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Disclaimer:

This book of papers compiles the papers and posters presented at the 32"
International Conference on Wood Science and Technology (ICWST)
Unleashing the potential of wood-based materials held in Zagreb, Croatia on 07
and 08" December 2023. The opinions expressed within are those of the authors
and not necessarily represent those of the host, the editors and or any institution
included in organisation of this conference.

Although all reasonable efforts were made by the organising team to ensure
the scientific quality of the contents of papers, the final responsibility for the
content therein and in the final conference proceeding remains with the respective
authors. The editors accept no responsibility for the information contained in the
proceedings. The editors are not responsible for the contents of external websites
referred to in this publication.

The CIP record for this publication is available in the catalogue of the
National and University Library in Zagreb under number: 001206196.
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FOREWORD

Welcome to the 32" International Conference on Wood Science and Technology — ICWST
2023, themed "Unleashing the Potential of Wood-Based Materials." As we embark on this
annual gathering, it is with great excitement that we delve into a rich tradition that has evolved
over the years, connecting experts, researchers, and enthusiasts in the field of wood science and
technology.

This year marks a significant juncture for ICWST, as we explore the endless possibilities
within wood-based materials. Building upon the success of previous conferences, [CWST 2023
is set to be a catalyst for innovative discussions, collaborations, and breakthroughs in the ever-
expanding realm of wood science.

Our conference is honoured to be hosted by esteemed institutions such as the Faculty of
Forestry, University of Zagreb; Biotechnical Faculty, University of Ljubljana; Faculty of Forest
Industry, University of Forestry - Sofia, and InnovaWood. This collaborative effort reflects the
commitment of diverse scientific communities to the advancement of wood science and its
applications.

In the spirit of tradition and progress, ICWST 2023 seeks to create a multidisciplinary
platform where the exchange of ideas transcends borders. We anticipate the convergence of
scientists and researchers from a variety of backgrounds, fostering an environment conducive
to scientific novelty, industrial applicability, and comprehensive syntheses of high-impact
subjects.

As we reflect on the achievements of the past, present, and future, ICWST 2023 is proud
to unveil a program that encapsulates the essence of wood science. Distinguished speakers will
explore a wide range of topics. We are honoured to host renowned experts who will share their
insights, contributing to the rich tapestry of wood science discourse.

In conclusion, [CWST 2023 extends its gratitude to the institutions and companies whose
financial support has made this conference possible. This year's conference aims to go beyond
the realms of wood science and technology, touching upon interconnected topics such as
materials, technologies, design, and more. We aspire to raise awareness about the vital role of
wood as a natural resource in the bioeconomy, advocating for its use as a green building material
in the fight against climate change.

We look forward to a conference filled with intellectual exchange, collaboration, and the
exploration of the untapped potential within wood-based materials. May ICWST 2023 be a
stepping stone towards a future where the sustainable utilization of wood contributes to the
betterment of our world.

Editors


http://mostwiedzy.pl

O

|d"Azpaimisow wou
3 papeojumoa AZd
dIM 1SOW


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

CONTENTS

Evaluation of the Irregularities of the Milled Surface of Beech, Maple and Birch Wood using Areal Surface
Texture Parameters

Adamcik, Luka$; Kminiak, Richard; Banski, Adrian 1

Wood Research at the University of Sopron — Modifications pt. 2
Bak, Miklés;Németh, Robert; Bader, Matyas 7

The Influence of Structural Elements on the Measurement of Thermal Conductivity Using the Hot Disc Method
of Wood-based panels

Balasko, KreSimir 12

Modified PUR Adhesive and its Effect on Longitudinal Tensile Strength Under Tensile Stress
Barta, Josef; Sikora, Adam; Holetek, Tomas; Sedivka, Premysl 19

Basic Physical and Mechanical Properties of Driftwood Used for Art Installations
Bego, Margarita; Lobas Kukavicic, Iris; Martinovic, Sandra; Hajdarevic, Seid; Obucina, Murco...... 27

Wood Research at the University of Sopron — Modifications pt. 1
Buga-Kovacs, Luca; Fodor, Fanni; Horvath, Norbert; Németh, Rébert; Bader, MAtyas ......cccoeeeeeeneee 35

Design Requirements of Upholstered Furniture for Seating and Rest for Smaller Living Spaces Based on the
User's Needs

Domljan, Danijela; Lamot, Bernard; Vlaovi¢, Zoran; Pirc Barci¢, Andreja 43

Increasing the Durability of the Exterior Coating System by Surface Sealing

Dvoiak, Ondiej; Zachara, Tadea$; SarvaSova Kvietkova, Monika; Stérbov4, Irena; Sahula, Lukas .. 50
Energy Efficiency and Machined Surface Roughness in Machining Solid Oak Wood (Quercus robur L.) on the
High Performance Two-Side Thicknessing Planer

Dukié, Igor; Jovanovié, Juraj; iupéic’, Ivica 58

Real Parameters of a Focused CO, Laser Beam and its Determination when Using Lenses with Different Focal
Lengths

Gochev, Zhivko 67

Acoustic Parameters of Birch Wood Compared to Maple Wood and Medium Density Fibreboard
Horak, Petr; Borivka, Vlastimil; Kozel, Jan; Novak, David 75

Mycelium-Based Biocomposites from Recycled Wood: Influence of Fungal Species on Properties of
Biocomposites

Hysek, gtép{m; Dankova, Markéta; Jozifek, Miroslav; Némec, Miroslav; Wimmer, Rupert................ 83

The Effect of Wooden Material Type and Additional Adhesive Fortification on the Withdrawal Capacity of the
Double-thread Nuts

Ibrisevic, Alen; Hajdarevic, Seid; Obucina, Murco; Busuladzic, Ibrahim; Mihulja, Goran;................ 90

Water Resistance of Fiberglass Reinforced Plywood during Prolonged Water Exposure
Jakimovska Popovska, Violeta; Iliev, Borche 98

Influence of the Inappropriate School Furniture on the Bodies of Children in Development
Jevtoska, Elena; Gruevski, Gjorgi 106

The Influence of Drying and Initial Moisture Content of Milled and Solid Oak Wood (Quercus robur L.)
Samples on its Solubility in Cold Water

Klari¢, Miljenko; MatiSev, Borno; gpanic’, Nikola; Barlovié¢, Nikolina 113

IX


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

The Effect of Thermal Modification on the Quality of the Milled Surface of Beech and Pine Wood
Kminiak, Richard;Adamcik, Lukas; Chuchala, Daniel 121

Rationalization of Furniture Constructions in the Design Phase_Using the CAD Program Inventor
Konsa, Petar; Prekrat, Silvana 129

Design-Built Projects from Wood as Training Tool_for Obtaining Complex Skills
Kotradyova, Veronika 136

A study on the Environmental Assessment of 3D Printing with Wood-PLA Composites
Krapez Tomec, Dasa; Oblak, Leon; Kariz, Mirko; Kitek Kuzman, Manja 144

Determination of Thermal Insulation properities of the Developed Material based on Foamed Wood
Kubista, KryStof; Pavelek, Milo§; Zachara, Tadeas!; Krotky, Martin; Sahula, Luka§; Lexa, Martin;
Sedivka, PFemysl 149

Characterization of Particleboards Produced with Orange (Citrus sinensis L.) and Turkey Oak (Quercus cerris
L.) Wood Species Using Modified Starch as Adhesive

Lo Giudice, Valentina; Todaro, Luigi 154

Assessing the Impact of Forest Management in Life Cycle Assessment: Wooden Table Case Study
Remic, Katarina; Jost, Matej 163

Change in Physical Properties at Different Humidity Levels During Laser Wood Processing
Sedlecky, Miroslav; Cihakova Veronika; Corleto, Roberto 171

Analysis of Yield and Sawing Methods During Processing Low Value Pedunculate Oak (Quercus robur L.)
Logs to Sawmill Products

Smajic, Selver; Obucina, Murco; Antonovic, Alan; Istvanic, Josip, Jovanovic, Juraj.........ceeeeeeneen. 180

Comparison of Log Taper in Different Wood Species

Stamenkoska, Ana Marija; Rabadziski, Branko; Zlateski Goran 186
Bio-Based Adhesives Made From Liquefied Wood, Tannin and Lignin

Sernek, Milan’ Zigon, Jure; SaraZin, Jasa 194
Maximizing Process Efficiency in the Wood Industry: A Case Study of FMEA in GoSoft ERP

Vukman, Karla; Josipovi¢, Ivona; Klarié¢, Kristina; Peri¢, [Ivana 202

Wood Formation to Evaluate Tree Species Adaptation Capacity and Productivity in Drought-prone Forests
Balzano, Angela; Cufar, Katarina; Krze, Luka; Merela, Maks 210

Research needs for European species in a scenario of increasing structural wood demand in a bioeconomy based
model

Baiio,Vanesa; Kies, Uwe; Zaton, Patrycja 211
Captain Vlaho Podic's sea Chest from 1871
Bego, Margarita; Spanié¢, Nikola 212

Influence of the Focal Length Position of the Focusing Lens on the Plywood Discoloration under Different
Modes of CO2 Laser Engraving

Gochev, Zhivko; Vichev, Pavlin 213

Empowering Advancement of the Wood and Furniture Sector Through Key Digital and Sustainability
Competencies

Goropecnik, Luka;Makovec Radovan, Danijela; Kropivsek, JoZe 214

Frequency Spectrum of Roughness Signal Obtained on Machined Surface of Solid Oak Wood After Sawing on
the Circular Saw

Jovanovié, Juraj; Jug, Matija; Dukié, Igor 215



http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

Determination of Flexible Pipe Pressure Loss in a Chip and Dust Suction System
Jug, Matija; Beljo Luci¢, RuZica; Dujmovié, Marin; Safran, Branimir; Radmanovi¢, Kristijan;
Jovanovié, Juraj; Kruljac, Antonio 216

Possibilities for using Artificial Intelligence in Furniture/Woodworking industry.

Kariz, Mirko; Kitek Kuzman, Manja; Kropivsek, Joze 217

Analysis of Primary Value Chains in the Slovenian Forest and Wood Bioeconomy

Kropivsek, JoZe; Straze, Ale$; Gornik Bucar, Dominika 218
Life Cycle Assessment (LCA) Study for Early Design Stages of Wooden Wall Coverings with Enhanced
Aesthetics and Functionality

Kruhak, Tajana; Pirc Barci¢, Andreja; Mamic¢, Domagoj; Domljan, Danijela; Klari¢, Kristina ....... 219
Chemical Characterization of Liquefied Forest Biomass of Common Spruce (Picea abies L.) and Oak (Quercus
robur L.)

Matin, BoZidar; Purovi¢, Alen; Matin, Ana; Brandi¢, Ivan; Tomié, Ivana; IStvanié, Josip; Antonovi¢,
Alan 220

Formaldehyde Free Particleboard Bonded with Imidazole Citric Acid Adhesive System
Medved, Sergej; Jones, Dennis; Alan Antonovi¢ 221

Structural Based Analysis of Moisture Resistance of Different Wood-Based Panels

Piporovi¢-Mom¢ilovi¢, Milanka; Medved, Sergej; Popovi¢, Mladan; Spanié, Nikola; Jambrekovi¢
Vladimir 222

Modelling of Peripheral Wood Milling Power Using Design of Experiment Approach
Merhar, Miran; Bjeli¢ Aldin; Hodzié, Atif 223

Colouring of Oak Wood Veneers with Water-based Stains
Mikleci¢, Josip; Jirous-Rajkovié, Vlatka 224

Market Trend Analysis of Wood Products and Wood Waste in the EU Towards a Better Understanding of
Environmental Sustainability and Climate Change

Obrankovié, Jelena; Pirc Bar¢i¢, Andreja; Tafro, Azra; Vukman, Karla; Klari¢, Kristina................ 225

Impact of Ultrasonic Waves on the Synthesis of ZnO Nanoparticles for Wood Modification.
Paul, Dabosmita;Tesafova, Daniela; Petri¢, Marko 226

Acoustic Properties of Certain Types of Wood from Croatia
Radmanovié, Kristijan; Boj¢i¢, Ivan; Safran, Branimir; Dujmovié, Marin; Balasko, Kresimir; Zupéic’,

Ivica 227
Study on the Natural Aging Process of Old Fir (4bies alba Mill.) Structural Timber
Straze, Ales; Dremelj, Matjaz; Merela, Maks; Balzano, Angela; Zigon, Jure; Krze, Luka.......c.ccuu... 228

Addition of Rotten Wood with the Aim of Improving the Wood Pellet Properties

Safran, Branimir; Dujmovié¢, Marin; Radmanovié, Kristijan; Jug Matija; Antonovié, Alan; Hasan,
Marin; Kruljac; Antonio 229

Impact of Feed Rate on Energy Consumption During Cutting Dry Beech Wood with a Circular Saw

Temelkova Anastasija; Trposki Zoran 230

Sustainability Through FSC Recycling: An In-Depth Assessment of European Adoption and Trends

Vukman, Karla; Klarié¢, Kristina; Nikolay Neykov; Peri¢, Ivana; Obrankovié, Jelena; Pirc Bar¢ié,
Andreja 231

XI


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

increased surface area, did not significantly differ in extractive solubility compared to solid
wood samples when both were in an absolutely dry state. This finding could reshape current
perceptions regarding the impact of physical state and moisture content on the extraction
efficiency of wood. The application of the cold water extraction method proved effective in
quantifying the extractive content, which is essential for industries where wood colour
consistency and hydrothermal treatment quality are of utmost importance. The results of this
research offer valuable insights that can be applied to improve industrial processes, such as
drying, steaming, and boiling of oak wood, ensuring better product quality and reducing
financial losses due to colour imperfections. This study not only contributes to the fundamental
understanding of oak wood's chemical behaviour in the presence of cold water but also provides
practical guidance for enhancing the hydrothermal treatment of wood. The findings underline
the critical need to consider the unique properties of wood extractives in industrial applications,
paving the way for more efficient and cost-effective wood processing techniques

Acknowledgements: This research paper is a part of Bachelor thesis of student Borno Matisev.
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ABSTRACT

The article deals with the effect of thermal modification on the quality of the created surface during
milling on CNC milling cutters. The quality of the created surface is evaluated based on surface
roughness, specifically its roughness parameter Ra. The observed surface is created by a shank cutter
with a diameter of 20 mm and three cutting edges in a spiral at a standard speed of 18,000. min™!. The
article compares thermally modified pine wood and beech wood of at temperatures of 160, 180, 200 and
220 °C with a reference sample of kiln dried wood of the given wood species. The article also monitors
the variability of the quality of the created surface due to the change in the feed speed of 2, 4 and 6
m-min! and the thickness of removal of 1, 3 and 5 mm within the given degree of thermal modification.
The article points to the fact that the average value of the arithmetic mean height (Ra) is below 10 um
for both types of wood, regardless of the degree of thermal modification. This meets the general
requirements for the surface quality of furniture blanks. The mutual comparison of wood species showed
that beech wood forms an average of 1.5 um higher quality surface than wood pine. Thermal
modification within both studied wood species improves the quality indicators of the created surface. In
terms of the effect of specific temperatures, the highest quality of the created surface is at 180 °C and
deteriorates in the range of 180, 200, 160, 220 °C. From the point of view of the influence of the
investigated technological factors, no statistically significant influence of either the feed speed or the
thickness of removed layer was demonstrated.

Key words: beech wood, pine wood, thermally modified wood, temperature of thermal modification,
quality of the created surface, technological parameters of the process

1. INTRODUCTION

The current trend is to reduce the environmental footprint of the production process. One
of the aspects is the minimization of the consumption of chemical substances in the production
process, especially in the case of products for children. One of the potential ways is to change
the color and increase the resistance of the surfaces due to the thermal treatment of the wood.

In general, thermal treatment can be defined as a process in which high temperatures in the
range of 150 to 260 °C are applied to wood in an environment with different types of media
(steam, nitrogen, oil, etc.) without chemicals (Sandberg and Kutnar, 2016). As noted by
Budakeci et al. (2013), the effect of these modifications depends on the medium used and its
temperature. In Europe, the most commercially used technologies include ThermoWood in
Finland, Plato Wood in the Netherlands, oil-heat treatment (OHT) in Germany and Les Bois
Perdure and the rectification process (Retiwood) in France (Esteves and Pereira, 2011;
Reinprecht and Vidholdova, 2008).

The production process of thermally modified wood is associated with several chemical
changes in the structure of the material, in simplified terms it is a change in the proportion of
lignin and the degradation of higher cellulose to lower cellulose, and these changes
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subsequently affect its physical and mechanical properties (Reinprecht and Vidholdova, 2008;
Kaéikova and Kaéik, 2011; ThermoWood Handbook, 2003; Cabalova et al., 2016).

The intensity of the change in physical and mechanical properties consequently limits the
use of thermally modified material. For this reason, this article was also created, the aim of
which is to assess the effect of thermal modification on the quality of the machined surface. At
the same time, the article aims to carry out the given assessment not with the help of classic
technologies, as is customary, but with the use of CNC technology.

2. MATERIAL AND METHODS

Experimental samples: In the experiment, native and heat-treated blanks of Scots pine
(Pinus sylvestris) and European Beech (Fagus sylvatica L.) with dimensions of 30 x 55 x 500
mm and moisture content 8 + 1 % were used.

Heat treatment of wood: Samples for the experiment were heat treated with ThermoWood
technology at the FLD Arboretum area (CZU Prague) in Kostelec nad Cernymi lesy. Thermal
treatment was carried out using the chamber S400/03 (LAC Ltd., Czech Republic). The course
of the process was controlled by temperature and humidity sensors directly on the processed
samples. The course of thermal modification itself was controlled via a computer, using a
program from the company Katres spol. Ltd. The treatment process for individual thermal
treatments is shown in Figure 1.

250

0 5 10 20 25 30

Ca%.S( h)

Figure 1. Graphic representation of temperature and time dependence for individual stages of thermal treatment
of samples (Korcok et al., 2018).

Machine and tooling: The blanks were milled on a 5-axis CNC machining center SCM
Tech Z5 (Figure 2) supplied by SCM-—group, Rimini, Italy. The basic technical and
technological parameters indicated by the manufacturer are listed in 7able 1. LEUCO VFW
178354 finishers (Figure 3) from LEUCO (Beinheim, France) were used for milling. The basic
technical and technological parameters indicated by the manufacturer are listed in the Table. 2
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Figure 2. CNC machining center SCM Tech Z5 (https.//www.scmgroup.com/en).

Table 1. Technical and technological parameters of the CNC machining center SCM Tech Z5.
(https.//www.scmgroup.com/en)

Technical parameters of CNC machining center SCM Tech 75

Useful desktop x=3,050mm, y=1,300mm, z=300mm
Speed X axis 0+ 70 m.min’'
Speed Y axis 0 +40 m.min”'
Speed Z axis 0+ 15 mmin’
Vector rate 0+ 83 mmin”

Technical parameters of the main spindle - electric spindle with HSKF63

Rotation axis C 640°
Rotation axis B 320°
Revolutions 600 = 24,000 ot.min”"
Power 11 kW
Maximum tool diameter D= 160 mm

L=180 mm

L1
="} [T == |
1

f o

- e —— - —} -

L2 L3

Figure 3. A Finishing cutter LEUCO VFW 178354. (https://www.leuco.com/EN/US/web/home).

123


http://mostwiedzy.pl

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

Table 2. Technical and technological parameters of finishing cutters LEUCO VFW 178354 (https://www.leuco.
com/EN/US/web/home)

Feature Value

@ D = Cutting circle diameter 20 [mm]

L2 = Cutting width 55 [mm)]

@ d = Shank diameter 20 [mm]

L3 = Shank length 50 [mm]

L1 = Total length 115 [mm]

Z =No. of teeth 3

Helical direction = Helical direction negative

Nmax = Maximum RPM 30,000 [min"']
L/R = cutting direction R

Milling process: A LEUCO VFW 178354 milling cutter was fitted to a SOBO 302680291
GM 300 HSK 63F hydraulic chuck from Giihring KG Albstadt. The blanks were placed in the
CNC machining center so that the longer side was in the X axis and the shorter side was in the
Y axis. clamped with mechanical clamps VCMC-S4 145x145x50 12-80 from J. Schmalz
GmbH, Glatten, Germany. The milling process took place at a constant milling speed n =20,000
min-1 and varying thickness of the removal layer a. = 1, 3 and 5 mm and varying feed speed z
vf=2, 4 and 6 m.min’".

Determination of surface roughness: The surface roughness of the samples was measured
with a laser profilometer LPM-4 (Figure 4) from the manufacturer Kvant s.r.o. Slovak
Republic. The profilometer uses the triangulation principle of laser profilometry. The image of
the laser line is captured at an angle by a digital camera. The cross-sectional profile of the object
is then evaluated from the scanned image. The obtained data are mathematically filtered and

individual indicators of the primary profile, waviness profile and roughness profile are set
(Kminiak and Gaff, 2015)

A -
Figure 4. Laser Profilometer LPM - 4 (1 - supporting structure allowing manual setting of working distance and

fitting of profilometric head and trolley system, 2 - profilometric head, 3 - feed system of the XZ axis, 4 - control
system of working desk shifts) (Kminiak and Gaff 2015).

The methodology of Siklenka and Adamcova (2012) was used to measure the surface
roughness, which meets the EN ISO 4287 standard. Within each sample, measurements were
made in three traces, located in the center of the sample, evenly distributed over the entire
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/\/\ MOST WIEDZY Downloaded from mostwiedzy.pl

-

124


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

surface of the sample. sample width (5/10/15 mm from the edge of the sample), the traverse
length was 60 mm, and the trace was oriented in the direction of spindle displacement in the
milling process. The surface roughness was evaluated using the parameter of the arithmetic
mean of the deviation of the roughness profile Ra.

3. RESULTS AND DISCUSSION

Background: Changing the quality of the created surface as a result of the thermal
modification of wood is not the goal of the thermal modification, but its side effect. The aim of
this article is to assess the risks of thermal modification on quality indicators of the surface,
whether it is necessary to choose different technical-technological parameters of the process
when processing thermally modified wood than when processing wood without thermal
modification.

As an objective criterion for assessing the effect of thermal modification on the quality of
the created surface, the roughness of the created surface was chosen, specifically its parameter,
the ,,Ra“ mean arithmetic deviation of the roughness profile. The reason for choosing the
roughness parameter as the most representative quality parameter is the premise, surface
roughness and waviness are interconnected parameters, surface waviness is primarily
dependent on machining kinematics, and surface roughness primarily depends on the tool-
workpiece interaction. Based on the following premise, roughness reacts more sensitively to
material changes, which was also confirmed in the given experiment.

Analysis of the obtained data: The measured data were subjected to analyses in the statistic
software STATISTICA 12.

o the effect of the type of wood, the degree of thermal modification and the thickness of
the removal layer was shown to be statistically significant, on the other hand, the effect
of the feed speed was shown to be statistically insignificant,

e the order of statistical significance of the factors decreases in the order of type of wood,
degree of thermal modification and the thickness of the removal layer, all three
investigated factors proved to be highly statistically significant

e the roughness of the surface of beech wood ranges from 4.6 um to 8.2 um, the roughness
of the surface of pine wood ranges from 5.2 to 9.7 um, the surface of pine wood is 1.4
um rougher on average like the surface of beech wood (see Figure 5).

1"

10

9

Roughness Ra [pun)]

0 160 180 200 220
Maximum temperature of thermal modification "t" [°C]
Wood species: =-Beech, =& Pine
Figure 5. The effect of thermal modification on the quality of the created surface (vertical bars denote 95 %
confidence interval for the mean.).

125


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

The roughness of the surface of thermally treated beech and pine wood is lower than that
of wood without thermal modification, in terms of the influence of specific temperatures, the
lowest roughness of the created surface is at 180 °C (on average beech wood 5.6 pm / pine
wood 6.1 um) and deteriorates in the order 180 °C, 200°C (on average beech wood 5.7 um/
pine wood 6.9 um), 160 °C (on average beech wood 6.0 um/ pine wood 7.9 um), 220 °C (on
average beech wood 6.6 um/ pine wood 8.4 um) and the reference sample (on average beech
wood 7.2 um/ pine wood 9.0 um), due to thermal modification there is a decrease in roughness
depending on the temperature modifies in the range of 0.7-1.5 um for beech wood and 0.7-3.0
um for pine wood.

The statistical significance of the effect of the thickness of the removal layer on the
roughness of the created surface was confirmed only within pine wood, in the case of beech
wood the given effect is statistically insignificant, in the case of pine wood, as a result of
increasing the removal from 1 mm to 3 mm, the roughness of the created surface worsens on
average by 1.1 pum, and in the case of an increase in removal from 3 to 5 mm, the roughness
will deteriorate by an average of 1.3 pm (see Figure 6/a).

The expected influence of the feed speed on the roughness of the created surface was not
confirmed, surface roughness differences due to a change in the feed speed by 2 m.min’!, the
surface roughness changes on average by 0.3 pum for beech and by 0.7 pm in the case of pine.
It is not possible to observe an unequivocal trend of increase or decrease in roughness due to
changes in the feed rate (see Figure 6/b).
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45 45
1 3 5 2 4 6

95
9.0

Roughness Ra [un]
Roughness Ra [um]

Removal "a." [mm] Feed speed "' [m.min"']

VWood species: —$—Beech, = Pine Wood species =5~ Beech, —=&-Pine
Figure 6. a) The effect of the amount of removal on the quality of the created surface b) the effect of the size of
the feed speed on the quality of the created surface (vertical bars denote 95 % confidence interval for the mean.)

Scientific interpretation of the obtained data: For the sake of objectivity, it is necessary to
emphasize at the outset the fact that most authors dealing with the given issue use the milling
process on the bottom single-spindle cutter and a cutter with a diameter of 120 to 140 mm for
surface creation. The experiment carried out by us is carried out on a CNC milling machine
with a tool diameter of 20 mm. From a macro point of view, we remove identical layers of
material, but from a micro point of view, the chip formation mechanism is not identical. We
will use the example of the contact angle, for a tool with a diameter of 120 and a clearance of
1 mm, the contact angle is 10°, and for a tool of 20 mm and a clearance of 1 mm, the contact
angle is up to 25°. At the same time, a specific feature of tools for CNC milling machines is the
development of the cutting edge into a screw. Both facts significantly influence the
vectorization of forces during the creation of new surfaces.

As stated by Skalji¢ et al., (2009), the physical and mechanical properties and anatomical
structure of the wood affect the roughness of the surface. The resistance to blade penetration
into wood depends on the size and shape of the cells, as well as the thickness and strength of
the cell walls. This creates the hypothesis that the denser and more homogeneous the wood, the
better the surface it creates. This statement corresponds to our conclusions as well as the
conclusions of Malkogodlu and Ozdemir (2006) and Malkogodlu (2007) showed in their
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research that with the same processing parameters, the surface of conifers is of lower quality
than the surface of hardwoods.

The results obtained by us confirm the conclusions of Vanco et al., (2017) that the quality
of thermally treated wood is higher than the quality of native wood, at the same time we agree
with the trend that when the temperature increases to about 200 °C, the quality improves and
above this limit it gradually deteriorates. Thermal modification of wood is a process that
changes its chemical structure, making the wood more fragile and easier to protect. As stated
by (Ispas et al., 2016), the brittleness of wood is a consequence of the loss of amorphous
polysaccharides.

An explanation of the break and the reverse increase in roughness at a temperature of 200-
220 °C is offered by Cabalova et al., (2016). A noticeable mass loss (ML) at temperatures above
220 °C suggested there was intensive decomposition of the wood matter. The ML of wood is
one of the most important features in heat treatment, and it is commonly referred to as an
indicator of quality (Esteves and Pereira, 2009).

Technological interpretation of the results: From a technological point of view, it is
necessary to interpret the obtained data regarding the limit value of the surface roughness.
Based on our own experience, a milled surface can be considered high-quality if the surface
roughness does not exceed the value of Ra = 20 pm. Within the setting of technological
parameters, thermal modification will not cause changes in material properties that would relate
to quality indicators and limit values. From this point of view, there is no need for a
differentiated approach when processing thermally modified wood, and it is possible to use the
same technical-technological settings of the machining process. From the point of view of the
specific values of the technical-technological parameters, it is appropriate to increase them, this
is not prevented by other limiting factors (cutting forces Fc, the ability to evacuate classes
Szm,...).

4. CONCLUSIONS

Thermal modification, in addition to the targeted change for which it is carried out — a
change in color, also brings a change in physical-mechanical properties, which subsequently
affect the machinability of the material. From the point of view of the quality of the created
surface, specifically the surface roughness parameters, it is possible to state that, under the
conditions of machining by means of CNC technology, thermally modified wood shows a
higher quality of the created surface than natural wood. As the temperature of the thermal
modification increases, the quality of the created surface increases approximately up to a
temperature of 200 °C, and above this limit the reverse phenomenon occurs, namely that the
quality of the surface decreases with further temperature increases. In absolute terms, the values
of the surface roughness in the range of recommended values of the technical-technological
parameters usual for the given type of CNC machining are below the limit values, and therefore
the quality of the surface created in this way can be considered acceptable.
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“Effect of the application of machining fluids in minimum quantity lubrication (MQL) system on the milling
process results of heat-treated wood” and VEGA 1/0324/21 “Analysis of the risks of changes in the material
composition and technological background on the quality of the working environment in small and medium-sized
wood processing companies”

127


http://mostwiedzy.pl

Downloaded from mostwiedzy.pl

A\ MOST

32" International Conference on Wood Science and Technology - ICWST 2023
“UNLEASHING THE POTENTIAL OF WOOD-BASED MATERIALS”

REFERENCES

Budakgi, M.; Iige, A. C.; Giirleyen, T.; Utar. M. (2013): Determination of the surface roughness of heat-treated
wood materials planed by the cutters of a horizontal milling machine. BioResources, 8(3), pp. 3189-3199.
DOI: 10.15376/biores.8.3.3189-3199

Cabalova, I.; Kacik, F.; Zachar, M.; Ditbravsky, R. (2016): Chemical changes of hardwoods at thermal loading
by radiant heating. In Acta Facultatis Xylologiae. Zvolen: Technical University in Zvolen, 58(1), 43-50. DOI:
10.17423/afx.2016.58.1.05

Esteves B.M.; Pereira HM. (2009): Wood modification by heat treatment. BioResources, 2009, 4(1), 370-404.
DOI: 10.15376/biores.4.1.370-404

Ispas, M.; Gurau, L.; Campean, M.; Hacibektasoglu, M.; Racasan, S. (2016): Milling of Heat-Treated Beech
Wood (Fagus sylvatica L.) and Analysis of Surface Quality. BioResources, 11(4), pp. 9095-9111. DOI:
10.15376/biores.11.4.9095-9111

Kacikova, D.; Kacik, F. (2011): Chemical and mechanical changes during thermal treatment of wood. TU vo
Zvolene. ISBN 978-80-228-2249-7, 71.

Kminiak R.; Gaff M. (2015): Roughness of surface created by transversal sawing of spruce, beech,and oak wood.
BioResources, 10(2). 2873-2887. DOI: 10.15376/biores.10.2.2873-2887

Korcok, M.; Koleda, P.; Barcik, S.; Vanco, M. (2018). Effects of technical and technological parameters on the
surface quality when milling thermally modified European oak wood. BioResources 13(4), pp. 8569-8577.
DOI:10.15376/BIORES.13.4.8569-8577

Malkogodlu, A. (2007): Machining properties and surface roughness of various wood species planed in different
conditions. Building and Environment, 42 (7). 2562-2567. DOI: 10.1016/j.buildenv.2006 .08.028

Malko¢odlu, A.; Ozdemir, T. (2006): The machining properties of some hardwoods and softwoods naturally grown
in Eastern Black Sea Region of Turkey. Journal of Materials Processing Technology, 173 (3), pp. 315-320.
DOI: 10.1016/j. jmatprotec.2005.09.031

Reinprecht, L.; Vidholdova, Z. (2008): Termodrevo — priprava, vlastnosti a aplikacie. Zvolen, Technical University
in Zvolen, ISBN 978-80-228-1920-6.

Sandberg, D.; Kutnar, A. (2016): Thermally modified timber: recent developments in Europe and North America.
Wood and fiber Science: journal of the Society of Wood Science and Technology 48, pp. 28-39

Skalji¢, N., Beljo Lucié, R., Caviovié, A., and Obuéina, M. (2009): Effect of feed speed and wood species on
roughness of machined surface, Drvna Industrija 60(4), pp. 229-234.

Vanco, M.: Mazan, A.; Barcik, S.; Rajko, L.; Koleda, P.; Vyhnalikova, Z.; Safin, R. R. (2017): Impact of Selected
Technological, Technical, and Material Factors on the Quality of Machined Surface at Face Milling of
Thermally  Modified  Pine  Wood.  BioResources, 2017 12(3), pp. 5140-5154. DOI:
10.15376/biores.12.3.5140-5154

ThermoWood Handbuch [online]. © 2003. URL:https://asiakas.kotisivukone.com/files/en.thermowood
.palvelee.fi/downloads/ThermoWood _Handbuch.pdf

128


http://mostwiedzy.pl

