢erglued laminated wood
products strength in different humidity. It was reagsing small straight beams (50 x
100 x 1800 mm), which were loaded with constantdleg.x = 10 MPa, when
temperature was 19 £ 1 °C and humidity was peraiyichanged from 65 % to 95 %.
The time of cycles was one, two and four weeks,nduwhich the changes of
dimensions, longitudinal and transversal stressasfficient of shrinkage and moisture
content were measured. Part of specimens was maxtejfivenile wood in order to
compare changes of characteristics and their infledo strength. The results showed
that changes of moisture content have major infleeto juvenile wood loading. The
main influence for changes of mature wood specinteats one-week cycle and for
juvenile wood specimens — four weeks cycle. Theselts show that it is necessary to
consider the exploitation conditions and period mhsing glued laminated beams [3].

For the current research the device ,Timber Gradd@G” was used in order to
determine glued elements stiffness-strength. Thasorement principle of the device is
based on acoustic-wave propagation in the woodnwhe density, natural frequency
and modulus of elasticity are measured [5]. Witk ttelp of special software, the
measured signal is converted to measurement reuiktkly and with high accuracy.
There are many studies with MTG device focused eterdhination and validation this
non-destructive method reliability and accuracytiBsoftwood [6] and hardwood [7]
were used for investigations. In both cases thed gmorelations were gained between
bending modulus of elasticity and modulus of etdsti measured with the device
»Timber Grader MTG". However, the modulus of elai}i, measured with this device,
iIs dynamic, thus, it was important to evaluatecibmnection with static modulus of
elasticity gained in bending test [4]. As a restlie formula, which lets to determine
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static modulus of elasticity using the data reagifrem dynamic modulus of elasticity,
was recommended.

The purpose of current investigation was to deteemstiffness and strength
characteristics of glued engineering wood prod(66BWP) using the data of individual
sawn wood elements, and to estimate the correlatiarharacteristics. Using special
configurations of GEWP it was examined whether tioenber of elements and the
specifics of gluing affect the final product strémgnd quality.

MATERIAL AND METHODS

Sawn Scots pine wood specimens, which target dimesisvere 2000 x 50 x 40 mm,
2000 x 50 x 30 mm and 2000 x 50 x 25 mm, were erachwith the device ,Timber
Grader MTG" and the strength class and moduludastieity (MOE) was established.
Then the specimens, belonging to the same strasigéls, were glued to beams using
polyvinyl acetate dispersion adhesives corresportiedrequests of D3 class. The
schemes of gluing are given in figure 1. The speasnwere glued in two ways: flank
(Fig. 1, a) and edge (Fig. 1, b). The dimensiongloéd specimens are given in table 1.
They were in turn also tested with the device ,Témiisrader MTG* in order to
determine the changes of modulus of elasticity Wl changes of beam dimensions
(width, height, length) and the number of adhebiords.

2h

3h

4hy
4h;

:
l

4b 2b

2b

2b

b
Fig. 1. The scheme of gluing: a) flank gluing; b) edgamggu
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Table 1.Glued specimens dimensions

Specimens Length, mm| Width, mn] Height, mm
code
Flank gluing
oF 2005 44 50
3F 2010 43 S
7= 2010 43 99
= 1997 43 99
8F 2005 100 84
8F 1part 900 100 82
8F 2part 900 100 82
Edge gluing
E 2000 81 35
°E 2000 83 35
AE 1999 167 35
2E2F 1991 84 66

RESULTS AND DISCUSION

GEWP modulus of elasticity depending on glued beaode (gluing timber elements
by flanks, edges and changing their length), végiallement density in various
configurations and their interdependencies wererdehed (2 — 4 figures). As the aim
of study was to test hypothesis whether contradietimization of the general MOE and
strength of GEWP is possible appealing on dataepbrate elements the results are
presented primarily in this meaning. Figure 2 itates the changes of elements and
GEWP modulus of elasticity, when the mode of gluhgnges.
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Fig. 2. The changes of separate elements and glued specimedulus of elasticity

(EWP — engineering wood products; MOE — moduluslasticity)

For flanks glue specimens, their modulus of elagtaecreases 0.5 %, but for glued by
edges increases 2 %; general GEWP modulus of etastiecreases 1.7 %. Thus, the
strength class remains unchanged: for elements, @30 and for glued specimens —
GL28h, except specimens glued by flanks, whichngtite class is higher — GL32h
(accordingly to the values of modulus of elasticgiven in the standard EN 1194 [8]).

Figure 3 illustrates the changes of MOE and dendépending on the specimens’
parameters changes (flank and edge gluing, andhemgnges).

18000 T
|
|
16000 |
|
14000 1 A :
| |
| | .
12000 | AAN R | * | ¢ flank gluing
© : : . ®  change of length
< 10000 1 A ; ; A edge gluing
T | |
I'loJ 8000 f - T — Linear (flank gluing)
= | | Linear (change of length)
6000 1 : : — — Linear (edge gluing)
| |
4000 1 1
| |
| |
2000 - --------- Ao Lo
| |
0 : :

450 500 550 600 650 700 750
Density, kg/m3

Fig. 3. MOE (modulus of elasticity) ang (density) interrelation

When specimens are glued by flanks and by edgesvaed their length is changed
MOE and density interrelation is inverse that isewp increases the MOE decreases.
However, in theory and known by practices, in savaod, p correlates with MOE. It
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could be explained by changes of GEWP propertiesnven adhesive bond exists, also
by change of grain direction comparing with sepasawn specimens. Yet the received
correlation coefficients are very low. Nevertheledgsis not possible to claim that
relation between these gauges does not exist, det¢ha amount of specimens was not
sufficient to confirm the hypothesis.

Figure 4 illustrates the modulus of elasticity afehsity correlation of elements and
GEWP.

18000 T T
| |
16000 | - - P S .-
! o * @
R % * .//
14000 : - .
12000 { = | | ¢
© 1 1 * elements
]
S 10000 +----- et R :

3 ! ! = glued specimens
© 8000 f--=--f-=---fommmmmooaoooo —— Linear (elements)
2 | | . .

6000 & -~ - - Lo — Linear (glued specimens)
| |

4000 1 | |
| |

2000 | |
| |

0 \ \ T \ \
450 500 550 600 650 700 750
p, kg/m®

Fig. 4. MOE (modulus of elasticity) ang (density) interrelation (all tested elements
and glued specimens)

Correlation between elements modulus of elastiaitg density is linear, which is
coincident with other researches and knowledge. Tan all glued specimens
interrelation is also positive, but it cannot bairied as linear, because the coefficient
of correlation was very low. In order to determic@relations and confirm received
data, it is necessary to perform research thabig momprehensive.

CONCLUSIONS

Gluing timber elements by edge or by flank resintstiffness-strength characteristics
of beams (GEWP) that do not necessarily followith#al strength class or density of
the elements.

Glued engineered wood products (GEWP) strengtls clamains the same as elements,
except when gluing by flanks. Main specimens’ siterremains similar or changes in
very small interval.

Gluing specimens by edges slightly increases meatuhas of elasticity, while gluing
by flanks decreases GEWP and main specimens MOE.

In all cases (gluing by edges, flanks and chandergth) the increase of density
decreases the modulus of elasticity, but the reckenorrelation coefficients are very
low due to small amount of specimens, or becausectirrelation does not exist
between these gauges.
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Main modulus of elasticity of GEWP increases witbrease of density. However, it is
not evident if the trend line is linear, becausks ihecessary to perform research that is
more exhaustive.
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BENDING PROPERTIES OF PLYWOOD I-CORE
SANDWICH PANELS

Zudrags, K, Kalnins, K?, Jekabsons, &0zolins, O

ABSTRACT

Lightweight structures as sandwich panels are drtbeoinnovation products to drive

the future of the wood/plywood industry for the nkaure. Material consumption, thus
environmental impact, is the driving factor to @@ commonly used plywood panels
with the plywood sandwich structures.

The aim of this paper is to elaborate the desigthaumlogy for different core type
plywood sandwich panels under the flexural loadifibe methodology is based on
sampling of the numerical experiments by the findlement code ANSYS and
approximation of the response values of the foumtdmending tests. This methodology
is a collection of mathematical and statisticalhteques that are useful for the
modelling and analysis of problems in which strugtuesponses are influenced by
several variables and the objective is to optintimse responses. The methodology is
often referred to as metamodelling as they pro@deaodel of a model, replacing the
expensive simulation analyses during the optinosgpirocess.

Moreover, validations of metamodelling procedunedesign of I-core sandwich panels
with physical tests have been evaluated. The safmdwianels used in physical
experiments were made of plywood outer plate acaré-filling strips and the bending
properties have been tested according to EN 789.

The structural flexural stiffness capacity and vigfficiency have been elaborated for
the I-core sandwich panels by the metamodellinggxtare. The design guidelines have
been elaborated and validated with the physica¢expents.

Key words: veneer, birch, lightweight structuresod based panels
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INTRODUCTION

Plywood production has a significant role in thereamics of Latvia Forest production.
Plywood production value was a 180 008 and its takes 6 % share of all European
plywood production in 2008 (FEIC 2009).

Approximately 2.6 - 3 rhof raw materials (logs) are necessary for produdim? of
plywood. There are several technology process stageich cause reduction of
production effectiveness. One of the last stagesige trimming, which is due to the
oversize of panels. The panels before the findlrauare oversized because of the aim
to minimize the risk of edge delamination and raofyeeneer dimensions in production
site. More than 10% of panel is cut off dependingrf customer specifications and
plywood producing technology. When the dimensioactrations of panel are very
wide the cut-off part from panels could be morenti200 mm wide. It gives
approximately 18000 of cut-offs yearly in Latvia. These cut-offs caa &old as a
small dimension plywood panels or as fire wood ¥theuld be chopped). The value
(price) of cut-offs is relative low compared to fhigwood in both cases. The fire wood
chips cost approximately 6 EURImthe plywood average price in 2009 was 550
EUR/nT (Latvia Ministry of Agriculture 2009), and the lewgrade birch veneer log
price was 31 EUR/fh The price difference (fire wood, raw materialdamood panel)
shows economical benefit to reuse cut-offs fromeedigmnming for new product
production. In wood-based panel production in LatWlore than 1000000 EUR could
be saved up by using cut-offs instead a veneer logs

A plywood production from edge trim plywood strigs a core of panel was described
in USA patent 3970497. The trim strips in this patere laid up side by side with the
edges glued to produce a flat and solid core pdite.edge trim core panel is proposed
to glue over with veneer sheets to produce a thipkood panel.

The mechanical properties of sandwich panels matwfd from plywood with
plywood cut-offs as core material are investigatedhis paper. The sandwich panel
core material is composed from plywood strips wadveral distances between strips
with an aim to reduce panel weight. Such kind ofutson gives two benefits —
reduction of raw material usage and reduction oepaeight.

MATERIAL AND METHODS

The sandwich panels consist of plywood skins aysv@bd edge trim strips in a core
(Fig. 1).

Fig. 1. Plywood sandwich panel
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The plywood skins are made from birdBe(ula sp.) veneers with thickness of 1.4 mm
and glued with phenol formaldehyde resin glue. @twe strips are made from the same
birch plywood edge cut-offs. The grain direction adjoining veneer layers is
perpendicular. The 9 mm plywood was made from 7 @bdnm from 5 birch veneer.
The nominal dimensions of sandwich panels are showiable 1.

Table 1.Sandwich panel dimensions

Abbreviation a b d e f
6.5x9@17 28 6.5 9 15 17
9Ix9@17 28 9 9 15 17
Ix9@22 28 9 9 15 22
Ix9@27 28 9 9 15 27

The core consists of 15 mm thick plywood strips aithare set in three different
distances from each other — 12; 17; 22 mm. Thelpamere pressed in cold press with
pressure 1 MPa and time 6 h. The panel dimensim8@0 mm wide and 1200 mm
long. The core strips are oriented lengthwise. &lpanels from each type were tested.
The bending properties were evaluated accordinigedEN 789 standard test method.

Metamodelling procedure

In industrial applications, to cut down the compiotaal cost of complex, high fidelity
scientific and engineering simulations, metamodallso referred to as surrogate
models, are constructed that mimic the behaviodh@fsimulation models as closely as
possible while being computationally much cheamgerevaluate (Chen et al. 2006,
Kalnins et al. 2006, Kalnins et al. 2008, Kalniisak 2009a). The process of design
optimization involving metamodelling usually conges three major steps which may
be interleaved iteratively: 1) sample selectionofkn as design of experiments); 2)
construction of the metamodel that best describesbehaviour of the problem and
estimation of its predictive performance; 3) empheyt of the metamodel in the
optimisation task, i.e., finding the best valuesifgput variables with which the system
achieves the optimum response.

In this study, for metamodelling a sparse polyndmadel building approach called
Adaptive Basis Function Construction, ABFC (Jekaissd009a) is used. The approach
enables automatic adaptive generation of sparsgm@uiials of arbitrary complexity
and degree specifically for the data at hand. Aentmmplete discussion on the ABFC
is given in (Jekabsons 2009a). ABFC together withumber of other metamodelling
techniques is implemented in the freely-availablariReg software tool (Jekabsons
2009b).

Pure plywood solid panel versus I-core plywood saod have been modelled
according to the EN 789 using ANSYS 4-node shetimgint SHELL 181. It was
assumed that each ply has thickness of 1.4 mm footisolid panel and sandwich
design. Moreover stacking sequence has been mdda#ieuming that each layer is
perpendicular to the upper and lower one, thugptimrood always consists of an odd
number of plies. The stiffness responses from the point bending test under the
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constant load® = 1000 N have been elaborated by extracting théagldeflection
value. The stiffness ratidK is calculated as division of solid plate stiffn@atueKp by
corresponding sandwich plate stiffnéssvalue extracted from the numerical analyses.
The AK value indicates the stiffness increase or decredsthe sandwich concept
versus pure plywood plate design. Another measunemdracted is weight efficiency
ratio AW, which indicate the weight savings from the samthwidesign concept. Five
design variables are chosen for the sandwich paesbn: the panel heightH, the
number of plies in the upper sandwich platdt: the number of plies in the lower
sandwich plate 3, the number of plies for the I-core stiffener plafl2. The stiffener
spacing ratio is independent variableKZ, which directly influences the simulation
section width -B for both panel and sandwich designs. The numeviahles of the
design spaces are outlined in (Kalnins et al. 2D09b

RESULTS AND DISCUSSION

The panel surface weight is shown in Fig. 2.
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Fig. 2. Birch plywood (solid) and sandwich panel surfacgght nf kg™

The weights of 6.5x9@17 and 9x9@?27 are very closedue to functionality reasons,
more sandwiches are investigated with skin lay-upn® plywood on a top and bottom.
In these cases sandwiches are lighter by 19 — 28oftparing to the solid birch
plywood. Bending properties of the sandwiches hoave in Fig. 3.
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Fig. 3. Birch plywood (solid) and sandwich panel bendingperties N mrit:
a) modulus of elasticity; b) strength
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The sandwich panel shows higher specific strenfithaierial. The panel weight could
be reduced by 23 % (9x9@27) while reducing the ibgnstrength by 11 %,

Optimization results

A Pareto optimisation problem is formulated wheraximisation of the relative
stiffness ratioAK is coupled with minimisation of the weight efficmnratio AW. It
could be assumed that the best performance coulédmhed when relative stiffness
ratio tends towards the value of 1. Neverthelesscdbst efficiency is directly linked
with weight reduction. Thus dual strategies maysefor optimisation of sandwich
performance: first to have sandwich panel stiffnelese to the pure panel stiffness,
which practically is weight inefficient, or secotw have the sandwich height mach the
stiffness while drastically reducing the total vok of the plywood.

A Pareto optimal front has been elaborated to ewelthe stiffness and weight
effectiveness ratios for each panel height levein@arison of the Pareto optimal front
and physical experiments (Fig. 4) for different fpeo plywood sandwich designs
indicates the overall tendency that there is noy e best solution between the
stiffness ratioAK and the weight efficiency ratiaW thus decision for the trade off
design should be left for the designer to decideisTthe design guidelines elaborated
by metamodeling procedure provide efficient toal tilored plywood sandwich panel
design and manufacturing procedure. Furthermoreet®aoptimum fronts can be
elaborated in any combination of design variablesdufor metamodeling thus the
design could be tailored to meet the specific laadrying capacity and weight
efficiency requirements.
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Fig. 4. Pareto optimal front between the load carryingac#y ratio and weight
efficiency ratio for different 6.5 x 9 and 9 x 9yplood sandwich panel designs
compared with the solid plate designs.

It should be noted that physical experiments indicatiffer structural response
compared with the solid plate, this could be asdedi with the assumptions used in the
numerical model as ply thickness as numericallynmgerfection have been introduced.
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However in fact there is a significant scatter ianmfactured solid and sandwich panel
overall thickness description scenarios. Neverigelthe decisions made upon the
numerical solutions have been approved by physgaleriments indicating around
20% scatter which is reasonably well predictedaasa$ numerical models for the wood
structures have been considered.

CONCLUSIONS

The tests results shows that the best result wWaie\asd for sandwich panel with be
symmetrical lay-up. The difference of panel 6.5x3@hd 9x9@27 weight is less than
1 %, but symmetrical lay-up (both skins from 9 migywwmod) shows 11 % higher

results in bending strength and more than 16 % thasdhf elasticity.

The Pareto optimisation problem has been formulated methodology based on
metamodelling has been developed for the plywoodiwech panel stiffness and the
weight efficient designs. Five design variables eveonsidered and elaborated in
numerical sampling strength analysis procedurarbtefelement code ANSYS.

The elaborated metamodels applied in the optimusigdeguidelines provide efficient

tool for tailored plywood sandwich panel designqaadure.

A further study is needed to elaborate the geowowtimperfections influence on

numerical modelling procedure.
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TRADITIONAL WOODEN FLOORINGS IN FINLAND

Silvo, J! & Vahtikari, K2

ABSTRACT

The purpose of this research is to study how wodltemings were maintained in the

past in Finland and compare them with wooden flogsi used today. In the past
floorings were built to function for over hundreecdays. Nowadays wood is often
considered as a material with poorer durabilitynth@hat other common flooring

materials (laminate and plastic) have. In the pestd was widely used and there
seemed not to be similar problems with durabilityg @&sthetic matters that today are
faced when wood is used as a flooring material. Aypothesis is that there is forgotten
knowledge of maintaining wooden floorings that ebbé used also nowadays.

The conclusion is that maintenance and cleanalafitwooden surfaces are issues that
have not been studied comprehensively so far,thuthey play a significant role in the
life cycle of wooden surfaces. To support and dgvehe use of wooden floorings in
Finland, extensive analytical and applied researchthe field of maintenance and
cleanability needs to be done.

Key words: floorings, wood, maintenance

INTRODUCTION

In the past floorings were built to function foresvhundred years. Wood was widely
used and there were no similar problems with maaree, durability and esthetic
matters that are faced nowadays when wood is usdbtb@ing material. The use of
wooden floorings, especially in public buildings, mot well-established in Finland
today, because the properties and behavior of woddteriors are not well known.

There is no correct, research based informationladola for designers and decision
makers.

This study concentrates on the maintenance of woflderings. The hypothesis is that
there is forgotten knowledge of maintaining woodleorings in the past in Finland that
could be used also nowadays. Traditional knowledgeompared with the modern
maintenance practices. This research includes weassioden floorings and parquets,
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but other wooden or wood imitating floorings arecleded. The study is based on
literature, both academic and non-academic sowcesised to be able to deepen the
discussion.

FACTORS AFFECTING THE USE OF WOODEN FLOORINGS

From architectural point of view flooring is muclore than only a surface. Besides the
looks of the flooring, also the feeling of the nr&kis important. When you walk on a
floor every step gives you a sensation of the flbard, soft, noisy, silent. (Laine 2002).
Colour, acoustics and warmth of the flooring afféne atmosphere of a room (Aulanko
1993). Broman (1996) has studied people’s attitudesmrds wood and found out that
people prefer a wooden surface with at least ontbefollowing characteristics: fresh
look, harmony, interesting to look at, elegant, itexg to look at, restful, eventful
appearance, not look like an imitation, imaginatae not gaudy. Sakuragawa (2006)
has linked a wooden surface to calmness.

According to Laine (2002), architects consider fbkowing aspects when they are

choosing a flooring material: the base, stress itond, appearance, costs, the whole
life cycle, cost of the maintenance, acousticsiaadlation. It is claimed that architects,

civil engineers, flooring entrepreneurs and supglirave too little interest in the

maintenance costs of floorings. Their concernshascally in the esthetic, technical

and buying cost matters because they don’t waninterfere in the maintenance

discussion partly because of status reasons. (Wo989).

Forslow (1989) has stated that there are four itaporE’s in the decision making

process when choosing a flooring material. Theseeaonomy (low working expenses),
ergonomics (reduced work load), esthetics (retaifetttion and appearance) and
ecology (reduced use of cleaning chemicals). Algmlmlic, rationale based and
cultural things have an effect on the decision mgkof choosing flooring materials

(Aulanko 1993). In another research, technicakuaatlike usability and durability of

the surface were considered as the strongest ntiiehings for the end-user together
with the economical aspects (Tarkela 1988).

Importance of environmentally friendly productssigoposed to grow in Finland during
the next decades and this may strengthen the gosifiwood in the interior market. In

Germany this trend can already been seen. (Pakar999). In addition to the

environmental reasons for using wood, there ar® &ggienic and antibacterial

properties in wood of which wood as a material ddugnefit more than it does today
(Schonwalder 2002).

WOODEN FLOORINGS IN THE PAST AND PRESENT
Massive wooden floorings (boarded floorings)
In the 18th century floorings were usually uncoagplitted round timbers or planks but
already a century later floorings were coated bseaof the style and to ease the

cleaning process. An exact point when the coatiagex! is though hard to say because
the tradition varied strongly depending on the tgbehe flooring, if it was a floor in

178



countryside or in towns and how wealthy the ownkethe house was. (Kaila 1989,
Niiranen 1981). Massive wooden floorings have beeated in Finland since the19
century (Keitele 2006, Niiranen 1981) and coatimghie traditional way to protect the
surface. Suitable varnishes for massive woodernrifige and parquets are carbamide,
polyurethane and acrylic (Jokelainen 1988). Theaeehbeen periods when wooden
floorings have been considered as a material thht the poorest were using, but
nowadays it is the other way around, to use woddxigrious in many cases. (Aulanko
1993).

Nowadays the most common material for boarded ifdgsris pine, but a small amount
is also produced from spruce, birch and oak. Uguh# boards are sanded and surface
finished with coating or varnish before the ingtatin, but the surface can also be left
untreated. A coated surface is sensitive for sbemtcand the floor needs regular
maintenance. (Jokelainen 1988, Peltokorpi 1991).

Different kind of parquets

In the 18th century the use of massive wood pasguefinland was very small, but
since then the use has grown and parquets aredeoegian exclusive flooring material
(Kaila 1989, Niiranen 1981). Parquets are dividedahding on the way they have been
made. Boarded parquet consists of a three layss daminated parquet board structure,
but they can also be made of massive wood piesesrded in the same direction or as
a mosaic flooring. Special parquets are made uswuall ordered works for official
premises. Parquets are usually surface finished &fe installation with lacquer or hot
wax (hard species). (Jokelainen 1988, PeltokorpiL19

Maintenance of wooden floorings

Before coating the floorings became common, pldokrings were usually washed
with ash lye and they were scoured with sand anttvaith a help of e.g. spruce
branches. (Niiranen 1981, Pietarila 1989) The serfsas worn smooth, but because of
different hardness of the wood and knots it becanma/en (Finnish specifications SIT
42-610016). After the floorings were built more hiky, water was decreased in
cleaning and oil coated floorings became populdne Tloorings were mopped.
(Pietarila 1989). Even today the recommendatiorufdgreated floorings is to scour with
soap and water. After the scouring the floor isveakswith cold water and mopped dry.
(Furusjo, 1995).

Coated flooring should be cleaned so often thatl sédmes not scratch the surface
(Jokelainen 1988). Vacuum cleaning and a dry orpmimmop or cloth is used for
waxed, oiled and lacquered floorings. Occasiontily need a treatment with solvent
conditioner or waxes. (Kujala 2003, Peltokorpi 1P9Smears and stronger
contaminations should be removed with wet clotht the water has to be dried
immediately; otherwise stronger cleaning metho@s tivater are needed and they may
harm the surface of the flooring. A combined clegnmachine can be used to wide
areas. (Ahonen et al. 1997, Peltokorpi 1991).

When cleaning, it is important to avoid rough aritagive washers because they

scratch the surface (Jokelainen 1988). Avoidingewan the floor is the main rule for
all wooden floors, especially if the floor is laegad (Furusjo 1995, Kujala 2003,
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Nyquist 1993). The water penetrates to the crankisexen though the cracks disappear
for a while, the water damages the floor structli@ warm cleaning water damages
also the lacquered surface. (Furusjo 1995, Kuja@B2 Some experts recommend wet
scrubbing machines because the flooring is polisitethe same time. With untreated
floorings this method shares opinions. (Nyquist3)99

The flooring material has an impact on how ofted aow the floor has to be cleaned
and also in the life cycle of the floor. If the dlois cleaned with wrong methods, the
damage doesn’t necessarily show up immediatelyirbtlie course of time. (Rissanen
2004b). Surface topography has an influence on thewfloorings react to soil as well
as on the physical properties like surface stractporosity, moisture, temperature and
chemical composition (Rautiainen & Waananen 19823shing agent producers claim
that one of the common mistakes when cleaning wosdefaces seems to be using too
strong washing agents. Coated and finished woddenirigs must not be washed with
strong washing agents because during time thecauvidl gray.

DISCUSSION

Concerning the maintenance of wooden surfaces tirerseveral problems that have to
be faced. One problem is that the simplest ananibst obvious cleaning methods used
in the past are very poorly documented. Espec@dégning has been a work task for
women and it has been taught for new generatiohsarally. (Tunander 1998). This
has caused that the existing instructions for neasice of wooden floorings are not
collected and knowledge is hard to find.

Another factor is that wooden floorings usually shee surface treatment. With wood
coatings the problem is that new products are cgrtonthe market continuously and
there is no independent, research based testing dbis kind of monitoring testing of
durability and behaviour of the coatings needseaalbne. (Rissanen 2004). Also wax
and oll, the traditional treatments, are used naré more. In practise it seems that
there is an enormous scale of surface treatmertiadetfor floorings, but only a little
knowledge of maintaining them.

The designer is an influential person, becauseftea decides which flooring materials
to use especially in public buildings. Unfortungitdkesigners often have only a limited
knowledge of the flooring materials. (Aulanko 1998aintenance of floorings form 60
% of the total maintenance costs in public building Sweden (Forslow 1989). Besides
the importance of cleaning floorings, also the othmaintenance (e.g. sanding) is as
important during the life cycle of wooden flooringchis seems to be characteristic for
wood compared with other flooring materials.

It's difficult to give common rules for cleaningetause the floorings are so different.
Some common rules for cleaning the wooden floorimgge though been written;

- It's better to do too little than too much.
- Search for knowledge from experts and differenirses.

- Use as mild and well tried methods as possible.
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- Always test a new method first on something #tsa the floor.

- Try to predict what will be the end result of thianned cleaning actions. (Tunander
1998).

CONCLUSIONS

There is plenty of cleaning instructions for wooddsorings but still many of the
floorings are maintained with wrong methods. Oresom can be that there is too much
information and people don’'t bother to read it. Ay possibility is that the more
simple methods used in the past for cleaning wetiebtoday too.

The conclusion is that maintenance and cleanalfityooden surfaces are issues that
have not been studied comprehensively so far,tbuthey play a significant role in the
life cycle of wooden surfaces. To support and dgvehe use of wooden floorings in
Finland, extensive analytical and applied researchhe field of maintenance and
cleanability needs to be done.
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PRODUCTION COST ANALYSIS OF CARPENTRY AND
JOINERY WOOD PRODUCTS IN LATVIA

Tunkele, S

INTRODUCTION

Today is very important not only the material pndigs of wood and their research, but
also efficient wood production for forest industtgvelopment. Latvian forest industry
Is oriented to quality and high value-added wooddpcts production and delivery to
the consumer. Wood and wood products in Latviancseasing every year. However,
the production of high value-added wood products isw.

Carpentry and joinery sector in Latvia

Carpentry and joinery products are the one prodofctforest industry, which
characterized by large variety of products. Camyeand joinery wood products are
referred the wooden windows, glued beams, dooasisstfloor boards, parquet and
wooden building materials. These wood products mgkelmost 100 % of the total
sector turnover in Latvia. It should be noted ttias sector is characterized not only
with high value-added production, but also quitgdaproportion of small and medium
enterprises (abbreviated as SMESs), which make apnar 70 % of the forest industry
enterprises in Latvia.

In 2008 was conducted a study on the Latvian farelistry sector, which has been
studied carpentry and joinery sector and the ecanowie. After study data and
revenue the highest proportion in carpentry andeii sector is the doors and stairs by
40 % of total sector. The second place is the woadedows and glued beams by 38
%. In the following places are the construction enats by 12 % and the floor boards,
parquet by 10 % (Fig. 1).

The important criterion is the raw material constiorp in the wood products

production of carpentry and joinery. This sectamiwes with products of different raw

material consumption in the production process. Teehnological process and
characteristics of wooden window and glued beandymts dominate a large raw
material consumption per unit of output. In productprocess of floor boards, parquet
and building materials is a large wood advisahilliyt production units are small. In
door and stairs products production are relativegh raw material consumption, but
the output volume is high.

1 PhD student, Forest and Wood Products ResearchDawdlopment Institute, Latvia. E-mail:
sigita.tunkele@e-koks.lv
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Fig. 1. Joinery and carpentry sector's revenue structure

Cost analysis of carpentry and joinery sector

The cost identification and struturing takes pltee following cost postion - purchases
of raw material costs, other material costs, enempts, staff costs, other admnistrative
costs, maintenance costs, transport costs and otisés. This classification allows for
cost analysis objectively obtained data and infdiona

The carpentry and joinery product assortment isewidth different cost classification
in the each product group, but average the matandlstaff costs are the largest cost
position of total cost and it is 82 % after studyadin 2008. The cost structure changes
is associated with raw material consumption andrigugrices.

RESULTS AND DISCUSSION

After data in the Latvian carpentry and joinerytee@ large cost position is material
and other material costs by 53 %, but second ptatiee staff costs by 29 %, including
the pay and taxes. The last position is the otbetscby 18 %. At the other costs are a
transportation costs, servicing costs, storagescosher administrative costs and other
Ccosts.

After data can to see that still now dominanterthvg materials such as sawn timber by
59 % of total volume, round timber by 35 % and gtathaterials by 6 % (Fig. 2).

After data follows that the sawn timber used fairst doors, wooden windows, glued

beams and building materials production, but roumder for floor boards and parquet,
glued beams and wooden windows production.
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Fig 2. The raw material structure of joinery and carpgesgctors

The second largest cost position is staff coss,revié2 % of salary are below the
average wages level in the sector and only 38 %abowe average in this sector in
Latvia. In this sector, where 85 % of salary aréowethe average wages level in
Latvian rural areas and 15 % in Riga and its region

SUMMARY

The basic wood products are referred the woodenlaws, glued beams, doors, floor
boards and wooden building materials in the cargesmd joinery sector in Latvia. In
the carpentry and joinery sector material and staffts are the general cost in the
production of wood products and average it is 80Qa6st-effective optimization is
necessary the professional competence what pram®MESs business in Latvia.
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RENEWING WOOD PRODUCT VALUE CHAINS AND
TIMBER PROCUREMENT SOLUTIONS

Herajarvi, H', Verkasalo, E.& Sirén, M?

ABSTRACT

Changes in the make-up of commercial forest regsunariorities for wood and timber

quality, forest ownership and customer structusewall as changes in global and local
climate pose challenges to timber harvesting methadbansportation logistics,

information systems and entire chains of wood s#tion. The working and business
environment has already altered in ways that emghalse need for skills in economic
management and customer interface within harvestimtgwood processing companies.
In today’s environmentally-conscious business amrirent, the sustainability,

renewability and safety of wood as a raw materialcapability to store carbon, and
other positive environmental performance elementsnline to give a strong

competitive advantage to the wood products settew value-adding wood products
and customer solutions based on integrated prosystems and service functions
diversify the uses of wood and increase its cortipetiess as a construction and
furnishing material.

The Finnish Forest Research Institute (Metla) lmsdhed a five-year-long (2009—
2013) interdisciplinary research programme “Rengwiuood product value chains and
timber procurement solutions (PUU)” in the fieldswood science and technology,

forest engineering, and business economics. Thgrgmome serves timber producers,
procurement organisations and wood product indasstby improving their strategic

development and operative planning. It also sugpuational and regional forest policy
initiatives to promote the uses of wood and theettgyment of wood product industries.
The programme consists of three different themg®&dw material potentials of wood

and timber trade functions, 2) Timber procuremerdt aompetitiveness of harvesting
companies, and 3) Wood products and customer sokitiThese themes are further
divided into research topics and detailed resegrcliects. The versatile concept of
value chain analysis can cross from one themedthanto provide an advantage to the
individual research projects. Annually, approxinhat80-50 researchers from Metla
and its partner organisations will work in the pag.

Key words: competitive ability, harvesting, timbprocurement, wood-based value
chains, wood product industries, wood raw materials

! Researcher, Programme director, Finnish Foresedel Institute, Joensuu Unit, P.O. Box 68, FI-
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Vantaa, Finland, Tel: +358 10 211 2335, Fax: +38811 2202, E-mail: matti.siren@metla.fi

187



INTRODUCTION

The availability of logs representing appropriateliy, value potential, and customer
appreciation in the economically relevant markemnsents, is turning into a hot topic,

especially in the wood product industries. Simwtausly, the positive properties of

wood, such as renewability, ability to store carbasmwell as some other critical issues
of environmental performance, are turning into mered more important factors

enhancing wood’s competitiveness against substguaw materials.

Finnish wood product industries have, for some desalready, experienced downhill
in the quality grade distributions of sawn timbadalywood veneers. Gradual change
of timber supply from forests of natural origindoltivated forests, younger age classes
and peatland forests suggests further challenges€er procurement is hindered by the
fragmented forest ownership. Areas with insuffitisilvicultural management, i.e.,
tending of seedling stands, improvement of yourgds, and postponed commercial
thinnings, appear to grow, which eventually leadlsdécreasing timber quality. The
volumes of roundwood imported from Russia haveapsiéd, and the deficit of 3—4
million cubic metres of saw and plywood logs shooédpurchased from other sources.
In the Finnish perspective, this means youngerdstamd peatland forests. Currently
peatlands provide some 5 million’of timber per annum, whereas the sustainable cut
is estimated to 12—-14 million in Peatland forests, however, require either solid
permafrost or forwarder solutions with lower groummessure. Within longer
perspective, climate change will obviously have aetg on the structure of forests,
wood properties and, thus, possibilities to utilis@od. In addition, the requirements set
for the wood raw materials are changing as a reduhe customer’s expectations and
competition by other materials. In the future, marel more attention is paid on the
applicability of a material to the production preses, the functionalities for the end
users and the overall match to the value chaingistio chains set requirements for the
control and preservation of timber quality.

Deficiency of non-renewable raw materials, incressenergy prices, and tightening
environmental requirements alter the competitivéati@nships between the raw
materials, mostly in favour for wood. Also roundwlomarkets and timber valuation
systems should change more flexible and value igeeafThis necessitates new
information on objective pricing methods of markethnds with as low pre-

measurement effort as possible. Both timber selird buyers need more exact
information on the dimensions and qualities of mraaterials, and their effects on the
economical results of the respective businessesbdii scaling and grading must also
follow the needs of logistics, production processed verification of wood origin.

The customer solutions of the future are based odenstanding the needs and
predicting the behaviour of consumers and industuiatomers. The traditional way of

exploiting incremental innovations, i.e., develapihe existing products, technologies
or service models, represents low risk of faillmet cannot be the only solution in the
longer perspective. Radical innovations, althoughirg higher risks of failure, may

open new markets, business opportunities or a@tebtbigrowth of revenue. Only a few
radical innovations were developed in the Finnistogworking industries during the

past few decades, such as LVL (K&t the 1980's, thermally modified timber in the
1990’s, and wood-plastic composites during the Z)00
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Whatever is the course of innovations, it is imaottto involve the customers in the
development of business models. The wood produttisimnies consist mostly of small
and medium sized companies with limited resourams systematic research and
development. Therefore, there is a big challengestablishing the companies with the
idea of thinking beyond years or even decades.pbloe market situation and decline in
the production of pulp and paper in Finland cannberpreted not only as a threat but
also as an opportunity for the wood product indestrPolitical decision makers, as
well as the R&D financers and industrial investarght be more open to proposals
outside the pulp and paper sector. Wood as a rahtini building products and
customer solutions based on integrated productesgstawakes interest, and has
obvious advantages as the only renewing, indulstrigilised construction material.
Financial recession strikes hard the constructigsintess, but the need for construction
per se, does not disappear. Systematic productiobjective information increases the
competitiveness of wood products in comparisormgodther building materials.

The information related to the environmental perfance of construction materiais.
usage of resources in relation to the obtained fliens becoming globally
acknowledged. Wood should be able to use this bew&hout any specific efforts.
However, it appears that a lot of work is requiiedinformation production, but
especially in lobbying for decision makers. The peifitiveness of wood is expected to
improve in 2011, when the environmental performawdebe included as mandatory
information in the CE-label of construction produat Europe. The business concepts
among the wood product industries are rather iitflexn comparison to the competing
industry sectors. Options of networking and paghgas are not familiar or utilised for
some other reasons. Also investments in marketidgoaomotion are few, although the
challenge has been known for years. As a resulgdwaften looses the fight against
competing materials, albeit the obvious opportesifor better performance.

In general, it is obvious that the future compegitiess of Finnish forest industries will
depend on high quality timber supply, efficientdsir technology and logistics, high
quality products, and elaborated business and mestservice models. Production of
bulk in countries with high labour costs will ndtrive in the globalised competition.

Changing timber supply, logging conditions and oostr requirements call for research
and development efforts. In addition to the incretakinnovations exploiting existing

technologies with low risk, radical ones exploringw technologies with higher

uncertainty are needed, as well. It takes timerfeentions to turn into innovations.

IDEA AND OBJECTIVES OF THE PUU PROGRAMME

The Finnish Forest Research Institute (Metla) fmsdhed a five-year-long (2009—
2013) interdisciplinary research programme “Renewimod product value chains and
timber procurement solutions (PUU). The programmeiewing and analysing timber
flows from raw material to end use, and vice vefldee general objectives of the PUU
programme are:

- Provide information on raw material sources and raaterial availability for
the wood product industries, and search new busimesicepts, logistical
solutions and technological innovations in timbeyqurement and trade.
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- Advice the forest owners the profitable options fionber sales, and how to
manage their forests in order to grow timber witbfjpable markets.

- Support the product and production development Whighemphasis on utilising
the quality potential of raw materials.

- Facilitate the marketing of wood products by prawgd information on the
properties and competitiveness of materials anduywmts, as well as customer
interfaces, requirements and decision processes.

- Develop services applicable to timber trade plagm@ind timber pricing systems.

- Utilise the forest inventory data to support timipeocurement in strategic and
operative levels.

- Upgrade the timber scaling and grading methods.

- Synchronise the work within the three research #erm a way that the
project’s outcomes provide versatile value chaimalyses in addition to the
detailed, focussed research results.

The emphasis areas of the programme are derivenl tihe research strategy of the
Finnish wood products cluster (Puutuoteklustertkitnusstrategia 2008), the road map
of the forest technology sector (Asikainenal. 2005) and partly from the results of
Metla’s previous research programme PKM (Verkagaknroth 2008).

THEMES, PROJECTS AND ORGANISATION

The PUU programme consists of three different tlerffég. 1). They are further

divided into research topics and detailed reseprofects. The concept of value chain
analysis can cross from one theme to another tagean advantage to the individual
research projects.

Theme 1. Raw material potentials of wood and timbetrade functions
Co-ordinator Prof. Erkki Verkasalo

This theme concentrates, firstly, on the futurepprties, value and competitiveness of
Scots pine and Norway spruce in selected produgherts, emphasising wood from
cultivations and thinning forests. The studies aimndustrially applicable results for
planning the strategies for companies’ raw matgrigtoduct segments, and processing
technology, as well as for estimating stumpage rmezofor the forest owners.
Prospective changes in size and grade distributbpge and spruce logs are predicted
based on the forest inventory data and forecasslaf/able cut. Secondly, the timber
trade studies produce information on, and develefhods for timber measurement and
scaling, and value prediction and formation of nedrlstands, for the needs of forest
owners, timber buyers, and wood users. Thirdlyadility of timber, its upgrading and
utilisation as a criterion for environmental perf@nce are studied. The projects in this
programme theme are:

« Raw material potentials, properties, suitabilityl@mompetitiveness of Scots
pine and Norway spruce in wood product indust2€98—-2012 (Prof. Erkki
Verkasalo).

» Assessing quantity, quality and value of wood raatemal for timber trade
and procurement, 2008-2012 (Dr. Jukka Malinen).

* Environmental performance of weather and decagtaad timber, 2009—
2013 (Dr. Martti Venalainen).
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Theme 2. Timber procurement and competitiveness dfarvesting companies
Co-ordinator Dr. Matti Sirén

The projects in this theme aim at increasing thésation of wood raw material
potentials in sustainable, cost efficient and pabiie manner. Emphasis is paid on the
peatland forests that have vast potential for furiltilisation. Taking this potential in
the use necessitates new solutions in logging andiny technology, new machine
equipment, and optimising the use of harvestinguess regionally and seasonally.
The information systems of forest machines cangpdied more efficiently for guiding
the machine operator, sense the terrain accesgibdic. Long distance transport
logistics is important field of research as the ndwood flows change and more
flexible, energy efficient transport methods ardechfor. The business economical
project focuses on developing new strategies fordsting and transport companies, as
well as searching their critical success factord #wols for decision making. The
projects in this programme theme are:

» Possibilities of equipment and accessories in t$arest machinery, 2008—
2010 (Dr. Matti Sirén)

* New logistic and technology innovations in woodqne@ment of forest
industry, 2009-2011 (Mr. Kari Vaatainen)

» Profitability development of service businessewo0bd procurement
enterprises, 2007-2010 (Dr. Markku Penttinen)

Theme 3. Wood products and their customer solutions
Co-ordinator Dr. Henrik Herajarvi

Developing the customer orientation of the prodact service concepts of wood
product industries is the key challenge for tharess. It can be supported by providing
information on the opportunities of company netvegrkew business concepts and
innovation environments. One challenge is to dqvedystems for defining and

measuring the environmental performance of woodlyets, and to analyse its impacts
to their competitiveness. Markets and marketingrofducts are studied both from the
viewpoints of the current user interfaces and thedipted changes in the customer
needs in the course of time. The properties of wawd materials are combined with
wood processing and properties of products, witecsph emphasis on the potential
improvements through gluing, drying and physicatl amemical modifications. The

projects in this programme theme are:

* Business networks, innovation and new product amzdce concepts in
wood products industries of the building construttvalue chain, 2008—
2011 (Mr. Thomas Rimmler)

» Success factors of wooden house and other woodmgfkims in a
changing competitive environment, 2004—2009 (Hrekka Ollongvist)

* New wood product solutions and their competitiven@908—-2010 (Dr.
Henrik Hergjarvi)

« Woodworking industries’ customer segments and fi@iduct and service
needs in the internationalized markets (in prepamgat2010—-2012 (N.N.)

» Growth factors of wood product industries (in pnegpian), 2010-2012 (Dr.
Pekka Makinen)
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The above mentioned projects construct the framiewowhich the externally funded
research projects are running or planned to rutag&ther, there are 30-50 researchers
working in these projects annually. The budgetfifog-year programme period (2009—
2013) of approximately 10 million € includes thdasi@s of permanent personnel. At
least 40% of the budged is expected to be raiseu &xternal sources. Up to five
doctoral dissertations and 10—-20 master’'s these®x@rected to be completed during
the programme period. The PUU programme needsnaitand international partners
for cooperation to build up consortia that canyeplthe information needs of the forest
sector, and to successfully compete for the rebdaraing.

Wood’s raw material potentials and timber trade
functions

Competitiveness

Material substitution

Other national and international
programmes: Finnish Funding
Agency for Technology and Innovation
(Tekes), Forestcluster Ltd., Finnish
government, EU....

Other research and development
programmes of Metla

PUU programme

Wood products and their customer

solutions Co-ordination

Timber procurement and

competitiveness of the companies

Wood construction

; ; ; Profitability
Business innovations Research and development collaboration:

wood product and forest machinery
industries, universities, research institutes,
timber producers...

Figure 1. Knowledge needs in wood product value chains #ed relations to the
PUU programme.

REFERENCES

Asikainen, A., Ala-Fossi, A., Visala, A. & PulkkingP. 2005. Metsateknologiasektorin
visio ja tiekartta vuoteen 2020. [Vision and roadprof the forest technology
sector to year 2020]. Working Papers of the Finor. Res. Inst. 8. 92 p. (In
Finnish)

Puutuoteklusterin tutkimusstrategia. [Researchtegsaof the Finnish wood products
cluster]. 2008. Finnish Forest Industries Fedenat?d p. (In Finnish)

Verkasalo, E. & Enroth, R.-R. 2008. Uusia puunka@yiahdollisuuksia ja
puutuotemarkkinoita osoitetaan monitieteisilla y$tigkimuksilla — PKM-
tutkimusohjelma paatdsvaiheessaan. [Multi-discgiyncollaborative research for
new wood utilisation potentials and wood productrkets — PKM research
programme at the final stage]. Finnish For. Rest. & p. (In Finnish).

Available at: http://www.metla.fi/tapahtumat/2008/p-
loppuseminaari/abstracts/erkki_raijariitta. pdf

192



VARIATION IN SCOTS PINE TREATABILITY
- REVIEW AND FUTURE PROSPECTS

Zimmer, K2 Larngy, E, Hgibg, O"

ABSTRACT

Wood is a traditional building material but in geslat underlies restrictions in outdoor
applications due to its respective durability agaimicrobiological decay. To face this
problem, different impregnation systems are appleénhance the materials’ service
life. Scots pine Rinus sylvestris) is the most widely distributed pine in Eurasiad an
hence easily available. Despite of the previousifingd good treatability of Scots pine
sapwood, large differences in treatment performameereported from industry. As
process parameters are always adjusted to the iatataost difficult to treat,
permeability variations in wood material are anrexuical problem. Therefore, it is
important to understand the material in order tdkena more reasonable material
selection possible.

One can divide three levels influencing the impetgm, when questioning why the
treatment result is so different. On the one hdhd, procedural as drying schedule,
process conditions and treatment agent are afte¢hie result. On the other hand,
indirect properties as site-related factors likghtiexposure, origin and position in the
site and tree related factors as the positioningp@fmaterial within the stem contribute.
Structural properties as anatomical structures @ramical composition are strongly
correlated to permeability by building up the flyggdthway.

In the course of the current PhD project, samplé¢erred will be collected from the
Nordic and Baltic countries in order to obtain diffnces in material structure and
composition to evaluate patterns in treatment perémce according to geographical
origin. As a consequence the material will undedifferent treatment schemes to
indicate permeability differences and locate impedgn pathways to be able to
portrait a comprehensive picture of structural naetéms that influence permeability
and retention of impregnation fluids. This enalite®etter predict material’s treatment
properties. Due to this a more reasonable mategilaktion and process schedules will
be possible.

Keywords: impregnation pathways, latitude, north&uwrope, Scots pine sapwood,
treatability
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