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ABSTRACT

Wood-plastic composites (WPCs) have excessively taken place in the construction indus-
try in recent years. The high technological properties are crucial for WPCs when utilized as
structural members. In this study, flat-pressed WPCs produced with polypropylene (PP) were
reinforced with woven glass fiber fabric to enhance their properties. The effect of intensity of
woven fabric (195 gr/m2 and 390 gr/m2) and wood flour content (40, 50, 60%) on WPCs' phys-
ical and mechanical properties were investigated. The addition of a coupling agent (CA) posi-
tively influenced WPCs' mechanical properties and restricted water absorption. However, water
absorption increased with an increase in wood flour content. The increase in water exposure
time from 1 day to 30 days increased water absorption up to 37%. In terms of water absorption,
there was no significant difference between reinforced WPCs and controls. The reinforcement
of WPCs improved mechanical properties significantly; i.e., flexural strength was increased up
to 252%, while tensile strength reached up to 667%. As expected, the increase in wood flour
content decreased mechanical properties. The incompatibility between wood flour and PP neg-
atively influenced WPCs properties. It could be concluded that, if configured appropriately to
the usage conditions, flat-pressed WPCs reinforced with woven glass fiber fabric have a poten-
tial for areas where high strength is required.
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INTRODUCTION

One way to evaluate woody materials
efficiently is to combine them with different
materials that also provide unique properties
to a new material called "composite mate-
rial." Wood-plastic composites (WPCs) had
been introduced after the mid-20th century,
in addition to other wood composites such as
particleboard, MDF, etc. During the first
years, WPCs were used in applications where
high mechanical properties were not re-
quired, such as a deck, fence, etc. (Klyosov,
2007; Kim and Pal, 2010). The addition of
wood fiber in the thermoplastics reduces the
prices of the new materials and adds superior
properties such as stiffness (Kaymakci et al.,
2017; Kim and Pal, 2010; Kordkheili et al.,

2013). However, wood has some disad-
vantages. Wood changes its dimensions de-
pending on the relative humidity of air (Hon
and Shiraishi, 2001), can be degraded under
adverse conditions (Hill, 2007; Schmidt,
2006), and also affected by UV lights which
results in color change (Fabiyi ve McDonald,
2010; Feist ve Hon, 1984; Ozgenc, 2014).

In recent years, WPCs have been desired
to be utilized in applications where high me-
chanical properties are required, such as
structural members in construction. For this
purpose, WPCs are reinforced with synthetic
fibers made of glass, carbon, and aramid.
Among those, glass fiber is usually used in
low-cost reinforcement applications due to
its relatively low price, high strength, and
high stiffness (Frederic, 1992; Zoghi, 2013).
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Fu et al. (2000) determined an increase for
tensile strength up to 50%; while, the en-
hancement reached up 111% for tensile
strength (Gullu et al. 2006) with glass fiber
reinforcement. Valente (2011) also reported
that the mechanical properties of WPCs rein-
forced with glass fiber were improved; how-
ever, the increase in the wood flour content
negatively affected the mechanical proper-
ties.

The infinite filaments have provided
woven fabrics with high strength as com-
pared to short fiber. Woven fabrics are well-
known to be used in the application where
thermosetting resins are used. However, in
recent years, woven fabrics have been used to
improve the mechanical properties of ther-
moplastic polymers, too (Boccardi et al.
2016; Kollerov et al.,, 2019; Russo et al.
2013; Simeoli et al. 2014; Sorrentino et al.
2015). Woven fabric reinforcement increased
up to 500% for tensile strength (Russo et al.
2013). Although some research gives prom-
ising results, there is still limited study about
WPCs reinforced with woven fabrics.

In this study, PP-based flat-pressed
WPCs were reinforced with glass fiber wo-
ven fabric to improve some physical and me-
chanical properties. Water absorption proper-
ties were investigated. The mechanical prop-
erties, which are expected to be most im-
proved, were also examined; namely, tensile
strength, flexural strength, and modulus of
elasticity were tested. The effects of wood
flour content and coupling agent on the rein-
forcement were also evaluated.

MATERIALS AND METHODS

Pinewood flour (Pinus sylvestris L.), a
coniferous wood species, 40 to 60 mesh, was
used as lignocellulosic filler. The powder of
polypropylene (Ucar Plastic, Izmir, Turkey)
was used as a thermoplastic polymer. The

density and melt flow index (MFI) of poly-
propylene are 0.905 g/cm? and 3-27 g/10 min
(190°C/2.16 kg). Glass fiber woven fabrics
with two different densities (195 and
390 gr/m?) (SPM Composites, Ankara, Tur-
key) were selected for reinforcement.

Wood flour was dried under 2% mois-
ture content. Wood flour and PP powder were
mixed with a rotary drum blender (30—
40 rev/min). Wood flour and PP ratio were
adjusted to 40:60%, 50:50%, and 60:40% in
weight. The coupling agent (maleic anhy-
dride grafted polypropylene) at 3% was used.
The 20% of the mixture was laid on the alu-
minium plate, and the woven fabric was
placed. Then, 60% of the mixture was laid on
the fabric, and the second fabric was placed.
Finally, the rest of the mixture was laid on the
fabric, and the draft was formed. The target
density was 1 gr/cm’. The press temperature
and pressure were 170°C and 2426 kp/cm?
(CemilUsta SSP 125, Istanbul, Turkey), re-
spectively. The pressing time was 15
minutes. The final dimensions of produced
panels were 500x500x4mm. All panels were
conditioned according to ASTM D618
(2000). Figure 1 shows profile of a sample
WPC panel.

The water absorption property of speci-
mens was determined according to ASTM
D570. The specimens were thoroughly
soaked in the water for one day, three days,
seven days, 14 days, and 30 days. The meas-
urements were taken from the clean and dry
surface of the specimens. Twelve samples
were tested for each group.

According to procedures outlined in
ASTM D790, the three-point bending test
was carried out to determine the flexural
strength and modulus of elasticity. The ten-
sile strength was determined according to
ASTM D638. The mechanical tests were per-
formed with a universal testing machine
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(Marestek, Istanbul, Turkey). Twenty sam-
ples were tested for each group.

Figure 1: Profile of a reinforced WPC panel
RESULTS AND DISCUSSION

1. WATER ABSORPTION (WA)

The WA of reinforced WPCs was inves-
tigated as compared to control samples, as
seen in Table 1. The WA rate of WPCs in-
creased up to 37% with increasing exposure

time. The WA rate of WPCs was signifi-
cantly changed in the first seven days. How-
ever, there was no significant difference after
14 days. The highest WA was obtained in 30
days. The hydroxyl groups of wood interact
with water molecules, resulting in water ab-
sorption or desorption depending on the en-
vironment (Ayrilmis et al., 2011). As ex-
pected, the increase in wood flour content in-
creased WA rate of WPCs for all groups. The
highest water absorption was obtained from
60% wood flour content. The coupling agent
positively influenced WA rate. Incompatibil-
ity was reduced with the addition of a cou-
pling agent, which improved the properties of
WPCs (Mengeloglu and Kabakci, 2008). As
can be seen that the effect of reinforcement
on WA was not significant; i.e., WA rate of
reinforced and control specimens was quite
alike.

Table 1: The water absorption rate of WPC samples

Wood/PP Coupling Water Absorption Rate (%)
(%) Agent 1 day 3 day 7 day 14 day 30 day
20/60 Notincl.  9.91 17.31 2521 3147 32.10
Inc. 8.38 16.64 22.90 24.90 25.01
Notincl.  13.08 21.19 26.80 30.44 32.90
Control >0/50 Inc. 10.76 19.90 26.58 28.76 30.39
50/40 Notincl.  15.12 23.72 29.45 32.79 37.05
Inc. 12.03 21.13 25.87 29.08 31.55
20/60 Notincl.  9.49 15.68 20.14 22.53 23.57
Inc. 8.27 13.78 18.80 21.65 23.50
Notincl.  11.70 18.59 23.03 24.54 27.00
GF 195 50750 Inc. 10.69 18.03 22.85 2392 2621
50/40 Notincl.  13.53 23.68 28.20 28.91 32.67
Inc. 12.50 20.90 25.41 28.14 32.41
20/60 Notincl. 927 16.24 22.09 27.44 29.12
Inc. 8.90 14.08 18.94 20.59 22.60
Notincl.  13.58 19.95 23.61 26.02 29.15
GF 390 50750 Inc. 10.49 15.50 19.70 2174 2486
50/40 Notincl.  16.59 27.55 27.13 31.91 35.96
Inc. 15.82 20.32 26.07 28.17 32.03

2. MECHANICAL PROPERTIES

Glass fiber is well-known to have high
mechanical properties. The effect of rein-
forcement with glass fiber woven fabric on
the mechanical properties of WPCs was in-

vestigated. Overall results are given in Ta-
ble 2. Results showed that glass fiber fabric
reinforcement yielded high mechanical prop-
erties. Considerable improvement was
achieved with reinforcement with compared
to unreinforced control specimens. The flex-

ural strength was increased up to 123% with
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reinforcement; while, the increase passed
over 250% with the addition of a coupling
agent. Incompatibility between wood and
polymer negatively affected mechanical
properties. The effective load transfer in the
matrix could be provided with a good linkage
which the coupling agent could positively in-
fluence. The highest flexural strength was
obtained from WPC containing 40% wood
flour content reinforced with 390 gr/m? glass
fiber fabric. The increase in the wood flour
content decreased flexural strength. How-
ever, increase in wood flour content im-
proved the modulus of elasticity. The highest
modulus of elasticity was obtained from
WPC containing the highest wood flour con-
tent (60%) reinforced with 390 gr/m? glass fi-
ber woven fabric. Addition of the coupling
agent also increased MOE.

Synthetic fibers such as glass fiber have
high tensile strength. As seen in Table 2, the
increase in the tensile strength was up to
639% with reinforcement. The increase
reached up 667% with the addition of cou-
pling agent. Likewise, flexural strength, in-
crease in the wood flour content negatively
affected tensile strength. The highest in-
crease in the tensile strength was achieved
with WPC samples containing 40% wood
flour content reinforced with 390gr/m? glass
fiber. The filament in the fabric increase with
increasing fabric density which could carry
more load. Therefore, the tensile strength in-
creased with the increasing density of the wo-
ven fabric.

Table 2: Mechanical properties of WPCs

Wood/PP Coupling Flexural Strength Modulus of Elas- Tensile Strength
(%) Agent (Mpa) ticity (Mpa) (Mpa)
20/60 Notincl.  14.63 (0.89) 2576 (153) 6.79 (0.55)
Inc. 23.06 (2.12) 2884 (270) 7.05 (0.64)
Notincl.  14.31 (0.86) 2671 (155) 6.72 (0.62)
Control 50730 Inc. 22.52 (2.32) 3222 (180) 6.98 (0.77)
£0/40 Notincl.  13.70 (0.70) 2787 (176) 6.17 (0.57)
Inc. 22.51 (1.91) 3359 (151) 6.92 (0.58)
20/60 Notincl.  39.93 (2.48) 3021 (159) 2445 (2.15)
Inc. 40.85 (3.20) 4089 (314) 24.50 (1.95)
Notincl.  37.84 (3.47) 3731 (128) 21.28 (3.91)
GF 195 30750 Tnc. 40.80 (3.60) 4420 (222) 21.98 (2.35)
50/40 Notincl.  36.63 (2.40) 4027 (251) 16.95 (1.08)
Inc. 39.28 (2.98) 4730 (198) 19.61 (2.03)
20/60 Notincl.  44.02 (2.50) 4137 (425) 51.27 (5.95)
Inc. 51.46 (4.86) 5001 (429) 52.12 (6.19)
Notincl.  42.54 (3.24) 4279 (303) 51.19 (3.11)
GF 390 30750 nc. 49.57 (4.33) 5041 (418) 51.25 (6.84)
£0/40 Notincl.  39.56 (3.23) 4297 (215) 47.12 (3.15)
Inc. 49.22 (2.21) 5180 (275) 48.81 (4.12)

*Values in parentheses are standard deviations

CONCLUSIONS

In this study, PP-based flat-pressed
WPCs were reinforced with glass fiber wo-
ven fabric. The physical and mechanical
properties were investigated to determine the
effect of reinforcement. There was no signif-

icant effect of reinforcement on the water ab-
sorption. Yet, as the density increased for
woven fabric, a slight increase in water ab-
sorption has been observed. It is thought that
the water molecules in the gaps of the woven
fabric could be responsible for the increase in
the WA. However, the increase in the wood
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flour content negatively influenced WA. The
reinforcement with glass fiber woven fabric
significantly increased mechanical proper-
ties. The increase in the flexural strength
reached up 252% with the effect of reinforce-
ment and coupling agent. The MOE of WPCs
was also increased up to 86%. The effect of
the coupling agent on the improvement of
mechanical properties is significant. The in-
teraction between wood/polymer/woven fab-
rics was improved with the addition of cou-
pling agent. The tensile strength was also im-
proved with reinforcement. The improve-
ment reached 667% with the effect of rein-
forcement and coupling agent. This study
showed that the reinforcement has allowed
WPCs to be evaluated in the areas where high
mechanical properties are desired.

ACKNOWLEDGEMENT

This study was supported by TUBITAK
(Project No: 1180756). This study was pre-
sented at Tenth International Scientific and
Technical Conference "Innovations in Forest
Industry and Engineering Design" (INNO
2020) on 1-3 OCTOBER 2020.

REFERENCES

AYRILMIS N., BENTHIEN J. T., THOEMEN H., WHITE R.
H. 2011. Properties of flat-pressed wood plastic
composites containing fire retardants. Journal of
Applied Polymer Science, 122, 5: 3201-3210.

ASTM D 570-98 "Standard test methods for water ab-
sorption of plastics", Annual Book of ASTM
Standards, West Conshohocken, PA, USA, Vol.
08, 01.

ASTM D 618-00 Practice for conditioning plastics for
testing, Annual Book of ASTM Standards,
ASTM, Philadelphia, Vol. 08.01, 2001.

ASTM D 638-99 ISO 527-1. 2007, Standard test
methods for tensile properties of plastics, Annual
Book of ASTM Standards, West Conshohocken,
PA, USA, Vol. 08, 01.

ASTM D 790 ISO 178. 2007, Standard test methods
for flexural properties of unreinforced and rein-
forced plastics and electrical insulating materi-
als, Annual Book of ASTM Standards, West
Conshohocken, PA, Vol. 08, 01.

BocCARDI S., MEOLA C., CARLOMAGNO G. M., SOR-
RENTINO L., SIMEOLI G., RUSSO P. 2016. Effects
of interface strength gradation on impact damage
mechanisms in polypropylene/woven glass fab-
ric composites. Composites Part B: Engineering,
90: 179-187.

FaBIY1J. S., MCDONALD A. G. 2010. Effect of wood
species on property and weathering performance
of wood plastic composites. Composites Part A:
Applied Science and Manufacturing, 41, (10):
1434-1440.

FEIST W. C., HON D. N.-S. 1984. Chemistry of weath-
ering and protection — Chapter 11: The chemistry
of solid wood. Washington, Advances in Chem-
istry series.

FREDERIC, N. C. 1992. Thermoplastic aromatic poly-
mer composites. Oxford, Butterworth Heine-
mann Ltd.

Fu S. Y., LAUKE B., MADER E., YUE C. Y., HU X.
2000. Tensile properties of short—glass—fiber—
and short—carbon—fiber—reinforced polypropyl-
ene composites. Composites Part A: Applied
Science and Manufacturing, 31, (10): 1117—
1125.

GULLU A., OZDEMIR A., OZDEMIR E. 2006. Experi-
mental investigation of the effect of glass fibers
on the mechanical properties of polypropylene
(PP) and polyamide 6 (PA6) plastics. Materials
and design, 27 (4): 316-323.

HiLL C. A. 2007. Wood Modification: Chemical,
Thermal and Other Processes. England, John
Wiley and Sons.

HON D. N. S., SHIRAISHI N. 2001. Wood and Cellulo-
sic Chemistry. New York, Marcel Dekker.
KAayMAKCT A., AYRILMIS N., GULEC T., TUFAN M.
2017. Preparation and characterization of high—
performance wood polymer nanocomposites us-
ing multi-walled carbon nanotubes. Journal of

Composite Materials, 51, (9): 1187-1195.

Km J. K., PAL K. 2010. Recent advances in the pro-
cessing of wood—plastic composites. Springer
Science and Business Media.

KLYosov A. A. 2007. Wood—plastic composites. New
Jersey, John Wiley and Sons.

KOLLEROV M. Y., SPEKTOR V. S., SKOBLIN A. A.,
GURTOVOI S. 1., SAAKYAN A. V., GUSEV D. E.
2019. Mechanical Properties of a Carbon Fiber
Reinforced Plastic-Titanium Nickelide Func-
tional Composite Material. Russian Metallurgy
(Metally), 2019 (4): 331-335.



10 SEFA DURMAZ, YUSUF ZIYA ERDIL, ERKAN AVCI

KORDKHEILI H. Y., FARSI M., REZAZADEH Z. 2013.
Physical, mechanical and morphological proper-
ties of polymer composites manufactured from
carbon nanotubes and wood flour. Composites
Part B: Engineering, 44 (1): 750-755.

MENGELOGLU F., KABAKCI A. 2008. Determination of
thermal properties and morphology of eucalyp-
tus wood residue filled high density polyethylene
composites. International journal of molecular
sciences, 9, (2): 107-119.

OZGENCO., YILDIZ U. C. 2014. Surface characteristics
of wood treated with new generation preserva-
tives after artificial weathering. Wood Research,
59 (4): 605-616.

RUSSO P., ACIERNO D., SIMEOLI G., IANNACE S., SOR-
RENTINO L. 2013. Flexural and impact response
of woven glass fiber fabric/polypropylene com-
posites. Composites Part B: Engineering, 54:
415-421.

SCHMIDT, O. 2006. Wood and tree fungi. Berlin, Hei-
delberg: Springer Verlag: 119-133.

SIMEOLI G., ACIERNO D., MEOLA C., SORRENTINO L.,
IANNACE S., RUSSO P. 2014. The role of interface
strength on the low velocity impact behaviour of
PP/glass fiber laminates. Composites Part B: En-
gineering, 62: 88-96.

SORRENTINO L., SIMEOLI G., IANNACE S., RUSSO P.
2015. Mechanical performance optimization
through interface strength gradation in PP/glass
fiber reinforced composites. Composites Part B:
Engineering, 76: 201-208.

VALENTE M., SARASINI F., MARRA F., TIRILLO J.,
PULCIG. 2011. Hybrid recycled glass fiber/wood
flour thermoplastic composites: Manufacturing
and mechanical characterization. Composites
Part A: Applied Science and Manufacturing, 42,
(6): 649-657.

ZOGHI M. 2013. The international handbook of FRP
composites in civil engineering. Boca Raton,
CRC Press.



INNOVATION IN WOODWORKING
INDUSTRY AND ENGINEERING
DESIGN

2/2021

INNO vol. X 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. 1-90
Sofia 2/2021

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) Lubos Kristak, PhD (Slovakia)
Alexander Petutschning, PhD (Austria) Marius Barbu, PhD (Romania)
Anna Danihelova, PhD (Slovakia) Muhammad Adly Rahandi Lubis, PhD (Indonesia)
Antonios Papadopoulos, PhD (Greece) Nencho Deliiski, DSc (Bulgaria)
Asia Marinova, PhD (Bulgaria) Neno Tritchov, PhD (Bulgaria)
Biborka Bartha, PhD (Romania) Panayot Panayotov, PhD (Bulgaria)
Bojidar Dinkov, PhD (Bulgaria) Pavlo Bekhta, PhD (Ukraine)
Danijela Domljan, PhD (Croatia) Regina Raycheva, PhD (Bulgaria)
Desislava Angelova, PhD (Bulgaria) Roman Réh, PhD (Croatia)
Derya Ustadmer, PhD (Turkey) Ruzica Beljo Luci¢, PhD (Croatia)
George Mantanis, PhD (Greece) Silvana Prekrat,PhD (Croatia)
Ivica Grbac, PhD (Croatia) Stefan Barcik, PhD (Slovakia)
Ivo Valchev, PhD (Bulgaria) Valentin Shalaev, PhD (Russia)
Jan Sedliacik, PhD (Slovakia) Vasiliki Kamperidou (Greece)
Julia Mihajlova, PhD (Bulgaria) Vesselin Brezin, PhD (Bulgaria)
Hubert Palus, PhD (Slovakia) Vladimir Koljozov, PhD (Macedonia)
Hiilya Kalaycioglu, PhD (Turkey) Zhivko Gochev, PhD (Bulgaria)
Ladislav Dzurenda, PhD (Slovakia)

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/



INNOVATION IN WOODWORKING INDUSTRY AND ENGINEERING DESIGN, 2/2021 (20): 34

CONTENTS

PROPERTIES OF WOVEN GLASS FIBER FABRIC REINFORCED POLYPROPYLENE
BASED WOOD PLASTIC COMPOSITES ......ooiiiiiiiiitetet ettt 5

Sefa Durmaz, Yusuf Ziya Erdil, Erkan Avci

ANALYSIS OF ANATOMICAL ELEMENTS AS WOOD TEXTURE CHARACTERISTICS ....... 11

Nikolai Bardarov, Nicole Christoff, Vladislav Todorov, Petar Antov, Mariana Kaludova

PROPERTIES OF HIGH-DENSITY FIBERBOARDS BONDED WITH UREA-
FORMALDEHYDE AND PHENOL-FORMALDEHYDE RESINS .....cccccoiiiiiiiccee 17

Viktor Savov, Petar Antov, Neno Trichkov

ACCESSIBILITY OF THE ENVIRONMENT TO DISADVANTAGED PEOPLE ............ccccceuenie 27

Maria Kitchoukova

INFLUENCE OF SOME FACTORS ON ADHESION STRENGTH IN THE FORMATION OF

WATER-BASED FINISHES ON BEECH PLYWOOD .......ooiiiiiiiiiieieeeeeeee e 36
Dimitar Angelski, Krasimira Atanasova

A STUDY ON THE EFFECT OF THE BEARING CLEARANCE OF THE WHEELS ON THE

MOVEMENT OF THE BAND SAW BLADE........cooiiiitiieitee ettt 44
Valentin Atanasov, Petar Nikolov

FORCED SPATIAL VIBRATIONS OF A WOOD SHAPER CAUSED BY THE WEAR OF

THE CUTTING TOOL ..ottt ettt sttt ettt ettt se et enbe et eneeenee e e 51
Georgi Vukov, Valentin Slavov, Pavlin Vichev, Zhivko Gochev

MODEL FOR TRAINING ENGINEERING DESIGN STUDENTS BY USING METHODS

FROM HUMANITIES AND SOCIAL SCIENCES ..ottt 63
Pavlina Vodenova, Ophelia Kaneva

EXPERIMENTAL STUDY IN PRIMARY WOOD CUTTING WITH CIRCULAR SAW AND

BAND SAW MAGCHINE ..ottt ettt b e et be et et st et e ste e aenneas 73
Valentin Atanasov

EXPERIMENTAL APPLICATION OF THE METHOD OF FOCAL OBJECTS IN DESIGN

EDUGCATION. ...ttt ettt et a et e st e ae e et e st et e e et em e e bt eseenseeseentenseeneeseeseentenseas 82
Desislava Angelova

SCIENTIFIC JOURNAL ,,INNOVATIONS IN WOODWORKING INDUSTRY AND
ENGINEERING DESIGN® L.ttt ettt ettt ettt e 88



