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ABSTRACT

A major challenge for the producers of wood-based panels is to achieve formaldehyde
emissions at wood levels. For that purpose, various types of lignin have emerged as particularly
promising substitutes for the traditionally used urea-formaldehyde resins.

Lignosulfonates are a by-product of the production of cellulose by the sulphite method.
They are practically harmless to human health. The main functional groups of lignosulfonates
are the hydroxyl groups and the connection with fibres is mainly through hydrogen bonds. To
form these bonds, in addition to the surface with active hydroxyl groups, the temperature of
hot-pressing is also essential.

This paper presents a study on the effect of hot-pressing temperature on the properties of
eco-friendly dry-process fibreboards. As an adhesive was used calcium lignosulfonate in a con-
tent of 10% to absolutely dry fibres. In the experiment, the hot-pressing temperature varied
from 150 to 200° C, with increments of 10° C. The main physical and mechanical properties of
the panels were determined. On this basis, an analysis was made. It was found that the properties
of dry-process fibreboards with only lignosulfonate as a binder are significantly affected by the
temperature of hot-pressing, because of which the hot-pressing temperature should be at least
190°C.
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solution to the problem can be sought by par-
tially or completely replacement of formalde-
hyde resins with other binders (Dunky, M.
2020; Sepahvand, S et al. 2018; Tisserat, B.
et al. 2019; Solt, P et al. 2019) or modifica-
tions of traditionally used formaldehyde resin
(Pizzi, A. et al. 2020; Tudor, E.M. et al 2020;
Ruziak, 1. et al. 2017).

Wood-based panels with low emissions
of formaldehyde could be produced with
pMDI (Pizzi, A. 2003; Frazier C.E. 2003).
However, this type of binder is used by a lim-
ited number of plants worldwide. The use of

INTRODUCTION

The industry for the production of the
wood-based panel is one of the fastest-grow-
ing industries worldwide (FAO; Neykov, N
et al. 2018; Neykov, N. et al. 2017). The pro-
duction of fibreboards and in particular the
production of dry-process fibreboards has a
significant, almost 30%, share in this indus-
try (FAO; Neykov, N. et al. 2020). Because
of the new regulations and the introduction of
emission classes Eo and super-Eo, the main
challenge for this industry is the reduction of

formaldehyde emissions from the panels (Po- ] ) )
povic, M et al 2020; Athanassiadou, E. 2017; pMDI requires a modification of the techno-

Brezin, V. and Antov, P. 2015: Carvalho, L. logy for the production of wood-based panels

et al. 2012; Doosthoseini K. et al 2010). A and increases the cost of production (Hornus,
’ M et al. 2020). Another suitable replacement



30 VIKTOR SAVOYV, JULIA MIHAJLOVA, NIKOLA YOTOV, BOZHIDAR MADJAROV

for formaldehyde resins is with bio-based,
green, binders (Nordstrom, E. et al. 2017;
Yotov, N. et al. 2017). The bio-based binders
include the different types of lignin (Dunky,
2020; Hemmild, V et al. 2017; Sarazin, J. et
al. 2021), tannins (Pizzi, A. 2019), soy-based
adhesives (Ghahri, S. and Pizzi, A. 2018;
Ghabhri, S. et al. 2018), starch (Antov, P et.
al.2020 a).

The use of bio-based binders will lead to
the maximum utilization of natural resources
and residual products from other industries.
Lignosulfonates belong to the group of these
types of binders. Since the main reagent
groups of lignosulfonates are the hydroxyl
groups (Dimitrescu L. et al. 2017), which
form hydrogen bonds, they are particularly
suitable for use in the production of fibre-
boards.

There are successful studies for both
partial and complete replacement of formal-
dehyde resins with lignosulfonates (Antov, P
et al. 2019; Savov, V et al. 2019; Hemmil4,
V et al. 2019; Savov, V. and Mihajlova, J.
2017a; Savov, V. and Mihajlova, J. 2017b).
However, a significant disadvantage of lig-
nosulfonates is the poor water-resistance of
the panels produced with them (Antov, P et
al. 2020b). The leaching of lignosulfonates
from the panel is in strong correlation with
the temperature of hot-pressing (Savov, V
and Antov, P. 2020).

The hot-pressing regime is essential for
the properties of all wood-based panels, in-
cluding fibreboards, and the hot-pressing
temperature is of major importance in it (Gul
W., et al. 2017; Khayal Os. 2019 Igaz, R. et
al. 2016).

This research aims to study the effect of
hot-pressing temperature on the properties of
eco-friendly dry-process fibreboards bonded
with calcium lignosulfonate.

MATERIALS AND METHODS

For the experiments was used industri-
ally produced wood-fibre mass. The pulp was
produced in “Welde-Bulgaria” by the
“Asplund” thermo-mechanical method and
was composed of hardwood tree species —
beech (Fagus sylvatica, L.) and Turkish oak
(Quercus cerris, L.) in a ratio of 2:1. The
moisture content of the pulp was 11% and the
bulk density was 31 kg.m>. As an adhesive
was used calcium lignosulfonate. The cal-
cium lignosulfonate used had the following
characteristics: calcium — up to 6%; reduced
sugars — 7%; ash content — 14%; dry content
— 93%; acidic factor in 10% solution — pH =
4.3 +£0.8; bulk density — 550 kg.m™. The con-
tent of lignosulfonate was 10% relative to the
absolutely dry wood fibres. The target thick-
ness of the fibreboards was 6 mm at a target
density of 920 kg.m™. Dry-process fibre-
boards with these parameters are most often
industrially produced for use as the core of
laminated wood flooring or thin structural el-
ements.

To be determined the influence of hot-
pressing temperature on properties of eco-
friendly dry-process fibreboards the hot-
pressing temperature varied from 150 to
200°C. The step of variation was 10°C. For
the improvement of the distribution of ligno-
sulfonate in fibreboards, it was introduced
into the pulp as a solution with a concentra-
tion of 30%. Wood fibres were mixed in a
high-speed glue blender (850 min™"). The in-
jection was through a nozzle with a diameter
of 1.5 mm at a pressure of 0.6 MPa. The cal-
cium lignosulfonate was introduced for 50 s
and then the pulp and lignosulfonate were
stirred for a further 3 minutes.

For the hot-pressing was used laboratory
press PMS ST 100, Italy. A standard three-
stage hot-pressing cycle was applied. The re-
gime of hot-pressing was as follows: 1% stage
was 20% of the entire cycle and the specific
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pressure was 3.0 MPa; 2™ stage was at a spe-
cific pressure of 1.2 MPa and was maintained
for 30% of an entire cycle; the specific pres-
sure in 3™ stage was 0.6 MPa and the duration
was 50% of the entire cycle. The purpose of
the first stage is to compress the material.
Then, because of the mat deaeration, the
pressure is reduced, but it is still kept rela-
tively high to accelerate the heating of mate-
rials. In the third stage, the final separation of
the vapor-gas mixtures is carried out. The
press factor was 90 s.mm!. The properties of
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the fibreboards were determined by the re-
quirements of the relevant EN standards (EN
310, EN 317, EN 323). For each property
were used 8 test pieces. The results for the
physical and mechanical properties of the
panels were processed by the methods of var-
iation statistics.

RESULTS AND DISCUSSION

The density of eco-friendly fibreboards
with lignosulfonate adhesive varied from 821
to 939 kg.m?, Figure 1.
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Figure 1: Influence of hot-pressing temperature on the density of eco-friendly fibreboards

The target density of the fibreboards
from 920 kg.m™ was obtained only by the
panels produced at hot-pressing temperatures
of 190 and 200°C. The thickness of these two
panels was respectively 5.7 and 5.6 mm.
Even at a panel produced at a temperature of
180° C, an increase in thickness to a value of
6.4 mm was observed, and the density de-
crease. The decrease in the density of the fi-
breboards produced at hot-pressing tempera-
tures of 160 and 150° C was significant. The
density of these two panels was 110 kg.m™
lower than the density of the panel produced
at a hot-pressing temperature of 200° C. The
thickness of the panel produced at a tempe-

rature of 150° reached 7.2 mm. Therefore, for
the conditions of the experiment, at hot-
pressing temperatures less than 190°C, in
fibreboards only with the participation of lig-
nosulfonate as an adhesive, creating bonds
between fibres is insufficient in number and
strength which resulted in decompression of
the panels. For the conditions of the experi-
ment, at temperatures below 190°C, the con-
nections of the fibre elements with the ligno-
sulfonate were not stable, whereupon some
decompression of the panels occurs.
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The bending strength of eco-friendly fi-
breboards, at the different hot-pressing tem-
peratures, varied from 7.7 to 45 N.mm™, Fig-
ure 2.
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Figure 2: Influence of hot-pressing temperature on bending strength of eco-friendly fibreboards

With the increase of the hot-pressing
temperature from 150 to 200°, the bending
strength of fibreboards bonded with lignosul-
fonate increased by 5.8 times. Therefore,
concerning this property of the panels, the
hot-pressing temperature is a factor with a
very strong influence. Panels produced at
hot-pressing temperatures of 190 and 200°C
had similar bending strength. Concerning
this property, these panels meet the require-
ments for the highest strength class, namely
for fibreboards with increased load resistance
for load-bearing structures. At a hot-pressing
temperature of 180°C, the panes meet the re-
quirements for the bending strength of fibre-
boards for general purposes. The remaining
panels, produced at temperatures below
180°C, do not meet the requirements of the
standard for this property (EN 622-5).

With the increases of hot-pressing tem-
perature from 160 to 190°C, a significant in-
crease in bending strength was observed. The
bending strength of fibreboards produced at
temperatures of 150 and 160°C was similar
and it was significantly, three times, lower
than required by the standard. Again, an ex-
planation can be sought here with the insuffi-
cient amount of bonds between the lignosul-
fonate and the wood fibres at hot-pressing
temperatures below 190°C.

The results for water absorption of fibre-
boards with lignosulfonate adhesive are
showing that the hot-pressing temperature is
also a factor with a very strong influence on
this property. For the conditions of the exper-
iment with increasing hot-pressing tempera-
ture from150 to 200°C the water absorption
of the panels decreased from 116 to 50%,
Figure 3.
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Figure 3: Influence of hot-pressing temperature on water absorption of eco-friendly fibreboards

In this property of eco-friendly fibre-
boards was observed even improvement
when hot-pressing temperature increased
from 180 to 200°. In contrast to bending
strength, water absorption increased by 30%
or relative deterioration by nearly 60% as the
temperature decreased from 200 to 190°C.
The relative deterioration of the property
with a decrease in hot-pressing temperature
from 190 to 180°C is 20%. At temperatures
of 170, 160, and 150° were observed similar
values for the water absorption. Therefore,
and concerning this property, the pressing

temperature should not be below 190°C. An
explanation of the unsatisfactory values of
the water absorption of the panels at temper-
atures below 190°C can be sought with the
partial decompression of the fibreboards and
with the leaching of lignosulfonate. Further
researches are needed to be detailed de-
scribed the leaching of lignosulfonate.

The thickness swelling of fibreboards
with lignosulfonate adhesives, under the con-
ditions of the experiment, varied from 33 to
13%, Figure 4.
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Figure 4: Influence of hot-pressing temperature on thickness swelling of eco-friendly fibreboards

The optimal value for swelling in thick-
ness from 13% was observed in fibreboards
produced at a hot-pressing temperature of
200° C. This panel as well as the panel ob-
tained at a hot-pressing temperature of 190°
C meets the requirements for use in humid
conditions (EN 622-5). The deterioration in
the property is very significant when the tem-
perature of hot-pressing is lowered to 180°C.
After that the thickness swelling of panels
had similar values. An explanation for this p
can be found in the fact that although the pan-
els produced at temperatures below 180°C
absorbed more water, the bonds in them were
smaller, the pore space was larger and be-
cause of that, they had relatively less swell-
ing in thickness.

CONCLUSIONS

As a result of the study for the effect of
hot-pressing temperature on the properties of
eco-friendly dry-process fibreboards with
lignosulfonate as a binder, it was found that
the temperature of hot pressing is a key factor
for the quality of the panels. At temperatures
below 190°C was observed decompression of
fibreboard, i.e. the connections between
wood fibres were not stable. At temperatures

below 170°C, the panels do not meet the
standardization requirements in terms of
bending strength, and although fibreboards
produced at a temperature of 180°C meet the
requirements for bending strength, there was
a very significant decrease in this property
with decreasing temperature below 190°C.
Water absorption and swelling in thickness
deteriorate significantly, i.e. increase with
decreasing of hot-pressing temperature be-
low 190°C.

As a result of the study, it was estab-
lished that can be successfully produced eco-
friendly dry-process fibreboards with cal-
cium lignosulfonate as an adhesive, but for
this purpose, the temperature of hot-pressing
should be at least 190°C.

REFERENCES

ATHANASSIADOU, E. 2017. Producing Panels with
Formaldehyde Emission at Wood Levels. Euro-
pean Network of Bioadhesion Expertise
(ENBA). p.16.

ANTOV, P., VALCHEV, 1., SAvVOV, V. 2019. Experi-
mental and statistical modeling of the exploita-
tion properties of eco-friendly MDF through var-
iation of lignosulfonate concentration and hot
pressing temperature. IWBLCM Proceedings,
Cordoba, Spain pp. 104—-109.



INFLUENCE OF HOT-PRESSING TEMPERATURE ON PROPERTIES OF ECO-FRIENDLY ... 35

ANTOV, P., SAVOV, V., NEYKOV, N. 2020 a. Sustaina-
ble Bio-Based Adhesives for Eco-Friendly
Wood Composites — A review. Wood Research
65 (1), pp. 51-62. ISSN 1336-4561. DOI:
10.37763/wr.1336-4561/65.1.051062.

ANTOV, P., MANTANIS, G. L., SAVOV, V. 2020 b. De-
velopment of Wood Composites from Recycled
Fibres Bonded with Magnesium Lignosulfonate.
Forests 11, 613; MDPI journal. ISSN 1999-4907.
DOI: 10.3390/f11060613.

BREZIN, V., ANTOV, P. 2015 Engineering Ecology.
1st. ed.; Publishing House of the UF: Sofia, Bul-
garia, p. 259. ISBN 978-954-332-135-3.

CARVALHO, L., MAGALHAES, F., JOAO, F. 2012. For-
maldehyde Emissions from Wood-Based Panels
— Testing Methods and Industrial Perspectives.
researchgate.net/publication/236273710. p. 44.

DOOSTHOSEINI, K., ZAREA-HOSSEINABADI, H. 2010.
Low resin medium density fiberboard made from
chemical activated hardwoods fibers. J Indian
Acad Wood Sci 7(1-2) pp. 36-42.

DUMITRESCU, L., MANCIULEA 1., PATACHIA, S.,
PERNIU, D. 2009. Wood Adhesives Based on
Lignocellulosic Materials, Annals of DAAAM
for 2009 & Proceedings of the 20th International
DAAAM Symposium, ISBN 978-3-901509-70-
4, ISSN 1726-9679 Vienna, Austria pp. 289—
290.

DUNKY, M. 2020. Wood Adhesives Based on Natural
Resources: A Critical Review Part III. Tannin-
and Lignin-Based Adhesives. Reviews of Adhe-
sion and Adhesives, Volume 8, Number 4, pp.
379-525(147). DOIL:  10.7569/RAA-2020-
097313

FrRAZIER C. E. 2003. Isocyanate wood binders. In:
Pizzi A, Mittal KL (eds) Handbook of adhesive
technology, revised and expanded. CRC Press,
New York.

GHAHRYI, S., P1zz1, A. 2018. Improving soy-based ad-
hesives for wood particleboard by tannins addi-
tion. Wood Science and Technology 52, pp. 261—
279. DOI: 10.1007/s00226-017-0957-y.

GHAHRI, S., MOHEBBY, B. PizzI, A., MIRSHOKRAIE,
AH., MANSOURI, H. R. 2018. Improving Water
Resistance of Soy-Based Adhesives by Vegeta-
ble Tannins. J Polym Environ 26, pp. 1881-
1890. DOTI: 10.1007/s10924.-017-1090-6.

GUPTA, A. 2007. Modeling and optimization of MDF
hot pressing. Ph.D. thesis at University of Can-
terbury, p.196.

GUL, W., KHAN, A., SHAKOOR, A. 2017. Impact of Hot
Pressing Temperature on Medium Density Fiber-

board (MDF) Performance Advances in Materi-
als Science and Engineering Volume 2017, Arti-
cle ID 4056360, 6 pages
doi.org/10.1155/2017/4056360.

HEMMILA, V., ADAMOPOULOS, S., KARLSON, O.,
KUMNAR, A. 2017. Development of sustainable
bio-adhesives for engineered wood panels — A
Review. RSC Adv., 2017, 7, 38604. DOI:
10.1039/c7ra06598a.

HEMMILA, V, ADAMOPOULOS ST., REZA HOSSE-
INPOURPIA, R., SHEIKH, A. A. 2019. Ammonium
Lignosulfonate Adhesives for Particleboards
with pMDI and Furfuryl Alcohol as Crosslink-
ers. Polymers 2019, 11, 1633;
doi:10.3390/polym11101633, p. 17.

HORNUS, M., VIA, K. B., GALLAGHER, T. PERESIN, M.
S.2020. Partial substitution of pMDI with lignin-
containing cellulose nanofibrils: low-density ori-
ented strand board. Wood science and technol-
ogy. DOI: 10.1080/17480272.2020.1769722.

1GAz, R., KRISTAK, L., RUZIAK, 1. REH, R., DANIHE-
LOVA, Z. 2016. Heat Transfer During Pressing of
3D Molded Veneer Plywood Composite Mate-
rial. Key Engineering Materials. Vol. 688, pp.
131-137. ISSN 1662-9795. DOI:
10.4028/www.scientific.net/KEM.688.131.

KHAYAL, OS. 2019. Effect of hot pressing on the inter-
nal mat environment. ResearchGate Preprint,
p. 42. DOI: 10.13140/RG.2.2.31474.66249.

NEYKOV, N., P. ANTOV, D. DOBREV. 2017. Employ-
ment in Wood-processing and Furniture Indus-
tries in the Context of European Union Enlarge-
ment — Comparison between Bulgaria, Romania
and Macedonia, International Journal WOOD,
DESIGN & TECHNOLOGY, international in-
dexed journal ISSN 1857 - 8381 (print), ISSN
1857 - 9140 (online), vol.6, No.1, p. 57-63.

NEYKOV, N., ANTOV, P., POPOVA, R. 2018. Competi-
tiveness of Woodworking Industries in the Bal-
kan Countries — Comparative Advantages, East-
ern European Business and Economics Journal,
Vol. 4, issue 2, 2018, p. 132-142, ISSN 2256-
0521.

NEYKOV, N., DOBRICHOV, 1., ANTOV, P., KITCHOU-
KOV, E., HALALISAN, A. F. 2020. Optimality
Guidelines for Decision Making in Forest Con-
solidation in Bulgaria, in Proceedings of 13th In-
ternational Scientific Conference WoodEMA
2020 and 31st International Scientific Confer-
ence ICWST 2020 SUSTAINABILITY OF
FOREST-BASED INDUSTRIES IN THE
GLOBAL ECONOMY, September 2830, 2020,



36 VIKTOR SAVOYV, JULIA MIHAJLOVA, NIKOLA YOTOV, BOZHIDAR MADJAROV

Vinkovci, Croatia, ISBN: 978-953-57822-8-5,
pp. 289-294.

NORDSTROM, E., DEMIRCAN, D., FOGELSTROM L.,
KHABBAZ, F., MALMSTROM, E. 2017. Green
binders for wood adhesives. Interhopen Books.
p.71. dx.doi.org/10.5772/intechopen.72072.

Porovic, M., DIPOROVIC-MOMCILOVIC, M., GAV-
RILOVIC-GRUMUSA, 1. 2020. New standards and
regulations on formaldehyde emission from
wood-based composite panels. Zastita Materijala
61 (2) pp. 152-160. ISSN 0351-9465.

Pizz1., A. 2003. Wood Adhesives Chemistry and
Technology. Marcel Dekker, Inc., New York.

P1zz1, A., PAPADOPULUS, A. 2020. Wood Composites
and Their Polymer Binders. Polymers 2020, 12,
1115. DOI:10.3390/polym12051115.

P1zz1, A. 2019. Tannins: Prospectives and Actual In-
dustrial Applications. Biomolecules 2019, 9,
344. DOI:10.3390/biom9080344.

RuziAk, 1., IGAz, R., KRISTAK, L., REH, R., MIT-
TERPACH, J., OCKAJOVA, A., KUCERKA, M. 2017.
Influence of Urea-formaldehyde Adhesive Mod-
ification with Beech Bark on Chosen Properties
of Plywood. BioResources 12(2), pp. 3250—
3264. DOI: 10.15376/biores.12.2.3250-3264.

SARAZIN, J., P1zzl, A., SIHAM, A., SCHMIEDEL, D.
2021. Organosolv Lignin for Non-Isocyanate
Based Polyurethanes (NIPU) as Wood Adhesive.
Journal of Renewable Materials. DOI:
10.32604/jrm.2021.015047.

SAVOV, V., MIHAJLOVA, J. 2017a. Influence of the
content of lignosulfonate on physical properties
of medium density fiberboard. International
Conference “Wood Science and Engineering in
the Third Millennium” — ICWSE. pp. 348-352.
ISSN 1843-2689.

SAVOV, V., MIHAJLOVA, J. 2017b. Influence of the
content of lignosulfonate on mechanical proper-
ties of medium density fiberboard. Proceedings
of International Conference “Wood Science and
Engineering in the Third Millennium” — ICWSE.
pp. 353-357. ISSN 1843-2689.

SAVOV, V, VALCHEV, L., ANTOV, P. 2019. Processing
factors for production of eco-friendly Medium
Density Fibreboards based on lignosulfonate.
IWBLCM Proceedings, Cordoba, Spain pp 165—
169.

SAVOV, V. AND ANTOV, P. 2020. Engineering the
Properties of Eco-Friendly Medium Density Fi-
breboards Bonded with Lignosulfonate Adhe-
sive. Drvna Industrija 71 (2), pp. 157-162. ISSN
0012-6772. DOI: 10.55 52/drvind.2020.1968.

SEPAHVAND, S., DOOSTHOSSEINI, K., PIRAYESH H.,
MARYAN, B. K. 2018. Supplementation of Natu-
ral Tannins as an Alternative to Formaldehyde in
Urea and Melamine Formaldehyde Resins used
in MDF Production. Drvna lindustria 69 (3) pp.
215-221.

SoLT, P., VAN HERWINEN H. W. G., KONNERTH J.
2019. Thermoplastic and moisture-dependent
behavior of lignin phenol formaldehyde resins. J
Appl  Polym Sci 136:48011. DOL:
10.1002.app.48011.

TISSERAT, B., ELLER, F. J., MANKOWSKI, M. E. 2019.
Properties of Composite Wood Panels Fabri-
cated from Eastern Redcedar Employing Various
Bio-based Green Adhesives. BioResources 14(3)
pp. 6666—-6685.

TUDOR, E. M., BARBU, M. C., PETUTSCHNIGG, A.,
REH, R., KRIST’AK, L. 2020. Analysis of Larch-
Bark Capacity for Formaldehyde Removal in
Wood Adhesives. International Journal of Envi-
ronmental Research and Public Health, 17, 764,
p. 9. ISSN 1660-4601. DOI: 10.3390/
ijerph17030764.

Yotov, N., VALCHEV, I., PETRIN, ST. SAVOV, V. 2017.
Lignosulphonate and waste technical hydrolysis
lignin as adhesives for eco-friendly fiberboard.
Bulgarian Chemical Communications, Volume
49/2017, Special Issue L, pp 92-97. ISSN 0324-
1130.

EN 310:1999 Wood-based panels — Determination of
modulus of elasticity in bending and of bending
strength.

EN 317:1998 Particleboards and fibreboards — Deter-
mination of swelling in thickness after immer-
sion in water.

EN 323:2001 Wood-based panels — Determination of
density.

EN 622-5:2010 Fibreboards — Specifications - Part 5:
Requirements for dry process boards (MDF).

http://www.fao.org/forestry/statistics/ (last accessed
02.2021).



UNIVERSITY OF FORESTRY

P

FACULTY OF FOREST INDUSTRY

INNOVATION IN WOODWORKING
INDUSTRY AND ENGINEERING
DESIGN

1/2021

INNO vol. IX Sofia

ISSN 1314-6149
e-ISSN 2367-6663

Indexed with and included in CABI



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING
DESIGN

Science Journal
Vol. 10/p. 1-92
Sofia 1/2021

ISSN 1314-6149
e-ISSN 2367-6663

Edition of
FACULTY OF FOREST INDUSTRY — UNIVERSITY OF FORESTRY - SOFIA

The Scientific Journal is indexed with and included in CABI.

SCIENTIFIC EDITORIAL BOARD

Alfred Teischinger, PhD (Austria) Hubert Palus, PhD (Slovakia)
Alexander Petutschning, PhD (Austria) Hiilya Kalaycioglu, PhD (Turkey)
Anna Danihelova, PhD (Slovakia) Ladislav Dzurenda, PhD (Slovakia)
Assia Marinova, PhD (Bulgaria) Marius Barbu, PhD (Romania)
Biborka Bartha, PhD (Romania) Nencho Deliiski, DSc (Bulgaria)
Bojidar Dinkov, PhD (Bulgaria) Neno Tritchov, PhD (Bulgaria)
Danijela Domljan, PhD (Croatia) Panayot Panayotov, PhD (Bulgaria)
Derya Ustadmer, PhD (Turkey) Pavlo Bekhta, PhD (Ukraine)
Emilia-Adela Salca, PhD (Romania) Silvana Prekrat, PhD (Croatia)
George Mantanis, PhD (Greece) Stefan Barcik, PhD (Slovakia)
Ivica Grbac, PhD (Croatia) Valentin Shalaev, PhD (Russia)
Ivo Valchev, PhD (Bulgaria) Vasiliki Kamperidou (Greece)
Jan Sedliacik, PhD (Slovakia) Vesselin Brezin, PhD (Bulgaria)
Jerzy Smardzewski, PhD (Poland) Vladimir Koljozov, PhD (Macedonia)
Julia Mihajlova, PhD (Bulgaria) Zhivko Gochev, PhD (Bulgaria)
EDITORIAL BOARD
N. Trichkov, PhD — Editor in Chief V. Savov, PhD
D. Angelova, PhD — Co-editor P. Vichev, PhD

N. Minkovski, PhD
Cover Design: DESISLAVA ANGELOVA

Printed by: INTEL ENTRANCE
Publisher address: UNIVERSITY OF FORESTRY — FACULTY OF FOREST INDUSTRY
Kliment Ohridski Bul., 10, Sofia, 1797, BULGARIA
http://inno.ltu.bg
http://www.scjournal-inno.com/



The Editorial Board wishes to thank the following reviewers for their contributions:

Ali Kasal, PhD (Turkey)

Andrei Kavalov, PhD (Bulgaria)

Anton Geffert, PhD (Czech Republic)
Bilge Onaran, PhD (Turkey)

Borislav Kyuchukov, PhD (Bulgaria)
Daniela Tesatova, PhD (Czech Republic)
Danylo Kosenko, PhD (Ukraine)

Diana Ivanova, PhD (Bulgaria)

Dorota Dziurka, PhD (Poland)

Ioannis Barboutis, PhD (Greece)

Elena Vladimirova, PhD (Russia)

Elena Pisareva, PhD (Bulgaria)

Emil Kichukov, PhD (Bulgaria)

Erika Loucanova, PhD (Slovak Republic)
Georgi Vukov, PhD (Bulgaria)

Grzegorz Pinkowski, PhD (Poland)
Hristo Shehtov, DSc (Bulgaria)

Ioannis Ntintakis, PhD (Greece)

Ivan Amudzhev, PhD (Bulgaria)

Ivica Zup&i¢, PhD (Croatia)

Izabela Radkova, PhD (Bulgaria)

Jarmila Geffertova, PhD (Czech Republic)
Maria Evtimova, PhD (Bulgaria)

Marina Cionca, PhD (Romania)

Michal Ferencik, PhD (Czech Republic)
Mihai ISPAS, PhD (Romania)

Milan Simek, PhD (Czech Republic)
Neli Staneva, PhD (Bulgaria)

Nikolay Bardarov, PhD (Bulgaria)
Pavlin Vichev, PhD (Bulgaria)

Petar Antov, PhD (Bulgaria)

Pelin Yildiz, PhD (Turkey)

Petro Khomiuk, PhD (Ukraine)
Radostina Popova, PhD (Bulgaria)
Rangel Chipev, PhD (Bulgaria)
Regina Raycheva, PhD (Bulgaria)
Robert Németh, PhD (Hungary)
Rodica-Mariana Ion, PhD (Romania)
Roman Réh, PhD (Slovakia)

Sara Garcia, PhD (Portugal)

Sotir Glushkov, DSc (Bulgaria)
Stanimir Stoilov, PhD (Bulgaria)
Stela Tasheva, PhD (Bulgaria)
Stjepan Pervan, PhD (Croatia)
Tomasz Krystofiak, PhD (Poland)
Vasil Jivkov, PhD (Bulgaria)

Vasil Merdjanov, PhD (Bulgaria)
Vasil Vlasev, PhD (Bulgaria)

Victor Savov, PhD (Bulgaria)
Vladimir Karanakov, PhD (North Macedonia)
Volodymyr Mayevskyy, PhD (Ukraine)
Yancho Genchev, PhD (Bulgaria)
Yusuf Erdil, PhD (Turkey)

Zoran Janji¢, PhD (Serbia)

Zoran Trposki, PhD (North Macedonia)



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 1/2021 (19): 5-6

CONTENTS

CHECK OF SURFACE ROUGHNESS AVERAGE OF WENGE & MAPLE MILLING
SURFACES . ...ttt st ettt ettt e eae e

Ioannis Ntintakis, Andreas Onoufriou
COMPATIBILITY OF HIGH SCHOOL DESK DIMENSIONS WITH ANTRHROPOMETRIC
MEASUREMENTS ..ottt ettt et ettt ettt ettt e e teeaeeaeete e st e st et e s e s e s et e besaeereeaeensenis
Mehmet Acar, Yusuf Ziya Erdil, Ali Kasal

INNOVATIVE FIREPROOF INSULATING PANELS FROM AGRICULTURAL WASTES .........
Yasmina Khalaf, Peter Hajj, Julia Mihajlova, Patrick Lacroix, Roland El Hage

INFLUENCE OF HOT-PRESSING TEMPERATURE ON PROPERTIES OF ECO-FRIENDLY

DRY-PROCESS FIBREBORDS WITH LIGNOSULFONATE ADHESIVE ......cccccooecnevninininnne.
Viktor Savov, Julia Mihajlova, Nikola Yotov, Bozhidar Madjarov

POSSIBILITIES FOR UTILIZATION OF WASTE WATER AND RESIDUAL WOOD

FIBRES IN THE PRODUCTION OF HARDBOARDS .......ooiiiiiiiiiiiiieeeeeee e
Viktor Savov, Petar Antov, Nikolay Neykov

INFLUENCE OF THE TYPE OF ADHESIVE ON THE PHYSICO-MECHANICAL

PROPERTIES OF BEND FURNITURE BOARDS ........ccovtiiiiiiinieineirieeiceeesree et
Vladimir Mihailov, Todor Petkov

THE KINDERGARTEN INTERIOR AS AN IMPORTANT FACTOR FOR THE HEALTHY

DEVELOPMENT OF PRESCHOOL CHILDREN ......c.cccctmiiiiiiiinieinicinienieceeeeree et
Boris Iliev, Danijela Domljan

THE DEVELOPMENT OF THE ENGINEERING DESIGN PROGRAM AT THE

UNIVERSITY OF FORESTRY FROM THE VIEWPOINT OF ITS GRADUATES ......ccccccvveenee.
Pavlina Vodenova, Desislava Angelova

OPPORTUNITIES FOR PRODUCT SERVICE SYSTEM DESIGN IN THE PROCESS OF

TRANSITION TO A CIRCULAR ECONOMY ..ottt ettt
Maya Ivanova

PROJECT ASSIGNMENT AND PHASES OF IMPLEMENTATION IN INTERIOR DESIGN —

THEORY AND PRACTICE ........cociiiiieiiiinicirece ettt ettt

Pavlina Vodenova

AUGMENTED REALITY (AR) IN PUBLIC INTERIORS .......cccooiiiiieieieeeeeeee e
Stela Tasheva

SCIENTIFIC JOURNAL ,, INNOVATIONS IN WOODWORKING INDUSTRY AND
ENGINEERING DESIGN® ...ttt st



