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THE STUDY OF COLOUR CHANGES OF CHOSEN
SPECIES OF WOOD FROM SOUTHEAST ASIA CAUSED
BY TRANSPARENT COATINGS AND EXPOSURE TO
SUNLIGHT

In recent years the interest in exotic wood species has been increasing, which was
caused by these species’ specific properties. The aesthetic effect of the material,
especially the colour, is the most important aspect. Unfortunately, wood is suscep-
tible to strong discolouration caused by the coating process or exposure to sunli-
ght. This paper describes the influence of these factors on the colour stability of
Asian teak, merbau and kempas wood species that are mainly used for flooring.
It was proved, using spherical spectrophotometer, that uncoated wood became dar-
ker when exposed to the action of varnishes and sunlight. Lacquering, waxing and
shellac lacquering of wood does not protect it against discolouration, but makes the
colour more even on the whole surface.

Keywords: exotic wood, Intsia bijuga (Colebr.) O. Ktze, Koompassia malaccensis
Maing. ex Benth., Tectona grandis L., changes of wood colour, wood
coatings

Introduction

The increasing popularity of exotic wood species has been visible in recent years
(an over twelvefold increase — Kozakiewicz 2006). Floors made of exotic wood
species change their colour due to external factors [Kozakiewicz 2005], especially
due to light and oxygen in the air. This poses serious problems, especially when
the floor is partially covered.

Colour is the reaction of sight to 400-700 nm light which enters the eye and is
projected onto the retina (visible light) [Mielicki 1997]. The colour of wood can
be changed using appropriate technical means such as application of a varnish co-
ating or oil paints, which can completely cover the natural colour of wood, but at
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the same time provide a protective coating designed to preserve the wood against
external factors. Transparent lacquering increases the natural colour intensive-
ness, but simultaneously accentuates all defects in pattern and colour.

Despite the exotic wood colour descriptions, the professional literature is limi-
ted to the data on colour change, but not obtained by organoleptic tests but using
colorimeter. The aim of this study was to determine the colour change of coated
merbau, kempas and teak wood resulting from exposure to sunlight.

Materials and methods

The following three Asian wood species, popular in Poland and often used for
flooring, were selected for tests (nomenclature in accordance with PN-EN
13556:2005 standard): merbau (/ntsia bijuga (Colebr.) O. Ktze.), kempas (Koom-
passia malaccensis Maing. ex Benth.), and teak (7Tecfona grandis L.). Their de-
tailed descriptions and characteristics are provided by Kozakiewicz and Szkartat
[2004], and Kozakiewicz [2006, 2008]. Before the tests, samples were planed and
sanded. The radial section of more uniform pattern was selected, rather than the
coarser, tangential section. Moisture content in wood ranged from 8% up to 12%.
Boards were cut into test samples of the following dimensions: 70x70%10 mm.
The samples were grouped (except group A — standard samples, and group B —
uncoated wood samples after solar radiation). In every group surface was finished
with various coatings produced by various manufacturers:

— in group C with two-component water-based polyurethane lacquer,

— in group D with one-component polyurethane lacquer,

— in group E with nitrocellulose lacquer,

— in group F with polyurethane lacquer,

— in group G with shellac lacquer,

— in group H with wax.

The materials were used in line with the producers’ suggestions. Then the
coated samples were placed in a room where they were exposed to direct sunlight
for one year (westward).

The analysis of colour change was based on the international CIE L*a*b*
model. Until the time of exposure to sunlight, the samples were kept in isolation
from it in order to preserve their natural colour. Measurements were taken before
coating, after coating and then after exposure to sunlight.

X-Rite SP-60 spherical spectrophotometer was used for the tests. Colour coor-
dinates (in the space dye) described the colour difference. Colour differences were
calculated according to the following formula:

— total colour difference:

AE* , =[(AL*)* + (Aa*)* +(Ab¥)* 12 (1)
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where: AL* - lightness difference,
Aa* - red colour difference (a>0),
Ab* - yellow colour difference (b>0).

— saturation difference:
C*, =(a* +b**)" @
— hue difference:
H*=arctg(b*/a*) 3)

The average values were calculated from obtained data (5 measurements per
single sample). For lack of a wood discolouration standard this study is based
on PN-ISO 7724-1:2003, PN-ISO 7724-2:2003, PN-ISO 7724-3:2003 standards
concerning lacquer discolouration.

Results

Obtained results for merbau (/ntsia bijuga (Colebr.) O. Ktze.), kempas (Koompas-
sia malaccensis Maing. ex Benth.) and teak (7ectona grandis L.) wood are presen-
ted in table 1 and fig. 1-3. On the basis of the detailed analysis of gathered data it
may be concluded that coated exotic wood changes its colour, which is caused by
exposure to sunlight. Lightness values dropped in comparison to control samples
(group A), i.e. the wood became darker. The greatest lightness change of merbau
wood was observed in group E (samples coated with nitrocellulose lacquer), and
the lowest in group C (samples coated with two-component water-based poly-
urethane lacquer). In the case of kempas wood the greatest lightness change was
found in group G (shellac lacquer), and the smallest in group H containing sam-
ples coated with wax. The results of teak wood tests were as follows: the darkest
samples were in group F (polyurethane lacquer coating) and the least darkened in
group B (samples subjected to solar radiation, no painting and no paint coatings).

The analysis of the remaining two colour parameters showed that the satura-
tion and hue of the exotic wood changed due to long exposure to sunlight. Colour
saturation (C*) of merbau and teak wood became stronger in all studied groups. In
the case of kempas wood chrome coating increased the paint systems of groups C,
D, E, and H, and decreased in groups B, F, and G (the samples’ surfaces became
pale).

It was observed that the average value of hue (H*) decreased for tested wood
species, which means that their colour changed. Based on this parameter it can be
determined (not organoleptic) that the similar to orange-red colour of the samples
of kempas wood and merbau wood became more similar to red-brown, while the
colour of kempas wood samples was darker.
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Table 1. The comparison of the colour parameters of wood species from Southeast
Asia caused by varnishing coatings and exposure to sunlight

Tabela 1. Zestawienie parametrow barwy drewna pochodzgcego 7 Azji Poludniowo-Wschod-
niej pod wplywem powlok lakierniczych i ekspozycji na dzialanie swiatla stonecznego

Colour parameters

Woc?d Cecha barwy drewna
species | Croup Lightness (L*) Saturation (C¥) Hue (H*)
tunek P Wartos¢ jasnosci Wartos¢ chromy Wartos¢ odcienia
drewna L*min L*;V'/ L*max | C*min C*;V'/ C*max | H*min H*;V'/ H*max
uncoated 39.82 44.47 50.10 | 20.53 22.45 2543 [ 52.777 5535 58.94
wood
drewno bez 42.09 42.98 44.39 |21.73 22.89 24.09 | 5470 55.11 55.55
powloki

41.54 43.02 44.89 | 24.74 26.44 27.52 | 53.42 5493 56.25
40.62 41.77 4270 | 23.15 2486 26.23 | 52.45 53.30 54.37
40.09 4038 40.85|24.66 25.11 2590 |48.82 49.19 49.82

coated wood
after exposu-
re to sunlight

MERBAU
(Intsia bijuga (Colebr.) O. Ktze.)

drewno 4120 41.88 42.58 |23.68 24.06 24.58 | 48.71 49.36 50.18

z powlokq po
naswictlaniu 41.11 41.70 42.50 [25.95 27.65 29.01 | 49.83 50.59 51.51
4139 4253 4422 |25.67 26.44 2835|4935 50.38 51.33
“‘ggi&ed 47.65 51.93 54.20|23.28 26.92 2894 |52.82 54.52 55.99

§ drewno bez
S=|  powloki 39.41 40.81 41.83 |21.95 22.94 23.62 | 48.41 48.83 4935

Q=

£§§ 3936 41.02 41.77 | 25.85 27.62 28.73 | 44.83 47.12 47.90
S

E.s % | coated wood 40.83 42.14 43.05[25.33 27.45 2935 |47.14 48.69 48.71

M 2 | after exposu-

M £ £ | re to sunlight 42.10 43.28 45.04 |27.89 28.78 30.62 | 48.69 50.00 52.04
§2 drewno 37.83 38.83 39.99 [2233 23.96 24.92 | 4021 41.28 42.07
M z powlokq po
= | aswietlaniu 3636 36.84 3772|2324 24.84 2640 |41.72 4273 4423

4436 44.77 45.65|26.82 27.86 28.58 | 50.28 50.81 51.74

uncoated 4557 5437 60.89 [23.18 26.71 31.50 | 63.11 67.52 69.32
wood
d b

;f;”v’v’;kfz 52.92 53.48 53.51 |33.82 34.14 34.86 | 64.46 64.66 64.89

50.32 51.31 53.20 |30.72 31.23 31.78 | 62.56 63.72 65.13
5249 5393 55.25(29.07 30.94 31.81|64.82 66.02 67.30
42.12 46.57 49.94 12699 30.62 33.10 | 58.68 61.26 63.24

coated wood
after exposu-
re to sunlight

TEAK
(Tectona grandis L.)

drewno 41.48 4442 4752 (2433 27.02 31.14 | 56.27 58.10 60.59
z powlokgq po
naswietlaniu 4739 47.80 4835 (33.14 3445 3532 |60.60 61.44 62.12

zje|=|=|ofe] @ | > |z|o|=[m[o]o]= [ > |z][a][=][m][c|c] = [ >

41.88 4558 47.69 | 24.33 28.14 30.70 | 57.67 60.89 63.75
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Fig. 1. The appearance of coated merbau wood samples (Intsia bijuga (Colebr.)

0. Ktze.) after exposure to sunlight
Rys. 1. Wyglqd probek drewna merbau (Intsia bijuga (Colebr.) O. Ktze.) pokrytego powloka-

mi po ekspozycji na dziatanie swiatla stonecznego

Fig. 2. The appearance of coated kempas wood samples (Koompassia malaccensis

Maing. ex Benth.) after exposure to sunlight
Rys. 2. Wyglad probek drewna kempas (Koompassia malaccensis Maing. ex Benth.) pokry-

tego powlokami po ekspozycji na dziatanie swiatla stonecznego

Fig. 3. The appearance of coated teak wood samples (Tectona grandis L.) after expo-

sure to sunlight
Rys. 3. Wyglqd probek drewna tikowego (Tectona grandis L.) pokrytego powlokami po eks-

pozycji na dziatanie swiatla stonecznego
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The biggest differences in this parameter were observed for a merbau wood sample
from group C (two-component paint, water-based) and for kempas wood samples
from group F (polyurethane lacquer). In the case of teak wood, it was observed
that samples of a colour similar to yellow got a bit darker shade of yellow, and the
biggest difference in hue was recorded for samples from group E (nitrocellulose
lacquer).

For comparison of different coatings, a total colour difference criterion
(fig. 4-6) and colour stabilisation was set. The scope of wood colour changes was
set on the basis of a nine-step scale [Mielicki 1997] given in table 2.
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Fig. 4. The comparison of total colour difference of coated merbau wood (Intsia biju-
ga (Colebr.) O. Ktze.) caused by exposure to sunlight

Rys. 4. Zestawienie catkowitej roznicy barwy drewna merbau (Intsia bijuga (Colebr.)
0. Ktze.) pokrytego powlokami po ekspozycji na dzialanie swiatla stonecznego
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Fig. 5. The comparison of total colour difference of coated kempas wood (Koompassia
malaccensis Maing. ex Benth.) caused by exposure to sunlight

Rys. 5. Zestawienie catkowitej roZnicy barwy drewna kempas (Koompassia malaccensis Ma-
ing. ex Benth.) pokrytego powtokami po ekspozycji na dziatanie swiatla stonecznego
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Fig. 6. The comparison of total colour difference of coated teak wood (Zectona gran-
dis L.) caused by exposure to sunlight

Rys. 6. Zestawienie catkowitej roznicy barwy drewna tikowego (Tectona grandis L.) pokryte-
go powlokami po ekspozycji na dzialanie swiatla slonecznego

Table 2. Colour stability [Mielicki 1997]
Tabela 2. Stopnie trwalosci barwy [Mielicki 1997]

Czk,’.ur. d‘fbference 0+ | 08+ | 1.7+ |25+ |34+ |48+ |68+ |96+ 136+
"Z’”CA“E arwy 02 | 02 | 03 [ 035] 04 | 05 | 06 | 07 | 1.0
Colour stability
Stopien trwatosci 5 4-5 4 3-4 3 2-3 2 1-2 1
barwy

On the basis of the classification presented in table 2, it can be said that there
was no correlation between tested wood species (the colour of each species co-
vered with the same painting and varnish coatings reacted differently to exposure
to natural sunlight). In the case of merbau wood the highest degree of colour
stability was found in the group of samples subjected to solar radiation, but not
coated with lacquer painting and coatings (group B). The most durable colour of
kempas wood samples was found in the group of wax-coated samples (group H),
and in the case of teak wood it was observed in the group of samples coated with
one-component polyurethane varnish (group D).

Conclusions

The tests run on three popular wood species from Southeast Asia, i.e. merbau,
kempas and teak wood, consisting in the evaluation of colour changes of wood
caused by different transparent coatings and exposure to sunlight, allow the follo-
wing conclusions:
1. transparent coatings (varnishes, wax, and shellac) and exposure to sunlight
caused changes in colours of wood surface,
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2. changes in colour were different in the three tested kinds of wood; the scope
of changes depended on the finishing coating applied,

3. covering of the wood samples’ surface with varnishes, waxes, and shellac,
and then subjecting them to sunlight resulted in darker colour of the samples,

4. generally application of varnish, wax and shellac did not protect wood from
changes of colour; however it made the colour more even on the entire wood
surface.
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BADANIE ZMIAN BARWY WYBRANYCH GATUNKOW
DREWNA Z AZJI POLUDNIOWO-WSCHODNIEJ
SPOWODOWANYCH TRANSPARENTNYMI POWLOKAMI
1 ODDZIALYWANIEM SWIATEA SLONECZNEGO

Streszczenie

W ostatnich latach widoczna jest rosnaca popularnos¢ drewna egzotycznego na rynku
europejskim. Podlogi wykonane z drewna egzotycznego zmieniajg swoja barwe pod
wplywem czynnikéw zewnetrznych. W opisach barwy drewna egzotycznego w litera-
turze fachowej brak danych, pozyskanych nie organoleptycznie, lecz za pomoca kolory-
metréw fizycznych. Celem niniejszej pracy byto zbadanie, przy uzyciu spektrofotometru
sferycznego, zmian barwy wybranych gatunkéw drewna z Azji Potudniowo-Wschodniej
(tik, merbau, kempas) z naniesionymi transparentnymi powlokami pod wptywem dziata-
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nia $wiatta stonecznego. Analiz¢ zmiany barwy wykonano na podstawie matematycznego
modelu przestrzeni barw CIE L*a*b*, opracowanego przez Migdzynarodowa Komisje
Oswietleniowa, uwzgledniajacego zalecenia zawarte w normie PN-ISO 7724-3:2003.

Wyniki przeprowadzonych badan pozwalaja stwierdzi¢, ze transparentne powloki
(lakiery, wosk, politura) i ekspozycja na dziatanie §wiatta stonecznego powoduja zmia-
ny barwy drewna. Zmiany barwne maja zréznicowany charakter dla badanych gatunkow
drewna, a wielko$¢ zmian jest zalezna od zastosowanego $rodka uszlachetniajacego.
Wigksza zmienno$¢ barwy wykazuje drewno, ktdre zostato pokryte powtokami niz drew-
no niczym niezabezpieczone. Lakierowanie, woskowanie i politurowanie drewna general-
nie nie zabezpiecza go przed zmianami barwy, jednak wyrownuje jego kolorystyke (barwa
drewna jest wyrownana na catej powierzchni).

Stowa kluczowe: drewno egzotyczne, Intsia bijuga (Colebr.) O. Ktze, Koompassia malaccensis
Maing. ex Benth., Tectona grandis L., zmiany barwy drewna
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COMPARATIVE STUDIES OF FURNITURE LACQUER
COATINGS’ RESISTANCE TO LINEAR SCRATCHING ACC.
TO THE METHOD DESCRIBED IN TS 15186:2005

The article presents results of comparative studies of the resistance of lacquered
furniture surfaces to linear scratching. The studies were performed in cooperation
with industrial laboratories and using a new method for evaluation of this functio-
nal property of the surface. The effect of the studies performed was the assessment
of reproducibility and repeatability of the test final results for tested set of furniture
surfaces. The results of the studies also served to assess the differentiation of furni-
ture surfaces in terms of their resistance to scratching.

Keywords: furniture surface, surface resistance to linear scratching, reproducibi-
lity of the scratch test final result, repeatability of the scratch test final
result, differentiation of furniture surfaces

Introduction

Resistance to scratching is a functional property of furniture surfaces that is im-
portant in both furniture production processes and furniture service life. This
property together with other essential features of furniture surface coatings, such
as abrasibility and impact value, decides the coating mechanical resistance, espe-
cially by reflecting its hardness. Hence, the resistance to scratching is also called
the scratch hardness. The wood-based substrate also influences furniture surface
resistance to scratching, but this influence is significant only when the coating
applied on this substrate is thin, i.e. of the thickness of less than 50 pum, and
the substrate is characterised by considerable heterogeneity. Testing of coating’s
resistance to scratching is a subject considered in theoretical approach concern-
ing complex phenomena connected with the appearance of scratches on coatings
made of various lacquer products [Shen 2006a, b], as well as in practical approach
concerning usefulness and credibility of defined methods for testing this surface
property [Emmler, Nothelfer-Richter 2005; Krzoska-Adamczak 2001].
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For many years the Clemen method, described in PN-65/C-81527, was the
procedure used for testing resistance of furniture surfaces to scratching. In that
method a steel graver with the sintered carbide tip of defined geometry serves as
the scratching tool. That method was intended for testing lacquer coatings cured
on standardised steel plates. Therefore, if used for testing coatings produced on
porous wood or wood-based substrates, the impossibility of unambiguous deter-
mination of minimum tip load, which causes appearance of a continuous visible
scratch without damaging the substrate's structure, often was pointed out. An-
other method for assessment of coating resistance to scratching that was used in
Poland was the procedure according to PN-88/F-06100-11 which employed sap-
phire gramophone needle as the scratching tool. That method was used to evalu-
ate hardness of coatings on furniture surfaces by determining the tip load causing
appearance of a scratch of the width of 50 pm [Paprzycki, Serafinowska 1990].
Another way of evaluation of lacquer coating resistance to scratching is the meth-
od described in BN-78/6110-03 which employs a set of graphite pencils by “Koh
and Noor” in which there are pencils of 17 standardised graphite hardness values.
Nominally this procedure is used for determination of so-called pencil hardness of
lacquer coatings cured on a steel or glass plate. The scratch test according to Taber
is an example of another, less known, method for determination of lacquer coat-
ing resistance to scratching. This test is used in comparative studies of functional
resistance of coatings produced from various products [Lange et al. 1997; Poitoux
2006]. A separate group consists of workshop methods that are applied in current
rough assessment of coating resistance to scratching. Amongst these methods is
the procedure using 318 DBGM tool according to Erichsen or so-called “coin
test” performed using, for instance, the Hamberger Planer device (coin). These
test methods are not standardised.

In the last few decades tests of furniture surface resistance to scratching,
depending on the type of tested furniture finish and specification of require-
ments [Krzoska-Adamczak 1996,1999], have been carried out according to
methods described in the following standards: EN 438-2:1991, EN 438-2:2005,
ISO 1518:1992, and SIS 839117:1973 [Krzoska-Adamczak 2001]. Except for
the procedure according to EN 438-2:2005, the principles of methods described
in the other above-mentioned standards are similar, i.e. all the methods look
for the least load of the tip of defined geometry which will produce on tested
furniture surface a visible or measurable trace of a scratch of defined continu-
ity or width. The diversification of basic elements of the above-mentioned test
methods caused a lack of possibility of unambiguous comparison of the final
results of tests for resistance to scratching carried out using these methods. This
fact was an important reason for taking up methodological research on develop-
ment of a new method for assessment of surface resistance to scratching which
would encompass a wider range of furniture finishes. An original method of
testing furniture surface resistance to scratching was developed under the Euro-
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pean research project entitled “Test methods on wear resistance and long-term
stability of furniture surfaces” (FUNFACE) [Banecki et al. 2004; Emmler et
al. 2004, 2005; Krzoska-Adamczak, Nowaczyk 2004a]. The said test procedure
was validated by carrying out two series of inter-laboratory comparative tests
in co-operation with the research laboratories which participated in FUNFACE
project. The conclusions from those comparisons were used to appropriately
modify the preliminary version of the method, and then to draw up a draft of a
technical standard containing the modified test procedure [Krzoska-Adamczak,
Nowaczyk 2004b].

The developed test method was granted the status of technical requirements
and is described in technical standard TS 15186:2005 as method A. The method
is characterised by such things as: optimised geometry of the scratching diamond
tip, new definition of the scratch trace which is independent of the type of fur-
niture surface finish (all finishes except for laminate coatings), and an objective
way of the scratch assessment based on the scratch width measurement. The re-
sults of successive comparative studies of the developed method and procedures
according to EN 438-2:1991 and SIS 839117:1973, carried out in two series of
tests on 11 different furniture surfaces in the laboratory of the Wood Technology
Institute (ITD) in Poznan, allowed a statement that test procedures according
to TS 15186 (method A) and SIS 839117 to a large extent differentiate furni-
ture surfaces finished with various materials (clear lacquers, enamels, foils, short
cycle laminates) [Banecki, Krzoska-Adamczak 2007]; however, the procedures
demonstrate a bit worse repeatability of the test final result (90%) compared with
the method according to EN 438-2:1991 (100%). Moreover, a strong linear cor-
relation between method A described in TS 15186 and the procedure set forth
in SIS 839117 was proved. The results of the analyses allowed a conclusion
that method A described in TS 15186 can replace the procedure according to
SIS 839117:1973. As a result of successive standardisation activities carried out
in the framework of CEN/TC207/WG7, method A described in the above-men-
tioned technical standard, after taking into account only some minor corrections,
was included in a draft of EN 15186:2010. Currently, this draft is being at the
stage of public survey.

Within the framework of the programme of inter-laboratory comparative stud-
ies, the method for determination of surface resistance to scratching according to
TS 15186 was presented to selected producers of lacquer products and furniture
operating in Poland. Additionally, the reproducibility and repeatability of the final
assessments of resistance to scratching, obtained for six different furniture surfac-
es in two test sessions, at each participating labolatory (5 entities) were evaluated.
The article presents the results of those studies.

The aims of the studies were:
— to determine reproducibility and repeatability of the results of tests of furnitu-
re surface resistance to linear scratching carried out in industrial laboratories
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and in the ITD laboratory using test method A described in technical standard
TS 15186,

— to determine the ability of the test method applied to differentiate furniture
surfaces.

The programme of the studies comprised:

— preparation of samples of board furniture elements (6 types) of surfaces fini-
shed in various ways, i.e.:

— with lacquer coating made of pigmented solvent-based 2K products, also
of high solids type, and of UV-cured products,

— with lacquer coating made of thermosetting powder paint,

— with tinted lacquer coating made of transparent 1K waterborne product,

— thickness measurements of lacquer coatings on the samples prepared for tests,

— acquaintance of selected industrial laboratories with the new test method du-
ring the informational and training meeting, organised by the ITD in Poznan,
whose agenda contained such items as:

— presenting description of the test method to the participants; the descrip-
tion was prepared in the ITD based on TS 15186 (method A),

— carrying out by the qualified staff of the ITD laboratory demonstrative
tests of resistance to scratching using the said test procedure,

— common assessment of resistance to scratching of furniture surfaces sub-
jected to demonstrative scratch tests,

— carrying out inter-laboratory tests by the participants, i.e. four industrial labo-
ratories and the ITD laboratory were to carry out two series of tests of resi-
stance to scratching of each of 6 furniture surfaces using the above-mentioned
test method,

— performing an analysis of the test results as regards selected features of the
test method applied (reproducibility and repeatability of the test final results
furniture surfaces differentiation).

Test materials

Board furniture elements of surfaces finished in various ways, 6 different types
of surface finish, were used in studies. Those elements were: MDFs of different
thicknesses, HDF, wet-pressed fibreboard, and particleboard covered with beech
veneer; the boards were finished with pigmented or clear lacquer coatings. The
board furniture elements used in comparative studies were produced in industrial
conditions. Characteristics of the substrate material and its surface finish for every
board furniture element is given in table 1.
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Table 1. Characteristics of furniture panels applied in comparative studies
Tabela 1.Charakterystyka plytowych elementow meblowych zastosowanych w badaniach po-

rownawczych
Average
Code of thickness of
~0de of tur- lacquer coat-
mtur%?;rface Substrate material Type of surface finish ,ingl) [nm]
owierzchni Materiat podtozowy Typ wykonczenia powierzchni Srednia gru-
p meblowej bos¢ pokrycia
lakierowego”
[um]
3-layer coating made of solvent-based
MDF (18 mm) pigmented 2K PUR lacquers of High Solids
PM-1 | Phta MDF o grubo- ~ type(HS) 71
i 18 mm Pokrycie lakierowe 3 — warstwowe wytworzo-
ne z rozpuszczalnikowych poliuretanowych
wyrobow kryjgcych (2K) typu high solids
Wet:)t(;g;gs(s; (jn?:)r ¢ Pigmented lacquer coating made of UV-
B cured products of HS type
PM -2 Mokro formowana . . . 21
Iyta piléniowa o Pokrycie lakierowe wytworzone z emalii typu
p rubosci 3 mm high solids utwardzonej promieniowaniem UV
3-layer coating made of solvent-based pig-
MDF (16 mm) | mented 2K Ac lacquer in base and top layers
PM -3 Plyta MDF o grubo- | Pokrycie lakierowe 3 — warstwowe wytworzo- 230
sci 16 mm ne z akrylowej rozpuszczalnikowej emalii (2K)
w warstwach podktadowej i nawierzchniowych
5-layer coating made of UV-cured Ac put-
ties, base Ac lacquers and top Ac enamel
HDF (3 mm) Pokrycie lakierowe 5 — warstwowe wytworzo-
PM -4 Plyta HDF o grubo- .. . 39
éci 3 mm ne z uzyciem szpachlowek akrylowych, wyro-
bow podktadowych i nawierzchniowej emalii
akrylowej utwardzonych promieniowaniem UV
Structured coating made of low bake ther-
MDF (19 mm) mosetting powder paint
PM -5 Plyta MDF o grubo- | Powloka strukturyzowana wytworzona z uzy- 286
Sci 19 mm ciem niskotemperaturowej termoutwardzalnej
farby proszkowej
Particleboard
\)(vlifhrgz)cliailr:gr 3-layer coating made of water-based stain
(0.5 mm) on both and waterborne 1K Ac transparent lacquer
' sides in base and top layer
PM -6 Phota widrowa o Pokrycie lakierowe 3 — warstwowe wytworzo- 91
r); bosci 18 mm ne z uzyciem bejcy wodnej, warstwy podktado-
o klge iona dwustronnie wej i warstwy nawierzchniowej z akrylowego
fo rjnirem bu}cowym wyrobu wodorozcienczalnego (1K)
(0,5 mm)

D Presented values were calculated on the basis of results of thickness measurements

Y Podane wartosci obliczono na podstawie wynikéw 10 jednostkowych pomiaréw grubosci
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Samples of board furniture elements intended for comparative studies were
prepared in the ITD in Poznan. Preparation of the samples included:

— cutting to size of test samples of the dimensions of (10x10xthickness) cm,

— marking cut-to-size samples with a description code containing information
on: participant of studies, furniture surface, test series, and test sample num-
ber,

— seasoning and conditioning of test samples in the period of 4 weeks preced-
ing performance of scratching resistance tests in a given laboratory; samples
were conditioned for 7 days in a Thermocold KK-08 climatic chamber under
normal conditions: temperature of 23+2°C and relative humidity of 50+5%,

— after the 3-week period of seasoning and the 7-day conditioning, sets of test sam-
ples were put into plastic packaging (polyethylene foil) protecting the samples’
surfaces from possible scratching during transport to target industrial laboratory.
The thickness of lacquer coatings of furniture elements for testing was me-

asured by the ultrasonic method. The thickness measurement was done using
a QuintSonic PRO ultrasonic thickness gauge by Elektro-Physik GmbH. The final
result of measurements for a given surface finish variant was the arithmetic mean
value from ten thickness measurements taken at randomly selected points of te-
sted furniture surfaces (table 1).

Test methods

To acquaint industrial laboratories with the test method intended for use in com-
parative studies, the following forms of transfer were applied:

— passing on the information on the developed test procedure in the form of
Power Point presentation together with commentary during the informational
and training meeting organised in the ITD,

— demonstration of making a linear scratch on a furniture surface and taking me-
asurements of the widths of scratches produced on the demonstrative surface,

— demonstration of apparatuses used in the ITD laboratory for making surface
scratch and taking measurements of the width of scratches produced on the
surface.

The following industrial partners participated in the inter-laboratory compa-
rative studies: Becker Acroma Polska Sp. z 0.0., Czerska Fabryka Mebli KLOSE
Sp. z 0.0., Fabryka Mebli BALMA S.A., and Fabryka Mebli FORTE S.A. Divi-
sion in Suwalki. The fifth participant of the studies was the Wood Technology
Institute (ITD) in Poznan. Individual laboratories taking part in the studies were
randomly marked with the codes: LAB1 — LABS.

Tests of resistance of described furniture surfaces to linear scratching were
performed by each of the above-mentioned participant at the time suitable for them
within the period from August to November 2008. All participants of comparative
studies carried out 2 series of surface scratching resistance tests of each of the
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6 furniture surfaces using method A described in TS 15186. A departure from that
methodical description, which occurred during execution of tests in all participa-
ting laboratories, was taking measurements of the width of scratches produced on
the tested surfaces only by 2 observers using the same optical measuring device.
The scratch width measurement was taken in its middle part.

To carry out the scratch tests and assess scratches produced on tested furniture
surfaces, particular laboratories applied the following testing and measuring ap-
paratuses as well as auxiliary materials:

— device for surface linear scratching — Scratch Hardness Tester model 239/11
by Erichsen GmbH & Co KG — equipped with electric drive allowing tip's
movement with the velocity of 20 + 10 mm/s in the range of its load 120 N,

— diamond scratching tip of cone geometry: radius of tip's rounded part
R =0.30+0.01 mm, cone angle o= 60+1°,

— measuring stereoscopic microscope — MOTIC model SMZ-140/143 — of the
magnification range of 10+40°, equipped with digital camera MOTICAM
2000, co-operating with the computer programme Motic Images Plus in the
scope of its measuring function, allowing scratch width measurement with the
uncertainty of + 0.01 mm,

— workshop measuring microscope by PZO of the magnification of 20" allowing
scratch width measurement with the uncertainty of = 0.01 mm,

— graphite of HB hardness and water-soluble ink (black) as materials for con-
trasting the route of scratch edges on tested furniture surfaces.

The reproducibility of the test final result in laboratories participating in the
comparison was assessed for a given test object, i.e. for a defined furniture sur-
face and within a given test series, using the value of variation coefficient of
scratch test final result. Taking into account values of variation coefficient of
scratch test final result calculated for individual furniture surfaces, mean values
of that coefficient were determined for each of two test series. Those values
characterised average level of variability of the final results in 5 laboratories
participating in the comparison, corresponding with the set of furniture surfaces
used in the tests.

The following criterion was adopted for the need of assessment of repeatabili-

ty of the final result of test of furniture surface resistance to scratching:
“The final result of scratch resistance test is considered repeatable for a given
furniture surface if final results of its resistance obtained in the same labora-
tory in two consecutive test series do not differ between one another by more
than 1 N” [Banecki, Krzoska-Adamczak 2007; Krzoska-Adamczak, Nowaczyk
2004b]. Applying the hereinbefore described repeatability criterion to each labo-
ratory participating in the comparison, the percentage share of furniture surfaces
for which the criterion was fulfilled was determined. The calculated percenta-
ge share was considered the measure of repeatability of the test final result in
a given laboratory for the set of furniture surfaces used.
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For the assessment of differentiation of furniture surfaces by the test method
applied, it was assumed in the carried out tests that the measure of that differentia-
tion was the parameter defined by equation (1):
~ (Max .- Min .)
- AL

2 100 (1)

where: D — degree of furniture surfaces differentiation as regards their resistance
to scratching determined by using the test method applied, %,
Max + maximum resistance to scratching which was observed amongst
furniture surfaces subjected to tests, N,
Min. = minimum resistance to scratching which was observed amongst
furniture surfaces subjected to tests, N,
AL — difference between maximum and minimum load of the scratching
tip applied in the test method used — it was the interval of the tip loads in
the method applied, N.

The value of the degree of furniture surfaces differentiation as regards their
resistance to scratching was determined for every laboratory participating in the
comparison, separately for the first (I) and the second (II) test series. The diver-
gence in values of that parameter amongst individual laboratories were evaluated
by determination of the value of variation coefficient of the degree of surfaces
differentiation in test series I and test series I1.

Discussion of test results

Fig. 1-6 present values of final results of resistance to scratching of furniture sur-
faces PM-1 to PM-6, respectively, in relation to the participant of comparative
studies and the test series. The values of those results indicate high resistance to
scratching of furniture surfaces PM-3 and PM-1 finished with lacquer coatings
of chemo-hardened solvent-based products based on acrylic or urethane binders.
Furniture surface PM-5, finished with structured coating of thermosetting powder
paint, demonstrated comparable resistance to scratching. In the case of those three
furniture surfaces, the influence of the substrate material on their scratch resistan-
ce was insignificant due to the thicknesses of respective lacquer coatings (over 50
um — table 1) and the fact that the substrate in all above-mentioned furniture surfa-
ces was made of MDF, i.e. of a material of high homogeneity of surface and stable
hardness. A different situation occurred in the case of furniture surfaces PM-2
and PM-4 finished with lacquer coatings of UV-cured acrylic products. Due to
low thickness of those lacquer coatings (less than 50 um), it should be recognised
that the type of the substrate material had a bearing on scratch resistance of those
furniture surfaces. Average values of final results of scratch resistance calculated
for those furniture surfaces indicate clear difference in their resistance values , i.e.
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7.0 N for surface PM-2 (fig. 2) and 11.0 N for surface PM4 (fig. 4). The observed
difference in scratch resistance values for both considered furniture surfaces may
result from differentiation of hardness values of wet-pressed fibreboard and HDF,
which were the substrates for those surfaces, and it may be an effect of the diffe-
rence in average thicknesses of both lacquer coatings (table 1).
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Fig. 1. Final assessment of PM-1 surface resistance to scratching depending on the
participant of comparative tests and the test series

Rys.1. Konicowy wynik badania odpornosci na zarysowanie powierzchni meblowej PM-1
w zaleinosci od wykonawcy badania i serii badawczej

Z_ 200
o0 a 18.0 D Test series no. I; I seria badawcza
g .0 1
= ‘§ D Test series no. 1I; I/ seria badawcza
= S 16.0 1
S 2 14.0 4
2§ ]
S8 120
g 3
g 3 10.0 1
28 801
AN
b
€S 4.0
=5 3
28 201
23 00
=3 . T T T T T 1
z 2 LAB1 LAB2 LAB3 LAB4 LABS g
Lo
— = . . .« .
=RV Comparative studies participant’s code
[ Kod wykonawcy badan porownawczych

Fig. 2. Final assessment of PM-2 surface resistance to scratching depending on the
participant of comparative tests and the test series

Rys.2. Konicowy wynik badania odpornosci na zarysowanie powierzchni meblowej PM-2
w zaleznosci od wykonawcy badania i serii badawczej
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Fig. 3. Final assessment of PM-3 surface resistance to scratching depending on the
participant of comparative tests and the test series

Rys.3. Koricowy wynik badania odpornosci na zarysowanie powierzchni meblowej PM-3
w zaleznosci od wykonawcy badania i serii badawczej
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Fig. 4. Final assessment of PM-4 surface resistance to scratching depending on the
participant of comparative tests and the test series

Rys.4. Konicowy wynik badania odpornosci na zarysowanie powierzchni meblowej PM-4
w zaleinosci od wykonawcy badania i serii badawczej

The last of tested furniture surfaces marked with the code PM-6 demonstrated
the lowest scratch resistance at the level of 6.0 N (fig. 6). This test result probably
reflects low hardness of the lacquer coating produced from waterborne product
dried in the air in relation to much harder substrate which was beech veneer. Ne-
vertheless, it should be noticed that average thickness of the lacquer coating on
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Differentiation of tested furniture surfaces is illustrated in fig. 9 by the width
of the dispersion interval of final results of scratch resistance of those surfaces.
Data presented in fig. 9 allows a statement that the average width of the dispersion
interval of final results calculated for all comparative studies participants was 9
N in test series no. I and 8.8 N in test series no. II. Therefore, it may be accepted
that at the level of the average values, the differentiation of tested surfaces was
very similar in test series no. I and no. II. Taking into account unit values, it sho-
uld be noticed that in the case of laboratories LAB1 and LAB4 the width of the
dispersion interval of final results in test series no. I exceeded the average value
and reached 10 N; whereas in test series no. II the width of that interval was at
the level of the average value (9 N). In the case of laboratory LAB3 the widths
of dispersion of final results were the same in both test series and distinctly less
than the average value. Similarly as in the case of labolatory LAB3, final results
obtained by laboratory LABS5 also were evenly dispersed in both test series, but
the width of their dispersion corresponded with the average value (fig. 9).

[ 9.0 ] Test series no. II;
[ 9.0 ] 11 seria badawcza

LAB 5

: : : : : : : : : ; Test series no. I;
[ 9.0 ] [ seria badawcza
[ 10.0 ] v b

LAB 4

LAB3

50 ]

[ 9.0 |

LAB2 I - |

Y S I
[ 10.0 ]

LAB1

Comparative studies participant’s code
Kod wykonawcy badan porownawczych

T T T T T T T T T T T T T T T T T T i
10 20 30 40 50 60 70 80 9.0 100 11.0 120 13.0 140 150 160 17.0 180 19.0 20.0

Final result of surface resistance to scratching [N]
Koncowa ocena odpornosci powierzchni na zarysowanie [N]

Fig. 9. Dispersion intervals of final results of scratch resistance of furniture surfaces
examined depending on the participating laboratory and the test series

Rys.9. Przedzialy rozproszenia wartosci koricowych ocen odpornosci na zarysowanie zbada-
nych powierzchni meblowych w zaleznosci od wykonawcy badania i serii badawczej

Table 3 presents values of the furniture surface differentiation degree while
using method A according to TS 15186. The values were calculated based on the
widths of dispersion intervals of scratch resistance final results. Depending on the
test performer, calculated values fluctuated between 42% and about 53% in test
series no. I and between 42% and 47% in test series no. II. In table 3 variability
of the furniture surface differentiation degree among laboratories participating in
the comparison was evaluated. The values of variability coefficient given in table
3 suggest that variability of the surface differentiation degree within the set of fur-
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niture surfaces used in studies in 5 different laboratories was at a level lower than
10%, which allows a statement that the parameter demonstrated low variability,
taking into account the scale of comparative studies carried out (i.e. the number of
participants and the number of objects tested).

Table 3. Differentiation of furniture surfaces tested depending on the participant of
comparative studies and variability of furniture surface differentiation degree for all
participating laboratories

Tabela 3. Roznicowanie badanych powierzchni meblowych w zaleZnosci od wykonawcy ba-
dania porownawczego oraz zmiennos¢ wartosci stopnia zroznicowania powierzchni meblo-
wych w laboratoriach uczestniczgcych w porownaniu

Comparative studies participant’s code
Kod wykonawcy badania poréwnawczego

x

) LAB1 | LAB2 | LAB3 | LAB4 | LABS o

Test series %
Seria z
badawcza &b
g

<

Furniture surface differentiation degree " [%]
Stopien roznicowania powierzchni meblowych V' [%]

Standard deviation [%]
Odchylenie standardowe [%]

Srednia arytmetyczna [%]
Variability coefficient [%]
Wspotczynnik zmiennosci [%]

Test series
no. I 52.6 42.1 42.1 52.6 47.4 47.4 4.7 9.9

1 seria

Test series
no. II 47.4 47.4 42.1 47.4 47.4 46.3 2.1 4.6

1l seria

D" Expresses the ability to differentiate tested furniture surfaces as regards linear scratch resistance
determined by method A acc. to TS 15186. This parameter was calculated according to formula
(1).

D' Wyraza zdolnosé do réznicowania powierzchni meblowych ze wzgledu na ich odpornosé na
zarysowanie prostoliniowe okreslong przy uzyciu metody A wg TS 15186. Wskaznik ten obliczono
stosujgc rownanie (1).

Conclusions

Based on the results of studies conducted and analyses done, the following conc-
lusions may be formulated:
1. Reproducibility of test final result, expressed by the value of variability coef-
ficient of scratch resistance final result determined by method A according to
TS 15186, is diverse depending on the tested furniture surface and assumes
values from 2.7% (the highest reproducibility for surface marked with the
code PM-3) to 15.6% (the lowest reproducibility for surface marked with the
code PM2).
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2. For most of tested furniture surfaces reproducibility of test final result is hi-
gher in the first test series (I) than in the second test series (II), and differences
in the values of final result variability coefficient between the two test series
range from 1.3% to 5.5%, depending on the tested surface.

3. In 4 industrial laboratories and in the ITD laboratory the average variability
coefficient of scratch resistance final results determined by the above-mentio-
ned test method for the furniture surface set used was at the level of 9.2% in
test series no. [ and 10.8% in test series no. 1.

4. Repeatability of test final result, expressed by the percentage share of furnitu-
re surfaces fulfilling defined repeatability criterion, was at the level of 66.7%
or 100%, depending on the comparative studies participant.

5. In 4 industrial laboratories and in the ITD laboratory the average repeatability
of the final result of scratch test, carried out using the above-mentioned test
method, for six tested furniture surfaces was at the level of 80%.

6. Differentiation of furniture surfaces tested using the above-mentioned test
method, expressed by the value of furniture surface differentiation degree,
fluctuates between 42% and around 53% in test series no. I and between 42%
and 47% in test series no. I, depending on the comparative test performer.

7. In 4 industrial laboratories and in the ITD laboratory variability coefficient of
differentiation degree of the six lacquered furniture surfaces was at the level
of 9.9% in comparative test series no. I and 4.6% in comparative test series
no. II.
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BADANIA POROWNAWCZE ODPORNOSCI MEBLOWYCH
POKRYC LAKIEROWYCH NA ZARYSOWANIE
PROSTOLINIOWE Z ZASTOSOWANIEM METODY
WEDLUG TS 15186:2005

Streszczenie

Praca stanowita kontynuacje wczesniejszych badan, ktorych efektem bylo opracowanie
oryginalnej metody oceny odpornosci powierzchni mebli na zarysowanie, a nastgpnie
okreslenie jej podstawowych cech i zbadanie korelacji w ramach badan poréwnawczych
z metodami dotychczas stosowanymi do oznaczania odpornosci powierzchni na zaryso-
wanie. Kolejnym etapem byly migdzylaboratoryjne badania poréwnawcze z udziatem
laboratoriow przemystowych w zakresie oceny odporno$ci na zarysowanie prostolinio-
we wybranych lakierowanych powierzchni meblowych z wykorzystaniem metody A we-
dlug TS 15186. Wybrane rezultaty tego etapu pracy poshuzyty dalszej walidacji tej meto-
dy badawcze;.

Celem pracy bylo okreslenie odtwarzalnos$ci i powtarzalnosci wynikéw badan odporno-
$ci powierzchni meblowych na zarysowanie prostoliniowe, wykonanych w warunkach
laboratoriow przemystowych i laboratorium ITD z zastosowaniem metody badawczej
A opisanej w standardzie technicznym TS 15186, a takze okreslenie zdolnosci zastosowa-
nej metody do réznicowania powierzchni meblowych wykonczonych réoznymi wyrobami
lakierowymi.

Program pracy obejmowal miedzy innymi: zaznajomienie wybranych laboratoriéw prze-
mystowych z nowa metoda badawcza, wykonanie przez uczestnikow badan poréwnaw-
czych dwu serii badan odpornos$ci na zarysowanie kazdej z sze$ciu lakierowanych po-
wierzchni meblowych, przeprowadzenie analizy wynikow badan ze wzgledu na wybrane
cechy zastosowanej metody badawczej (odtwarzalno$é, powtarzalno$¢é koncowego wyni-
ku badania, ré6znicowalno$¢ powierzchni meblowych). Przedmiotami badan byly ptytowe
elementy meblowe o powierzchniach uszlachetnionych pokryciami wytworzonymi z pig-
mentowanych lub przezroczystych wyrobdéw lakierowych.

W wyniku przeprowadzonych badan poréwnawczych stwierdzono, ze odtwarzalno$é
koncowego wyniku badania, wyrazana za pomocg warto$ci wspotczynnika zmiennoS$ci
koncowej oceny odpornosci na zarysowanie, jest zréznicowana w zaleznosci od badane;j
powierzchni meblowej. Sredni wspotczynnik zmiennosci koncowych ocen odpornosci na
zarysowanie, okreslonych przy uzyciu powyzszej metody we wszystkich 5 laboratoriach
uczestniczacych w poréwnaniu, ksztattuje si¢ na poziomie okoto 9% w I serii badawczej,
oraz okoto 11% w II serii badan. Powtarzalno$¢ koncowego wyniku badania, wyrazana
procentowym udziatem powierzchni meblowych, dla ktorych zostato spetnione zdefinio-
wane kryterium powtarzalnosci, w zaleznosci od wykonawcy badania poréwnawczego
ksztattuje si¢ na poziomie okoto 67% lub 100%. Natomiast, Srednia powtarzalnos¢ kon-
cowego wyniku badania ksztattuje si¢ na poziomie 80%. Zdolnos¢ do réznicowania ba-
danych powierzchni meblowych, wyrazana warto$cia stopnia réznicowania powierzchni
meblowych, waha si¢ od 42% do okoto 53% w I serii badan oraz od 42% do 47% w II se-
rii badawczej, zaleznie od wykonawcy badania porownawczego. Oszacowana zmienno$¢
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stopnia réznicowania szesciu roznych lakierowanych powierzchni meblowych, badanych
w 5 laboratoriach uczestniczacych w poréwnaniu, ksztattuje si¢ na poziomie ponizej 10%
zarowno w I, jak i II serii badan poréwnawczych.

Stowa kluczowe: powierzchnia meblowa, odporno$¢ powierzchni na zarysowanie prostoliniowe,
odtwarzalno$¢ koncowego wyniku badania, powtarzalnos¢ koncowego wyniku
badania, réznicowanie powierzchni meblowych.
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FORMALDEHYDE CONTENT IN AND VOC RELEASE
FROM PARTICLEBOARDS MADE OF FIBROUS CHIPS

The aim of this research was to investigate formaldehyde content in and volatile
organic compounds release from particleboards produced from fibrous chips. The
object of the tests were panels produced from fibrous chips of black locust Robinia
Pseudoacacia L. and willow Salix Viminalis L., as well as from typical industrial
particles. The results show that formaldehyde content in the panels produced from
willow fibrous chips is similar to the content in the panels made of industrial parti-
cles. The concentration of total volatile organic compounds measured after 4 weeks
of storage is significantly lower than the required by the existing regulations.

Keywords: formaldehyde, VOC, HCHO, fibrous chips, particleboard, willow,
black locust

Introduction

The possibility of furniture panel production from willow and black locust fibrous
chips was confirmed by mechanical strength tests and machining experiments
[Kowaluk 2009; Kowaluk et al. 2010]. To produce a complete characteristic of
the new, designed material the information about its hygienic properties, such as
formaldehyde content and concentration of volatile organic compounds, is need-
ed. An exceedance of safe levels of concentration of some chemical compounds,
including formaldehyde, hexanal and other VOC, can be dangerous to human
health. The issue is especially important when particles are bound using urea-
formaldehyde resin. A systematic reduction of the perforator value during the last
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5 decades [Roffael 2006] can be an effect of the attention given to hygienic indoor
environment. It is a common knowledge [ Yrieix et al. 2010] that in Europe people
spend almost 90% of their time inside buildings. It can substantiate the validity
of research on formaldehyde content in and VOC release from the investigated
panels which can be used as indoor equipment in the future.

The aim of this research was to investigate formaldehyde content in and
volatile organic compounds release from particleboards produced from fibrous
chips. The tested objects were panels made of fibrous chips of black locust Rob-
inia Pseudoacacia L. and willow Salix Viminalis L. For comparison panels from
typical industrial particles were produced at the laboratory scale as well.

Materials and methods

Particleboards

The investigated 3-layer panels were produced at the laboratory scale from fibrous
chips obtained from 2 years old offshoots of black locust Robinia Pseudoacacia
L. and 2 years old offshoots of willow Salix Viminalis L., as well as from industrial
softwood particles. The main production parameters were: density (assumed) 600
and 660 kg/m?, core layer particles’ mesh size between 2 and 8 mm, thickness
16 mm, face layers share 32 %, urea-formaldehyde resin Silekol W-1C, resination
in the core 8 % and in the face layers 12 %, pressing time coefficient 10 s/mm.
Finally, 6 types of the panels were produced: 2 panels of different density from in-
dustrial particles (ip600 and ip660), 2 panels of different density from black locust
(r600 and r660) and 2 panels of different density from willow (w600 and w660).
18 3000

171 mbending strength

16 4 wytrzymatos¢ na zginanie
157 @ modules of elasticity T 2500

1‘; modut sprezystosci

12 4 + 2000
114
10 4

©
L

-+ 1500

-+ 1000

Modules of elasticity [N/mm?2]
Modul sprezystosci [N/mm?]

+ 500

Bending strength [N/mm?2]
Wytrzymatosé na zginanie [N/mm?]

O =2 NWHHOO N ©
T

ip600 ip660 r600 r660 w600 w600

Fig. 1. Bending strength and modulus of elasticity of investigated panels
Rys. 1. Wytrzymalos¢ na zginanie oraz modul spregystosci badanych plyt
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The tests of the produced panels showed that density variations between the as-
sumed and the real values were less than 5 %. The mechanical parameters of the
panels are presented in fig. 1. The panels were calibrated on the industrial grinding
machine to achieve equal panel thickness as well as better surface roughness.
A layer of the thickness of about 0.3 mm was removed from each side of a cali-
brated panel. After grinding, particleboards were conditioned to the equilibrium
moisture content at a temperature of 20°C and relative humidity of 65 %.

The innovation in this study is the new type of the particles used to produce
furniture particleboards. As it can be seen in fig. 2, fibrous chips are totally dif-
ferent from industrial chips. Fibrous chips are longer and have many free fibres
at the ends as well as on the whole body. They are springier. The average bulk den-
sity of fibrous chips for core layer was about 20-30 kg/m?; while typical industrial
core layer chips have bulk density about 150 kg/m?®.

a) b)

Fig. 2. The differences between the form of fibrous chips (a) and the form of typical
industrial particles (b)

Rys. 2. Roznice pomiedzy postacig wiorow widknistych (a) i postacig typowych wiorow
przemystowych (b)

Formaldehyde content measurement

The formaldehyde content measurement was conducted according to PN-EN
120:1994 standard. Two parallel tests of one type of the panel were carried out.
The results of the tests represent formaldehyde content in panels of moisture con-
tent converted into 6.5%. All panels produced at the laboratory scale were tested
for formaldehyde content.
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Volatile organic compounds (VOC) measurement

Qualitative analysis and quantitative determination of VOC was carried out
on GC/MS TRACE 2000 Thermoquest/Finnigan apparatus, equipped with a mass
detector Finnigan Trace MS and a capillary column RTX-VMS 30m x 0.25mm
x 1.4 um, using thermal desorption technique according to PN-EN ISO 16000-
9:2006. Samples of the panels were prepared according to PN-EN ISO 16000-
11:2006 and samples of emitted gas for analyses were taken in line with PN-EN
ISO 16017-1:2006 regulations. The following parameters of the chamber were
used: temperature 23+2°C, air relative humidity 50£5 %, air exchange rate 1 per
hour, chamber loading rate 1 m*m?, chamber capacity 0.025 m®. The following
samples were taken for VOC tests: 1660, w660 and industrial 3-layer particle-
board with the density of 645 kg/m?®. The VOC emission test was conducted four
weeks after the production date, including conditioning time.

Results and discussion
Formaldehyde content

The results of the measurement of formaldehyde content in investigated panels
are presented in fig. 3. As it can be seen, panels produced from black locust fibrous
chips were characterised by the highest formaldehyde content. The panel of lower
density had slightly higher formaldehyde content.

8 -

74

6.5
6.2
4.5 44
4.1

4] 3.6
3]

2 .

1 .

0 : : : ; ;

ip600 ip660 r600 r660 w600 w660

HCHO content [mg/100 g tot. dry panel]
Zawartos¢ HCHO [mg/100 z. s. p.]

Fig. 3. Formaldehyde content in investigated panels
Rys. 3. Zawartos¢ formaldehydu w badanych plytach

This remark is true also for panels produced from willow fibrous chips. However,
taking into account the notice from PN-EN 120:1994 standard stating that 20 %
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differences in formaldehyde content between two parallel tests of the same panel
can be acceptable, the presented differences in formaldehyde content between
panels of different densities are of no practical significance.

The average formaldehyde content was comparable in the case of panels pro-
duced from industrial particles (ip600 and ip 660) and from willow fibrous chips
(w600 and w660).

In the light of the study of Weigl et al. [2009], where softwood had higher
wood-borne formaldehyde content, it seems interesting that higher formaldehyde
content was found in panels produced from willow and black locust, i.e. from
hardwood species.

Volatile organic compounds (VOC)

From the point of view of particleboard end-user it is worth mentioning that the
emission of VOC from tested panels made of fibrous chips, as well as from the
industrial panel, was significantly low (table 1). This observation was made based
on the comparison of the further presented results of VOC measurements with the
research of Dziewanowska-Pudliszak and Gaca [2004] where industrial 3-layer
and 16 mm thick particleboards were tested. The above-mentioned researchers
obtained the following results of tests for total VOC (TVOC): 2269 mg/m* after
5h, 1279 mg/m? after 24h, and 921 mg/m? after 48h. One of the reasons for such
a low emission can be the 4 week long storage time of tested panels. Such a stor-
age time before tests gives more useful information about the VOC emission lev-
el. The research of Kowaluk et al. [2010], which were conducted on particleboard
samples conditioned unwrapped for 4 weeks, proved that panels made of maritime
pine and glued with urea formaldehyde (UF) resin contained significant concen-
trations of a-pinene and hexanal (50.3 mg/m? and 65.5 mg/m’, respectively, after
3 day emission test in a chamber). In panels produced from willow fibrous chips the
concentration of hexanal was almost twice as high as the Yrieix’s result (121 mg/
m?®), but the amount of a-pinene was half the Yrieix’s result (25 mg/m?) after 2 day
emission test in the chamber (table 1). The concentration of the above-mentioned
compounds for the panel made of black locust fibrous chips equalled 1 or less
than 1. The variation of the concentrations of a-pinene and hexanal for industrial
panels was high, but after 2 day emission test in the chamber the amount of the
above-mentioned compounds was lower than for the panels tested by Yrieix et
al. [2010]. The low emission of phenolic compounds from black locust panel can
be confirmed by the conclusions of Diinisch et al. [2010] stating that the juvenile
wood of black locust has low content of such a component. In that research the
amount of VOC sum (TVOC) was also 218.1 mg/m’. In the light of this result,
panels produced from willow were characterised by TVOC of about 431 mg/m?,
panels from black locust by TVOC of 50 mg/m?, and industrial panel by TVOC
of 117 mg/m®. The above-mentioned values do not exceed the TVOC limits
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proposed by the Committee for Health-related Evaluation of Building Products
[AgBB 2008].

Table 1. The concentration of chemical compounds in the chamber air for tested

panels
Tabela 1. SteZenie zwigzkow chemicznych w powietrzu komory dla badanych plyt

Concentration in the chamber air [mg/m?]
Stezenie w powietrzu komory [mg/m’]
Chemical compound gxposure tim? (k]
Zwiqzek chemiczny zas ehsposyeji [1]
48
w660 1660 premetona
acetone/aceton <1 4 23
acetic acid/kwas octowy 77 25
pentanal/pentanal 11 <1
toluene/toluen 5 1
pentanol/pentanol 25 <1
hexanal/heksanal 121 <1 19
ethylbenzene/etylobenzen 15 <1 6
i : | :
o-xylene/o-ksylen 14 6
a-pinene/a-pinen 25 1 7
heptanal/heptanal 17 <1 <1
3-carene/3-karen 5 <1
benzaldehyde/benzaldehyd 15 <1 15
octanal/oktanal 26 <1
Sl ; :
phenol/fenol 12 <1 <1
acetophenone/acetofenon 12 <1 <1
decanal/dekanal 32 8 <1
0
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Conclusions

Presented results are promising as regards the production of particleboards from
tested raw materials and particles (fibrous chips). The following conclusions
can be drawn from this study:

— formaldehyde content in panels produced from fibrous chips of Robinia Pseu-
doacacia L. was higher than in panels produced from fibrous chips of Salix
Viminalis L.,

— after 4 weeks of storage the concentration of volatile organic compounds, me-
asured in the 48 h of exposure time, was the highest for panels produced from
Salix Viminalis L. fibrous chips and the lowest for panels from Robinia Pseu-
doacacia L. fibrous chips,

— compared with other laboratory tests [Dziewanowska-Pudliszak and Gaca
2004, Roffael 2006], VOC concentration for panels produced from fibrous
chips was significantly lower than for industrial particleboards.
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List of standards

ISO 16000-6:2004 Indoor air — Part 6: Determination of volatile organic compounds in indoor
and test chamber air by active sampling on Tenax TA sorbent, thermal desorption and gas
chromatography using MS/FID

PN-EN 120:1994 Wood based panels. Determination of formaldehyde content. Extraction me-
thod called the perforator method

PN-EN ISO 16000-9:2006 Indoor air — Part 9: Determination of the emission of volatile or-
ganic compounds from building products and furnishing - Emission test chamber method

PN-EN ISO 16000-11:2006 Indoor air — Part 11: Determination of the emission of volatile
organic compounds from building products and furnishing - Sampling, storage of samples
and preparation of test specimens

PN-EN ISO 16017-1:2006 Indoor. Ambient and workplace air - Sampling and analysis of vo-
latile organic compounds by sorbent tube/thermal desorption/ capillary gas chromatogra-
phy - Part 1: pumped sampling

ZAWARTOSC FORMALDEHYDU I EMISJA VOC
PLYT WIOROWYCH WYTWORZONYCH Z WIOROW
WLOKNISTYCH

Streszczenie

Celem badan byto okreslenie zawartosci formaldehydu w ptytach wiérowych wytwo-
rzonych z wiorow wioknistych i emisji lotnych zwiazkow organicznych z tych ptyt. Do
badan uzyto widrow wioknistych z dwuletnich odrostow korzeniowych robinii (Robin-
ia Pseudoacacia L.) oraz wierzby (Salix Viminalis L.), jak rowniez typowych wiorow
przemystowych. Badania wykazatly, iz zawartos¢ formaldehydu w ptytach wytworzonych
z wierzby jest zblizona do zawartosci formaldehydu w plytach z wiéréw przemystowych.
Stezenie lotnych zwigzkéw organicznych, mierzone po 4 tygodniach przechowywania
plyt, jest istotnie mniejsze niz obowigzujace ograniczenia.

Stowa kluczowe: formaldehyd, VOC, HCHO, wioéry wlokniste, ptyta widrowa, wierzba, robinia
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Magdalena Witczak, Malgorzata WaLkowiak, Wojciech Cicny

PRE-TREATMENT OF BIOMASS BY TORREFACTION -
PRELIMINARY STUDIES

Torrefaction is a mild pre-treatment of biomass at the temperatures range from
200°C to 300°C. This report presents preliminary studies of torrefaction process
for different types of raw material. A torrefied product has a brown/black colour,
reduced moisture content, and increased heating value (HHV and LHYV). It has fa-
vourable properties for application as a fuel for gasification and combustion.

Keywords: torrefaction, biomass pre-treatment, TOP process, TOP pellets

Introduction

Biomass is an important renewable energy source. International obligations of
Poland and the energy sector concerning the production of renewable energy re-
sult in a situation where biomass could be burnt in co-firing process as a biofuel
[Rozporzadzenie...2008; Obwieszczenie...2009].

Biomass as a biofuel has such advantages as renewability in a short period of
time (it is dependent on plant species growing from few months to ten years) and
relatively high energy potential. The high heating value of biomass (15-24MJ/kg)
is comparable with the worst types of coal.

The disadvantages of biomass, like its high moisture content and hygroscopic
nature, make this material requiring drying and storage in special conditions and
in small particles after harvesting. The raw biomass has a lower heating value
(few MJ/kg). Moreover, plant biomass has very diverse properties (different amo-
unts of elements like chlorine, sodium, and potassium). All described features of
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biomass cause that harvesting, transport, storage and preparation of this material
for combustion become troublesome and uneconomic.

Modification with the object ameliorates many or all deficiencies of biomass.
Thermal modification of wood improves hydrophobic properties, increases its na-
tural resistance and extends durability. This form of thermal processing of plant
biomass is a preparation process for combustion known as torrefaction.

In the literature torrefaction is defined as mild or slow pyrolysis, high-tempe-
rature drying, roasting, wood cooking and wood browning. The name of torrefac-
tion is adopted from roasting of coffee beans, which is performed at lower tempe-
rature and using air. Nevertheless, an important mechanical effect of torrefaction
on biomass is supposed to be similar to its effect on coffee beans which is their
resulting brittle structure.

In the 1930’s the principles of torrefaction were first reported in relation to
woody biomass. The process was carried out as a part of the biomass applica-
tion to produce a gasifier fuel [Bergman 2005]. In 1980 Bourgois and Guyonnet
described torrefied wood as an efficient biofuel for combustion and gasification
[Lipinsky, Arcate, Reed 2002]. The combustion process of torrefied wood and tor-
refied biomass was studied by researchers since the 1990’s [Bergman et al. 2005;
Yan-jun et al. 2002; Ahajji et al. 2009].

Torrefaction is a thermo-chemical process at a temperature of 200-300°C. It
is carried out under atmospheric conditions and in the absence of oxygen (for
example nitrogen [Prins, 2005]. The main product is solid state substance which
is often called a torrefied biomass or char. The efficiency of mass and energy in
torrefaction process depends on the temperature, time, and type of biomass. In
addition, the process is characterised by low particle heating rates (<50°C/min)
and the time of the process is about an hour.

Fig. 1 provides a typical mass and energy balance of torrefaction [Bergmann et
al. 2005]. In the process 70% of the mass is retained as a solid product containing
90% of the initial energy content. The high value of energy in torrefied product
influences the improvement of fuel properties. This is in contrast to pyrolysis pro-
cess which is characterised by an energy yield of 55-65% in advanced concepts.

TORREFACTION GASES
GAZY TORYFIKACYJNE
0.3M 0.1E
BIOMASS TORREFIED BIOMASS
BIOMASA TORREFACTION | BIOMASA TORYFIKOWANA
M 1E | TORMTEACA TT0IM 09E

Fig. 1. Typical mass and energy balance of the torrefaction process (M — mass, E —
energy) [Bergmann et al. 2005]

Rys. 1. Typowy rozklad masy i energii w procesie toryfikacji (M — masa, E — energia) [Berg-
man i in. 2005]
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The main product of torrefaction is a fragile and breakable material of brown,
dark-brown or black colour. Torrefied biomass is no more of hygroscopic nature
and its grindability is improved significantly. In addition, it has high biological
resistance and interesting properties as a biofuel [Bergmann et al. 2005b]. These
features make torrefied biomass very attractive for combustion and gasification
applications.

TOP process

The solution to the problems with treatment of biomass was the implementation
of pelletisation process. Compared to untreated biomass pellets are small combu-
stion units and bring cost savings in handling and transportation. Pellets are less
vulnerable to biological degradation, for they are dry, so the periods of storage can
be longer. Pelletisation process consists of drying, size reduction, steam precon-
ditioning, and densification. Nowadays pellets compete with coal in the Northern
Europe. Research is still being continued to improve the pellets properties. Produ-
cers mainly upgrade pellets’ durability and biological degradation. The uniformity
of pellets is difficult to establish, as the sources of quality variations are numerous.
There are large differences between softwood, hardwood or straw. Bergman de-
scribed the combination of torrefaction and pelletisation as the TOP process. The
TOP process consists of the following stages: drying, torrefaction, size reduction,
densification, and cooling (fig. 2).

A. Pelletisation/Peletyzacja
biomass drying size reduction steam preconditioning densification cooling cllets
biomasa suszenie redukcja wymiaréw wstepna obrobka parg wodng 1geszczani chlodzeni pelety
B. Torrefaction/Toryfikacja
biomass drying torrefaction cooling I torrefied biomass -
biomasa suszenie toryfikacja chlodzenie | biomasa toryfikowana *

C. TOP process (torrefaction and pelletisation)/Proces TOP (toryfikacja i pele-
tyzacja)

biomass drying torrefaction size reduction densification cooling TOP pellets
biomasa suszenie toryfikacja redukcja wymiarow ageszczanie chlodzenie pelety TOP

Fig. 2. Stages of pelletisation process, torrefaction process and TOP process [Berg-
man et al. 2005]
Rys. 2. Etapy procesu peletyzacji, procesu toryfikacji i procesu TOP [Bergman i in. 2005]

Table 1 provides an overview of the properties of TOP pellets in comparison
with wood, torrefied biomass and conventional wood pellets. The bulk densities
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for TOP pellets vary in the range of 750 to 850 kg/m? and heating value (LHV) is
contained in the range of 20-22 MJ/kg. The energy density of TOP pellets (14-18.5
GJ/m’) is better compared to sub-bituminous coal, which has a typical value of 16-
17 GJ/m?; while conventional wood pellets have the value of 7.8-10.5 GJ/m?*. TOP
pellets produced from different types of biomass (sawdust, willow, straw, larch,
miscanthus) are similar in terms of physical properties. In the mechanical and hu-
midity tests TOP pellets demonstrate higher durability than conventional pellets.

Table 1. Properties of wood, torrefied biomass, wood pellets and TOP pellets [Berg-
man et al. 2005]

Tabela 1. Wiasciwosci drewna surowego, biomasy toryfikowanej, peletow drzewnych i pele-
tow TOP [Bergman i in. 2005]

Torrefied Wood pellets TOP pellets
Properties Unit Wood biomass Pelety drzewne Pelety TOP
Wiasciwosci Jednostka | Drewno Biomasa . .
toryfikowana min max min max
Moisture content wt.%
Wilgotnosc Y%wag 33 3 10 ’ > !
Heating value (LHV)
Wartosc opatowa | =y o 10.5 19.9 156 | 162 | 199 | 21.6
as received
stan g‘r’;’(’"’zy Ml/ke 17.7 20.4 177 | 177 | 204 | 227
stan suchy
Mass density (bulk) |\ s 550 230 500 | 650 | 750 | 850
Gestos¢ nasypowa
Pellet strength - - - good very good
Wytrzymatos¢ peletow - - - dobra bardzo dobra
Dust formation moderate high limited limited
Formowanie si¢ pylu ) Srednie wysokie ograniczone ograniczone
water swelling/ poor swelling/
Hygroscopic nature uptake | hydrophobic | water uptake water uptake
Higroskopijnos¢ i absorpcja | hydrofobowe pecznienie/ | stabe pecznienie/
wody absorpcja wody | absorpcja wody
Biological degrada-
tion possible | impossible possible impossible
Degradacja biolo- i mozliwa niemozliwa mozliwa niemozliwa
giczna
Handling properties normal normal good good
Cechy manipulacyjne ) normalne normalne dobre dobre

Torrefaction of biomass is a new technology of producing solid biofuels with
high yield of process (92%) in comparison with pelletisation (84%) and pyrolysis
(64%) processes.

Uslu, Faaij and Bergman studied technical and economic performance of tor-
refaction, pyrolysis and pelletisation processes. Table 2 shows that the efficiency
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of torrefaction process, TOP process and pelletisation process was high compared

to pyrolysis technology.

Table 2. Techno-economic comparison of torrefaction, TOP process, pelletisation and
pyrolysis [Uslu, Faaij, Bergman 2008]
Tabela 2. Techniczno-ekonomiczne porownanie procesu toryfikacji, procesu TOP, peletyzacji
i pirolizy [Uslu, Faaij, Bergman 2008]

Unit Torrefaction | TOP process | Pelletisation | Pyrolysis
Jednostka | Toryfikacja | Proces TOP | Peletyzacja Piroliza
Process efficiency’ % 92 90.8 84-87 | 66-70
Wydajnosé procesu
Energy content (LHV ary)
Zawarto$¢ energii (wartosc¢ Ml/kg 20.4 20.3-22.7 17.7 17
opalowa)
Mass density (bulk) ke/m’ 230 750-850 | 500-650 | 1200
Gestos¢ nasypowa
Energy density GI/m* 46 149-184 | 7.8-105 | 20-30
Gestos¢ energetyczna
Specific capital investments | M €/MW
Nakiady kapitatowe min €/MW, 0.17 0.19 0.15 0.19-0.42
Production costs €/ton
Koszty produkcji €/tona >8 >0 >4 75104

* This is the overall efficiency of the technology including utility fuels.
* Jest to catkowita wydajnosc technologii z uwzglednieniem paliw uzytkowych.

This study indicates that torrefaction and TOP process are more advantageous
than pelletisation. Pyrolysis, as an alternative, has drawbacks in terms of process
efficiency and economy if compared to the other technologies.

Experimental

In preliminary studies different types of materials were used: deciduous (beech
and willow), coniferous (pine), annual plants (miscanthus, straw), and wood ma-
terial (plywood). The starting point of the research was determination of mass
reduction of dry basis. This parameter should be close to 30% [Bergman 2005]. In
the model material (miscanthus) mass reduction was 30% when torrefaction was
carried out in nitrogen atmosphere at 240°C for 30 minutes with particle heating
rates 22°C/min. These conditions were used for torrefaction of all types of mate-
rials. Table 4 shows values of mass reduction, where the maximum was reached
for miscanthus 31.93% and the minimum for pine 16.17%.
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Table 4. Value of mass reduction [wt.% _ |
Tabela 4. Wartos¢ ubytku masy [% wag_, |

Sample Mass reduction [wt.%,, ]
Prébka Ubytek masy [Yowag,, |
beech/buk 23.70
willow/wierzba 19.80
pine/sosna 16.17
miscanthus 31.93
straw/stoma 26.48
plywood/sklejka 17.47
db: dry basis;

s.m.: sucha masa

Before and after torrefaction parameters of raw materials and torrefied ma-
terials such as: moisture content, ash content, ultimate analysis, higher heating
value (HHV) and lower heating value (LHV), were determined (table 5).

Table 5. Characteristic of raw and torrefied materials properties
Tabela 5. Charakterystyka wlasciwosci materialow wyjsciowych i toryfikowanych

Moisture| Ash con- | Ultimate analysis” Higher Lower heating
content tent [wt.%,,] heating value value
Sample Wilgot- | Zawartos¢ | Analiza elementarna | Wyzsza wartos¢ | Nizsza wartosé
Prébka nosé¢ popiolu [Yowag_ ] opatowa opalowa
0wt.% 0wt,% » c H N MJ/kg,, Ml/kg, .
Yo wag | “%wag Ml/kg, MJ/kgs.b.p_
Raw material:
Materiat wyjsciowy:
be;h 7.23 047 |47.78] 5.89 | 0.06 19.71 18.43
willow 6.79 141 [4821) 598 | 0.50 19.50 18.19
wierzba
pine 7.70 042 |48.76| 6.06 | 0.03 2027 19.06
sosna
plywood 7.60 034 |47.46 6.08 | 3.80 19.57 18.25
sklejka
miscanthus 9.02 4.29 45.04| 590 | 0.44 18.99 17.70
straw 8.63 340 |47.05| 6.01 | 0.56 19.07 17.76
stoma
Torrefied
material:
Material
toryfikowany:
bZZih 3.74 057 |5335] 5.64 | 0.07 19.96 18.73
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Table 5. Continued
Tabela 5. Cigg dalszy

willow 0.91 157 |51.60] 5.63 | 1.26 20.49 19.26
wierzba

pine 1.85 037 |50.66| 5.57 | 0.03 20.67 19.35
sosna

plywood 1.80 041  |51.92]5.75 | 2.00 18.56 17.31
sklejka
miscanthus 1.68 6.51 |53.23]523 060 21.04 19.90
straw 2.37 465 |52.56] 537 | 0.50 20.37 19.20
stoma

db: dry basis; s.m.: sucha masa
daf: dry and ash free basis; s.b.p.: stan suchy bezpopiotowy

“sulphur content <0.01%, ; *zawartosé¢ siarki <0,01%

db> s.m.
Conclusions

The research confirmed the data in the literature [Prins et al. 2006, Arias et al.
2008] saying that lower calorific value (dry and ash free basis) is higher for torre-
fied biomass than for raw biomass. The moisture content of the torrefied material
is much lower compared to the content of moisture in the raw material. The con-
tent of carbon in the solid torrefied material increases and the content of hydro-
gen decreases increasing the higher calorific value of the torrefied biomass. The
exception is plywood whose calorific value is higher in raw material. The authors
presume that this is caused by the resin contained in plywood. It is necessary to
carry out further experiments of torrefaction changing the process parameters and
to compare raw and torrefied material properties.
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TORYFIKACJA JAKO PROCES OBROBKI BIOMASY —
BADANIA WSTEPNE

Streszczenie

Przedstawiono wyniki uzyskane w trakcie wstgpnych badan procesu toryfikacji wybranych
materiatéw lignocelulozowych. Otrzymane produkty toryfikowane charakteryzowaty si¢
brazowo-czarng barwg, niskg wilgotnoscig oraz podwyzszong wartoscig ciepta spala-
nia i wartoscig opalowa, co wplywato korzystnie na poprawe wiasciwosci paliwowych
badanych probek biomasy.

Toryfikacja jest procesem tagodnej obrobki wstepnej biomasy, zachodzacym w tem-
peraturze 200-300°C pod cisnieniem atmosferycznym w atmosferze gazu obojetnego.
Wydajno$¢ masy i energii procesu toryfikacji jest zalezna od temperatury, czasu oraz typu
biomasy poddawane;j toryfikacji. Predkos¢ wzrostu temperatury procesu, wedtug danych
literaturowych, nie przekracza 50°C na minute, a czas jego trwania oscyluje najczesciej
w granicach jednej godziny. W trakcie toryfikacji nastgpuje cze$ciowa dekompozycija
biomasy z wydzieleniem produktow lotnych. Pozadany produkt toryfikacji jest ciatem
statym, okre$lanym jako biomasa toryfikowana. Uzyskane wyniki pozwalaja na planowa-
nie dalszych prac badawczych w tym zakresie.

Stowa kluczowe: toryfikacja, obrobka wstepna biomasy, TOP proces, pelety TOP
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BADANIE SPADKU WYTRZYMALOSCI DREWNA
SWIERKOWEGO MODYFIKOWANEGO TERMICZNIE
W WARUNKACH TEMPERATUR POZAROWYCH

Modyfikowanie termiczne drewna jest jedng z nowych technologii majqcych na celu
poprawe jego wlasciwosci. Drewno modyfikowane termicznie (TT) charakteryzuje
sie innymi parametrami uzytkowo-estetycznymi niz drewno naturalne niemodyfiko-
wane (NTT).

Celem badan byta ocena wplywu temperatur wystepujgcych w srodowisku pozaru
na zmiany wytrzymatosci drewna swierkowego modyfikowanego termicznie. Ba-
dania zostaly wykonane na specjalnie zaprojektowanym stanowisku badawczym
z mozliwoscig oddzialywania wysokich temperatur. Okreslono wartosci wytrzy-
malosci przy rozcigganiu, Sciskaniu oraz zginaniu w temperaturach normalnych
i pozarowych. Zaprezentowano analize porownawczq spadku wytrzymatosci drew-
na swierkowego TT i drewna swierkowego NTT. Wykazano istotny wplyw tempera-
tur pozarowych na spadek wytrzymatosci badanego drewna, postepujgcy w kolej-
nych przedziatach temperatur.

Stowa kluczowe: temperatury pozarowe, drewno modyfikowane termicznie,
drewno niemodyfikowane termicznie, drewno $wierkowe,
wytrzymatosc.

Wstep

Drewno jest jednym z podstawowych materialow stosowanych w konstrukcjach
inzynierskich. Na poziomie mikrostrukturalnym drewno jest nichomogenicznym
kompozytem komorkowym, kompozycja celulozy, hemicelulozy, ligniny i innych
mniej znaczacych sktadnikéw [Younsi i in. 2010]. Celuloza stanowi najwicksza
czes$¢ objetosci drewna, sktada sie ona z dlugich tancuchow weglowych, ktore sa
najistotniejsze dla wytrzymatosci drewna. Hemiceluloza sklada si¢ z rozgatezio-
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nych polimeréw amorficznych, wypelnia ona obszar pomigdzy celuloza i ligning
w strukturze drewna. Lignina jest polimerem amorficznym odpowiedzialnym za
kohezje struktury drewna, jest ona czynnikiem ,,sklejajagcym” strukturg [Manriqu-
ez, Moraes 2010].

Drewno poddane termicznej modyfikacji jest coraz powszechniej wykorzy-
stywane w Polsce. Modyfikacja termiczna drewna poprawia niektore jego wia-
Sciwosci 1 walory estetyczne. Wigkszo$¢ dostgpnego na rynku drewna modyfi-
kowanego termicznie to gatunki drewna krajowego lisciastego i iglastego w tym
swierkowego. Drewno termicznie modyfikowane jest cickawa alternatywa dla ga-
tunkoéw drewna egzotycznego. Modyfikacja struktury drewna wplywa na poprawe
jego niektorych whasciwosci fizyko-mechanicznych, w szczegdlnosci stabilno$ci
wymiarowej, odpornos¢ biologiczng (gtdéwnie poprzez zwigkszenie odpornosci na
szkodliwe oddziatywanie grzybow) oraz higroskopijnos¢ jego struktury [Mazela
i in. 2004; Kartal i in. 2008]. Modyfikacja termiczna poprzez zmniejszenie hi-
groskopijnosci struktury ma réwniez znaczenie dla poziomu pochlanianej przez
drewno wilgotno$ci [Obataya i in. 2000]. Poprawa tej wtasciwos$ci nastepuje w
wyniku zmian sktadu chemicznego drewna, glownie w wyniku degradacji he-
micelulozy [Gunduz, Aydemir, Karakas 2009]. Proces termicznej modyfikacji
drewna prowadzi si¢ zazwyczaj w zakresie temperatur od 160 do 280°C [Fengel,
Wegener 1989]. Czas ekspozycji drewna zalezy m.in. od wielkosci elementow
poddawanych modyfikacji termicznej oraz ich wilgotnosci i wynosi od 15 mi-
nut do 24 godzin. Wiadomo, ze termiczna modyfikacja drewna prowadzona w
niektorych przypadkach oraz przy pewnych okreslonych temperaturach i czasach
ekspozycji moze powodowac spadek wytrzymatosci doraznej drewna.

Drewno jest materialem palnym, podlegajacym termicznej degradacji.
W warunkach pozaru konstrukcja drewniana jest jednocze$nie poddana oddzia-
tywaniu wymuszen w formie sit oraz oddziatywaniom termicznym. Jednoczesne
oddzialywanie tych dwdch czynnikow wptywa na rozktad naprezen w strukturze
drewna oraz ogranicza nosno$¢ konstrukcji. Wysokie temperatury pozaru powo-
duja dekohezje¢ struktury, a zauwazalna redukcja wytrzymatosci drewna nastepuje
w temperaturach wiekszych od 65°C [Bednarek, Kaliszuk-Wietecka 2004; Bedna-
rek, Ogrodnik, Pieniak 2010]. Na poziomie strukturalnym degradacja wysuszonej
celulozy nastepuje w temperaturze okoto 300°C, jednakze degradacja hemicelu-
lozy nastepuje juz w zakresie temperatur od 150 do 200°C. Dekompozycja ligni-
ny, stanowigcej o spoistosci struktury drewna nastgpuje w zakresie temperatur
pomigdzy 220 a 250°C [Kamdem, Pizzi, Jermannaud 2002]. Ustalono rowniez,
ze dehydratacja ligniny nastepuje w temperaturze 200°C.

Celem badan jest okreslenie wytrzymatosci drewna §wierkowego modyfiko-
wanego 1 niemodyfikowanego termicznie w symulowanych warunkach termicz-
nych pozaru, w zakresie ponizej temperatury zaptonu drewna, przy jednoczesnej
realizacji obcigzenia statycznego.
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Material i metoda

Badany material

Badaniu poddano drewno $wierkowe. Probki wykorzystane w badaniach wytrzy-
matosciowych przedstawiono na rys. 1.

= | W

TS)

Rys. 1. Probki drewna modyfikowanego TT (ciemniejsze) i niemodyfikowanego ter-
micznie NTT (jasniejsze): TS - probki do badania wytrzymaloS$ci na rozciaganie, BS
- probki zginane, CS - prébki $ciskane

Fig. 1. Samples of thermally modified timber TT (darker) and non-modified timber NTT
(lighter): TS — samples for tensile strength tests, BS — samples for bending strength tests,
CS — samples for compression strength tests

Termiczng modyfikacje drewna przeprowadzono trzyfazowo (rys.2). Faza
pierwsza - wstepnego ogrzewania - polegata na nagrzaniu suszarki i zatadunku
probek, doprowadzeniu temperatury do 100°C. Przewidziany czas operacji wyno-
sit okoto 30 min. Nastepnie stopniowo podnoszono temperature do 120°C przez
60 min. W tym czasie nastgpowal proces suszenia drewna, ktérego wilgotnos¢
spadta prawie do zera.
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Rys. 2. Proces modyfikacji termicznej drewna [opracowanie wlasne]
Fig. 2. Timber thermal modification process [own study]
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Faza druga - intensywnego nagrzewania - miata zasadniczy wptyw na efekt
finalny modyfikacji. Polegata na podniesieniu temperatury do 160°C w ciagu
20 min i przetrzymaniu probek w tej temperaturze okoto 6 godzin.

Faza trzecia - schtadzania i klimatyzacji - obejmowata obnizenie temperatury
w suszarce do 80-90°C w czasie 60 min. Po tej operacji probki byty pakowane
w foli¢ aluminiow3.

Badanie wytrzymalosci

Badania wytrzymatosciowe wykonano na uniwersalnej maszynie wytrzymato-
sciowej FPZ 100/1 (VEB Thuringer Industriewerk Rauenstein, Germany), ktora
umozliwia obcigzenie sila statyczna oraz utrzymanie jej w ukladzie pionowym
na stalym, zalozonym poziomie. Maksymalna, wytwarzana przez maszyn¢ sila
statyczna wynosi 100kN. Maszyna posiada cztery zakresy predkosci przesuwu
trawersy. W czasie badan zastosowano zakres predkosci I/III, pozwalajacy na
przesuw trawersy z predkoscig 0,021+0,84 mm/min.
Do obliczenia wytrzymatosci na zginanie wykorzystano rownanie
le 3 l—l)llll\ ) / 1
ah)? M

gdzie: P — sifa niszczgca probke [N],

1 — dhugos$¢ probki [mm],

b — szeroko$¢ probki [mm],

h — wysoko$¢ probki [mm)].

Wytrzymatos$¢ na rozcigganie obliczono na podstawie rownania:
[)HW‘I\
R, =— 2

gdzie: P__ —sita niszczgca probke [N],
A — przekr6j probki [mm?].

Wytrzymatos¢ na $ciskanie obliczono na podstawie rownania:
Ie N — MUN (3)

gdzie: P__ — sita niszczgca probke [N],
A — przekroj probki [mm?].
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Symulacja temperatur pozarowych

Przed rozpoczeciem badan wytrzymalosci przeprowadzono badania wstegpne,
w ktorych ustalono zakresy temperatur eksperymentu oraz okre$lono czasy eks-
pozycji probek do momentu wyréwnania temperatury w catej objetosci probki.
W badaniach wstgpnych w probkach wykonywano otwor, w ktorym umieszcza-
no termopare, w celu dokonania pomiaru temperatur w geometrycznym $rodku
probki. Czas nagrzewania okreslono jako czas, po ktorym termoparg umieszczong
wewnatrz probki zmierzono temperature przyjeta w planie badan.

Jako wyjsciowa przyjeto temperature otoczenia rowng 20°C. Temperature
graniczng okreslono na poziomie 230°C. Jest to temperatura bliska temperaturze
zaptonu powierzchni drewna. Dodatkowe badania przeprowadzono dla nastgpu-
jacych temperatur: 50°C, 100°C oraz 150°C.

W badaniach podstawowych dokonano pomiaru temperatur na powierzchni
probki za pomoca dwoch termopar rozmieszczonych stycznie do powierzchni
bocznych probki (rys. 3b). Obcigzenie probki nastgpowato po osiggnigciu zatozo-
nej temperatury i utrzymaniu jej przez czas ustalony podczas badan wstepnych.
W czasie rzeczywistym rejestrowano wartosci sit niszczacych oraz temperature.
Wzrost temperatury w komorze podczas badania uzyskano przez zastosowanie
urzadzenia umozliwiajacego nawiew goracego powietrza (GHG 650 LCE, Bosch,
Germany). Zakres temperatur uzyskiwanych u wylotu dyszy wynosit 50-560°C,
a strumien goragcego powietrza mozna byto regulowa¢ w zakresie 250-500 1/min.

Wyniki badan
Wyniki badan wytrzymalo$ci resztkowych w temperaturach pozarowych

Badanie w kazdym z elementarnych przypadkéw obciazenia przeprowadzono na
42 probkach z drewna niepoddanego modyfikacji termicznej (NTT) i na 42 podda-
nych modyfikacji termicznej (TT), po 7 probek w kazdym przedziale temperatury.
Fotografie probek poddanych badaniom wytrzymato$ciowym w podwyzszonych
temperaturach przedstawiono na rys. 3.

Parametry statystyczne uzyskanych wynikow badan wytrzymatosci na zgi-
nanie przedstawiono w tabeli 1, wynikéw badan wytrzymato$ci na rozcigganie
w tabeli 2.
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Rys. 3. Prébki po prébach wytrzymalo$ci w temperaturach pozarowych: TT — drew-
no modyfikowane termicznie, NTT — drewno nie poddane modyfikacji termicznej,
CS - probki poddane probie $ciskania, TS — probki poddane prébie rozciggania, BS
— probki poddane probie zginania
Fig. 3. The samples after tests for strength under fire temperatures: TT — thermally modified
timber, NTT — non-modified timber, CS — samples after compression strength test, TS — sam-
ples after tensile strength test, BS — samples after bending strength test

Tabela 1. Wyniki badan wytrzymalo$ci na zginanie
Table 1. The results of bending strength tests

Wytrzymato$¢ na zginanie R, [MPa]
Temperatura Bending strength R, [MPa]
[°C] Liczba ) Odchylenie Odchylenie
Temperature probek Srednia | Minimum | Maksimum standardowe standardowe %
[°C] Number | Average | Minimum | Maximum Standard Standard
of samples deviation deviation %
NTT
20NTT 7 79,71 72,00 85,50 5,33 6,69
SONTT 7 67,50 | 60,75 74,25 4,86 7,20
100NTT 7 53,68 | 45,00 60,75 5,42 10,10
IS50NTT 7 49,50 | 38,25 83,25 15,91 32,14
200NTT 7 38,57 | 33,75 42,75 3,54 9,18
230NTT 7 33,11 27,00 38,25 4,05 12,23
TT
20TT 7 89,68 83,25 96,75 4,93 5,50
50TT 7 87,43 83,25 92,25 3,03 3,46
100TT 7 72,64 | 67,50 76,50 3,11 4,27
150TT 7 67,18 | 63,00 72,00 3,54 5,27
200TT 7 61,07 56,25 67,50 3,99 6,53
230TT 7 51,75 | 45,00 56,25 4,31 8,33

TT — drewno modyfikowane termicznie; 77 — thermally modified timber
NTT — drewno niepoddane modyfikacji termicznej; NTT — non-modified timber
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Tabela 2. Wyniki badan wytrzymaloS$ci na rozciaganie
Table 2. The results of tensile strength tests

Wytrzymato$¢ na rozciaganie R [MPa]
Temperatura Tensile strength R [MPa]
[°C] Liczba probek| Odchylenie Odchylenie
Temperature Number Srednia | Minimum | Maksimum | standardowe | standardowe %
[°C] of samples Average | Minimum | Maximum Stai'm'c?rd Stqnq’ard
deviation deviation %
NTT
20NTT 7 93,86 78,00 108,00 9,97 10,63
SONTT 7 80,64 61,50 102,00 15,56 19,29
100NTT 7 46,71 34,00 56,00 8,52 18,24
150NTT 7 44,00 32,00 59,00 10,02 22,77
200NTT 7 34,29 19,00 47,00 10,31 30,06
230NTT 7 21,43 5,00 32,00 8,45 39,42
TT
20TT 7 65,00 55,00 81,00 8,87 13,65
50TT 7 38,00 26,00 48,00 8,27 21,75
100TT 7 21,71 7,00 34,00 8,94 41,17
150TT 7 21,36 11,00 34,00 10,20 47,76
200TT 7 17,00 4,00 27,00 8,70 51,17
230TT 7 8,14 1,00 14,00 4,67 57,35
TT — drewno modyfikowane termicznie; 7T — thermally modified timber
NTT — drewno niepoddane modyfikacji termicznej; NTT — non-modified timber
Tabela 3. Wyniki badan wytrzymalos$ci na $ciskanie
Table 3. The results of compression strength tests
Wytrzymatos¢ na $ciskanie R [MPa]
Temperatura Compression strength R [MPa]
[°C] Liczba probek | Odchylenie Odchylenie
Temperature Number Srednia | Minimum | Maksimum | standardowe | standardowe %
[°C] of samples Average | Minimum | Maximum Standard Stc'ma.fard
deviation deviation %
NTT
20NTT 7 32,86 25,50 39,00 4,81 14,64
SONTT 7 48,14 41,50 53,25 4,43 9,20
100NTT 7 26,32 22,00 37,75 5,59 21,22
150NTT 7 25,25 19,00 29,25 3,71 14,67
200NTT 7 27,18 21,50 31,50 4,07 14,99
230NTT 7 24,86 19,75 28,00 3,49 14,03
TT
20TT 7 60,11 51,75 66,50 6,18 10,29
50TT 7 49,50 41,50 56,00 4,63 9,35
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Tabela 3. Ciag dalszy
Table 3. Continued

Wytrzymato$¢ na $ciskanie R [MPa]
Temperatura Compression strength R [MPa]

[°C] . , Odchylenie Odchylenie
Temperature Liczba p;)robek Srednia | Minimum | Maksimum | standardowe | standardowe %
[°cj 0?;;’2;; Average | Minimum | Maximum Standard Standard

: deviation deviation %
100TT 7 44,11 38,00 52,50 5,46 12,38
150TT 7 41,39 38,00 45,75 2,76 6,68
200TT 7 26,25 21,00 33,25 421 16,04
230TT 7 23,18 18,25 29,00 4,06 17,50

TT — drewno modyfikowane termicznie; 7T — thermally modified timber
NTT — drewno niepoddane modyfikacji termicznej; NTT — non-modified timber

Graficzne miary zmiennosci rozkladow statystycznych wynikéw pomiarow
wytrzymatosci w kolejnych przedziatach temperatury, ich poziomy i rozrzut sta-
tystyczny przedstawiono na wykresach (rys. 4, 5 1 6). Punkty na wykresach okre-
slaja wartosci Srednie wytrzymatosci, ramki okreslaja poziomy ufnosci (95%),
natomiast tzw. ,,wasy” okreslajg odchylenia standardowe.
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Rys. 4. Wyniki badan wytrzymalo$ci na zginanie
Fig. 4. The results of bending strength tests
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Wytrzymato$¢ na rozcigganie [MPa]
Tensile strength [MPa]
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Rys. 5. Wyniki badan wytrzymalo$ci na rozciaganie

Fig. 5. The results of tensile strength tests
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Rys. 6. Wyniki badan wytrzymalosci na $ciskanie
Fig. 6. The results of compression strength tests
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Intensywnos$¢ spadku wytrzymalo$ci w warunkach temperatur pozarowych

Intensywnos¢ spadku wytrzymatosci drewna w wyniku ekspozycji w wysokich
temperaturach okreslono na podstawie ponizszego rownania:

AR R R
dT

R

gdzie: R — wytrzymatos¢ na zginanie [MPa],
R — wytrzymalo$¢ na rozcigganie [MPa],
R_, — wytrzymato$¢ na Sciskanie [MPa],
T — temperatura [°C].
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Rys. 7. Intensywno$¢ zmian wytrzymalo$ci w zaleznos$ci od temperatury
Fig. 7. The intensity of changes in strength depending on the temperature

Podsumowanie i wnioski

4)

W badaniach oceniano wpltyw temperatur pozarowych na wytrzymato$¢ drewna
swierkowego modyfikowanego termicznie w celu wnioskowania o mozliwosci
wykorzystania tego materiatu w konstrukcjach inzynierskich. Oceniano wptyw
modyfikacji termicznej poprzedzajacej ekspozycje w podwyzszonych temperatu-
rach symulujacych temperatury pozaru, co pozwolito na sformulowanie nastgpu-

jacych wnioskow:
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1. Wplyw temperatur pozarowych na spadek wytrzymatosci jest jednoznaczny.
W przypadku drewna $wierkowego poddanego modyfikacji termicznej (TT)
spadek wytrzymatos$ci na zginanie w temperaturze 230°C wynosit 42%, nato-
miast w przypadku drewna niepoddanego modyfikacji termicznej (NTT) 58%
w odniesieniu do uzyskanej w temperaturze 20°C.

2. W badaniach wykazano istotny wplyw wysokich temperatur na spadek wy-
trzymato$ci drewna swierkowego modyfikowanego (TT) i niemodyfikowane-
go (NTT) termicznie.

3. Odchylenia standardowe wynikow pomiarow wytrzymatosci drewna TT sa
znaczgco mniejsze od odchylen wynikow wytrzymatosci drewna NTT.

4. W przypadku probek poddanych obcigzeniom zginajagcym obserwowano
mniejszg wytrzymatos¢ drewna NTT we wszystkich zakresach temperatury,
jednakze wytrzymatosci na zginanie drewna TT i NTT w temperaturze nor-
malnej (20°C) byly zblizone.

5. W probie rozciggania, obserwowano mniejszg wytrzymatos¢ drewna TT we
wszystkich przedziatach temperatury. Odchylenia standardowe wynikow wy-
trzymato$ci na rozcigganie sg bardzo duze, szczegolnie duze w przypadku
drewna TT. Odchylenia wzrastajg znaczaco w kolejnych zakresach tempera-
turowych, $wiadczy to o wigkszej losowosci wytrzymatosci.

6. Roznice pomigdzy wytrzymatoscig na zginanie drewna TT i NTT o wysokim
poziomie istotnosci statystycznej potwierdzaja rowniez wyniki testu Scheffe.
Wykazano istotne roznice wytrzymatosci drewna TT we wszystkich grupach
determinowanych temperatura ekspozycji w stosunku do odpowiednikow wy-
nikoéw dla drewna NTT
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THE INVESTIGATION OF IMMEDIATE STRENGTH LOSS
OF THERMALLY MODIFIED SPRUCE TIMBER UNDER FIRE
TEMPERATURES

Summary

Thermal modification of timber is one of the new technologies aiming at the improvement
of timber properties. Thermally modified timber (TT) has different aesthetic and utility
parameters compared to non-modified timber (NTT). The objective of this study was the
assessment of the influence of temperatures present in fire conditions on the immediate
changes in strength of thermally modified spruce timber. Tests were made at a dedicated
test stand equipped with a possibility of producing impact with high temperatures. The
values of tensile strength, compression strength and bending strength in normal and fire
temperatures conditions were determined. This paper presents a comparative analysis of
the strength loss of TT spruce timber and NTT spruce timber. The study confirmed a signi-
ficant influence of fire temperatures on the strength loss of tested timber in chosen ranges
of increasing temperatures.

Keywords: fire temperatures, thermally modified timber, non-modified timber, spruce timber, ten-
sile strength, compression strength, bending strength
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Inokentijs Lipinskis, Uldis SPULLE

RESEARCH ON MECHANICAL PROPERTIES OF BIRCH
PLYWOOD WITH SPECIAL VENEER LAY-UP SCHEMES

Plywood is a wood-based panel material laminated of veneers where the grain di-
rection is perpendicular in adjacent layers. The use of plywood can be extended if
there is a possibility to use special lay-up schemes designed to improve mechanical
properties which depend on the grain direction in the outer plies. This report con-
tains results of research whose purpose was to determinate bending strength and
modulus of elasticity of birch plywood types with special veneer lay-up schemes
and of different width, bending flatwise and edgewise. Two special plywood types,
28 mm thick Specl and 30 mm thick Spec3, with different veneer lay-up schemes
were selected for bending properties determination tests according to standard EN
789. Specimens were tested when the face veneer direction was parallel and then
perpendicular to the specimens’ longer axis. Moisture content and density were
determined as well. This report contains the comparison of bending strength pro-
perties of special plywood specimen with different width and load direction. It was
found that bending strength was significantly higher for narrower special plywood
specimens, and bending strength of special plywood loaded edgewise was 4 % lo-
wer for Specl and 9.5 % lower for Spec3 than for flatwise loaded specimen of the
same cross-sectional dimensions.

Keywords: birch plywood, veneer lay-up scheme, bending strength, edgewise load

Introduction

The plywood manufacturing industry is one of the most significant industries in
the wood processing sector in Latvia. More than 90% of produced plywood is
exported. In the first half of 2010 the plywood value in the forestry sector exports
amounted to 9.5%. The biggest plywood manufacturer in Latvia is Latvijas Finie-
ris Company, which in a period of crisis tries to increase its turnover by develo-
ping specific products with higher added value.

The main products of Latvijas Finieris Company are Riga Ply and plywood
with different surface laminations. The plywood is produced with common lay-up

Inokentijs Lipinskis, Latvia University of Agriculture, Jelgava, Latvia
e-mail: lipinskij@gmail.com
Uldis SpuLLE, Latvia University of Agriculture, Jelgava, Latvia
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scheme that requires one thickness of veneers which are arranged so that the grain
direction is perpendicular in all adjacent layers. Choosing the default plywood con-
struction causes to size stability in a changing conditions and similar mechanical
properties in both directions - parallel and perpendicular to the longitude. This
applies more to plywood of the thickness over 18 mm that is relatively more homo-
genous. The thinner the plywood is, the bigger differences in mechanical properties
between plywood of the same thickness and of different face veneer grain direction
appear. Therefore, the face veneer direction defines this material’s suitability.

Proceeding the plywood mechanical properties dependence on veneer layer
orientation, is able to made material with of the required characteristics in any
direction to longitude. Manufacturers designed many plywood types combining
veneers of different thicknesses and made of various wood species [Hrazsky, Kral
2005]. The special plywood types produced in Latvia are composed of similar ve-
neers using special lay-up schemes. Unlike the case of Riga Ply type, mechanical
properties of special construction plywood are less studied.

Plywood as a wood material is heterogeneous, so it can be assumed that the
plywood specimen’s strength is mostly related to veneer natural flaws, e.g. knots.
It is obvious that the larger the specimen area under load is, the greater the probabi-
lity of occurrence of knot or other flaw is, but the resulting strength values are ap-
plied to whole specimen. The standard methods for panel material bending strength
properties determination require specimens of the width of 300 mm, but the used
plywood details often are narrower. The use of special plywood can be extended if
there is a possibility to use plywood for products of small cross-sectional dimen-
sions or to use waste material from plywood processing (mostly cut-offs). Hence,
the dependence of strength properties on specimen’s width should be studied.

There are other possibilities to extend the application of special plywood. For
example, special construction plywood as a material is similar to laminated vene-
er lumber (LVL), which is designed for use edgewise. Therefore, research on the
strength properties of edgewise loaded special plywood should be useful as well.

The purpose of this report is to test birch plywood types with special veneer
lay-up schemes and compare values of bending strength and modulus of elasticity
determined for plywood species of different widths and at bending flatwise and
edgewise.

Plywood manufacture

The production process of special construction plywood in Latvijas Finieris Com-
pany’s plywood mills is the same as Riga Ply production process, except the lay-
-up stage. The plywood is made of birch (betula sp.) rotary cut veneers of the
thickness of 1.45 mm after drying. The plywood is laminated with phenol-formal-
dehyde glue. The glue is mixed using resin SFZ-3014 and mixture Prefere 24J688
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containing resin polymerisation accelerator and filler-plasticiser. Lamination pa-
rameters are:

— glue spread rate 180 grm?,

— press temperature 150 °C,

— press pressure 2.0 MPa,
full pressure time is equal to 360 s + 30 s per 1 mm of panel thickness,
pressure decreasing time 120 s.
The veneer lamination quality belongs to the 3. class according to EN 314-1
and EN 314-2 standards. The bonding quality of special construction plywood is
not influenced by glue seams of plies of the same grain direction, because glue
seams of perpendicular plies are much weaker.

Then panels are sanded. The thickness of the face veneers is 0.9+0.1 mm. The
panel surface foiled with phenol-formaldehyde film of the density of 120 g-m™.
One face of the panel is smooth (side F) and the other has wire mesh pattern (side
W). The pattern on side W is used to increase the abrasion resistance of the surface.

Mechanical properties were determined for two types of special plywood:
Specl and Spec3. Both types were special constructions. Their veneer lay-up
schemes are given in table 1. The face veneers of both plywood types were WGE
grade. In Specl and Spec3 three and four of the outer plies parallel to the panel’s
longer axis, respectively, were BB grade. The adjusted perpendicular outer plies
were WG grade. BB and WG grades are equal to III and IV grade, respectively,
according to EN 635-2 standard. WGE are special WG grade veneers prepared
for foiling, in which all splits, knot holes, picks, imprints and holes are repaired.

Table 1. Veneer lay-up schemes and dimensions of specimens
Tabela 1. Systemy uktadu forniréw i wymiary probek

Plywood| Number Height or Width,
type |oflayers| Veneer lay-up scheme* Testing direction | thickness, mm mm
Rodzaj | Liczba System uktadu forniréw Kierunek badania | Wysokos¢ lub | Szerokosc,
sklejki | warstw grubosé, mm mm
flatwi
atwise 28 50
plasko
flatwi
Specl | 20 | _I11_1_1_1I_I_I_1lI_ SweEe 28 200
plasko
edgewise
bokiem >0 28
Hatwi
w0 | w
Spec3 | 22 111 I 111 11| LR
edgewise
. 50 30
bokiem

* | - veneer of the grain direction parallel to the longer axis; - veneer of the grain direction perpen-
dicular to the longer axis

* | - fornir o orientacji wltokien rownoleglej do diuzszej osi; - fornir o orientacji wtokien prostopadtej
do dluzszej osi
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Test methods

The specimens were taken from separate panels. Panels of both plywood types
were selected from one batch. Ten specimens were selected for every specimen
group. The dimensions of the specimens were determined according to EN 325
standard.

Static bending strength and modulus of elasticity at bending values were de-
termined according to EN 789 standard. This method is based on 4-point load of
specimen which involves constant bending moment without shear stress influence
in a specimen failure zone. The bending strength test primary scheme is presented
infig. 1. To determine the above-mentioned values a testing machine Zwick Z100/
TLS3 was used.

/=1100 mm
| 300 mm I; =400 mm

I; =400 mm

F
F2 F2 33041 mm

Fig. 1. Bending strength test primary scheme:

[ — distance between supports; /, — distance between point of load and support; /' —
load

Rys. 1 Podstawowy schemat testu wytrzymalosci na zginanie:

[ — odleglos¢ miedzy podporami; [, — odleglos¢ miedzy punktem obcigienia a podporg; I —
obcigzenie

For bending flatwise half of the specimens in every group were tested with
side F upwards, the other specimens were tested with side W upwards.

Specimen conditioning was conducted according to EN 789 standard. Moistu-
re content and density were determined for all specimens. Moisture content was
determined using weighing method according to EN 322 standard and density was
determined according to EN 323 standard.

Descriptive values were calculated using the method described in EN 326-1
standard. The compared parameters were checked for significance of value diffe-
rence according to EN 326-2 standard. For comparison of bending strength values
for edgewise tested plywood and LVL, the specimens’ height factor was taken into
consideration according to EN 14374 standard.
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Mechanical properties comparison

The results of determination of moisture content and density values for the speci-
mens are given in table 2 and 3. The significance of the difference in moisture con-
tent values and density values was checked for all specimen groups. No significant
difference in moisture content and density values between any of the compared
specimen groups at 95% probability level (t-test with p < 0.05) was observed.

Table 2. Physical and mechanical properties of Specl and Spec3 plywood specimen
tested flatwise

Tabela 2. Wlasciwosci fizyczne i mechaniczne probek sklejki Specl i Spec3badanych na pla-
sko

Bending strength|Modulus of elasticity

Moistt tent i
Wytrzymatosé na | Modut sprezystosci oisture content| - Density

Statistical value Wilgotnos¢ Gestosé

zginanie podtuznej R
Wartosé statystyczna £, N-mm? E, N-mm? W, % p, kgm?
R T A T P T

50 mm wide Specl
Specl szerokosé 50 mm

86.3 | 38.0 | 10899 | 5575 9.0 8.0 | 745|712

Mean value
Srednia

Standard deviation
Odchylenie standardowe 34 6.1 141 545 0.2 0.2 13 | 18

Variation coefficient, % 1.7 | 2.6
Wspolczynnik zmiennoci, % 3.9% (16.2%| 1.3% 9.8% [22%|2.7% v | o
5% quantile
Jwantyl 5% 81.0 | 30.0 | 10710 5134 - - - -
200 mm wide Specl
Specl szerokosc 200 mm
Mean value 683 | - | 10881 | - 94 | - | -] -
rednia

Standard deviation

Odchylenie standardowe 5.7 ) 780 } 14 B B B
pranation cocfficlent, % | g30q| | 64% | - [152%| - | - | -
spolczynnik zmiennosci, %
5% quantile
Jwantyl 5% 61.2 - 9 846 - - - - -
50 mm wide Spec3
Spec3 szerokosé 50 mm
Mga“ value 334 | 857 | 4101 | 11726 | 86 | 7.9 |718|707
rednia
Standard deviation
Odchylenie standardowe 4.4 8.0 474 595 0.3 0.2 17 | 14
Variation coefficient, % 24120
Wspblezynnik zmiennosci, % 132%[93% | 11.6% | 51% [4.0%|22% v |

5% quantile

fwantvl 5% 27.1 | 77.5 | 3397 | 11056 - - - R
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Table 2. Continued
Tabela 2. Cigg dalszy

300 mm wide Spec]***
Specl szerokosé¢ 300 mm***

Mgan va}lue 206 | 63.7 | 5685 | 10930 - - - B
rednia
Standard deviation 77 117 1194 1594 _ _ - -

Odchylenie standardowe

300 mm wide Spec3***
Spec3 szerokosé 300 mm***

67.6 | 22.8 | 11836 | 4095 - - - -

Mean value
Srednia
Standard deviation
Odchylenie standardowe

13 6 1828 721 - - - -

* | —face veneer of perpendicular grain direction; ** || — face veneer of parallel grain direction
* | — okleina o prostopadlej orientacji widkien; ** || — okleina o rownolegtej orientacji wlokien
*** Zudrags, Ludvigsone-Rudzite 2008

Table 2 presents the results of statistical processing of data obtained for flatwi-
se tested Specl and Spec3 plywood.

The results of flatwise tests of Specl and Spec3 plywood of the widths of 50
and 200 mm are discussed together with another research results for 300 mm wide
specimen [Zudrags, Ludvigsone-Rudzite 2008]. In every tested group the bending
strength value for 50 mm wide specimen was higher than the bending strength
value for wider specimens.

The mean value of bending strength determined for 50 mm wide Specl ply-
wood specimens with perpendicular face veneer grain direction was 86.3 N-mm?,
which was 26 and 38% higher than the mean values for specimens of the widths
of 200 and 300 mm, respectively.

The mean value of bending strength for 50 mm wide Specl plywood speci-
mens with parallel face veneer grain direction was 38 N-mm=, which was 35%
higher than that value for specimens of the width of 300 mm.

The mean value of bending strength determined for 50 mm wide Spec3 speci-
mens with parallel face veneer grain direction was 85.7 N-mm=, which was 25%
higher than that value for specimens of the width of 300 mm.

The mean value of bending strength for 50 mm wide Spec3 specimens with
perpendicular face veneer grain direction was 33.4 N-mm?, which was 44% hi-
gher than that value for specimens of the width of 300 mm.

The difference in the mean values of modulus of elasticity at bending deter-
mined for each previously compared Specl and Spec3 plywood specimen groups
was insignificant.
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Table 3. Physical and mechanical properties of Specl and Spec3 plywood specimen tested

edgewise

Tabela 3. Wilasciwosci fizyczne i mechaniczne probek sklejki Specl i Spec3 badanych bokiem

Bending strength | Modulus of elasticity . .
. Wt José Modul - stodci Moisture content| Density
WStatlys'tlcal value 7 }:;ZZ"(ZC m ¢ ZOZ;;ZJ; osct Wilgotnos¢ Gestos¢
artos¢ statystyczna 0 3
f,» N-mm? E, N-mm™ W, % P, kgm
Specl with face veneer of perpendicular grain direction
Specl z okleing o prostopadlej orientacji wtdkien
M |
oo vae 82.7 10 660 9.0 741
Srednia
Standard deviation
Odchylenie standardowe 4.1 362 0.3 15
Variation coefficient, % | 5 o 3.4% 3.8% 2%
Wspotczynnik zmiennosci, %
5% quantile
fwantyl 5% 77.2 10 108 - -
Specl with face veneer of parallel grain direction
Specl z okleing o rownoleglej orientacji wiokien
M 1
oon vatue 42.8 6431 8.6 733
Srednia
Standard deviation
Odchylenie standardowe 2.7 216 0.2 8
Variation coefficient, % 6.2 % 34% 2.0 % 1%
Wspolczynnik zmiennosci, %
5% quantile
kwantyl 5% 394 6127 - -
Spec3 with face veneer of parallel grain direction
Spec3 z okleing o rownoleglej orientacji wiokien
M 1
i 77.6 10199 9.1 -
Srednia
Standard deviation
Odchylenie standardowe 5.9 783 0.5 )
Variation cocfficient, % |5 5 oy 77% 5.1% .
Wspotczynnik zmiennosci, %
5% quantile
fwantyl 5% 69 9437 - -
Spec3 with face veneer of perpendicular grain direction
Spec3 z okleing o prostopadlej orientacji wlokien
Mean value 42.1 6061 9.0 736
Srednia
Standard deviation
Odchylenie standardowe 4.1 361 10 16
Variation coefficient, % 9.7 % 6.0 % 108% | 22%
Wspotczynnik zmiennosci, %
5% quantile
fwantyl 5% 36.6 5530 - -
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Table 3 presents the results of statistical processing of data obtained for edge-
wise tested Specl and Spec3 plywood.

The mean value of bending strength determined for edgewise tested Specl
plywood specimens with perpendicular face veneer grain direction was 82.7
N-mm and of modulus of elasticity 10660 N-mm™. Those values were 4 and 2%
lower, respectively, than the values for flatwise tested specimens (table 2).

The mean value of bending strength for edgewise tested Specl specimens
with parallel face veneer grain direction was 42.8 N-mm™ and of modulus of ela-
sticity 6431 N-mm=2. Those values were 13 and 15% higher, respectively, than the
values for flatwise tested specimens.

The mean value of bending strength determined for edgewise tested Spec3
specimens with perpendicular face veneer grain direction was 77.6 N-mm? and
of modulus of elasticity 10199 N-mm. Those values were 9.5 and 13% lower,
respectively, than the values for flatwise tested specimens (table 2).

The mean value of bending strength for edgewise tested Spec3 specimens
with parallel face veneer grain direction was 42.1 N-mm™ and of modulus of ela-
sticity 6061 N-mm™. Those values were 21 and 48% higher, respectively than the
values for flatwise tested specimens.

The comparison of bending properties of tested plywood and 24.3 mm thick
spruce LVL [Ranta-Maunus, Fonselius 2001] revealed that the values of bending
strength for edgewise tested Specl plywood, for specimens with perpendicular
and parallel face veneer grain direction, were 47% higher and 24% lower, respec-
tively, than the LVL bending strength value. In the case of Spec3 plywood, for
specimens with parallel and perpendicular face veneer grain direction, the values
of bending strength were 38% higher and 25% lower, respectively, than the LVL
bending strength value. The specimens’ height factor was taken into account in the
comparison. The height factor coefficient used in calculations was k,=1.07.

Summary

The use of the special veneer lay-up scheme is the optimal way to enhance plywo-
od’s mechanical properties in one direction at the expense of decreasing them in
another. This optimisation can be achieved without making any significant chan-
ges in technology in mills that produce plywood from veneers of one thickness.

The values of bending strength for both considered special construction ply-
wood types were strongly influenced by the scaling factor. The values were signi-
ficantly greater for narrower specimens of both types: with most of the layers with
the grain direction parallel or perpendicular to the longer axis.

The values of modulus of elasticity at bending did not depend on the speci-
men’s width for Specl and Spec3 plywood, and the differences in the modulus of
elasticity mean values for separate plywood types were insignificant.
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The use of the special construction plywood with small cross-sectional dimen-
sions could be beneficial thanks to its mechanical properties values at edgewise
bending which are good enough compared with mechanical properties of the same
material loaded flatwise and with LVL mechanical properties.
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BADANIA WEASCIWOSCI MECHANICZNYCH
WODOODPORNEJ SKLEJKI BRZOZOWEJ
0 ZROZNICOWANYM UKLADZIE FORNIROW

Streszczenie

Zakres stosowania sklejki moze by¢ rozszerzony dzigki poprawie jej wlasciwosci mecha-
nicznych, uzyskanej m.in. przez wprowadzenie nietypowych rozwiazan uktadu fornirow.
Celem badan byto okreslenie wlasciwosci mechanicznych wodoodpornej sklejki brzozo-
wej, okleinowanej btong fenolowa, a rézniacej si¢ budowa zestawu. Zakres pracy obej-
mowat badania wytrzymato$ci na zginanie i modutu sprezystosci zgodnie z normg EN
789. Pomiary prowadzono wzdhiz i w poprzek wtokien dla réznego rozstawu podpor ob-
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cigzajacych oraz prostopadle do ptaszczyzny sklejki i jej krawedzi. Oznaczono rowniez
wilgotnos$¢ 1 gestose sklejki. Na podstawie przeprowadzonych badan stwierdzono, ze wy-
trzymato$¢ na zginanie jest znacznie wyzsza dla mniejszego rozstawu podpor.

Stowa kluczowe: sklejka brzozowa, budowa zestawu, wytrzymato$¢ na zginanie, modut sprezysto-
$ci obcigzenie
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THE IMPACT OF ECONOMIC CRISIS ON THE
CHANGE IN MOTIVATION OF FURNITURE COMPANY
EMPLOYEES — CASE STUDY

This work analyses the level of motivation of workers employed in Ekoltech s. . o.
Filakovo in Slovakia in the period till 2008, i.e. before the beginning of economic
crisis, and after the crisis’start, i.e. at the beginning of 2009. Using Duncan test,
which is a suitable tool for independent choices, the average rates were compared
and significance level p for individual motivational factors was calculated. The
result of this work is definition of significant change in average rates of individual
motivational factors and the comparison of sequence of importance of motivational
factor before and after the crisis. Based on the observations made, it can be said
that the world economic crisis caused change in employee motivation in companies.
The employees were willing to work even in worse conditions, for they wanted to
keep their jobs. Therefore, it was recommended that the management of the analy-
sed enterprise motivate the employees by non-financial motivational factors, which
nowadays are critical to maintain sufficient job performance.

Keywords: motivation, motivational programme, change of motivation, economic
crisis, Duncan test

Introduction

Market globalisation, lack of qualified workforce and financial crisis exert per-
manent pressure on company management who must pay attention not only to
creation of a competitive strategy, but also to determination and execution of cri-
sis management aimed at company’s survival [Raable 2008]. Any company may
have at its disposal a top-level technology, rich financial resources and scarce
information, but its success and competitiveness depends only on high-quality and
qualified employees. The main goal of human resources management is to attract,
develop, properly utilize, assess, motivate, remunerate, and keep a proper number
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of employees at adequate working positions in a company and in this way provide
the company with appropriate workforce [Werther, Davis 1992].

Problem

One of the most important and at the same time the most difficult task of human
resources management is motivation of employees, which is the basis for human
resources management. Without proper level of motivated behaviour and perfor-
mance of employees it is impossible to determine goals and to meet them as well.
This paper deals with analysis of motivation in the period 2007-2009 in Ekoltech,
s.r.o. Fil'akovo, and the impact of the economic crisis on the change in employees’
motivation. The analysed enterprise is an important producer of furniture for the
distribution network of IKEA Company and it employs more than 800 employees
in the area of Novohrad.

Management in the period of crisis requires the use of non-financial remune-
ration of employees which can be done in several ways: 1) team rebuilding, 2) or-
ganisation of educational activities within the company, 3) training of employees,
4) organisation of requalification courses, language courses, managerial and IT
courses, expert courses, seminars and trainings or 5) using different outsourcing
market tools [Potkédny 2008]. Company may also organise sports and other com-
pany events aimed at improvement in human relations. The attention should also
be paid to internal communication in the company, especially with subordinates.

Another form of non-financial motivation is regular demonstration of appre-
ciation on the part of supervisor and provision of appreciation, so that employee
gets more responsibility at work. The employer should let the employees select
non-financial benefits. Other form of employees’ motivation is self-realisation,
i.e. delegation of some competencies and duties. Motivation of employees may be
executed even in the change of company management. For some employees be-
nefits and motivational programmes leading to their self-realisation or satisfying
their economic requirements may be effective. From the employer’s perspective,
low-cost tools which help him start utilising the potential hidden in the employees
are effective.

Other forms of motivation in the period of crisis include:

— change of internal communication — management more often and openly com-
municate with employees, determines groups of specialists to solve section
problems, create place for non-traditional solutions to proposals and pro-
blems, even apart from the official organisational structure of the company,

— enhancement of work — in the period of crisis, due to redesign of some wor-
king positions, some jobs may be downsized and part of their workload can
be transferred to remaining posts,

— employees’ development — this period of fewer orders may be used for em-
ployees’ development and growth, and in such periods the knowledge poten-
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tial “hidden” in the company should be utilised, e.g. lecturers working with
the company,

— improvements to company processes and their presentation at wide company
forum — this method may also improve team work, if the task is to bring the
offer of individual working teams for the benefit of the whole company,

— working hours — if possible, flexible working hours may be introduced (such
a possibility is appreciated not only by younger people as it is often believed),

— free days — employees appreciate an additional free day especially before ho-
lidays and they like higher number of general holiday as well,

— social programme — a “cheaper solution” than an increase in wages or paying
bonuses for higher output or motivational bonuses or extra holiday money or
thirteenth salary is an increase in the value of luncheon vouchers, contribution
to pension and life insurance, equipping company fitness centre, organising
daily camps for employees’ children [Raable 2009].

Experimental part

It is impossible that one motivational factor motivates employees to work perfectly
every day, minimise costs and be reliable. To be able to get answers to questions
like: how employees assess their work positions, how they feel at their work, and
what the structure of their needs is, a repetitive analysis of motivational structure
in a selected group of employees in the period 2007-2009 was carried out. To
this end, a general questionnaire, a survey tool, was developed [Hitka 2009a]. In
the studied case group sampling of employees was carried out and respondents’
answers to the questions concerning satisfaction with motivation factors applied
in the analysed enterprise were discussed. The first part of the questionnaire con-
tained general factual information concerning the respondents’ sex, age, education
and number of years worked in the company. The second part encompassed 30
structured questions about motivational factors. The employees were supposed to
assign a level of importance based on a scale of motivational factor assessment to
each factor. Five options marked by numbers 1-5 (1 — most dissatisfied, 5 — most
satisfied) were provided. The analysis of motivational factors was carried out in
2007, 2008 and 2009. Each year 100 questionnaires were delivered to production
departments. The total return of the questionnaires was 62%, out of which 92 were
answered by men and 94 by women.

Statistical verification by Duncan test, which determines significant rate of
change and rate of importance between motivational factors when individual years
are compared, was done. Based on the questionnaires interpretation, the conflict
between subjective factors and actual situation was illustrated. The interpretation
had the following several phases:

— calculation of average rates assigned to the requested state of motivation for

a group of analysed employees,
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— numerical and graphical illustration of calculated average rates of the requ-
ested state of motivation for individual factors of analysed employees,
— numerical illustration of significant rate of change according to Duncan test.
Based on the questionnaires interpretation, it was summarised that in 2007 and
2008 the most important factors of motivation for employees were: good working
team, financial remuneration, supervisor’s approach, free time, recognition, basic
salary and fair employee’ assessment. In 2009, after the start of the economic
crisis, priorities of the employees’ motivation changed. First positions belonged
to motivators such as job security, basic salary, good working team, recognition,
working process, free time and working environment.

Results

In spite of the fact that a slow increase in average rates is visible when the levels
of motivation in 2007 and 2008 are compared, it can be said that in the analysed
enterprise there was no critical change in motivational factors (p < 0.05).

When average rates of individual motivational factors in 2008 and 2009
(table 1) is analysed, there are relevant changes in 26 out of 30 items (good wor-
king team, financial remuneration, communication at place of work, opportunity
to apply own abilities, scope of employment and type of work done, acquaintan-
ce with reached working result, working hours, working environment, working
output, working process, competences, supervisor’s approach, individual deci-
sion-making, self-realization, social benefits, fair employee’s assessment, stress/
elimination of stress at place of work, psychical effort, company vision, region
development, education and personal growth, relation of the company to the envi-
ronment, free time, recognition, basic salary). For 12 factors (financial remune-
ration, opportunity to apply own abilities, scope and type of work done, working
output, supervisor’s approach, social benefits, fair assessment, stress/elimination
of stress at place of work, company vision, region development, recognition, basic
salary) there is zero level of relevance and a critical change of motivation rate can
be seen. The employees were willing to work even when working conditions were
worse.

Based on the actual surveys of stability of motivational moods in companies
[Hitka 2009a, 2009b], it is possible to summarise that in general the level of mo-
tivation of employees of production companies remains unchanged in the horizon
of 5-6 years. The results of this analysis indicate that under the world economic
crisis conditions and economic and social effects of the crisis, there was a relevant
change in the level of motivation and employees were motivated by different mo-
tivational factors than before the crisis started. The order of motivational factors
was substantially changed as well.
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Table 1. The comparison of motivation change significance in 2008 and 2009
Tabela 1. Porownanie istotnosci zmian w motywacji w 2008 i 2009 roku

L (4] (0]
Sl' n- évlonv,zt“’“al factor state 2008 | state 2009 p
P Zynnik motywacyyny stan w 2008 | stan w 2009
1. Atmosphere at work 452 434 0.114
Atmosfera w pracy
2. Good working team 467 4.40 0.021
Zgrany zespol wspolpracownikow
3 Financial rerflun.era‘nf)n 4.69 413 0.000
Wynagrodzenie pienigzne
Job physical effort
4. Wosilek fizyczny 4.14 3.88 0.103
5. | Jobsecurity 450 4.41 0.572
Bezpieczenstwo zatrudnienia
6. Commun}cat}on at work 443 407 0011
Komunikacja w pracy
7. Company name 4.16 4.07 0.612
Nazwa przedsiebiorstwa
2. . .Oprprortumty to appl?f own abilities N 424 371 0.000
Mozliwos¢ wykorzystywania wlasnych zdolnosci
9. Scope of enn.pIO},fmfznt anq type of work. done 431 376 0.000
Zakres obowigzkow i rodzaj wykonywanej pracy
10, Acquglntaflrce Wlth. achieved .Wf)rk result 438 3.93 0.003
Znajomos¢ osiggnietych wynikéw pracy
11. Working hours 447 3.97 0.001
Godziny pracy
12. Working environment 4.59 4.18 0.001
Srodowisko pracy
13. Work output 4.64 415 0.000
Wydajnos¢ pracy
14. Working process 4.52 4.18 0.021
Proces pracy
1. Competences 4.66 3.93 0.011
Kompetencje
16. Prestige 429 3.93 0.037
Prestiz
17. Supervisor’s approach 4.66 4.04 0.000
Podejscie przetozonego
18, In(.thdual de<:1.510n-mz?k1ng ) 440 400 0.006
Indywidualne podejmowanie decyzji
19. Self-realisation 436 3.87 0.001
Samorealizacja
20. Social benefits 4.60 3.90 0.000
Korzysci socjalne
o1 Fair assessment of employ:aes 466 401 0.000
Uczciwa ocena pracownikéw
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Table 1. Continued
Tabela 1. Cigg dalszy

27 Stress/elnAmnatl(.)n.of s.tress at work 445 332 0.000
Stres (jego eliminacja) w pracy
Psychical effort
23. Wosilek fizyczny 4.26 3.82 0.009
24. (Company vision 4.57 3.93 0.000
Wizja przedsigbiorstwa
25. Region development 455 3.99 0.000
Rozwdj regionu
2. Educatlon'anld pers,(.)nal g'rowth 436 391 0.006
Edukacja i rozwoj osobisty
Company relation to the environment
27. Stosunek przedsigbiorstwa do srodowiska 4.38 4.01 0-004
28. Free time 4.64 4.18 0.001
Czas wolny
29. Recognition 474 422 0.000
Uznanie
30. Basic salary 491 4.40 0.000
Wynagrodzenie podstawowe

Source: own survey
Zrodto: ankieta wtasna

Managers usually predict that their employees are the most interested in mon-
ey and they often do not know or do not take into consideration the fact that
there are other motivational factors which are even more important for employees.
Having done this motivation survey aimed at production workers in the analysed
enterprise, it can be summarised that the most important motivational factors are
factors of existence, i.e. job security, basic salary, financial remuneration. The next
area is described by social factors, i.e. good working team, recognition, working
process, communication at place of work, and job factors, i.e. working environ-
ment and working output.

Conclusions

Transition from centrally planned economy to free market economy forced most
companies to pay more attention to their employees. The result of this process
is that a lot of top companies worked out motivational programmes and really
respect their employees. The existence of a company, its competitiveness and pro-
sperity depend at first on the quality of its human resources. Apart from effective
way of employees’ recruitment, the quality of human resources and increase in
performance is assured also by existence of various motivational elements. The
system of assessment and remuneration, further education and increase in qu-
alifications, various employee and social benefits and good work organisation,
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significantly supports the increase in motivation. A set of motivational factors ena-
bles the company to utilise the potential of its employees, so the company scores.
The form and intensity of achievement of company’s goals leads to growth of
work productivity, reduction of costs and general satisfaction of employees.

Based on the observations made, it can be said that the Slovak economy was
much influenced by the world economic crisis as well. Not only did it result in
high unemployment, decline in performance and drop in sales but also in a sub-
stantial change in employees’ motivation across Slovakia [Hitka, Vacek 2010].
This is the reason why, in the period of overcoming the crisis’ effects, it was
recommended that the management of the analysed enterprise motivate their em-
ployees especially with non-financial motivational factors which are critical to
keeping of job performance.
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WPLYW KRYZYSU GOSPODARCZEGO NA ZMIANE
MOTYWACJI PRACOWNIKOW ZATRUDNIONYCH W FIRMIE
MEBLARSKIEJ — STUDIUM PRZYPADKU

Streszczenie

W pracy analizowano poziom motywacji pracownikow etatowych w firmie EKOL-
TECH s.r.o. Fil’akovo na Stowacji przed kryzysem ekonomicznym do roku 2008 i po
jego nadejsciu na poczatku roku 2009. Stosujac test Duncana, przydatny do niezalez-
nych wyborow, porownano $rednie oceny i wyliczono poziom istotnosci (p) dla indy-
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widualnych wskaznikoéw motywacyjnych. Wynikiem pracy jest zdefiniowanie istotnej
zmiany $redniej oceny indywidualnych wskaznikow motywacyjnych i przedstawienie ich
wedtug rangi przed i po kryzysie. Na podstawie naszych obserwacji mozna stwierdzic,
ze $wiatowy kryzys gospodarczy ma takze wplyw na zmian¢ motywacji w firmach. Pra-
cownicy sa chetni do pracy nawet w gorszych warunkach, gdyz zalezy im na utrzymaniu
pracy. Oto dlaczego zarzadowi badanego przedsigbiorstwa zaleca si¢ motywowanie swo-
ich pracownikow innymi niz finansowe wskaznikami motywacyjnymi, pozwalajacymi
utrzymac dostateczng wydajnosc¢ pracy.

Stowa kluczowe: motywacja, program motywacyjny, zmiana motywacji, kryzys gospodarczy, test
Duncana



Drewno. Pr. Nauk. Donies. Komunik. 2011, vol. 54, nr 185

KOMUNIKATY - ANNOUNCEMENTS

Ewa RaTtaiczak

OSIAGNIECIA INSTYTUTU TECHNOLOGII DREWNA
W OBSZARZE BADAN CZWARTORZEDOWYCH SOLI
AMONIOWYCH

Przedstawiono osiggniecia badawcze Instytutu Technologii Drewna uwienczone
uzyskaniem prestizowej nagrody Ministra Srodowiska w 2010 roku za innowacyjne
i nowatorskie prace z zakresu badan czwartorzedowych soli amoniowych.

Stowa kluczowe: nagroda Ministra Srodowiska, czwartorzgdowe sole amoniowe,
ciecze jonowe

Wskutek wyeliminowania z rynku klasycznych $§rodkow ochrony drewna zawie-
rajacych skuteczne biocydy w postaci polifenoli, pentachlorofenolu, chloronafta-
lenow, fluorkow, fluorokrzemiandéw, podjeto w Instytucie Technologii Drewna
intensywne prace badawcze dotyczace zastosowania czwartorzedowych zwigz-
kéw amoniowych w $rodkach ochronnych, ktore byty aplikowane wezesniej jako
preparaty dezynfekcyjne. Ta nowa grupa substancji biologicznie czynnych, bio-
degradowalnych w srodowisku, szczegolnie chlorek didecylodimetyloamoniowy,
chlorki alkilobenzylodimetyloamoniowe, chlorki cocotrimetyloamoniowe, pro-
pionian i boran didecylometylopoli(oxyetylo)amoniowy, wykazata skutecznosé
wobec Basidiomycotina, pordwnywalng z preparatami chromowo-miedziowo-ar-
senowymi. Wkrotce znalazty one powszechne zastosowanie w recepturach §rod-
kéw do ochrony drewna uzytkowanego na zewnatrz, bez kontaktu z gruntem.

W Instytucie Technologii Drewna, w latach dziewigcdziesigtych ubieglego
stulecia, w wyniku realizacji prac badawczych zostal opracowany i wdrozony
w zakladach przemyshi drzewnego preparat Fungosept, na bazie komercyjnych
czwartorzedowych soli amonowych, do zabezpieczana surowca drzewnego przed
grzybami sinizny. Ten przetom sprawit, Ze kolejne badania ukierunkowane zosta-

Ewa Rarajczak, Instytut Technologii Drewna, Poznan, Polska
e-mail: e_ratajczak@itd.poznan.pl
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ly na poglebienie wiedzy w zakresie mozliwosci syntetycznych nowych struktur
chemicznych czwartorzedowych zwigzkéw amoniowych, oddziatywania ich na
zbiorowiska grzybow niszczacych materiat lignocelulozowy, interakcje z drew-
nem, jak rowniez badania skutkéw dla srodowiska przez te nowe zwigzki bio-
logicznie czynne, ich oddziatywania z abiotycznymi komponentami §rodowiska.
Dzigki wymianie w strukturze czwartorzedowych soli amoniowych anionu halo-
genowego na inny anion nieorganiczny lub organiczny, uzyskano zwigzki che-
miczne przyjazne srodowisku, o nowych witasciwosciach fizykochemicznych,
wielofunkcyjnym dziataniu, bedace cieczami w temperaturze do 100 °C. Z uwagi
na charakter jonowy nazwano je ,,cieczami jonowymi” (ILs), jak rowniez ,,zwigz-
kami przyjaznymi srodowisku” z powodu ich tatwego recyklingu oraz niskiej
preznosci par. Ciecze jonowe stanowig alternatywe dla lotnych i toksycznych
rozpuszczalnikow organicznych, ale jak si¢ wkrotce rowniez okazato, znalazty
zastosowanie w wielu dziedzinach gospodarki z uwagi na swa wielofunkcyjnos¢.

W wyniku kilkuletnich badan opracowano, wspdlnie z zespotem prof. dr. hab.
J. Pernaka z Wydziatu Technologii Chemicznej Politechniki Poznanskiej, po-
wierzchniowo czynne zwigzki organiczne o budowie jonowej - dimeryczne sole
amoniowe,zwane solami,,gemini”, 0 swoistymdziataniubiologicznym, tj. skutecz-
ne wobec grzybow wyzszych niszczacych drewno, a zarazem podatne na rozktad
w Srodowisku wodnym i glebowym przez bakterie i grzyby niedoskonate. Bada-
nia te miaty charakter nowatorski, niemajacy odpowiednikow w kraju i za gra-
nica. Charakteryzuja si¢ wysokim poziomem naukowym, a wprowadzenie do
praktyki uzyskanych wynikéw (opracowanie catkowicie nowych fungicydéw),
wypehi luke na rynku $rodkow chemicznych do zabezpieczania drewna przed
zgnilizng, umozliwi zwigkszenie trwatosci drewna , dzieki czemu powigkszy sie
baza surowcowa dla drzewnictwa i budownictwa, bez negatywnego oddzialy-
wania na $rodowisko. Uwienczone sukcesem prace doswiadczalne prof. nadzw.
dr hab. Jadwigi Zabielskiej-Matejuk w obszarze badan proekologicznych zwigz-
kéw bioczynnych, przedstawione zostalty w monografii pt. ,,Ochrona drewna
nowej generacji czwartorzedowymi solami amoniowymi” . Prace t¢ wyr6zniono
w dniu 18 pazdziernika 2010 roku w Warszawie prestizowa nagroda Ministra Sro-
dowiska za szczegolne osiggniecia naukowo-badawcze, przyznawang corocznie
w trybie konkursu naukowcom i zespotom badawczym za innowacyjne i nowa-
torskie dokonania, ukierunkowane na zastosowanie praktyczne, wyrozniajace si¢
efektami naukowymi, gospodarczymi i spotecznymi. Rezultaty badan z pograni-
cza lesnictwa i technologii drewna, prowadzone przez prof. Jadwige Zabielska-
-Matejuk, maja niezwykte znaczenie dla gospodarki, zostang bowiem wykorzy-
stane przez praktykow sektora le§no-drzewnego, budownictwa, konserwatorow
obiektow muzealnych jak rowniez wdrozone w zaktadach przemystu drzewnego.
Wdrozenie wynikow pracy przyczyni si¢ do ochrony gleby, powietrza oraz do
przeciwdziatania zanieczyszczeniom akwenow nieulegajacymi bioeliminacji, sto-
sowanymi aktualnie srodkami ochrony drewna.
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THE ACHIEVEMENTS OF THE WOOD TECHNOLOGY
INSTITUTE IN THE AREA OF RESEARCH ON QUATERNARY
AMMONIUM SALTS

Summary

The Wood Technology Institute has been conducting research on the use of quaternary ammo-
nium salts in wood protection for over 15 years. New biologically active compounds have been
developed. The paper presents the achievements of the Wood Technology Institute in the field
of research on a new group of biocides easily degradable by micro-flora present in soil and
water. The research results have been published in the dissertation study titled “Wood protec-
tion by a new generation of quaternary ammonium salts” of the authorship of associate profes-
sor Jadwiga Zabielska-Matejuk. Minister of the Environment awarded this monograph in 2010.

Keywords: Minister of the Environment Award, quaternary ammonium salts, ionic liquids
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7. EUROPEJSKIE SYMPOZJUM PLYT
DREWNOPOCHODNYCH

Tematyka sympozjum obejmowata zagadnienia dotyczqgce stanu obecnego i per-
spektyw rozwoju przemystu ptytowego w Europie. Przedstawiono nowe koncepcje
i rozwigzania technologiczne stosowane w produkcji ptyt drewnopochodnych. Za-
prezentowano wysokiej jakosci produkty plytowe wytwarzane m.in. z odnawialnych
surowcow, a takze plyty o bardzo niskiej emisji formaldehydu.

Stowa kluczowe: panel ptyt drewnopochodnych, technologia produkcji, redukcja
emisji formaldehydu, sympozjum

W dniach 13 - 15 pazdziernika 2010 roku, Hanower juz po raz siédmy stat si¢
miejscem spotkania okoto 300 przedstawicieli zarowno osrodkow akademickich,
naukowych, jak i przemystowych z calego swiata. Powodem spotkania byto od-
bywajace si¢ co dwa lata Europejskie Sympozjum Tworzyw Drzewnych. Wyda-
rzenie to, organizowane przez Fraunhofer Institute for Wood Research (WKI),
International Association for Technical Issues relating to Wood (iVTHe.V.) oraz
European Panel Federation (EPF) uznawane jest za najwicksza europejska kon-
ferencje poswigcong problematyce zwigzanej z technologia ptyt drewnopochod-
nych.

Konferencja rozpoczeta sie¢ od przedstawienia obecnej sytuacji panujacej
na europejskim rynku przemystu tworzyw drzewnych. Ladisalus Dory, prezy-
dent EPF, w swoim wystgpieniu podkreslit koniecznos$¢ podejmowania dziatan
zarowno ekonomicznych, jak i ekologicznych zmierzajacych do pokonania na-
stepstw globalnego kryzysu. Dalszy rozwdj przemystu ptyt drewnopochodnych
wedlug Andreasa Michanickl’a (University of Applied Science Rosenheim) po-
winien opiera¢ si¢ na najnowszych rozwigzaniach technologicznych pozwalaja-
cych zwigksza¢ wydajnos¢ produkcji przy jednoczesnym zmniejszaniu zuzycia
surowca 1 energii. Jaki inny przemyst wykorzystuje odnawialne surowce? Jaki
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inny przemyst moze zamkna¢ obieg dla swoich produktow tak jak przemyst ptyt
drewnopochodnych? Jaki inny przemyst wytwarza energi¢ elektryczng z surow-
coOw zréwnowazonych dla sieci publicznej? To pytania, a zarazem stwierdzenia
prelegenta z Rosenheim, ktory w ten sposob podkreslit innowacyjnosé i dyna-
miczny rozwdj przemystu plyt drewnopochodnych w kilku ostatnich latach.

W dalszej czgsci spotkania przedstawiono najnowsze rozwigzania technolo-
giczne opracowane dla przemystu tworzyw drzewnych m.in.: EcoDry — technolo-
gie suszenia w zamknietym obiegu (Schenkman-Piel-Engineering-Swiss Combi),
EVojet — system aplikacji zywicy (Sunds MDF Technologies), CONTI-SOUND
— nowy sposob wykrywania wybuchow. Innowacyjne rozwiagzane dla skrawarki
pierscieniowej przedstawit Ricardo Ferrari reprezentujacy firme Globus. Wioska
firma zaprezentowala skrawarke pierscieniowa z ruchomym dyskiem rownomier-
nie rozprowadzajacym zrgbki w pier§cieniu nozowym, co wedtug specjalistow
decyduje nie tylko o wysokiej jakosci otrzymywanych wiérow lecz rowniez po-
zwala uzyskac¢ 90% wydajnos¢ skrawania.

Tradycyjnie juz, powtarzajacym si¢ tematem wielu referatow, byly kwestie
zwigzane z emisja i zawarto$cig formaldehydu w ptytach. Ten, budzacy duze za-
interesowanie, blok tematyczny rozpoczat Harald Schwab z WKI przedstawiajac
roboczg wersje¢ projektu, w ktorym proponuje si¢ migdzynarodowa standaryzacje
metod oznaczania emisji formaldehydu z ptyt drewnopochodnych. Produkcja ptyt
drewnopochodnych o niskiej emisji formaldehydu (CARB faza 2, EPFS, F****)
wymaga czesto stosowania specjalnych, niestety znacznie drozszych, zywic klejo-
wych. Nowe rozwigzania technologiczne i stosowanie alternatywnych dodatkow
do zywic klejowych byly przedmiotem wystgpien naukowcow reprezentujacych
rézne osrodki badawcze w Europie. W tym miejscu warto przywolaé refera-
ty Georges Francis z Advachem S.A. ,,Srodki wigzace formaldehyd — przeglad
i badania” oraz przedstawicieli WKI (Jan Gunschera, Katrin Bokelmann), ktorzy
zaprezentowali wyniki badan zastosowania modyfikowanych zeolitoéw redukuja-
cych emisj¢ formaldehydu z ptyt drewnopochodnych. Stosowanie dwoch roznych
rodzajow zywic — na warstwe srodkowa tradycyjnej zywicy mocznikowo-formal-
dehydowej (UF), na warstwy zewnetrzne klejow bazujacych na zwigzkach akry-
lowych, to rozwigzanie dla ptyt widrowych o niskiej emisji formaldehydu pro-
ponowane przez przedstawicieli firmy BASF. Eleftheria Athanassiadou, Charles
Markesini, Sophia Tsiantzi z Chimar Hellas S.A. przekonywali, iz produkcja ptyt
cechujacych si¢ emisjg formaldehydu na poziomie emisji z drewna jest mozli-
wa do osiggniecia dzigki stosowaniu zaawansowanych technologii syntezy zywic
aminowych.

Uwienczeniem konferencji byto przyjecie zorganizowane przez firme¢ Sasol
Wax w jednym z pawilonéw EXPO 2000.
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THE 7" EUROPEAN WOOD-BASED PANEL SYMPOSIUM

Summary

On 13-15 October 2010 Hannover was the host city of the 7th European Wood-Based Pa-
nel Symposium. That biggest European conference devoted to the technology of wood-ba-
sed products was a meeting place for around 300 participants representing the academia
and industry. Amongst main topics discussed during the symposium were economic and
ecological challenges, energy concerns, development in production and research, and new
products and their application.

Keywords: wood-based panels, technology, reduction of formaldehyde emission, symposium
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THE ISSUES OF WOOD PROCESSING
ON THE 7* INTERNATIONAL SCIENCE CONFERENCE
“CHIP AND CHIPLESS WOODWORKING PROCESSES”

The 7" International Science Conference on “Chip and Chipless Woodworking
Processes” was organised on 9-11 September 2010 in Terchova, Slovakia, by the
Department of Woodworking at the Faculty of Wood Sciences and Technology
of the Technical University in Zvolen. The aim of the Conference was to provide
the specialists in science, research and pedagogy with a forum to present and
discuss new knowledge and results in the field of chip and chipless woodworking
processes.

Keywords: woodworking, machining, wood, wood-based material, tool, conference

The rapid progress in woodworking machinery construction as well as in new
and improved wood-based composite materials and modified wood has resulted
in changes of typical methods of wood processing. Those issues were discussed
on the 7" International Science Conference “Chip and Chipless Woodworking
Processes” organised on 9-11 September 2010 in Terchova, Slovakia, by the De-
partment of Woodworking at the Faculty of Wood Sciences and Technology of
the Technical University in Zvolen. The aim of the Conference was to provide the
specialists in science, research and pedagogy with a forum to present and discuss
new knowledge and results in the field of chip and chipless woodworking proces-
ses. The conference agenda consisted of 3 main sections:

— mechanical woodworking,

— thermal treatment of wood,

— technical legislation in wood industry.

In the section “Mechanical woodworking” a wide-range of issues concer-
ning technical and technological factors of processes, machine-tool interaction,
as well as physical properties of chips was discussed. Chosen papers from this
section encompassed: 1) “The influence of the parameters of wood based ag-
glomerated materials cutting process by abrasive water-jet on the kerf width”,
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2) “Popcornboard — chipboard modified with popcorn”, 3) “Working of softwo-
od round timber into structural timber and assessment of their quality”, and 4)
“Computer aided monitoring of indices for economic efficiency in woodworking
enterprises”.

“Thermal treatment of wood” section concerned technical and technological
factors of processes and in that field the following subjects were discussed: 1)
“Assessing the effect of the pressing parameters on the shape stability of water-re-
sistant plywoods”, 2) “Model for calculation of the heat consumption for heating
of pit’s corpus for thermal treatment of wood materials”, and 3) “Potential role of
biomass as a source of renewable energy in the future global energy mix and its
possible impacts on the air quality”.

The section titled “Technical legislation in wood industry” was devoted to
risk, health aspects and safety regulations in wood industry.

In the section “Mechanical woodworking” the following two papers written
by the Wood Technology Institute researchers were presented: “Influence of the
raw materials parameters on the properties of the fibrous chips and particlebo-
ards” and “Investigation on drilling of the particleboards produced from fibrous
chips”.

The next 8" Conference will be organised in 2012.

PROBLEMATYKA PRZEROBU DREWNA
NA 7. MIEDZYNARODOWEJ KONFERENCJI NAUKOWEJ
»CHIP AND CHIPLESS WOODWORKING PROCESSES”

Streszczenie

W dniach 9-11 wrze$nia 2010 roku w Terchovej (Stowacja) odbyta si¢ 7. Migdzynarodowa
Konferencja Naukowa ,,Chip and Chipless Woodworking Processes”. Organizatorem kon-
ferencji byta Katedra Obrébki Drewna Wydziatu Nauki o Drewnie i Technologii Uni-
wersytetu Technicznego w Zwoleniu (Stowacja). Celem konferencji byta prezentacja
wynikow prac naukowych oraz naukowo-badawczych pracownikéw zajmujacych si¢ teo-
retycznymi, technicznymi oraz technologicznymi problemami proceséw widrowej i bez-
wiorowej obrobki drewna.

Stowa kluczowe: obrobka drewna, drewno, tworzywa drzewne, narzgdzie, konferencja
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SPRAWOZDANIE Z COROCZNEJ KONFERENCJI
EUROPEJSKIEGO INSTYTUTU LESNEGO

Doroczna Konferencja Europejskiego Instytutu Lesnego odbyla sie 15 pazdziernika
2010 roku w Dreznie. Konferencji towarzyszylo seminarium dotyczgce biomasy po-
chodzqcej z lasow i pozostatych obszarow.

Stowa kluczowe: EFI, program, sprawozdanie, badania

Od kilku lat, zgodnie z postanowieniami cztonkow Europejskiego Instytutu Le-

$nego (EFI), doroczne posiedzenia plenarne organizowane sg w krajach czton-

kowskich, zgtaszajacych wole ich przeprowadzenia. Ostatnie z nich odbyto si¢ w

Dreznie 15 pazdziernika 2010 roku.

Konferencja byta jednodniowa, w trakcie ktorej, oprocz programu zwigzanego

gtownie z dziatalno$cig EFI, Uniwersytet Techniczny w Dreznie przedstawit

syntez¢ materialow pt. ,,Biomasa z lasoéw i pozostatych obszaréw”. Materialy te

zawieraja referaty' omawiajace problematyke biomasy w Niemczech, Rosji, Au-

strii, Wloszech i Szwecji:

A. Berman: Biomasa z laséw i pozostatych obszaréw. Produkcja i zuzycie,

— H. Roder: Samowystarczalnos¢ drewna w Niemczech i w Europie — Stan ak-
tualny i1 perspektywy,

— A. Berman i in.: Mozliwosci i bariery dla drewna krotkich rotacji,

— U. Kies, D. Herold: Niemiecki Sektor Le$ny. Narodowy benchmarking, regio-
nalne klastry i rola inicjatyw sieciowych,

— V. Petrov, A. Orlov: Energetyczna utylizacja drewna w potnocno-zachodniej
Rosji,

— P. Liebhard i in.: Status quo drewna krétkich rotacji i systemy rolno-lesne,

G. Picchci, R. Spineli: Techniki i technologie produkcji drewna krotkich rotacji,

M. Weich: Status quo drewna krotkich rotacji i systemy rolno-lesne w Szwecji.

Wtadystaw Strykowski, Instytut Technologii Drewna, Poznan, Polska

e-mail: office@itd.poznan.pl

! Prezentowane na konferencji materiaty wydane przez Federal Ministry of Food,
Agriculture and Consumer Protection s3 dostepne w Instytucie Technologii Drewna
w Poznaniu.
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Roczny raport, ktory byt przedmiotem dyskusji, zostat przestany cztonkom
EFI w czerwcu 2010 roku. Jest on takze dostgpny na stronach http:/www.efi.int/
portal/virtual library/annual reports. Wyniki badan audytorskich potwierdzity pra-
widlowe dziatanie EFI w roku objetym audytem.

W raporcie w sposéb syntetyczny okreslono strategi¢ dziatania EFI do 2025
roku. Misja EFI jest wzmacnianie i mobilizacja europejskich badan lesnych i eks-
pertyz adresowanych dla potrzeb podmiotow podejmujacych decyzje z zakresu
lasow 1 le$nictwa.

W celu wdrazania misji EFI niezbgdne jest:
— prowadzenie badan i wykonywanie ekspertyz na poziomie paneuropejskim,
— prowadzenie polityki doradztwa dotyczacego leSnictwa zwigzanego z Europa,
— ulatwianie i stymulowanie powstania lesnych sieci na poziomie paneuropejskim,
— wspieranie zapotrzebowania na polityke bezstronno$ci zwigzang z informacja

w europejskich lasach i lesnictwie,

— rzecznictwo wspierajgce badania lesne i naukowe informacje jako podstawy
dla decydentow w zakresie polityki lesnej w Europie.
Gtownymi kierunkami badan EFI s3:
— lasy dla wielorakich potrzeb,
— lasy, klimat i energia,
— polityka sektora le§nego i zarzadzanie,
— przyszto$¢ lasow i badan.

Waznym punktem posiedzenia byl wybor dwoch cztonkow Rady na okres
2010-2013. Sposrdd pigeiu oso6b kandydujacych do Rady (Aleksander Alekseev,
Peter Csoka, Jean-Marc Guehl, Michael Ko6hl, Ivo Kupka), w wyniku glosowania
mandaty cztonkéw Rady na obecng kadencj¢ uzyskali: Jean-Marc Guehl (INRA,
Francja) i Michael Kohl (Uniwersytet w Hamburgu, Niemcy).

Ustalono, ze tegoroczna Plenarna Konferencja EFI odbedzie si¢ w Uppsali
(Szwecja).

REPORT ON THE ANNUAL CONFERENCE OF THE EUROPEAN
FOREST INSTITUTE

Summary

The Annual Conference of the European Forest Institute (EFI) was organised on 15th
October 2010 in Dresden. The Conference was accompanied by a seminar on biomass
from forests and other lands.

Keywords: EFI, programme, report, research
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DZIALALNOSC NAUKOWA PROFESORA RYSZARDA
BABICKIEGO

Profesor dr hab. Ryszard Babicki, cztonek rzeczywisty PAN,
wieloletni Dyrektor Instytutu Technologii Drewna w Poznaniu.
Wybitny specjalista z zakresu chemicznej technologii drew-
na. Szerokie i wieloptaszczyznowe zainteresowania dotyczg-
ce m.in. takich zagadnien, jak: hydroliza i termoliza drewna,
zastosowanie Srodkoéw chwastobdjczych do zwigkszania prze-
zywiczenia drewna, badania nad sktadem roznych gatunkow
drewna i inne.

W dniu 16 grudnia 2010 roku zmart prof. dr hab. Ryszard Babicki, jeden ze wspot-
tworcow Instytutu Technologii Drewna w Poznaniu. W Instytucie przepracowat
57 lat, bedac jego dyrektorem naczelnym 21 lat, od roku 1970, awansujac od sta-
nowiska asystenta i jednocze$nie zdobywajac kolejne stopnie i tytuty naukowe.
W 1994 roku zostat cztonkiem rzeczywistym PAN, bedac od roku 1978 profeso-
rem zwyczajnym. W roku 2004 w uznaniu za zastugi dla rozwoju nauki i osia-
gni¢cia badawcze uchwatg Senatu Akademii Rolniczej w Poznaniu zostal wyroz-
niony tytutem doktora honoris causa tej uczelni.

Podstawowym obszarem dziatalno$ci naukowej profesora dr. hab. R. Babic-
kiego byta chemiczna technologia drewna. Jego bogaty dorobek w tym zakresie
obejmuje zardwno prace o charakterze poznawczym, jak i stosowane liczac ponad
200 pozycji w tym okoto 70 oryginalnych rozpraw naukowych, 100 artykutow
i referatow naukowych, 3 monografie. Wyniki swoich badan Profesor publikowat
w czasopismach krajowych i zagranicznych.

Na szczegolne wyrdznienie zastuguje dziatalnos$¢ Profesora dotyczaca inno-
wacyjnosci w przemystach opartych na drewnie. Jest On autorem lub wspotauto-
rem wielu patentow, opracowan technologicznych wdrozonych w przemysle oraz
nieopublikowanych sprawozdan z prac naukowo-badawczych'.

Zainteresowania naukowe Profesora Babickiego byly wieloptaszczyznowe
i koncentrowaly si¢ zardowno na problemach takich jak: hydroliza i termoliza

' Wykaz wazniejszych publikacji prof. R. Babickiego znajduje si¢ w opracowaniu:
Technologia drewna wczoraj, dzi$, jutro. Studia i szkice na Jubileusz Profesora Ryszar-
da Babickiego. Poznan, ITD, 2007
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drewna, przerob zywicy balsamicznej i ekstrakcyjnej oraz oleju talowego, uszla-
chetnianie produktow, jak réwniez badaniach wtasciwosci chemicznych drew-
na. Jednoczesnie tez nalezy zwroci¢ uwage na wieloletnie, kompleksowe pra-
ce poswiecone termolizie drewna, ktore obejmowaty badania nad zweglaniem
roznych gatunkow drewna oraz jego drobnych odpaddéw, w tym trocin, a takze
nad regeneracja wegla aktywnego. Do szczegdlnych dokonan nalezy zaliczy¢
opracowanie nowej przemyslowej technologii zweglania drobnowymiarowych
odpadow drzewnych w piecu wielopoétkowym typu Herreshoffa. Istotnymi wa-
lorami poznawczymi tych badan bylo wyjasnienie szeregu zjawisk zwigzanych
z procesem zweglania drobnych odpadow lignocelulozowych, a takze ich akty-
wacji. Rownie warto$ciowe sg wyniki badan nad hydrolizg drewna odpadowego,
a zwlaszcza trocin, w celu otrzymania drozdzy paszowych. Trafne zastosowanie
w nich tzw. ryskiej metody hydrolizy pozwolilo na uzyskanie znacznej efektyw-
nosci procesu.

Wyniki prac poswieconych przerobowi zywicy i oleju talowego oraz uszla-
chetnianiu pozyskanych produktow, realizowanych pod kierunkiem prof. R. Ba-
bickiego, umozliwity zaréwno zwigkszenie wydajnosci procesu, jak i polepszenie
jakosci produktow.

Na wyroznienie zastuguja nowatorskie badania nad zastosowaniem $rod-
kow chwastobojczych do zwigkszenia przezywiczenia drewna. Te prekursorskie
w Polsce prace miaty charakter kompleksowy i interdyscyplinarny. Uczestniczyli
bowiem w nich, oprocz pracownikéw naukowych Instytutu Technologii Drew-
na, lesnicy, entomolodzy, technolodzy produkcji i ekonomisci. Obszerne bada-
nia natury podstawowej i utylitarnej doprowadzity do opracowania technologii
oraz budowy urzadzen, a takze zatozen ekonomicznych otrzymywania i przerobu
sztucznie przezywiczonego drewna sosnowego.

Znaczace miejsce w dorobku naukowym prof. R. Babickiego zajmowaty
badania nad sktadem chemicznym roéznych gatunkéw drewna w zalezno$ci od
wieku i zasiegu naturalnego, wzbogacajace stan wiedzy z tego zakresu o szereg
istotnych aspektow. Podobny charakter miaty prace nad zmianami wlasciwosci
chemicznych i fizykochemicznych drewna buka pod wplywem obrobki hydro-
termicznej. Jego wyniki zyskaly zainteresowanie i uznanie w wielu o$rodkach
naukowych na $wiecie.

Profesor R. Babicki, kierujac Instytutem przez ponad 20 lat, inicjowat wiele
badan niezbednych dla rozwoju przemyshu drzewnego. Jednoczes$nie godzit obo-
wigzki wynikajace z petnionej funkcji z powinnosciami pracownika naukowe-
g0, czego przejawem bylo rowniez laczenie dzialalnos$ci naukowej z aktywnym
udziatlem w Zyciu publicznym i sprawowanie zaszczytnych i odpowiedzialnych
funkcji. I tak, w latach 1975-1980 powierzono Mu kierownictwo problemu we-
ztowego 09-11 ,, Kompleksowe wykorzystanie surowca drzewnego w przerobie
przemystowym”, a w latach 1986-1990 nadzorowanie Centralnego Programu Ba-
dawczego 6.5. ,,Materiatooszczedny przerdb drewna”.
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Wyrazem uznania autorytetu naukowego prof. R. Babickiego byto Jego wie-
loletnie cztonkostwo w licznych komitetach i radach naukowych, m.in. : ponad
20 lat przewodniczyt Komitetowi Technologii Drewna Polskiej Akademii Nauk.
W uznaniu zashug, w 1996 roku zostat powotany na honorowego przewodnicza-
cego Komitetu. Przez 17 lat byl czlonkiem Centralnej Komisji Kwalifikacyjnej
ds. Kadr Naukowych, uczestniczyt w pracach Komisji Problemowych Komitetu
Badan Naukowych, Rad Naukowo-Technicznych Ministerstwa Le$nictwa i Prze-
mystu Drzewnego oraz Ministerstwa Rolnictwa, Le$nictwa i Gospodarki Zywno-
sciowej, rad naukowych instytutéw, rad programowych i komitetow redakcyjnych
czasopism naukowych, takich jak: Sylwan, Folia Forestalia Polonica, Drewno.
Prace Naukowe. Doniesienia. Komunikaty:.

W $wietle przedstawionego materialu mozna powiedzie¢, ze Profesor R. Ba-
bicki swoim zyciem i pracg dobrze zastuzyt si¢ Instytutowi Technologii Drewna
i catemu sektorowi drzewnemu w Polsce.

Za Rade¢ Programowa
Wtiadystaw Strykowski












