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Abstract

Aim of study: In this study, it is aimed to make the wood material hydrophobic and magnetic by creating
a smart biomimetic artificial form for lignocellulosic surfaces.

Material and methods: Ferrous sulfate heptahydrate (FeSO4-7H20), Manganese (II) chloride
(MnCl,.4H0), Ethyl alcohol (EtOH), Sodium hydroxide (NaOH), and Potassium nitrate (KNO3) having
implemented on the wood to the synthesis of the intelligent biomimetic surface. Hydrophobisation had
supplied by Octadecyltrichlorosilane (OTS, 95%). Fourier-transform infrared spectroscopy (FTIR), X-ray
diffraction (XRD), Scanning electron microscopy (SEM), and Energy dispersive x-ray (EDX) having used
for the characterization step. Water contact angle (WCA) had used for hydrophobicity. Finally, the UV-Vis
spectrometer device had used to determine the magnetic properties.

Main results: According to the characterizations, the smart biomimetic artificial form having been
synthesized on a wood surface successfully. The water contact angle of the new surface having determined
as 0y 125 °. It showed absorption properties in the wavelength range of 200-800 nm.

Highlights: As a smart biomimetic artificial design has produced as a result of this study improves the
resistance of wood to water and sunshine, this could be significantly diminished maintenance costs in many
fields from living areas to the maritime industry.
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Lignoselllozik Yuzeyler i¢in Akilli Biyomimetik

Yapay Form

Oz

Calismanin amact: Bu ¢alismada, lignoseliilozik ylizeyler i¢in akilli biyomimetik yapay form olugturup
ahsap malzemenin hidrofobik ve manyetik 6zellik kazanmasi amaglanmistir.

Materyal ve yontem: Akilli biyomimetik yapay ylizeyin olusturulmasi i¢in Demirli siilfat heptahidrat
(FeS0O4-7TH20), Manganez (II) kloriir (MnCl,.4H,0), Etil alkol (EtOH), Sodyum hidroksit (NaOH) ve
Potasyum nitrat (KNOs3) kullanilarak masif yiizeye hidrotermal olarak uygulanmistir. Hidrofobizasyon
Oktadesiltriklorosilan (OTS, %95) kullanilarak saglanmigstir. Modifikasyon ¢alismalarini karakterize etmek
icin Fourier doniisiimii kizilotesi spektroskopisi (FTIR), X-1simn1 kirinimi (XRD), Taramali elektron
Mikroskopisi (SEM) ve Enerji dagitict x-151m1 (EDX) analizleri yapilmistir. Hidrofobiklik 6zelliginin
belirlenmesi i¢in su temas agisi (WCA) ve son olarak manyetik 6zelliklerini belirlemek igin UV-Vis
spektrometre cihazi kullanilmagtir.

Temel sonuglar: Yapilan karakterizasyon calismalar1 ahsap yiizeyde akilli biyomimetik yapay form
bagarili bir sekilde olusturuldugunu gostermektedir. Yeni ylizeyin su temas acgist Oy 125° olarak
belirlenmistir. 200-800 nm dalga boyu araliginda absorbsiyon 6zellik gostermistir.

Arastirma vurgulari: Bu ¢alisma sonucunda iiretilen akilli biyomimetik yapay form ahsabin suya ve
giines 15181na olan dayanimini artirdigi i¢in yasam alanlarindan denizcilik sektoriine kadar bir¢ok alandaki
bakim maliyetlerini 6nemli dl¢lide azaltabilir.

Anahtar Kelimeler: Akilli, Biyomimetik, Yapay Yiizey Formu
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Introduction

The idea of functionalizing the wooden
surface with nanomagnetic particles having
been proposed by (Oka & Fujita, 1999) firstly.
Thus, it had intended to reduce the damage-
causing by electromagnetic wave absorbers in
indoor spaces. UV rays on outdoor surfaces in
outdoor spaces (Oka & Fujita, 1999; Oka et
al., 2002a; Oka et al., 2002b; Oka et al.,
2004a; Oka et al., 2004b; Oka et al., 2007;
Oka et al., 2011).

However, the formation of excess
hydrophilic structure in the final product
increased UV degeneration while decreasing
water and moisture resistance.

It is inevitable that wood materials have
been using in the outdoor environment will be
exposed to UV rays as well as other
environmental factors such as water and
moisture. On the other hand, it would not be
wrong to say that the effect of UV rays on the
wood structure are more than the damage
caused by water and moisture. Lignin suffers
the most from the UV radiation to which the
wood surface exposed. As a result of this UV
radiation, lignin breaks down, causing many
radical groups to form. When these radicals
come into contact with oxygen in the air, color
changes had observed on the surface of the
wood (Jirous-Rajkovic et al., 2004; Ozdemir

et al., 2018; "Patachia et al., 2012
Ramazanoglu & Ozdemir, 2021; Salla et al.,
2012).

Besides, it affects the wood structure
negatively in other environmental factors such
as temperature difference and humidity
(Hayoz et al., 2003).

The porous and hydrophilic nature of the
wood allows water to enter the lower layers.
In addition, the expansion of water with
temperature change causes cracking and
breakage in woody structure. At the same
time, this negative effect of water increases
the damage of UV radiation to woody
structure (Eichhorn et al., 2010; Hakkou et al.,
2005; Lu et al., 2014). Therefore, surface
treatment combined with hydrophobicity and
magnetic properties was essential for the
protection of wood-based materials. In the
study, magnetic wood having obtained by
positioning MnFe,O4 nanoparticles on the
wood surface. Thus, a magnetic surface had
received. Then, the magnetic property having
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gained, the hydrophobicity of the surface has
been supplied by OTS. Fourier-transform
infrared spectroscopy, X-ray Diffraction,
Scanning Electron Microscopy, and Energy
Dispersive X-ray having conducted to the
characterization of modification studies. The
water contact angle having studied for the
determination of surface hydrophobicity and
UV-vis spectrometer device had been used for
determination of magnetic properties.

Materials and Methods
Material

Beechwood species had purchased from a
commercial market in Kahramanmaras in
Turkey. Ferrous sulfate  heptahydrate
(FeSO4-7H,0) and Manganese (I1) chloride
(MnCl,.4H,0) had supplied from Carlo Erba
Reagents in Barcelona, Spain. Ethyl alcohol
(EtOH) and Sodium hydroxide (NaOH) have
been provided from TEKKIM in Istanbul,
Turkey. Potassium nitrate (KNO3) was bought
from Darmstadt in Germany.
Octadecyltrichlorosilane (OTS, 95%) was
purchased from J.K.Chemicals, in Telangana,
India.

Method

Thermogravimetric analyses were
performed by EXSTAR TG/DTA 6300. SEM
images and EDX spectra had ingested by
Zeiss Eva 50 ED, and XRD spectra has taken
via to Rigaku Rint 2000 brand device in
KSU/USKIM.  Water  contact  angle
measurements having been done by KSV
Cam101 Scientific Instrument (Helsinki,
Finland) brand devices located in the forest
faculty of Istanbul University where been
used.

The chemical route has developed for the
synthesis of hydrophobic and magnetic wood
has been given in Figure 1. Beechwood
species cut into 2 mm (radial) x 10 mm
(tangent) x 15 mm x (longitudinal) had been
exposed to an ultrasonic bath for 30 minutes
and had dried at 103 + 2 °C for 48 h (step a).
After, the ultrasonic bath, wood particles
having added to an orange color reaction
solution where the iron and manganese molar
concentration ratio had adjusted as 2
([Fe?*)/[Mn?*] = 2). The reactor has subjected
to a 90 °C hydrothermal method for 3 hours.
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The hydrothermal process was continued
at 90°C for 6 hours with a new reaction
solution prepared with 15 ml of 1.32 M
sodium hydroxide (NaOH) and potassium
nitrate solution (KNOs) ([Fe*]J/[[NO*] =
0.44). Thus, ferrite nanoparticles were coated
on the wood surface to give high surface
roughness and magnetic properties (step b).
Finally, samples were washed in the
ultrasonic bath for 30 minutes to remove
unreacted chemical residues and dried in an
oven at 50°C for 24 hours. Subsequently, 20

ml of 5% (V/V) Octadecyltrichlorosilane
(OTS) was taken into ethanol solution and
mixed for 24 hours at room temperature with
a mechanical mixer and the magnetic surface
of wood samples has covered by OTS
molecules (step c). Finally, they have dried at
50°C for 24 hours. Thus, the hydrophobic
wood surface had occurred (step d). Finally,
they had dried at 50°C for 24 hours. Thus, the
hydrophobic wood surface having obtained
(step d).

103°C 48h.
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Figure 1. Schematic representation of the synthesis

Results and Discussion
Fourier-Transform Infrared Spectroscopy
(FTIR)

The FTIR spectra of untreated wood,
MnFe;O4 functional magnetic surface, and
OTS functional samples had presented in
Figure 2. It contains all the characteristic
bands of massive wood as a control sample
(Fig. 2a). It refers to the ~OH hydroxyl groups
of cellulose in the broadband wood structure
was detected at 3467 cm?® (Liang &
Marchessault, 1959; Ramazanoglu &
Ozdemir 2020; Ramazanoglu & Ozdemir
2021; Schwanninger et al., 2004).

In the massive spectrum, the peaks at 1735
cmt and 1510 cm™ have been classified as
~C=0 and ~C=C vibration in the cellulose
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structure. Asymmetric peaks around 1422 cm
! indicate the ~C-H deformation in the methyl
~CHjs groups in the cellulose structure (Lu et
al., 2014). The narrowing in the wide ~OH
band on the magnetic wood surface (Fig. 2b)
is an indication of the positioning of the
MnFe,O4 particles to the wood surface (Lu et
al., 2014). It is Fe-O vibration on the peak
surface at 632 cm™ on the magnetic surface
(Waldron, 1955). C-H tensions in the methyl
and methylene groups appear to be 2960 cm*
and belong to the methyl and ethylene groups
(Faux, 1991). On the OTS coated surface,
~2825 cm!, ~2923 cm™! ~C-H tensions, and
the Si-O-C peak at 1193 cm™ (Figure 2c)
shows that OTS is attached to the
lignocellulosic surface successfully.
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Figure 2. FTIR spectrum of (a) the untreated wood (b) magnetic wood and (c) OTS hydrolyzed

X-ray Diffraction (XRD)

The XRD spectra of the exposed samples
to the hydrothermal process that molar
concentration of iron and manganese had been
fixed as [Fe?*]/[Mn?*] = 2 given in Figure 3.
The peaks at 16.4° and 22.5° in (Figure 3a.)
diffraction peaks indicate the characteristic

wood structure of the cellulose molecule
(Andersson et al., 2003; Borysiak &
Doczekalska, 2005; Kumar et al, 1993). Wood
surface subjected to reactor solution prepared
using 0.2 M. FeSO4-7H20 and MnCl,.4H,0
stock solutions for 3 hours at 90°C.
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Figure 3. XRD spectra of (a) untreated wood, (b) magnetic wood which were functionalized

with MnFe;O4 nanoparticles.
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Scanning Electron Microscopy (SEM) & Energy Dispersive X-Ray (EDX)
SEM image and EDX spectra of the original wood sample, the wood sample coated with
MnFe;SO4 nanoparticles, and hydrophobized wood surface have seen in (Figure 4).
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Figure 4. SEM image and EDX spectra, (a) untreated wood; (b) the wood sample treated with
MnFe204 nano particles; (c) the wood sample treated with MnFe,O4 nano particles and OTS.
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In the EDX spectrum of the massive
sample (Figure 4a), the golden peak having
seen due to the coating that provides surface
conductivity with oxygen and carbon, which
are individual peaks of the lignocellulosic
structure.

In the EDX spectrum, the surface covered
with MnFe,SO4 nanoparticles, it had observed
that the iron (Fe) peak on the wooden surface
was embraced by MnFe,O, nanoparticles
effectively in Figure 4b. In hydrophobization
(Figure 4c.) the presence of the silane (Si)
peak belonging to OTS has been determined
(Gao et al., 2015a). In addition, in SEM
images in Figure 4c, MnFe,O, nanoscale
protrusions and the thin layer was formed by
wax crystalloids of OTS coated the wooden
surface. The design of this type of binary
structure essential for surface
hydrophobization (Li et al., 2013; Lu et al.,
2014; Ramazanoglu & Ozdemir, 2021; Xia et
al., 2012).

Water Contact Angle (WCA)

Original wood sample (a), subjected to
hydrothermal process with the reactor
solution (b), only OTS-treated wood sample
(c), and d) the wood samples with MnFe;O4
nanoparticles its surface treated by OTS under
laboratory condition and their contact angles
were given in (figure 5). While the water
contact angle of the original wood has
appeared as 0y 84.7° (Figure 5a), the lower
hydrophilicity due to the MnFe,O4 particles to
be positioned on the lignocellulosic surface,
causing the new water contact angle to has
been measured as 0y 34.6° (Figure 5b).

In a previous study, the value of WCA had
measured as Oy 100° as a result of the
application of OTS directly on the massive
(Gan et al., 2015). In this study, wood has
hydrophobized directly with OTS. the water
contact angle had increased about 23.9% and
having measured 6y 105° (Figure 5¢). The
hydrophilic surface had obtained as a result of
adhering MnFe;04 nanoparticles

hydrophobicity had increased like 261% after
the intervention with OTS with the value of Oy
125° (Figure 5d)

-

Figure 5. Water contact angle of (a) massive wood, (b) the wood treated by MnFe,O. nano
particles, (c) the wood treated by only OTS, and (d) the wood sample treated with MnFe,O4 nano

particles and OTS

Ultraviolet and Visible Light (UV-Vis)

The UV spectra of the solid wood and the
magnetic wood had obtained by hydrothermal
functioning of the surface with MnFe,O,
nanoparticles were given in Figure 6. The
solid wood and the magnetic wood had
obtained by hydrothermal functioning of the
surface with MnFe;O4 nanoparticles were
presented in Figure 6. (Zhu et al. 2011) stated
that the magnetic wood obtained by CoFe;0.
nanoparticles in 2011 show absorption
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properties between 200-800 nm wavelength
(Zhu et al., 2011). The magnetic wood had
been formed via MnFe;Os nanoparticles
instead of cobalt and compared at 200-800 nm
wavelength. Thanks to the magnetic feature

(Ramazanoglu &  Ozdemir,  2020;
Ramazanoglu & Ozdemir 2021) via
functionalized = MnFe;Os  nanoparticles,

wavelength UV lights were not absorbed well
by the MnFe;Os nanoparticles. But, the
sunshine range about 400-800 nm has
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wavelength exhibits a much higher absorption
than untreated wood. Thus, photodegradation
was not able to perform on woody
components  (Donath et al., 2007,
Ramazanoglu, 2020). Magnetic wood coated
with MnFe,O, nanoparticles showed the
highest absorption performance between 400-
800 nm wavelength.

284 The magnetic wood

Absorptance (%)

Wavealenght (nm)
Figure 6. UV spectrum of the orjinal wood;
untreated massive wood sample, and the
magnetic wood; magnetic wood coated with
MnFe,O4 nanoparticles

Conclusion

Wood is the most reliable material from
the existence of the earth to the present day.
Human beings have used wood for different
purposes in many fields. The study aimed that
reducing the sensitivity of wood for moisture
and sunlight due to its lignocellulosic nature.
In line with this aim;

Using the low-temperature hydrothermal
method help to MnFe,O4 nanoparticles were
positioned on the wooden surface; Thus,
photodegradation caused by sun rays having
prevented thanks to its magnetic feature.

The wood has been gained magnetic
properties with MnFe,O, particles at the low-
temperature hydrothermal method. Then, the
hydrophobic property affixed to this magnetic
surface mixed with OTS at room temperature
mechanically.

At the characterization, the narrowing
wide ~OH band evidence that MnFe,O4
particles having located on the lignocellulosic
surface in the FTIR spectrum. The peaks
having performed about ~2825 cm™!, ~2923
cm™! from ~C-H tensions, and the Si-O-C
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peak has resembled at 1193 cm! exhibits that
OTS bounded to MnFe,O, treated wood
successfully too. In the XRD spectrum; The
peaks appeared at 16.8°, 22.0°, 38.5° 44.4°,
67.7°, and 78.1° indicate that the MnFe,04
nanoparticles  were attached to the
lignocellulosic surface.

SEM images and the EDX spectrum also
prove that MnFe;O4 nanoparticles having
located on a wood surface with a Fe peak (Fig.
4b). Additionally, the presence of the silane
(Si) peak belonging to OTS (Fig. 4b.) shows
hydrophobization completed. In WCA, there
was a lessening from 0y 84.7° to Oy 34.6°
those shows, MnFe;O, nanoparticles
modification having accomplished.
Moreover, the rise in WCAs from 0y 34.6° to
Oy 125° shows that magnetic surface having
coating by OTS successfully.

In the UV-vis spectrometer, the surface
coated with MnFe2O4 nanoparticles has much
higher UV absorption than untreated wood. It
means that MnFe.Os nanoparticles were
located on the wood surface and suppled
magnetic feature.

Consequently, the wood having gained
self-protection from sun rays and self-
cleaning features by this synthesized
multifunctional wood surface.
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