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ABSTRACT

In this study, the machinability properties of laser treated S355JR samples were investigated. The ZrB2 nanoparticles were
coated on the surface of S355JR carbon steel by 2 kW COz laser. Then the coated samples were cut using the methods of
abrasive water jet, wire-cut electrical discharge machining, laser, and abrasive disc, respectively. The phase structures and
morphologies of the coated and cut surfaces were determined by using X-Ray diffractometry, optical microscope and
scanning electron microscopy. The hardness was specified by using the microhardness device. It was found that low heat
input and minimal damage was observed with the abrasive disc cutting method. Cutting with wire-cut electrical discharge
machining, the worn zone was in a very narrow range, but there was also some heat-affected zone. While no heat input was
seen in the method of cutting with abrasive water jet, significant damages in the shear edges and peripheral zones were
observed due to abrasive particles. Intensive thermal deformation was also observed in the method of laser cutting.

Keywords: Laser Coating, Nanoparticles, Machinability, Abrasive Water Jet, Wire-Cut Electrical Discharge Machining
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1. INTRODUCTION

Machining methods also develop as a result of
developments in material technology. Machinability of
new materials and traditional samples has been
investigated for many years (Ozkul et al. 2013; Aouici et
al., 2014; Buldum et al., 2012). Due to improperly
selected methods, materials cannot fulfil their functions
in critical processes and serious economic losses occur.
Therefore, it is very important to determine the most
appropriate cutting method for the produced materials. It
is known that the high temperature materials such as TiC
(Wang et al., 2013), B4C (Yibas et al., 2015), WC
(Pulsford et al., 2018), SiC (Hashemi et al., 2018), TiN
(Zhang et al., 2017), Al203 (Ruppi,, 2005), ZrC (Zhang et
al., 2018), TiB2 (Han et al., 2018) etc. are coated on the
base materials such as carbon and cold work steel (Pei et
al., 1996; Suresh et al., 2018; (Sun et al., 2018),
aluminum (Chi et al., 2018), magnesium (Xu et al.,
2014), titanium alloys etc (Zhao et al., 2018). The
methods, such as self-propagating high temperature
synthesis (SHS) (Masanta et al., 2010), thermal spray
coatings (Berger et al., 2015), sol-gel (Tlili et al., 2016),
PVD (Lu et al., 2018), and CVD (Liu et al., 2018),
reactive plasma spraying (Dai et al., 2017), are used
intensively for coating of metals. Being one of these high
temperature ceramics, zirconium diboride (ZrB2) which
has a melting temperature of 3245 °C, high hardness,
oxidation resistance and thermal shock resistance, are
mostly used in a wide area as diffusion barriers in the
semiconductors, molten metal container, and ignition
absorber in nuclear reactor cores (Fahrenholtz et al.,
2007; Sonber et al., 2011; Baudis et al., 1985). ZrB2
nanoparticles can be obtained by using many different
methods. Peters et al. (2009), obtained single phase ZrB:
by grinding elemental Zr, and B powders in a Spex type
high energy ball mill. Akgiin et al. (2011), produced ZrB>
using ZrOz;, Mg and B20s powders through
mechanochemical method and volume combustion
synthesis method. Setoudah et al. (2006), milled an
elemental mixture of ZrOz, B203 and Mg by using a
laboratory scale mill under Ar atmosphere and
synthesized a pure ZrBz with approximately 75 nm
crystallite. Jalaly et al. (2013), obtained nanocrystal ZrB:
from ZrOz, B20s by magnesiothermic and
aluminothermic reductions. Guo et al. (2009), produced
ZrB2 powders in the vacuum by boron/carbothermal
reduction of ZrO2, B4C, and C. It is also seen that ZrB>
significantly increases the wear and corrosion resistance
when it coated on the material surfaces (Xue et al., 2018;
Zouetal., 2017; Neuman et al., 2017; Cheng et al., 2017;
Dangio et al., 2018; Pourasad et al., 2017).

Parts wused in industries such as machine,
manufacturing, space and automotive etc. deteriorate
after a certain performance and mandatory changes in
geometries are required. In the case of replacing high-cost
parts with new ones, it is more economical to make some
modification to these parts instead of replacing them.
While, there are many studies about different coating
metals such as steel, carbon steel, aluminum, copper,
titanium alloys etc. in the literature, no study has been
found especially about machinability of these coated
materials. The properties of coated samples was lack to
date. Considering this gap in literature, the S355JR
carbon steel materials coated with ZrB2 nanoparticles are
subjected to micro cutting with widely used methods such
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as abrasive water jet, wire-cut electrical discharge
machining, laser and abrasive disc cutting methods,
respectively. Experimental studies have been focused on
determination of how the coating layer is affected by
these processes than the cut surface. In the present study,
the mechanochemical synthesis method was preferred as
the synthesis method because of the advantages such as
occurrence of the reaction at room temperature, being an
economical method, great flexibility in the selection of
the processing parameters, ability to produce large
quantities of material with the same physical properties
and offering the possibility of producing compounds
which cannot be produced by using conventional methods
(Avar et al., 2015; Simsek et al., 2017). Synthesized ZrB2
nanoparticles are coated with COz2 laser after determining
the optimum parameters on the surface of S355JR (St52)
carbon steel materials. Besides its wide usage area in
many fields such as aviation, automotive and
manufacturing industries, its poor wear properties were
effective in the selection of the base material. As coating
method, laser coating method is chosen due to its
important advantages which allows to obtain hard,
protective, abrasion and corrosion resistant coating on the
surfaces of metals. By utilizing superior properties of the
laser beam; hard, homogenous, non-porous, crack-free
coatings with high wear resistance can be obtained on the
surfaces by melting a thin layer on the substrates surface.
The ideal cutting (machining) method for samples coated
with ZrBz nanoparticles was investigated in detail. The
cut samples were examined by using optical and SEM
microscopy and X-Ray diffractometry without any
treatment. Hardness of coated and cut surfaces were
determined.

2. EXPERIMENTAL STUDIES

2.1. Materials

Mechanochemically synthesized ZrB2 nanoparticles
were used as the coating material. ZrB2 nanoparticles
were obtained by milling Zr (873.05 um, > 99, Sigma
Aldrich), Mg (138.66 pm, >99.00%, Sigma Aldrich), and
B20O3 (545.74 pm, >98.00%, Eti Maden) under Ar
atmosphere in a high energy ball mill (Fritch, P6) for 30h.
The powder mixture consisting of MgO and ZrB2 phases
after 30h ball milling was purified with acetic acid (AA,
CHs3COOH) solution, dried under vacuum, and then used
in the coating applications. The detailed synthesis
procedures of ZrB2 nanoparticles are presented in
(Simsek 2014).

2.2. Laser
Experiments

Coating and Machinability

S355JR carbon steel was used as the substrate
material in the coating experiments. Table 1 shows the
chemical composition of S355JR carbon steel.

Table 1. Chemical composition of S355JR carbon steel

Chemical C Si
Composition
(wt %)

Mn P S Cu N Fe

0.22 0.55 1.60 0.035 0.035 0.55 0.09 Bal.




The size of the base material used was 100 (length)
X 15 (width) X 4 (thickness) mm. Prior to laser cladding,
the samples were sandblasted and cleaned with acetone
and ethanol. Firstly, the nanoparticles were coated on the
surface of carbon steel with a thickness of 50 pm and all
precoating processes were carried out in the vacuum.
Then, the layers were heated up to 400 oC under Ar
atmosphere for 4 hours to make good bond to substrate
and convert the phenolic resin to carbon (Yilbas et al.,
2011). This carbon film provides hard wear resistant
carbide phases on the surface. This process was done very
carefully because if the precoating was not done well,
some problems was encountered such as adhesion to the
substrate, inhomogeneity and porosity (Yilbas et al.,
2012; Simsek et al., 2017). Secondly, the precoated layers
were laser clad by a 2 kW CO2 laser (Amada, LC-2415 a
Il, Japan) at continuous-wave mode under N2 gas
atmosphere. Table 2 shows the laser coating parameters.

Table 2. Laser coating parameters

Laser power w 2000
Power density W/mm? 181
Frequency Hz 1000
Scanning rate mm/s 5
Average power W 160
Laser wave length Mm 10.64
N2 pressure kPa 600

Fig. 1. shows the schematic view of laser cladding
process and nozzle used. The coating experiments were
conducted between 75-200 W laser powers under N2
atmosphere. It is noticed that the higher and lower laser
power usage resulted in very intensive cracks and pores.
Due to obtaining homogenous distribution of
nanoparticles without fractures and cracks, the samples of
160 W of laser power was used in the machinability
experiments.
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a)

laser beam

= laser coated area

precoating
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z=0

laser beam
¢2- lens

N2

N2

assisting gas assisting gas

m laser coated area

substrate

Fig. 1. Schematic view of a) laser coating process b)
nozzle (Simsek 2014).

Machinability properties of the samples in respect of
cutting methods were determined by cut with abrasive
water jet (KMT, SLV-E50), wire-cut electrical discharge
machining (Makino, Dou 43), laser (Amada, Lasmac LC-
2415 o III), and abrasive disk (BMS, Bulucut-3),
respectively. Table 3 shows the applied cutting
parameters.

Table 3. Parameters applied in cutting tests

Abrasive water jet cutting

Laser cutting

Nozzle Diameter 0.75 mm Laser Power 2000 W
Sand Flow Rate 250 g/min Cutting Speed 1000 mm/min
Pressure 4000 bar Frequency 1000 Hz
Feed rate 150 mm/min Duty 55 %
Average Power 880 W
Wire-cut electrical discharge machining Abrasive disc cutting
Wire Diameter 0.3 mm Disc Used SiC
Wire Type Cuzn Disc Sizes 250x32x1.6 mm
Wire Speed 6 m/min Revolutions Speed 2840 rpm
Cutting Speed 11 mm/min Feed rate 1 mm/s
Tension 10 cN Cutting System Automatic
Time of Energy Given 18 ms Cooling Cooling with fluid

Time of Energy Cut 70 ms




2.3. Characterization

The phase structures of the coating layers were
determined by XRD (Rigaku D/MAX-2200) with CuKa.
(A=1.5408 °A) radiation by selecting 40 kV operating
voltage and 30 mA current, 20 angle range 2-90°, and
4°/min scanning rate. The average crystallite size of the
nanoparticles were calculated with Scherrer Equations
[Eq.1], where 7 is the crystallite size, K is the constant
taken depending on the shape of crystal (0.89), A is the
wavelength of X ray (0.154 nm), B is the width of half-
length of peak (FWHM), and 6 is Bragg angle. In the
calculation of crystallite size, FWHM values of (100)
peak in XRD patterns were determined by graphic
analysis using JADE 7.0 XRD analysis program.

= K.
B. Cos 6

()

Microstructural examinations of the surface and
cross-sections of the samples were characterized by
scanning electron microscope (FEI Quanta 200F) and
optical microscope (Leica M205 C). The hardness of
samples was determined by using a Vickers hardness
tester (Shimadzu HMV-2) under 50 g load for 15 s.

3. FéESULTS AND DISCUSSION

As coating material ZrBz nano particles were used.
XRD graphs of synthesized and purified nanoparticles are
given in Fig. 2. The crystallite size of the purified
nanoparticles was calculated as 20.45 nm by Scherrer
formula. The powder mixtures of MgO and ZrB2 were
purified with hot acetic acid leaching and following to
purification processes, ZrBz nanoparticles were carefully
precoated on carbon steel and coated with a CO2 laser at
160 W laser power (Simsek 2014).

a) S

® ZrB,
® Mg0
A Fe

Intensity (a.u)

I |
Purified ‘ | . T te . .
\‘R@J\—""l l\om.J L‘wﬁ&jivp'\.u. A

30hmilled ® flm [}
powder mixture l | w M. . T l,.. .
] iy ) N i AN
0 10 20 30 40 50 60 70 80 90
26 (deg)

]
. .
A

Fig. 2. XRD graph of the ZrB2 nanoparticles (Simsek
2014).

Fig. 3. shows the SEM and optic images of the coated
sample surfaces and the cross-sections. Homogeneous,
nonporous and crack-free layers with good metallurgical
bonding to substrate can be seen from Fig. 3. The
thickness of layers was around 24 um while the heat
affected zone was around 60 pm

54

Turkish Journal of Engineering (TUJE)
Vol. 3, Issue 2, pp. 51-59, April 2019

subs;trate

20 ym
—_—

Fig. 3. a) Surface view (SEM), b) Surface view (optical
microscope), ¢) Cross-section view (optical microscope)
(Simsek 2014).

The phase structures were identified by X-Ray
diffractometry. Fig. 4a shows the XRD analysis and
hardness profiles of the coating layers obtained at 160 W
laser power (Simsek 2014, Simsek 2017). ZrNo.4Bos,
FesC and FeNo.o7e0 Zr70sN4 phases were observed on the
surfaces of the coating layers. Nitride phases were formed
with the reaction of assisting—protecting N2 gas at high
temperatures while the carbide phase occurred with the
reaction of carbon film formed on the substrate (Fig. 4a).



The same results were also observed by Yilbas et al.
studies. They reported in their laser cladding experiments
that N2 gas resulted to formation of nitride phases on the
substrate (Yilbas et al, 2012). Microhardness tests were
performed for determining the hardness of the coating
surface. Fig. 4b. represents the average hardness value of
5 measurements were taken from the every region of
coating layers. It can be seen from Fig. 4b. that the
hardness was about 220 HV, 600 HV, and 900 HV for
substrate, heat-affected zone and coatings layers,
respectively. It is noticed that the formation of Fe, Zr-rich
carbide, boride and nitride phases substantially increased
the coating layers hardness.

3 e FeC
B ZrNosBos
A FeNyore
3 Zr0N,
£
E =
5 s
=
L
sl . .
am i s
m‘u Ak 1.. o A
3 a) 10 20 30 40 © 50 60 70 80 90
- 26(deg)
900
800
L
L ] .‘.. -

= 4
heat-affected
E 400 |- zone .
g substrate
T 300 |
[}
-
200 | !
100 Lo 1 L 1 1 L J
0 20 40 60 80 100 120

b) Coating Thickness (um)

Fig. 4. a) XRD pattern of coating, b) Regional cross-
section hardness values of the coated samples

Furthermore, in order to examine the regional
structure properties of the coating layer, the heat-affected
zone and base metal, the coated sample was left in liquid
nitrogen for 10 minutes and then broken. Fig. 5. shows
SEM images of the cross-sections of the fracture samples.
When the images were examined, it was determined that
a transition region was formed between the coating layer
and the heat-affected zone, the structures of coating layer
(a), heat-affected zone (b) and base metal (c) were
different from each other due to the applied high heat. As
a result of the high temperature releasing during the laser
coating, columnar structures were observed in the
hardened coating layer due to the rapid cooling; whereas,
brittle ruptures in the coating layer and ductile fractures
from transition region to the base metal after the fracture
were observed (Simsek 2014).
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Fig. 5. SEM image of the structures released a result of
the fracture of the coated samples in liquid nitrogen

After microstructural analysis of coated layer, the
machinability performance of coated S355JR carbon steel
layers were investigated with cutting the layers by
advanced manufacturing methods such as abrasive water
jet, wire-cut electrical discharge machining, laser and
abrasive disc. Fig. 6. and 7 shows the optical microscope
and SEM images of the samples cut with abrasive water
jet, wire—cut electrical discharge machining, laser and
abrasive disc, respectively. The cut samples were
examined carefully and the deformations made by the
methods on the coating layers were determined. When the
optical microscope and SEM images of the cutting
regions of S355JR carbon steel surface were evaluated;
destructions of ~200 um in cutting with abrasive water
jet, ~150 pm in cutting with laser beam, ~25 pm in cutting
with wire-cut electrical discharge machining and ~10
pum in cutting with abrasive disc were observed (Simsek,
2014). 1t is known that cutting process can be achieved
with high pressure hydro-abrasive jet in water—jet system.
Firstly, the pump generates a flow of pressurized water
and granular abrasive is drawn into the water stream. In
order to form and stabilize, the mixture of water and
abrasive particles passes through the nozzle and directed
to the surface of materials. With stream of this high
pressure hydro—abrasive jet toughest materials can be cut
successfully. The quality of cut layers are depending on
the machining parameters such as water pressure, traverse
speed, abrasive flow rate, and standoff distance etc.
(Kumar et al., 2017; Uthayakumar et al., 2016;
Hajdarevic et al., 2015). The parameters of cutting is
given in Table 3. Jet-splashes are inevitable in the
abrasive water jet cutting process (including uncoated
specimens) by the use of thin water jets under high
pressure with added abrasive slurry. These jet-splashes
are scattered on the surface of the jet hit, backwards or
backwards at a certain angle. Because of this situation, the
coating layer has deformed significantly. At the cut
surfaces, it was found that the roughness of the surface
increased in the cutting area, and large peaks and valleys
was appeared on the surfaces (Fig. 7a.) It was also
observed that all the samples obtained had significant
damage in the shear edges and peripheral zones of coating
layer and the abrasive particles in the mixed state with
water were buried from the coating layer to the next
transition zone even in far distances. This is an expected
situation, so it has been determined that cutting of



nanoparticle coated materials with an abrasive water jet
will not be an appropriate choice. The surface of samples
cut with laser was significantly affected by the heat. The
irregularity in the coating thickness on the shear edge
surface increased compared to other cutting methods and
a certain amount of loss (along with the evaporation and
molten sub-metal) was observed from the coating
material. Surface cracks are also another major problem
due to high heat input and sudden cooling during cutting
of the samples with laser. In addition, it has been found
that the formation of droplet due to melting of main
material and coating material causes a substantial
damages of the cut surface geometry (Bouzakis et al.,
2017; Siebert et al., 2014). It has been determined that
laser cutting should not be preferred in the processing of
the surfaces coated with nanoparticles, even though its
use in micro processing methods is getting widespread
every day. However, when the obtained data’s were
evaluated, it is a more acceptable method than the
abrasive water jet.

Fig. 6. Optical microscope (X100) images of the ZrB:
coated samples after cutting processes; a) Abrasive water
jet, b) Laser, c) Wire—cut electrical discharge machining,
d) Abrasive disc

When the cut zones of samples obtained through
wire-cut electrical discharge machining method were
examined, it was observed that the coating, transition
zone and substrate were affected by heat in a more limited
way but there were even small amounts of residues (burr)
on the cutting surface (Puri et al., 2005; Hascalik et al.,
2004). By usage of cutting fluid in the process of cutting
with abrasive disc, the heat effect was minimized when
compared to wire-cut electrical discharge machining and
smother shear edge was obtained.

The microhardness of cut layers are given in Fig. 8.
Microhardness measurement of the cross-section of the
cut samples were carried out after sample preparation
procedures like polishing and etching. As a result of the
sample preparation procedures, it was observed that the
destruction zones caused by the cutting methods were
eroded, so that the measurements were taken from the
inner regions of the samples and it is observed that the
microhardness values were very close to each other (Fig.
8). While damage occurred in laser and wire—cut
electrical discharge machining cutting among thermal
cutting methods due to heat, the effect of abrasive grains
and the pressurized water was in question in abrasive
water jet. Although there was no damage in cutting with
abrasive water jet due to heat, abrasive grains deformed
the cutting zone severely as a result of their random
scatterings on the coating surface. The results showed that
the method of cutting with abrasive disc was the most
suitable cutting method in the positions where the
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machining capability is suitable but the wire-cut electrical
discharge machining method should be preferred in the
complicated geometric samples for which abrasive disc
could not be used.

Fig. 7. SEM (X800) images of ZrB2 coated samples after
the cutting process; a) Laser beam b) Abrasive water jet,
c) Wire — cut electrical discharge machining, d) Abrasive
disc

When an overall evaluation was made, it was
observed that processes of cutting with laser beam (due to
thermal effect) and abrasive water jet (due to the impact
of abrasive particles having random distribution in water)
caused severe destruction on the coating layer. However,
a small amount of damage was determined due to the
thermal effect in method of cutting with wire-cut
electrical discharge machining. It was found that
minimum damage was seen in process of cutting with
abrasive disc. Structural deformations were observed in a
wide region due to heat dissipation as well as thin cracks
and fractures on the surface caused by sudden high heat
input and sudden cooling in the process of cutting with
laser. In the method of cutting with wire-cut electrical
discharge machining, there were smaller cracks and
fractures related to heat on the surface. In addition, a
much smaller region was affected by heat compared to the
laser, and consequently structural deformations remained
limited. There was no thermal deformation in the method
of cutting with abrasive water jet since there was no heat
input but as a result of were observed on the coating
surface with the abrasive particle penetration. Cutting
with abrasive random splashes of water-abrasive mixture



on the surface at the beginning of the cutting process,
significant ruptures on the coating surface and great
amount of physical deformations disc was determined as
the most efficient method among these methods.

gqp | wabrassive water-jet laser . wire-cut electrical v abrassive disc
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heat-affected
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Fig. 8. Comparison of regional hardness values of ZrB2
coated samples after cutting processes depending on the
cutting method

4. CONCLUSIONS

The machinability of ZrB: nanoparticles coated
S355JR carbon steel layers were investigated in the
present study. 2 kW CO2 laser
with 2000 W power was operated at continuouswave
mode was used for the laser coating applications. The
layers without cracks and porosity obtained with 160 W
laser power were used as specimen for cutting operations.
The laser coated layers were cut with abrasive water jet
cutting, wire-cut electrical discharge machining, laser and
abrasive disc, respectively. The microstructural,
morphological and phase structures were determined by
using optic microscopy, scanning electron microscopy
and X-Ray diffractometry. The findings are,

e When the coating area was evaluated in respect of
machinability applications, minimal damage and the
best surface properties were achieved in the method
of cutting with abrasive disc.

e It was determined that abrasive water jet cutting
should not be used for nanoparticle coated surfaces
unless it is necessary. Random splashes of water-
abrasive mixture on the surface at the beginning of
the cutting process, significant ruptures on the coating
surface and great amount of physical deformations
occur on the coated layers surfaces. When the damage
on the cutting surface was evaluated, it was
determined that the method causing maximum
damage in the coating layer was the abrasive water
jet.

e Laser cutting method is also not suitable for cutting
of this kind of coatings, due to a certain amount of
loss (along with the evaporation and molten sub-
metal) from the coating material and surface cracks
due to high heat input and sudden cooling during
cutting of the samples. In addition, it has been also
seen that the formation of droplet due to melting of
main material and coating material causes a
substantial damages of the cut surface geometry.
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e When the cut zones of samples obtained through
wire-cut electrical discharge machining method were
examined, it was observed that the coating, transition
zone and substrate were affected by heat in a more
limited way but there were even small amounts of
residues (burr) on the cutting surface. Beyond its
disadvantages, it is seen that thermal methods like
laser and wire-cut electrical discharge machining,
also minimize the rupture tendency of the coating
from the substrate

o In the process of cutting with abrasive disc, by usage
of cutting fluid the heat effect was minimized and
smother shear edge was obtained.

e Microstructural investigations of the cutting regions
of S355JR carbon steel surface were revealed the
destructions of ~200 um in cutting with abrasive
water jet, ~150 um in cutting with laser, ~25 um in
cutting with wire-cut electrical discharge machining
and ~10 pm in cutting with abrasive disc.

e It was seen that cutting methods generally did not
cause a significant change in hardness of cut layers,
but even with small differences, the highest hardness
occurred in the cutting made by laser beam and the
lowest hardness occurred in the cutting with abrasive
water jet. The hardness of cut layers were varied in
the range of 780-865 HV.
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ABSTRACT

Today, fish farming creates significant impacts on water resources and food chain from a global perspective, as compared
to those of the other agricultural activities. Some methods and chemicals heavily using production and consumption
periods in fish farming are related to the environmental damages. Chemicals have a common usage in both the world and
our country to protect the products from the negative effects of diseases. They are also imposed to increase the production.
As Turkey has significant potential in fish farming in comparison to many other countries in the world, there is a wide
use of antibiotics in production. This research examines the use of antibiotics in fish farming to shed light on the effects
of chemicals on the production and human health.

Keywords: Antibiotic, Fish Farming, Environmental Factor, Aquaculture
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1. INTRODUCTION

Environmental pollution is defined as the
deterioration of the natural balance of the ecosystem by
various pollutants emerging as a result of human
activities (Karaman, 2006). Therefore, in order to be
able to eradicate the pollution, scientific studies are
being carried out at the international level (Orgun and
Sunlu, 2007). Scientific studies on this issue investigate
the imbalance related to the ecology in different ways
and suggest solutions (Karaman, 2006). In particular,
fish farms need to be monitored in terms of unconscious
and irregular chemical usage (drugs and antibiotics,
disinfectants etc.) and in parallel with this, in terms of
formation of environmental pollution. Antibiotics are
substances produced by microorganisms that can destroy
or inhibit the growth of other microorganisms. At the
present time, antibiotics are not only used as a drug for
humans. It is also broadly used in livestock breeding and
fish farming. Some of the microorganisms that cause
health problems in fish farms include Mycobacterium
marinum, Nocardia spp., Edwardsiella tarda, Vibrio
vulnificus, Vibrio vulnificus, Vibrio parahaemolyticus,
Streptococcus iniae, Lactococcus garviae, Micrococcus
lylae, Aeromonas hydrophila, Plesiomonas shigelloides,
Erysipelotrix insidiosa, Escherichia coli, Salmonella
spp., Raoultella ornithinolytica, Pseudomonas spp.,
Leptospira icterohaemorrhagiae, Yersinia ruckerii and
Stenotrophomonas maltophilia (Tiirk, 2015). Antibiotics
used for health and development in fish farms can kill
beneficial microorganisms in the receiving environment.
In addition, the application of antibiotics in fish farms
leads to the proliferation of antibiotic-resistant
microorganisms. It is generally known that 20-30% of
antibiotics are in the body of fish, and the remaining 70-
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80% are transmitted to the environment. However,
antibiotics that are recklessly discharged into the
medium pose a major danger to habitats and all living
things (Zhong et al., 2018; Uma and Rebecca, 2018;
Yang et al., 2018; Li et al., 2018; Tran et al., 2016;
Martinez et al., 2015; Bengtsson-Palme and Larsson,
2015; Van Boeckel et al., 2015). Anthropogenic
activities result in the input of different antibiotics into
aquatic environments, including effluent from hospitals
and wastewater treatment facilities and discharge from
agriculture, fish farming, and livestock hushandry (see
Fig. 1) (Yang et al., 2018; Guo et al., 2017; Mishra et al.,
2017). Today, some factors such as the rapid increase of
food demand in parallel with the increasing population,
socio-economic progress and the efforts to reach healthy
food led to the numerical development of fish and
similar species having economic values (Meador et al.,
2016; Scott et al., 2015).

Aquaculture is an effective food production area in
terms of reducing the unconscious fishing in the natural
fishery, creating business space and supporting the
economy. Aquaculture has become an important food
source with the increase of the global population
(Miranda et al., 2018). Fish farming industries play a
crucial role in profit and employment in worldwide and
procuration reliable foods to the population of the
countries (Rahman et al., 2017). The value of fish
produced in fish farms has increased steadily in the last
four decades (see Fig. 2) (Elevancini, 2017). For these
reasons, aquaculture tends to increasingly grow all over
the world and in Turkey. Compared to other countries,
aquaculture activities in fish farms in Turkey are quite
new (see Table 1) (Aydm and Baltaci, 2017; Ozdal and
Pulatsii, 2012).

Fig. 1. Spread of antibiotics in different environments and possible exposure to all live health (Yang et al., 2017a; Yang
et al., 2017b). (A: antibiotics from wastewater treatment facilities-hospitals; B: antibiotics from agriculture, aquaculture
and livestock husbandry; C: drinking water; D: recreation and swimming; E: swallow of aquatic products. (2) the
precipitation of antibiotics from water; (2) the resuspension of antibiotics from residue; (3) change of microbial
community by antibiotics; (#) chemical drugs cumulative by the aquatic medium; (5) antibiotics released from the death
of aquatic lives; (6) Antibiotics absorbed/ adsorbed by water biota; (7) the transport of antibiotics and drugs among

aquatic biota)
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Tablo 1. According to the year in Turkey, the amount of product produced in fish farms (Kayhan and Olmez, 2014).

Fish species 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
Total (tonnes) 138773 151990 158640 166801 188785 212410 233394 233713 238638 250281
Fish farms in the inland water district
Trout (Rainbow) 58433 65928 75657 78165 100239 111335 122873 107533 100411 99712
Mirror-carp 600 629 591 403 207 222 146 157 206 196
Sturgeon - - - - - - - 17 28 6
Tilapia - - - - - - - 32 12 58
Fish farms in the sea area
Trout (Rainbow) 2740 2721 5229 7079 7697 3234 5186 4812 6187 4643
gilt-head bream 33500 31670 28362 28157 32187 30743 35701 41873 51844 58254
Perch 41900 49270 46554 50796 47013 65512 67913 74653 75164 80847
Fangri - - - - - - - 106 143 225
Grany6z - - - - - - - 3281 2801 2463
Sinagrit - - - - - - - 113 132 43
tunny - - - - - - - 1136 1710 3834
Other 1600 1772 2247 2201 1442 1364 1575 - - -
" Bait and Stocked fish  Total biomass
Fish Aquaculture - Global Trends Chemicals and Deaths
120 o0
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Fig. 2. Global production and value of cultured fish for
the period 1984-2015 (Elevancini, 2017).

Due to the faeces and non-consumed feed, food
elements in various forms (organic carbon, nitrogen,
phosphorus) enter the receiving environments in the fish
farms (Topgu et al., 2017; Yavuzcan et al., 2010). In
addition, the antibiotic and drug residues used to protect
fish and aquatic products from diseases also enter the
receiving environments (Agoba et al., 2017; Kim et al.,
2017; Caruso, 2016; Meador et al., 2016; Scott et al.,
2015;). These chemicals accumulating in the base of the
cage systems of these farms cause adverse changes in
the life on the seabed, and therefore, they form sensitive
areas in terms of environmental pollution. The
production-environment  interaction needs to be
evaluated in order to determine whether the aquaculture
in net cages used in the fish farms cause pollution of
water resources. Fig. 3 shows the components that
should be in a cage system used in these farms. The
environmental problems occurring in fish farms during
the aquaculture works are graphically expressed.

In this study, the environmental -effects of
production of various fish and other aquatic products
carried out in cage systems in fish farms on especially
water ecosystem, sediment, benthic flora and fauna, the
harmful aspects of antibiotics and other drugs used to
destroy pathogenic microorganisms and the problems
that might occur in the food chain were investigated.
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Fig. 3. Main inputs (straight lines) and output (cut lines)
from cages in fish farms (URL-1, 2018).

2. MATERIAL AND METHOD

All academic areas related to fish farms and
antibiotic usage were determined by electronic scanning
of MEDLINE, PubMed, Google academic, ISIWeb of
Science, Springer, Taylor-Francis, Elsevier and Scopus
without time and language limitations. By using some
keywords (fish farms, antibiotics, environmental
problems, feed, cage fishing etc.), a national and
international literature review was carried out.

3. ENVIRONMENTAL EFFECTS OF FISH
FARMS

Although the rapid development of fish farms
provides important socio-economic contributions to the
countries, particularly their negative effects on water
quality and ecological structure arise concern.
Depending on the production methods and technologies
in the farms, the amount of water products produced,
and the quality of the receiving water environment, the
size of this environmental change on the ecosystem
varies.



3.1. Solid wastes and antibiotics

The negative effect of fish farming in cages on water
resources emerges mainly due to the wastes originating
from the aquaculture (Meador et al., 2016; Abu Bakar et
al., 2016; Scott et al., 2015). The types of waste
originating from farms established in the receiving water
environment have similar features all over the world,
and the characteristics and levels of waste differ only
according to the type of aquatic products and the
farming technique (Yayan, 2015). Pollutants occurring
as a result of the production of aquatic products in fish
farms are considered as two different groups. The
majority of solid wastes originating from fish farming is
composed of substances such as fish faeces, scales,
mucus secretion and non-consumed feed (see Fig. 4).
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Fig. 4. Contaminants originating from a fish species
produced in fish farms (Yayan, 2015; Rein et al., 2015).
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The highest rate of environmental pollutants in fish
farms belongs to the pollutants resulting from feeding.
At this point, it is observed that in the farms where
proper feeding is not applied, there is a sediment
accumulation and therefore an increase in the organic
load of water (Yayan, 2015; Rein et al., 2015; Yeo et al.,
2004; Bureau et al., 2003). Solid wastes that are exposed
in fish farms negatively affect the physicochemical
structure and biological equilibrium of the different
waters (Kim et al., 2018; Opiyo et al., 2018; Schumann
et al., 2017; Dolan et al., 2013; Mirzoyan et al., 2010).
These solid wastes consist of various antibiotics,
medicines, and uneaten fish food mixed with
disinfectant, faeces, dead fish excretion and bio-flora. In
particular, Tetracycline and amoxicillin are intensively
applied with the aim of protecting the health of the fish
(Chen et al., 2017). Continuous exposure to these
antibiotics in aquaculture may increase high antibiotic
resistance (Zhao et al., 2017; Harnisz et al., 2015; Di
Cesare et al., 2013). Studies have reported that solid
waste from fish farmings can act as potential pollutant-
containing antibiotics (Kim et al., 2018; Chen et al.,
2018; Xiong et al., 2015; Luo et al., 2010).

Antibiotics, drugs and hormones are extensively
used in fish farms in order to treat the diseases caused by
microorganisms  such as  Clostridium, Vibrio,
Pseudomonas, Escherichia, and Salmonella, to enhance
resistance, to improve product quality and for the other
purposes (Cengizler et al., 2017; Tirk and Oguz, 2013;
Neary et al., 2008;). In particular, various behavioural
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changes observed in fish (period movement, drowsiness,
gathering together, etc.) and changes in the appearance
of the eye (eye bleeding, colour problem, swelling,
cysts, etc.) increase the use of these chemicals
intensively. Especially, some antibiotics are used in the
fish farms in all regions of the world (see Table 2)
(Baba, 2017; Tirk and Oguz, 2013). In fish farms,
sodium, baylucite, iodophors, oxytetracycline,
amoxicillin, erythromycin, sulphonamides are widely
used both in the world and in our country.

Table 2. Some chemicals used in fish farms (Kumar and
Roy, 2017).

Antibiotics Other Drugs Disinfectants
Florfenicol Akinitrazol Phenols
Bacitracin Methyl Parathion ~ Zephirol
Chloramphenicol  Salicylic acid Sodium
Enrofloxacin Copper sulphate Baylusit
Canamycin Trypaflavin Formalin
Erythromycin Rivanol Chloramine T
Griseofulvin Piavetrin Slaked lime
Oleandomycin Niclosamid Quicklime
Neomycin Metrifonate lodophors
Oxytetracycline Lysol Gonadotropin
Polymyxin Gabrocol Ormetoprim
Sulfamerazine Diflubenzuron Sulfasol
Sulfanilamide Malathion

Amoxicillin

3.2. Effects on water quality criteria

In the cage where fish and other aqueous products
are kept at fish farms, the effects of wastes originating
from different production on aqueous environment have
been being frequently observed in recent years. In
particular, some studies have found that nitrogen,
phosphorus, organic substance, chlorophyll-a, antibiotic
residues, trace elements and suspended solids in the
aqueous ecosystem increase the amount of solids, and
reduce the entry of sunlight into the water, oxygen levels
and acid-base balance. When the organic substance
entering the aqueous environment by feed dissolves in
water or transfers from sediment to water, it can lead to
eutrophication and reduce the permeability of light
especially in the environments where nutrients are
limiter (see Fig. 5) (Coldebella et al., 2018; Abu Bakar
et al., 2016; Mancuso, 2015; Kayhan and Olmez, 2014;
Koca et al., 2011; Holmer, 2010; Yildirim and Korkut,
2004;).

4. CONCLUSIONS

While the world population is growing rapidly,
humans’ need for food, especially the need for animal
source food is also increasing. In line with this food
demand, fish farms have become one of the rapidly
growing food sectors on the global scale. Together with
the development of the aquaculture field, the increase of
pollution problems in the ecosystem has become
inevitable. Because of the chemicals used in this sector
such as antibiotics, hormones, and drugs, important
environmental problems have been observed in terms of
the quality of receiving water, sediment and benthic
ecosystem. As in the entire in pollution situation, a
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strategy and plan for the pollution related to the fish and restless behaviors in fish and similar aquatic

farms also need to be developed. During the establishing products. In order to eliminate the existing stress, the

and operating the fish farms, keeping certain precautions regular control of the cage systems should be
and rules in the foreground is of great importance to ensured.

minimize the environmental pollution. In this context, 5. Environmental monitoring of fish farms should be

the environmental aspects of aquaculture can be performed. In this way, detection of the problems

assessed in all aspects in the light of the following items. arising from the farm and intervention to the
problems are realized in a shorter time.

1. In the selection of the area where the farms will be 6. The natural landscape in the facility usage area
established, places with high flow rates should be should be given importance; especially endangered
preferred instead of places with low flow rates. species of plants should not be harmed. Legislation,

2. In the appropriate areas, at the end of each regulations, standards, and practices covering long
production season, the location of the cages should years for such production in the country should be
be changed; that is, the rotation should be applied. carried out and implemented in conjunction with

3. In fish farms, feed management must be provided both the production authorities and the population
separately for each aquatic product and in this way, living in the region. In addition, activities that can
solid waste control must be ensured. eliminate environmental problems arising from fish

4. Because of some conditions (temperature-flow rate farms should be concentrated on.

changes, insufficient gap rates in cages, water
quality parameters) that can be observed in the areas
established in fish farms, there may be uneasiness
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Fig. 5. Discharges and changes in the water environment of organic charges (Coldebella et al., 2018; Jakobsen et al.,
2017; Abu Bakar et al., 2016; Buschmann et al., 2009).
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ABSTRACT

The optical and photoluminescence properties of ZnO nanocrystals synthesized via hydrothermal method are determined
in this study. The effect of growing time (1 h, 6 h, 12 h, 24 h and 36 h) and Mn concentration (5x10* mol, 10x10,
25x10* mol, 75x10"* mol, 100x10-* mol, 250x10* mol) on these properties are investigated and presented in detail. The
ultraviolet-visible (UV-Vis) and photoluminescence (PL) spectroscopy techniques are used for optical and
photoluminescence properties characterization. Room temperature PL spectra of the ZnO nanopowders show a near
band-edge emission (peak at 385 nm) and a red light emission (peak at 650 nm) for both ZnO synthesized for different
growing time and different Mn concentration. The ZnO prepared with 1 h and 12 h includes the lowest oxygen related
defects. The ZnO doped with 5x10-* mol shows the highest oxygen related defects whereas that of 100x10“ mol shows
the lowest defects.

Keywords: ZnO, Mn, Photoluminescence Properties, Optical Properties, Nanoparticles
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1. INTRODUCTION

Zinc oxide (ZnO) being which is an intrinsic n-type
I1-VI semiconductor and have a wide-band gap (3.37
eV) and a large exciton binding energy (60 meV, at
room temperature) has received considerable attention
since it is low cost, non-toxic, chemically stable, high
thermally stable environmentally friendly and further its
optical and electrical properties can be tuned by doping
(Putri et al., 2018; Karmakar et al., 2012; Kadam et al.,
2017; Dhara et al., 2018; Fan et al., 2004; Wang et al.,
2011; Choudhury et al., 2016). Therefore, ZnO has
several applications such as gas sensors (Wang et al.,
2017; Wang et al., 2015; Othman et al., 2017), solar
cells (Dhara et al., 2018; Sekine et al., 2009; Keis et al.,
2002; Law et al., 2005; Martinson et al., 2007), and light
emitting diodes (Saito et al., 2002), optical modulator
waveguides (Koch et al., 1995), field effect transistor
(Vijayalakshmi et al., 2015), UV detectors (Das et al.,
2010), and surface acoustic wave filters (Emanetoglu et
al., 1999). ZnO has been synthesized using different
techniques such as microwave-assisted synthesis
(Schneider et al., 2010), sol-gel processing (Bahnemann
et al., 1987), hydrothermal synthesis (Li et al., 2001),
aerosol spray analysis (Motaung et al., 2014), wet
chemical (Toloman et al., 2013) and
hydrolysis/condensation (Cohn et al., 2012).

It was reported that doping ZnO with transition
metal ions such as Mn, Fe, Co, Ni, and Cu reduced the
band gap energy and prevent electron-hole pair
recombination through the generation of new states
(Achouri et al., 2016; Anandan et al., 2007; Chauhan et
al., 2012; Saleh et al., 2014; Bhatia et al., 2017; Nasser
et al., 2017; Tabib et al., 2017; Altintas Yildirim et al.,
2016). Besides, it is known that tuning the morphology
of ZnO nanostructure turns out variations in optical and
electrical properties (Awad et al., 2015). Among all of
the aforementioned transition elements, the most
encouraging one is Mn for doping ZnO nanostructure
because Mn with valence state of 2+ has the highest
possible magnetic moment (Khanna et al., 2003).
Further, substituting Mn ions into ZnO may enhance the
photocatalytic activity under UV and visible irradiation
and that is attributed to an increase in the number of
defect sites acting as electron traps that effectively
suppresses the recombination of the photogenerated
carriers (Achouri et al., 2016; Saleh et al., 2014; Ma et
al., 2016; Barzgari et al., 2016; Umar et al., 2015;
Donkova et al., 2010; Ullah et al., 2008).

There are some other studies about Mn doped ZnO
for instance Deka et al. (Deka et al., 2007) reported that
doping Mn ions in ZnO results in an increase in both of
unit cell volume and the optical band gap. In addition, Li
et al. (Moontragoon et al., 2013) demonstrated that Mn
doped ZnO nanorods had a strong near band-edge
emission and a weak deep level emission. It was an aim
of our group to investigate the changes of local
environment of doped ion Mn?* in ZnO (Yildirimcan et
al., 2016). The defects in pure ZnO and Mn doped Mn
were determined via electron paramagnetic resonance
(EPR) and it was concluded that structural defects due to
Zn and O vacancies were dominant compared to
extrinsic (Mn?* ion) structural defects (Yildirimcan et
al., 2016). Since the synthesis process and
characterization of the electronic and thermal properties
of our ZnO and Mn doped ZnO nanocrystals were
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studied via x-ray diffraction (XRD), thermogravimetry
(TG), differential thermal analysis (DTA), field
emission-scanning electron microscopy (FE-SEM),
transmission electron microscopy (TEM), energy
dispersive x-ray (EDX), inductively coupled plasma
mass spectrometry (ICP-MS) techniques by our group
(Yildirimcan et al., 2016), here in this study we focus on
the optical properties of those samples of ZnO and Mn
doped ZnO nanocrystals synthesized by using
hydrothermal route. The ultraviolet-visible (UV-Vis)
and photoluminescence (PL) spectroscopy techniques
are used in order to investigate the optical properties of
the samples.

2. EXPERIMENTAL PROCESS

The ZnO and Mn-doped ZnO nanopowder was
synthesized with the hydrothermal technique in Teflon-
lined autoclave at 70 °C. The synthesis of these samples
is the same as our previously published study
(Yildirimcan et al., 2016). The precursor solutions were
prepared using the stoichiometric amount of zinc nitrate
hexahydrate (Zn(NOs)2 6H20, Acros Organics),
polyethylene glycol (PEG300, Aldrich Chemistry) and
ammonia (NHs, Analar Normapur) to produce ZnO
nanopowders. ZnO nanopowders were synthesized for
various duration times such as 1 h, 6 h, 12 h, 24 h and
36 h. The Mn(NO3)2 4H20 solution was prepared certain
Mn?* concentration (X1: undoped, X2: 5 x10-*mol; X3:
10 x 10 mol; X4: 25 x 104 mol; X5: 75 x 10 mol; X6:
100 x 10 mol; X7: 250 x 10 mol). These solutions
were added into the solutions, which are used to prepare
ZnO nanopowders (6 h) and the synthesis of Mn doped
ZnO nanopowders was performed. Finally, the
precipitation of ZnO and ZnO:Mn was filtered, washed
with distilled water, and were dried in an oven at 80 °C
for 1 h (Yildirimcan et al., 2016). All of the details about
the chemical reaction mechanisms followed for the
formation of ZnO and Mn doped ZnO were given
(Yildirimcan et al., 2016).

Photoluminescence (PL) measurements of the
nanocrystals were made by using a Varian Cary Eclipse
Fluorescence spectrophotometer. The UV-visible spectra
of the nanocrystals were recorded by using UV-1800
Shimadzu UV-Vis spectrophotometer in the range 200-
900 nm.

3. RESULTS AND DISCUSSIONS

Recently, the crystallographic structure of the ZnO
and Mn doped ZnO was presented by our group
(Yildirimcan et al., 2016) and is summarized in this
study for the reader to get a view of all properties. The
crystallographic structures of the nanocrystals were
defined in following:

The samples synthesized for 1 h, 6 h, 12 h, 24 h, and
36 h were grown in hexagonal wurtzite structure, which
was well coincided with JCPDS no: 36-1451. The (101)
direction was preferred by the samples synthesized for 1
h-24 h whereas (002) was preferred by the sample 36 h.
It was calculated that the crystallite sizes of the samples
are increased from 30 nm to 51 nm upon growing time
increase from 1 h to 36 h. On the other hand, Mn doped
ZnO samples (X2-X7) were formed in hexagonal
structure, which was well coincided with JCPDS no: 03-
0888. There were no observed systematic increases of



crystallite size by increasing the Mn concentration in
ZnO. Fig. 1 shows the change in the lattice parameter of
for the samples synthesized for 1 h — 36 h and
synthesized ~ with  different Mn  concentration
(Yildirimcan et al., 2016).
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Fig. 1. Change in the lattice parameter of a in hexagonal

structure of ZnO (a) depending growing time (b)

depending on Mn concentration (Yildirimcan et al.,

2016)

The highest value of a is observed for the sample
prepared for 6 h in the series presented in Fig. 1 (a).
Besides, the value of a is increased upon Mn
concentration increase as it is shown in Fig. 1 (b).

Photoluminescence and optical properties, which are
the main scope of this study, are investigated and
presented in detail. The results were presented in two
different sections in following. The comparisons of the
results with literature are presented in the discussions
part.

of ZnO
and Mn

3.1. Photoluminescence Analysis
Nanoparticles: Growing Time
Concentration Effects

Photoluminescence (PL) spectra are recorded by
using a Varian Cary Eclipse Fluorescence
spectrophotometer. The PL measurements of ZnO
synthesized with different growing time and Mn doped
ZnO nanoparticles were performed under the excitation
wavelength of Aex: 325 nm. Fig. 2 shows the PL spectra
of ZnO nanocrystals synthesized for different growing
time.
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Fig. 2. PL spectra of ZnO synthesized for different

growing time.

As it is easy to observe in Fig. 2, there is a
significant change in the peak exists at around 650 nm.
However, it is difficult to observe the change in peak at
around 390 nm. Therefore, Fig. 3 shows the change in
PL spectra of ZnO depending on growing time (a) UV
emission peak in the wavelength 370-410 nm and (b) red
emission peak in the wavelength 640-660 nm.

The wavelengths of UV emission of ZnO
nanopowders prepared for 1 h, 6 h, 12 h, 24 h and 36 h
are 386 nm (3.22 eV), 387 nm (3.21 eV), 389 nm (3.19
eV), 384 nm (3.23 eV) and 3835 nm (3.24 eV),
respectively.
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Fig. 3. Enlarged (@) UV peak and (b) visible light

emission of ZnO nanoparticles depending on growing

time.

T
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The UV peak is characteristic emission peak of ZnO,
which is a near band-edge emission. Also, ZnO has very



good UV emission characteristics. (Wei et al., 2010).
There was no significant change in the UV peak
intensity of ZnO nanopowders depending on the
growing time. The samples prepared for 6 h and 12 h
shift to a longer wavelength, while those prepared for 24
h and 36 h shift to a shorter wavelength.

The red emission peaks of ZnO prepared for
different growing times are shown in Fig. 3 (b). The
peaks exist at around the wavelength of 650 nm. The
change in the PL spectra of ZnO depending Mn
concentration is shown in Fig. 4.
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Fig. 4. PL spectra of ZnO:Mn nanoparticles.

Since it is difficult to follow the change both in UV
peak and red emission peak in this figure, the peaks are
redrawn separately in Fig. 5 (a) and (b), respectively.
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Fig. 5. Enlarged (a) UV peak and (b) visible light
emission of ZnO nanoparticles depending on Mn
concentration.
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The UV emission wavelength of Mn doped ZnO
nanopowders is 386 nm, 384.23 nm, 386.15 nm, 385.6
nm, 384.7 nm, 386 nm and 382.65 nm for X1 (undoped),
X2, X3, X4, X5, X6, and X7, respectively. It is difficult
to observe a systematic change neither in peak position
nor in intensity of the UV peak upon Mn concentration
increase. It was not observed a regular change in the UV
peak wavelength and intensity of Mn doped ZnO
nanoparticles depending on the Mn2* concentration. In
Fig. 5 (b), the red emission peaks are observed at the
wavelength of 650 nm for Mn doped ZnO samples in
agreement with the literature (Kaftelen et al., 2012).

3.2. Optical Properties of ZnO Nanoparticles:
Growing Time and Mn Concentration Effects

The UV-visible spectra of the nanoparticles were
recorded using UV-1800 Shimadzu UV-Vis
spectrophotometer in the range 200 — 900 nm at room
temperature (RT). Figure 6 shows the RT absorbance
spectra of ZnO nanocrystals prepared for different
growing time (1 h, 6 h, 12 h, 24 h, and 36 h).

—— 1h
—— 6h
—12h
——24h
—36h

Absorbance (a. u.)

T . T b T L T 8 T L T & T .
300 350 400 450 500 550 600 650
Wavelength (nm)

Fig. 6. UV-VIS absorbance spectra of ZnO nanoparticles
depending on growing time

The absorbance peaks known as excitonic
absorption peaks of the samples appeared in the
wavelength range of 350 nm — 420 nm. Namely, the
excitonic peak exists at 371 nm, 374 nm, 379 nm, 380
nm, and 382 nm for the sample synthesized for 1 h, 6 h,
12 h, 24 h, and 36 h, respectively. It was mentioned in
the literature (Samanta et al., 2018) that the absorbance
spectra of nanostructures were affected by various
factors such as particle size, defect of structure, oxygen
vacancy. A small shift toward higher wavelength known
as red shift is observed with increasing growing time.
The reason for red shift might be increasing
concentration of oxygen vacancies on surface ZnO
nanopowders (Ahmed, 2017).

Figure 7 shows the change in the excitonic
absorption peak position in energy scale (eV) depending
on the growing time.
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Fig. 7. The change in the excitonic absorption peak
position of ZnO depending on growing time

It is observed in Fig. 7 that there is a decrease at the
peak position with increasing growing time.

Fig. 8 shows the RT UV-visible absorbance spectra
of ZnO nanocrystals doped with different Mn2*
concentrations in the wavelength range of 200 nm — 700
nm. It is noticed that the spectra of ZnO is changed
drastically once it is doped with Mn?* ions. However,
increasing Mn?* ion concentration does not make any
change in the spectra significantly. The absorbance peak
occurred at 374 nm for undoped ZnO (X1) and 372 nm,
372 nm, 370 nm, 370 nm, 372 nm, 372 nm for X2, X3,
X4, X5, X6, and X7, respectively. An extra absorption
peak starts to be existed with Mn?* ions doping in ZnO.
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Fig. 8. UV-VIS absorbance spectra of ZnO:Mn
nanoparticles depending on Mn concentration

The main part of our discussion is about
photoluminescence of the ZnO and ZnO:Mn since there
are quite different explanation especially about the
origin of visible light emission in PL spectra. It is
obvious that the concentration of defects should be
reduced in order to fabricate highly efficient
optoelectronic devices. Thus, firstly it is important to
determine the origin of defects created in the structure in
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other words the origin of defect related emission in
visible region. Besides, it is known that different
techniques to produce nanomaterials play a role on
morphology as well as different types of defects and
following different luminescence spectra. Namely,
different defects are responsible for the variable visible
emissions. For instance, it was reported (Gong et al.,
2007) that red emission which takes place in the PL
spectra at around (620 nm-780 nm) is originated by
mainly either oxygen interstitials or oxygen vacancies.
Besides, it was mentioned that oxygen vacancy has three
possible charge states in following (Gong et. al., 2007):
the neutral oxygen vacancy (V9), the singly ionized
oxygen vacancy (V,) and the doubly ionized oxygen
vacancy (Vg ). Since the single ionized state is
thermodynamically unstable with respect to the first
principle calculations (Erhart et al., 2006; Janotti et al.,
2005), it is not possible for the oxygen vacancy to be
existed in single ionized state. Further, the neutral
oxygen vacancies having the lowest formation energy
will dominate for ZnO nanoparticles in n-type bulk
form. It was observed in the literature that the red-
orange emission peak position at ~640-680 nm or
~1.8-1.9 eV was less commonly observed than green
and yellow emissions (Studenikin et al., 1998; Mei et
al., 2005; Vlasenko et al., 2005; Radoi et al., 2003; Wu
et al., 2006; El Hichou et al., 2005) and the effect of
excitation wavelength on green, yellow, and orange
defect emission form ZnO nanostructures (Djurisic et
al., 2006).

In this study, the PL spectra of ZnO nanocrystals
prepared for different growing time and doped with
different Mn concentrations are measured at RT. In both
of cases, the PL spectra consist of two peaks: first peak
is occurred at ~370-400 nm (3.10-3.35 eV) know as
typical UV emission peak, which is attributed to band-
edge emission or donor-band excitation (Glushenkov et
al., 2007) and second one at ~640—660 nm (1.87-1.94
eV) visible light emission, red emission. It was reported
(Alvi et al., 2011) that the red emission of ZnO occurred
between 620-750 nm could be attributed to oxygen
interstitials (Oi) for the range from 620 nm to 690 nm
and to oxygen vacancies (Vo) for the range from 690 nm
to 750 nm. The UV peak known as exciton emission
shift is due to crystal defects and Burstein-Moss Effect
(Chang et al., 2012). The long-wavelength shift is
related to defects, while short-wavelength shift is related
to Burstein Moss effect. That is, the band gap is
expanded by the short wavelength shift (Chang et al.,
2012).

The intensity of the red-light emission at 650 nm
increases drastically with increasing growing time
except for the sample grown for 12 h. Thus, we can
conclude that the 12 h sample has the lowest oxygen
related defects in the samples of 6h, 24 h, and 36 h. On
the other hand, it is difficult to observe a linear
correlation between Mn concentration and so-called red
peak emission intensity centered at ~650 nm. In this
series, the undoped ZnO shows the lowest intensity and
once it is doped 5x10* mole of Mn (X2) shows the
strongest intensity. The PL intensity decreases with
increasing concentration from 5x10+ (X3) to 5x10**
(X6) and then the intensity increases for X7.

Wei et al. (2010) calculated the intensity ratios of
the UV to visible light emission peak as a function of
annealing temperature. They concluded that the largest



intensity ratio with the lowest defect emission was
obtained by annealing at 700°C. The similar intensity
ratios of our PL spectra are calculated and the results
shows that the ratios of the samples 1 h and 12 h are
very close to each other (0.0305 and 0.0302) and these
are the values which are greater than those of the
samples 6 h, 24 h, and 36 h (0.0185, 0.0125, and
0.0070). From the point of view of intensity ratio of PL
spectra we can conclude that doping ZnO with Mn?*
ions creates oxygen related defects in the structure. The
sample labeled with X6 shows the lowest oxygen related
defects where as that of X2 shows the highest defects.

4. CONCLUSIONS

In the present work, the effects of growing time and
Mn concentration on the photoluminescence and optical
properties of ZnO nanocrystals synthesized by
hydrothermal method have been investigated. It is
concluded that the sample prepared for 36 h has the
highest oxygen related defects whereas 1 h and 12 h
samples have the lowest defects. Besides, doping Mn2*
ions creates similar defects in ZnO. However, there is no
linear correlation observed between Mn?* concentration
and the defect concentration. While the sample X2 also
has the highest oxygen related defects, the sample X6
has the lowest defects. We conclude that all of these
oxygen related defects are originated by either oxygen
interstitial or oxygen vacancies. In addition, these
oxygen vacancies should be neutral oxygen vacancies
and not by single ionized or doubly ionized oxygen
vacancies existing in the structure. In the UV-visible
spectra of ZnO the red shift is observed with increasing
growing time. Doping Mn?* ions in ZnO creates an extra
peak at around 279 nm. However, increasing Mn?*
concentration does not change the UV-visible spectra
significantly in ZnO:Mn samples.
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ABSTRACT

In this study, measurements obtained through the first two profiles from the TUBITAK (The Scientific and Technological
Research Council of Turkey) project titled “Research of the Crustal Structure of Northwestern Anatolia with Geophysical
Methods” from 2007 were used. Magnetotelluric (MT) measurements were taken from 174 sites approximately every 3
km in the region between Zonguldak and Aksehir (Konya). Dimensionality analysis was conducted with the
decomposition of the impedance tensor obtained through the measurement data from the two profiles. The relationship
between the observed geo-electric behaviors, the geological structure of the area and the MT dimensionality changes
were detected. Two-dimensional (2D) and three-dimensional (3D) structures were revealed as a result of the
dimensionality analysis obtained through the MT data from the region located between Zonguldak and Aksehir. The
dimensionality was observed to be complex in small periods due to the heterogeneous conductive materials close to the
surface and 3D structures were observed to be predominant in high periods. Moreover, the dimensionality near the suture
zones were observed to be more complex compared to other areas according to the dimensionality analysis results. The
structures in the vicinity of the North Anatolian Fault were found out to be N-NE striking. This indicates the accuracy
and reliability of the results.

Keywords: Magnetotelluric Method, Geoelectric Dimensionality, Geoelectric Struture, Northwestern Anatolian
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1. INTRODUCTION

The MT data could be interpreted 1-, 2- or 3-
dimensionally with the dimensionality analysis. Usually,
the constants found through the decomposition of the
tensor components obtained from the MT data measured
at the site are used for determining the dimensionality.
Distortions and strike directions of geo-electric
structures can also be found via dimensionality analysis.
MT data are affected by distortions that mask the
dimensionality of earth electricity structures and this
may lead to wrong interpretations. For the correct
interpretation of the data in magnetotelluric method,
distortions should be defined and kept away from the
data. Therefore, a good dimensional analysis is
necessary.

Dimensionality analysis is a significant part of the
MT study. There are several methods used to determine
the dimensionality of the underground structures and
they are usually based on rotational invariants. Swift
(1967), Berdichevsky and Dimitriev (1976), Bahr
(1988), Bahr (1991), Lilley (1993, 1998a, 1998b) made
classifications of dimensionality using groups of
parameters calculated via the measured MT tensors.
Ranganayaki (1984), Ingham (1988), Park and
Livelybrooks (1989) revealed 1D structures using the
impedance average. Swift (1967) researched whether
structures were 2D or not by using MT data. Bahr
(1988) researched whether the 3D structures and
measured MT data were affected from distortions caused
by small local anomalies or not. Fischer and Masero
(1994) suggested 7 independent and 1 dependent
invariables using the components defining impedance
tensor. Szarka and Menvielle (1997) formed a group of
MT tensor invariants to be used in dimensionality
analysis by thoroughly examining the rotational features
of MT tensor. Romo et al. (1999) used invariant
parameters obtained through magnetic transfer function
(tipper) to define 2D and 3D reactions. Weaver et al.
(2000) made a definition of geoelectric dimensionality
using the rotational invariants they obtained from the
MT tensor. Caldwell et al. (2004) put forward the notion
of MT phase tensor using the relation between the real
and virtual parts of the MT tensor. In this study, the
dimensionality analysis of the geologically complex
region between Zonguldak and Aksehir was carried out
with Wal invariants obtained from impedance tensor,
using the measurements from 173 MT points (Weaver et
al., 2000).

This study aimed at determining the dimensionality
of geoelectric structure and strike directions in the study
site, contributing to gathering more information on the
geology of the site, which has a complex structure.

2. MT DATA ACQUISITION

North to East measurements were taken along the two
profiles located in western Turkey in 2007 were used in
this study. The first profile passes through Kibriscik,
Kirbasi, Beypazari, Glinyiizii, Celtik, Yunak and Turgut;
the second profile passes through Akcakoca, Diizce,
Dokurcun Valley, Emirdag, Bolvadin and Cay (Fig.1).
Magnetotelluric (MT) measurements were taken from a
total of 174 points, approximately every 3 km along both
profiles.
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Fourier transforms were applied on the measured time
series magnetotelluric data, impedances were obtained
in frequency setting and files were created in EDI
(Electrical Data Interchange) standards.

Potential electrodes consisting of four nonpolarized

conductive ceramic cables containing lead-lead chloride
(Pb-PbCl2) were used to measure the electric field.
The distance between electrodes ranges between 50 to
200 m depending on the site conditions. The electrodes
in North-South direction are called Ex and the ones in
East-West direction are called Ey. Electrodes are placed
in approximately 25 cm deep pits filled with mud.

The magnetic field is measured with induction coils
that has a conductor in the core. Coils used in this study
are sensitive to the range between 400 Hz and 0.00002
Hz. The horizontal coils are placed in parallel with the
north-east direction. The coil placed as the free end
pointing towards north is called hx and the coil placed as
the free end pointing towards east is called hy. The third
coil called hz should be placed vertically in a pit deep
enough to cover the whole coil, as delicately as possible.

11]

Fig. 1. Geologic map of the study site, drawn based on
the 1/500,000 scale Geological Map of Turkey Ankara,
Zonguldak map sheets, General Directorate of MTA
(Mineral Research and Exploration) 2002.



3. GEOLOGICAL SETTING

It is generally accepted that there are 6 main
lithospheric plates in Turkey, namely Istranca, Istanbul
and Sakarya zones, Torid-Anatolid Block, Kirsehir
Massif and ArabicPlatform (Sengdr and Yilmaz 1981;
Sengdr et al. 1982; Okay 1989; Okay et al. 1994). The
main continental pieces and suture zones in and around
Turkey are shown in Fig. 2.

The region in the Northwest Anatolia extending from
the Black Sea to Arag-Daday-inebolu is known as the
Istanbul Zone (Okay, 1989). Sengdr and Yilmaz (1981),
Sengor et al. (1984), Tiysiiz (1990) stated that the
Istanbul Zone was a pre-Dopper nappe; Okay et al.
(1995) stated that it settled in its current location after
rifting from the Moesian platform in Cretaceous period,;
Yilmaz et al. (1997) stated that the Sakarya Continent
and Istranca Zone united due to Paleotethys and its
continuation Intra-Pontide oceans coming together
between the end of the Triassic period and the
Cretaceous period; and Tiiysiiz (1999) stated that the east
end of the Istanbul Zone was bordered by the
Intrapontide Suture.

Intra-Pontide Suture constitutes the border between the
Istanbul Zone and Sakarya Continent. Currently, it
corresponds to the North Anatolian Fault, which is a
post-Miocene strike-slip fault (Okay & Tiiysiiz, 1999;
Okay Giinciioglu 2004). E-W trending Sakarya Zone
located between the Intra-Pontide suture and Izmir-
Ankara suture lies along the profiles towards south.
Triassic subduction-accumulation units named as the
Karakaya Complex include the lower section of the
Permo-Triassic metabasite-marble-phyllite series with
exotic Triassic lenses of eclogite (Monod et al., 1996;
Okay and Monié, 1997).

izmir — Ankara — Erzincan Suture, which is one of the
most important sutures of Anatolia, represents the closing
of the north arm of the Tethys Ocean between Laurasia
and Gondwana from late Paleozoic to early Tertiary
period. It separates the Sakarya Continent from the
Anatolide-Tauride Block in north to south direction
(Okay and Tiiysiiz, 1999). Tavsanli Zone is a subsection
of the Anatolide-Tauride Block (Fig. 2). Together with
the Neotethyan Ocean, it is a metamorphic arch formed
due to the subduction of the northern edge of the
Anatolide-Tauride Block (Okay, 1982, 1986; Sherlock et
al., 1999; Droop et al., 2005).

Fig. 2. Tectonic map of the eastern Mediterranean region
showing large troops and suture borders. Full triangles
indicate dipole polarity, red rectangular shows study
area (Okay and Tiiysiiz, 1999).
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MT profiles start from the Tavsanli Zone, pass
through Izmir-Ankara-Erzincan Suture zone, Sakarya
zone and the Intra-Pontide suture and end at the Istanbul
Zone.

4. WAL DIMENSION ANALYSIS

Weaver et al. (2000) aimed at finding out information
about the underground dimensionality by producing
rotational invariant parameters (WAL invariants) from
the MT tensor. WAL invariant linear combinations of the
complex parameters obtained through decomposition of
the real and imaginary parts of the MT tensor, which is a

complex number, was found with &, = & +n,i (i=1,4).
These complex parameters are given as follows;

6= +M,)/2

()
é/Z:(,\/Ixy—i_,vlyx)/zY (2)
G=(My=M,)/2 @
§4Z(Mxy_Myx)/2 (4)
From here, the MT tensor is defined with:
M:{gﬁ'ga §2+§4]:[§1+§3 §z+§4j+i[ﬂ1+’73 ’72""74]

§2+§4 (1_53 52'54 51_53 Mty =1,
®)
Thus, WAL invariants are as follows:
Il = (4:12 + 542)1/2 (mis), (6)
I2 = (7712 + 7742)“2 (m/s), O
2 2\1/2
& e o
Il
I, - (,’ +I7732)“2 , )
|5 — 54771 +‘§17742 , (10)
|1|2
Ie _ 54771 _§1ﬂ4 — d41’ (11)
Il|2

l; =(d41_d23)/Q. (12)

d; and Q parameters are dependent on &, 77, variants and

the other invariants identified above and are defines as
such:



d :M (i=1,...4vej=1,...4) (13)
! Il|2

2 22
Q:|:(d12_d34) +(d13+d24) :| (14)

[,and |, invariants are used for finding the resistivity and
phase of a 1D place:

(17 + 17

P =Hy—— (15)
w

Op = arctan(ll—z) (16)

1

The requirements of Is ls Is ls 17 and Q invariants
necessary for the detection of galvanic distortion and
dimensionality (Weaver et al., 2000) are given in Table
1.

Table 1 WAL invariants and dimensional criteria
(Weaver et al., 2000)

Situ | [3-I; ve @ Dimensionality

ation | values

1 L=L=L=1=0] 1D, Where Mo and My are equal

to zero and My = -Mix, there 1s
f1lpaqn .
L=Gr=&7" | one real virtual value and one real
L= +n7)" | value for a period. Resistivity and
hase; it
phase; Po=1h ditl)
&r
I... exceptyand  .all
o, =arcian( )" ORI L
other constants (; -; ve,) are
equal to zero.

2 I =0vepal, =0; 2D, If g is too small. (7, =7 )1,
I-1,-0; 4 7
I-0regrag -0 can be regarded as zero even
& =0ver, =0 | though it 18 undefined. The strike

le 1 .
angleis . &_ =
& i

3 L=twal 20: | 3D/2D2D, Situation affected by
L=l =t galvanic distortion (only twist)
L=0 strike angle; d.—d. -

fan2g =—"12 "%
|\+a‘ll

4 L f“"@"fﬁ =0: | 3D/2D), The owverall state of the
L=l =0 galvamic distortion on a 2D
L=0 structure is strike angle;

_ _dll _du
tan2g8'= 2.4,

5 I =0 3D, (affected or unaffected by

galvanic distortion)

6 I, =0wyal,=0:] 3D/1D2D, (Diagonal) 1D or 2D
I=1=f structures with galvanic distortion
@=0veyal, =0 | strike angle; £
(&, =Oven, = 0) an2e)= 2 =

7 IL=0wyal, =0) 3D/1D2D. Galvanic distortion
=00, =0 exists in equal-phase 1D or 2D
g=0 environments at polarities

electrical area and magnetic area.
These  two conditions are
indistinguishable. but in  the
second (distortion in 21D) it is not
possible to determine strike
direction. f -1 and ; 1s non-zero,
and @ is zero and O=0, I=1-1, 1s
undefined.
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5. DIMENSION OF THE REGION BETWEEN
ZONGULDAK AND AKSEHIR

li, 2,1z, la, Is, le, lzand Q values, strike
directions and distortion parameters of the WAL
invariants developed by Weaver et al. (2000) were
calculated at 80 frequency for each measurement. Maps
that display the distribution of WAL invariant values in
different locations and different periods in the profiles
were created. In addition to these, the dimensionality
types in the 174 stations along profile 1 and profile 2 for
different periods were mapped. Thus, contour maps
showing the distribution of the WAL invariants in
different depths were formed and analyzed. Lastly,
pseudo-sections were created using WAL invariants,
vertical axis being the period and horizontal axis being
the distance.

In order to show the change in the values of WAL
invariants acquired in the logarithmic period bands for
MT data and each measurement; and to show the values
used in dimensionality, KBA is contoured as a map. The
figures below show the contour maps of the WAL
invariants in fixed periods such as T=0.01, 0.1, 1, 10,
100, 1000s.

Fig. 3 shows the change of Is for logarithmic
periods. According to this figure, I3 is usually low
through both profiles in T=0.01s and T=0.1s. While I3
has a high value in T=1s map in the northern section of
the 1t profile and the middle of the 2™ profile, it has low
values in other parts. Is usually has high values in T=1s,
T=10s and T=100s. Is value is again usually high in
T=1000s in the northern section of the 1% profile and
middle of the 2" profile, while it is low in other parts.

Fig. 3. Contour maps of the WAL constant Is at T =
001, T=01T=1 T=10, T =100 and T = 1000
periods.

Fig. 4 shows the changes of 14 values in the maps
prepared for the logarithmic periods. 14 values are high
in the middle section of the 2" profile for the periods



T=0.01s, T=1s and T=10s. In these periods, values are
usually low in the 1% profile. 14 values are low in the
T=0.1s in both profiles. While I4 values are usually high
throughout the 2™ profile for T=1000s, they drop in the
northern section of the 1% profile.

Fig. 4. Contour maps of the WAL constant ls at T =
001, T=01,T=1,T=10,T=100and T =1000.

Fig. 5. Contour maps of the WAL constant Is at T =
001, T=0.1,T=1,T=10,T=100and T =1000.
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Te001s ... X%

Fig. 6. Contour maps of the WAL constant ls at T =
0.01, T=0.1,T=1,T=10,T=100and T =1000.

When the changes in I5 in the stated fixed periods
(Fig. 5) are analyzed, it is observed that the values in the
first three maps are usually high and gradually increases
in the other maps. The changes in 16 throughout the 1st
Profile and the 2nd Profile are shown in Fig. 6.
According to the figure shown, 16 values in T=0.01s,
T=0.1s and T=1s are usually low throughout both
profiles. However, in T=10s and T=100s maps, 16 value
increases in the north of the 1st and 2nd Profiles. While
16 value also increases in both the northern and southern
sections of the 1st and 2nd Profiles, it is usually low in
the middle section.

Fig. 7. Contour maps of the WAL constant Iz at T =
001, T=01T=1T=10, T =100 and T = 1000
periods.



Changes in the value in specific fixed periods
throughout the 1st Profile and the 2nd Profile are shown
in Fig. 7. Changes are observed in 17 values in T=0.01s
and T=0.1s throughout both profiles. While 17 value is
observed to be usually high in T=1s in the south of the
1st and the 2nd Profile decreasing towards the north, it is
also observed that the 17 value increases again in the
northern section of the 2nd Profile. 17 values are usually
high in T=10s, T=100s and T=1000s but 17 values are
low in the northern section of the 2nd Profile in T=100s.

The changes in Q throughout the 1%t Profile and the
2" Profile are shown in Fig. 8. According to the figure,
there are high values in the northern section of the 1%
Profile while there are low values in the other sections.
The Q values are high in the middle section of the 2"
Profile while they are low in the other sections. Q values
are low throughout the 1% Profile in T=0.1. The values
are also low in the northern section of the 2™ Profile but
high in the other sections. The distribution in T=1s is
similar to that in T=0.01s. In T=10s, there are usually
low values in the 1% Profile while high values are
observed in the northern section of the 2" Profile.
Values are usually low in the 1% Profile in T=100s and
T=1000s. While the Q values are high in the northern
section of the 2" Profile and in the inner sections in
T=100s, they are low in the other sections. Q values are
high throughout the 2™ Profile in T=1000s.

Fig. 8. Contour maps of the WAL constant Q for periods
T=001,T=01,T=1,T=10,T=100and T =1000.

6. DIMENSIONALITY ANALYSIS OF
STUDY AREA
In this chapter, dimensionality analysis was

performed for each point in all periods similar to the
study by Marti (2004). r =0.15 and 7,=0.1 threshold
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values tested and applied by Marti et al. (2004) for WAL
invariants were used for determining the dimensionality.
Because, WAL invariants can never be equal to zero
(Weaver et al., 2000). Dimensionality maps were
obtained by grouping the results on logarithmic period
bands. The average strike directions for 2D and 3D/2D
regions were drawn along with their standard deviations.
Strike directions were scaled inversely proportional to
error values. In short periods, there is complexity in
dimensionality due to the local shallow materials that
cause distortion in the measured data. Dimensionality is
less complex in the long periods compared to the short
ones.

WAL criteria were taken into consideration in this
calculation. The reason for WAL invariants to be used
instead of other methods is that it uses all the
information obtained from the MT tensor and identifies
dimensionality accordingly.

It is observed in Fig. 9 that the 1% band (0.001-0.01)
is usually represented by 3-Dimensionality and 2-
Dimensionality. When analyzed in detail, it is observed
that there are 3D /2D and 2D structures in NE-SW strike
directions in the first ten MT stations around Turgut
(Konya) located on the Tauride-Anatolide Block in the
south. However, the area between the points1010-1020,
around Celtik, is 1D. Dimensionality changes between
the Tauride-Anatolide Block and the Sakarya Continent
at the Izmir-Ankara Suture Zone and displays 3/2/1
dimensionality. There are 2D structures with NE-SW
strike directions on points 1035 and 1036. 3D/2D, 3D,
1D structures are observed moving towards north. Some
NE-SW trending 2D structures are observed near the
Celtikei fault zone in parallel to the fault zone. The
southwest of Kibriscik is represented by 1
Dimensionality. ~ Moving  towards  north, the
dimensionality becomes complex again near Bolu and
1D, 3D, NE-SW trending 3D/2D and 2D structures are
noticed. This section corresponds to the Intra-Pontide
Suture located between the Sakarya Continent and
Istanbul Zone. Although there are some 1D, N-S
trending 3D/2D structures are observed in some parts
around Devrek and Zonguldak located at the
northernmost section of the 1%t Profile, there are also
some 3D structures in some parts.

When the second profile in Fig. 9 is analyzed it is
observed that most of the points located on the Tauride-
Anatolide block, the southernmost section on the map,
are 3D. On the inner section of the map, on points 2028-
2036, the dimensionality is 1D and a change is observed
around the Eskisehir fault zone. In this region there are
3D, 3D/2D/1D structures are located and there are also
some 2D and 3D/2D structures with different strike
directions considered to be due to other curves and faults
of different trends. Beylikova vicinity and the west of
Mihaliggik are represented by 1 Dimensionality. There
are some 3D structures between points 2050-2058. In
the southwest of Nallthan, dimensionality is 3D,
3D/2D/1D, 1D and there are E-W trending 3D/2D
structures. Considering that the dimensionality changes
significantly in this region, it could be said that this
region is similar to the izmir-Ankara suture zone.

Between the points 2062-2066, there are usually
NE-SW trending 3D/2D structures with different angles.
There are 3D, 1D and NE-SW trending 2D structures
near the North Anatolian Fault zone. Moving towards
the north, 3-Dimensionality is more dominant between



the Karadere Kaynasli Mengen Sub Fault Zone and
Akgakoca.

In Fig. 10, results of the dimensionality analysis
obtained from the WAL invariants on T=0.01-0.1s
period band for measurement points 1001-1084 from
south to north throughout the 1%t Profile. When this
figure is analyzed, 2D structures are observed between
points 1001-1008 at the southernmost section of the
profile. These structures also display strike directions of
N19E and N46E. In the section between points 1009 and
1020 there are some 2D and 1D structures with strike
directions of N46E and N82E. The structures between
points 1020-1025 are 3D. Most of the structures between
points 1025-1037 are 1D. While there are mostly 3D
structures between stations 1038-1045, there are also
some 3D/2D structures with N65E and N26E strike
directions. The dimensionality between points 1046-
1065 is usually 3D/2D. The strike directions of these
structures range between N32E and N83E from south to
north. The structures between points 1065-1072 are 1D,
3D/2D and 3D. The dimensionality of points 1072, 1073
and 1074 is 2D and the strike direction of these
structures is N71E. There are usually 3D structures
between points 1075-1084 located at the northernmost
section of the profile and there are some 3D/2D/1D
structures at some points.

Fig. 10 shows the dimensionality analysis results
obtained from WAL parameters on the T=0.01-0.1
period band for measurement points 2001-2090
throughout the 2" Profile from south to north.
According to this figure, there are 3D structures affected
by the galvanic distortion in places between
measurement points 2001-2008 at the southernmost
point of the profile. The dimensionality between points
2008-2014 is 3D/2D/1D and 2D. The places between
points 2014-2029 are generally 3-Dimensional,
however, there are also 3D/2D structures with N81E
strike direction near the measurement point 2042. The
dimensionality between points 2045-2050 is 1D. It is
observed that there are 3D structures; 2D structures with
N54E strike direction; 3D/2D structures with N20E
strike direction and 3D/2D/1D structures between points
2050-2060. In the region where points 2060-2076 are
located there are 3D/2D structures with N25E strike
direction; 2D structures with N71E strike direction and
1D structures in some parts; however, the region is
mostly represented by 3D structures. Dimensionality of
all points on the Istanbul zone, which is located at the
northernmost section of the 2" Profile, is 3D.

Fig. 11 shows the dimensionality analysis results
obtained from WAL parameters on T=0.1-1s period
band for measurement points 1001-1084 throughout the
1%t Profile, from south to north. According to this figure,
the dimensionality between the first points 1001-1012
on the Tauride-Anatolide Block located at the southern
most section of the 1% Profile on the 3™ band is 3D.
While the dimensionality between points 1012-1020 is
mainly 1D, there are also 2D structures with N78E strike
direction between points 1013 and 1014. The
dimensionality between points 1020-1027 is generally
3D. There are 1D and 3D structures between points 1027
and 1040. The dimensionality of the places between
points 1040-1066 is complex with 1D structures, 2D
structures with N60OE strike angle and 3D/2D, 3D,
3D/2D/1D structures with N5OE strike direction. In
addition, there are generally 3D/2D structures with
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N55E strike direction between points 1066-1073.
However, point 1072 is 2D and its strike direction is
N73E. The dimensionality between points 1073-1084
located at the northernmost section of the profile on the
Istanbul Zone is 3D.

Fig. 11 shows the dimensionality analysis results
obtained from WAL parameters on T=0.1-1s period
band for measurement points 2001-2090 throughout the
2™ Profile, from south to north. According to this figure,
on the 3" band there are usually 3D structures between
points 2001-2012 located at the southernmost section of
the 2" Profile and there are some 2D and 3D/2D
structures, as well. The dimensionality between points
2012-2039 is 3D. There are 3D/2D structures with N35E
strike direction at points 2039, 2040 and 2041. Points
2042, 2043, 2044 are 3D and points 2045, 2046 and
2047 are 1D. There are generally 3D structures between
points 2047-2065. There are 3D/2D structures with
NG60OE strike direction between points 2065-2070. There
are 3D structures at 2070-2090 stations.
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Fig. 12 shows the dimensionality analysis results
obtained from WAL parameters on T=1-10s period band
for measurement points 1001-1084 throughout the 1%
Profile, from south to north. According to the figure, the
most of the 1t Profile is 3D on the 4™ band. Moving
towards the north, some 2D structures with N60E strike
angle and 3D/2D structures with N56E strike angle are
also observed among these 3D structures.

Fig. 12 shows the dimensionality analysis results

obtained from WAL parameters on T=1-10s period band
for measurement points 2001-2090 throughout the 2™
Profile, from south to north. According to the figure, the
most of the 2" Profile is 3D on the 4™ band.
Fig. 13 shows the dimensionality analysis results
obtained from WAL parameters on T=10-100s period
band throughout the 1% Profile, from south to north.
According to this figure, there are 3D structures between
points 1001-1023. The area between points 1023-1029 is
represented by 2D structures with N46E strike angle and
the area between points 1029-1075 is generally
represented by 3-dimensionality and there are also a
small number of 3D/2D structures with N66E strike. The
dimensionality of points 1075-1078 is 3D/2D and the
strike angle is N61E. The areas between points 1078-
1084 located at the northernmost section of the 1%
profile is 3D.

Fig. 13 shows the dimensionality analysis results
obtained from WAL parameters on T=100-1000s period
band for measurement points 2002-2090 throughout the
2" profile, from south to north. According to this figure,
the dimensionality at the first 21 points at the
southernmost section of the 2" profile is 3D and
3D/2D/1D. However, dimensionality could not be
determined at most of the measurement points. While it
is 3D between points 2021-2027, there are 3D structures
and 3D/2D structures with N24E strike angle between
points 2027-2031. The dimensionality between points
2031-2039 is 3D. Between points 2041-2046 there are
3D/2D and 3D structures with N24E strike angle. The
dimensionality between points 2046-2065 is generally
3D. Among these 3D structures, there are also some 2D
structures with N21E strike angle. The dimensionality at
points 2065, 2066, 2067 is 3D/2D and the strike angle is
N35E. The dimensionality between points 2068-2071 is
3D. The dimensionality at points 2072, 2074, 2075 is
3D/2D and 2D and the strike angle is N68E. The other
points up to 2090 located at the northernmost section are
mainly 3D.

Fig. 14 shows the dimensionality analysis results
obtained from WAL parameters on T=100-1000s period
band for measurement points 1001-1084 throughout the
1%t profile, from south to north. According to this figure,
there are 3D structures at the first 3 points of the 1%
profile. Between points 1004-1009 there are some
undistinguishable structures that could either be 3D/2D
or 3D/1D. There are 3D structures between points 1009-
1021. There are 2D structures with N51E strike and
3D/2D/1D structures between points 1021-1027. The
structures located between points 1027-1039 are 3D. At
points 1039, 1040 and 1044, 1045 there are 3D/2D
structures with 70° strike angle and NE direction and 2D
structures. The dimensionality of all other points up to
1084 at the northernmost section is 3D.

Fig. 14 shows the dimensionality analysis results
obtained from WAL parameters on T=100-1000s period
band for measurement points 2001-2090 throughout the
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2™ profile, from south to north. According to this map,
dimensionality could not be determined at some points
in the south of the 2" profile. It could only be
determined at some points and usually there are some
2D structures and 3D structures observed with high error
rates. The structures between points 2023-2048 are
usually 3D and there are also 3D/2D/1D structures at
some areas. The dimensionality between points 2048-
2056 is 3D/2D/1D and between points 2056-2066 it
ranges from 3D to 3D/2D/1D. At all other points to the
north of 2066, mainly 3-dimensionality is observed.

7. DIMENSIONAL SECTIONS

WAL invariants for 80 periods were calculated
based on the MT data from 174 stations throughout 2
profiles from the region between Zonguldak and
Aksehir. Dimensionality states were obtained in
accordance with WAL criteria on 80 periods for the 174
MT data and the data were contoured on Win G link
program as vertical axis being the period and horizontal
axis being the distance and dimensionality sections were
obtained accordingly. Fig. 15 shows the changes in
dimensionality throughout the 1%profile and the 2™
profile according to the period and the distance.

In Fig. 15, the dimensionality between 0.01-1s
periods in the 1% profile is represented by 2D and 1D.
3D and 3D/2D dimensionality is mainly observed
between periods 1-100s. The dimensionality between
periods 100-10000s is 1D and 2D.

The dimensionality distribution in the 2" profile is
similar to that of the 1% profile. The dimensionality
between periods 0.01-1s is represented by 2D and 1D.
3D and 3D/2D dimensionality is mainly observed
between periods 1-100s. The dimensionality between
periods 100-10000s is 1D and 2D.

Looking at the sections given below, it is possible to
say that the sections in both profiles can be vertically
divided into three sections. This could be interpreted as
the upper crust, lower crust and upper mantle sorting,
respectively, for the geoelectric section of the YKP
profile suggested by Kaya (2010) (Fig. 16 a)).

Fig. 15. Dimensional sections prepared according to
WAL constants criteria a) Profile 1, b) Profile 2
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Fig. 16. a) The 2D resistivity model obtained as a result of inverting the MT data measured along a line close to the study
area which obtained from the YKP points located in Fig. 1 (Kaya, 2010).
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Fig. 16. b) Dimensional cross-section prepared according to WAL constants criteria along profile
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ABSTRACT
The aim of this study is to investigate the production conditions of silver nanoparticles (NPs) in the presence of AgNO3
with the fungal cytoplasmic fluid (FCF) of white rot fungus Coriolus versicolor. In this study, parameters such as pH,
AgNO:z concentration and FCF ratio of C. versicolor were optimized. C. versicolor was grown in SBM and then kept in
ultrapure water to obtain FCF for synthesis of the nanoparticle. Nanoparticle formation was monitored by UV
spectrophotometry at 420 nm wavelength and the silver nanoparticles were imaged by SEM. In the optimization study, it
was found that at pH 5.0, 1.5 mM AgNOs and 50% FCF containing medium was found to provide optimal conditions for
the synthesis of the silver nanoparticle. The nanoparticles were spherical and varied between 15-35 nm.

Keywords: Nanoparticle, Silver, Coriolus Versicolor, Biosynthesis
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1. INTRODUCTION

Applications in which materials with dimensions
less than 100 nm are used form the basis of
nanotechnology (Gurmen & Ebin, 2008). Nanoparticles
(NPs) have superior properties like high surface/volume
ratio, character of surface atoms, quantum size effects,
dimensional dependence of electronic structure when
compared to materials in macro-size (Shukla et al.,
2012). Their superior properties enable them to be used
in optical applications and in the production of many
materials such as highly active catalysts, super
conducting materials, surface-active materials (Gurmen
& Ebin, 2008). Numerous advantages and wide
application areas make nanoparticle synthesis one of the
most interesting topics of the last few decades.

Nanoparticle synthesis is carried out by different
chemical methods (such as chemical/photochemical
reduction, electrochemical techniques) or by physical
methods (Pantidos & Horsfall, 2014). However, these
methods have disadvantages such as the use of toxic
chemicals or high cost (Shanmugasundaram et al.,
2013). For this reason, alternative biological methods
called "green nanotechnology/green synthesis" have
been developed. Green synthesis applications are usually
performed using microorganisms (such as algae,
bacteria, fungi) or plant extracts. Especially
microorganisms can be optimized for different
conditions because they have high adaptability ability
(Pantidos & Horsfall, 2014).

Compared with bacteria, fungi with micelles
providing large surface area offer great advantages in the
synthesis of metallic nanoparticles (Mukherjee et al.,
2001). This large area can be used to accelerate the
interaction of metal ions with the fungal reducing
material, and thus the conversion of ions to metallic
nanoparticles can be increased (Pantidos & Horsfall,
2014).

Fungi can synthesize molecules in protein structure
that can increase the rate of nanoparticle synthesis
(Pantidos & Horsfall, 2014).

Silver, with good conductivity, chemical stability,
catalytic, antibacterial and healing activity, is among the
attracting metallic nanoparticles (Pantidos & Horsfall,
2014; Sharma et al., 2009).

Investigations on the synthesis of silver
nanoparticles (AgNPs) by biological methods show that
microorganisms have great potential. Biomolecules such
as amino acids, enzymes, proteins, polysaccharides,
vitamins found in extracts reduce the amount of Ag+
ions in wastewater. Although it is a chemically complex
reaction, it makes Ag+ ions harmless to the environment
(Sharma et al., 2009).

In this study, the synthesis of AgNPs was optimized
by biosynthesis method, developed as an alternative to
physical and chemical NP synthesis methods.
Optimization parameters were determined as pH,
AgNOs concentration and fungal cytoplasmic fluid ratio.

2. MATERIALS AND METHOD

2.1. Material

White rot fungus C. versicolor was obtained from
the Microbiology Laboratory of the Department of
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Environmental Engineering, Mersin University. AgNQO3
and other chemicals have analytical purity.

2.2. Method

2.2.1. Preparation of Fungal Cytoplasmic Fluid
(CV-FCF)

C. versicolor grown on SDA plates at 30°C was
transferred to modified Stock Basal Medium (mSBM)
with different pH values (5.0; 6.0) to obtain cytoplasmic
fluid (Table 1) (Mazmanci et al., 2002).

The fungus was then incubated at 30 °C, in the dark,
at 160 rpm for 10 days. At the end of the incubation, the
pellets were rinsed with sterile ultrapure water to remove
the metabolite formed during the incubation.
Subsequently, the pellets were re-suspended in sterile
ultrapure water-containing tubes (1:1 v/v) and incubated
for 5 days at 30 °C in the dark, at 160 rpm to obtain
fungal cytoplasmic fluid (CV-FCF). After the incubation,
the pellets were removed from the medium by
centrifugation and the CV-FCF was stored at +4 °C for
study.

Table 1. Modified Stock Basal Medium (mSBM)

Material g/L
KH2PO4 13.60
K2HPO4 17.41
CaCl2.2H:0 0.05
MgS0Oa4.7H20 0.05
NHa4(H2PO4) 1.00
Glucose 10.00
pH 5.0;6.0

2.2.2. Optimization Studies in AgNPs Biosynthesis

AgNOs solution was added to CV-FCF obtained
from pellets grown at different pH values (5.0; 6.0) as
final concentration on 1.00 mM. CV-FCF-free AgNO3
solution and AgNOs-free CV-FCF medium were used as
control groups for pH optimization.

Optimization of the AgNOs concentration was
performed in medium containing 0.50, 0.75, 1.00, 1.50
mM AgNOs. CV-FCF medium without AgNOs and
medium without CV-FCF for each AgNOs concentration
were used as control groups.

Optimization of CV-FCF ratio was performed using
media containing 25%, 50%, 75% and 100% CV-FCF.
AgNOs-free media containing 25, 50, 75 and 100% CV-
FCF and AgNQOs solution without CV-FCF were used as
control groups.

Optimization studies were carried out at 30 °C, in
dark conditions and at 160 rpm. The formation of
AgNPs was observed with an increase in the medium
color at 420 nm in the UV spectrophotometer at two-day
intervals for 20 days.

Characterization of AgNPs in precipitates obtained
from centrifugation was performed by scanning electron
microscopy (SEM) after washing with ultrapure water
and drying.



3. RESULTS

For the growth of the C. versicolor, optimum pH
range has been reported to be 5.0-5.8 (Jo et al., 2010).
FCF obtained from C. versicolor cultivated in pH 5.0
and 6.0 conditions were studied to show the effect of
medium pH. It was observed that the fungus pellets
grown in pH 5.0 were larger than those grown in pH 6.0
(data not shown).

The effects of CV-FCF obtained from the fungus
pellets grown at pH 5.0 and 6.0 were shown in Fig. 1a. It
was observed that CV-FCF at pH 5.0 produced higher
concentrations of AgNP and reached the highest
absorbance value at day 18 (Fig. 1b).

Results of AgNOs concentration optimization were
presented in Figs. 2a and b. The highest absorbance
value was reached on day 16 in medium containing 1.50
mM AgNO:s.

I pH=50
1 pH=6.0
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Wav(ebl)ength
Fig. 1. Effect of pH on AgNPs biosynthesis. (a) Change

in time-dependent absorbance value, (b) Spectra of the
day reaching the highest absorbance value
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Fig. 2. Effect of AgNOs concentration on AgNP
biosynthesis. (a) Change in time-dependent absorbance
value, (b) Spectra of the day reaching the highest
absorbance value.

The CV-FCF ratio optimization  studies
demonstrated that the highest absorbance value was
reached on day 14 for 100% CV-FCF containing
medium. (Fig. 3a and b).

In the SEM analysis, the AgNPs obtained from the
solution with the highest absorbance value (the pH 5.0,
1,50 mM AgNOs, 100% CV-CFC) were used. Results
have shown that they were spherical and their size
varied between 15-35 nm (Fig. 4).

4. DISCUSSION

Microorganisms, like every living thing, have
various defense mechanisms to maintain their lives.
Most metal ions are toxic to bacteria, therefore,
converting toxic metal ions into water-insoluble form is
a defense mechanism developed by bacteria (Sastry et
al., 2003; Prathna et al., 2010). They carry out this
transformation either inside or outside the cell with the
biomolecules they produce. Many studies have been
conducted with fungi in this regard and it has been
shown that fungi, which are exposed to toxic conditions,
may exhibit similar behaviors by producing extracellular
or intracellular metabolites (Khan et al., 2018).
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Fig. 3. Effect of CV-FCF dilution ratio on AgNP
biosynthesis. (a) Change in time-dependent absorbance
value, (b) Spectra of the day reaching the highest
absorbance value.

Fig. 4. Scanning electron micrograph of silver
nanoparticles synthesized by CV-FCF.

Silver NPs exhibit remarkable colors (yellow to
brown) due to the excitation of surface plasma vibrations
in the particles, and their formation can be qualitatively
determined (Sastry et al., 2003). During the study, same
color changes were observed when AgNQs solution was
added to CV-FCF. This result indicated that Ag+ ions
are reduced very quickly. According to the results, it can
be predicted that the fungus may convert silver toxicity
to a non-toxic metallic form despite the use of fungal
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cytoplasmic fluid (Sastry et al., 2003; Ahmad et al.,
2003; Khan et al., 2018).

Gudikandula et al. synthesized the AgNPs using the
media of white rot fungus grown at pH 6.0 (Gudikandula
et al., 2017). In this study, FSF obtained from fungus
grown at pH 5.0 and 6.0 was used. CV-FCF obtained
from C. versicolor grown at pH 5.0 was found to be
more efficient in AgNPs synthesis. This suggests that
pH is an important parameter. Similarly, Kathiresan et al.
optimized the pH value (5.0-9.0) of the cytoplasmic
fluid obtained from Penicillium fulvutanum. They
obtained the best optical density at pH 6.0 (Kathiresan et
al., 2009). This indicates that the pH value of both fungi
growth environment and FCF have a significant effect
on AgNPs synthesis.

The final concentration of AgNOs was used as 1.00
mM for nanoparticle synthesis in the previous studies
(Vigneshwaran et al., 2006; Zonooz&Salouti, 2011;
Abdelrahim et al.,, 2017). In this study, AgNO3
concentration varied between 0.50 - 1.50 mM. AgNP
formation  increased  with  increasing  AgNOs3
concentration and the highest absorbance value was
reached at 1.50 mM. Kathiresan et al. (2009) and
Gudikandula et al. (2017) reported the similar results.
Adigiizel et al. synthesized AgNPs with bacterial
cytoplasmic fluid (BCF) obtained from newly isolated
Streptomyces  genus.  They  studied  AgNOs
concentrations ranged from 0.50 to 1.50 mM and
reported the highest absorbance value at 1.00 mM
AgNO3 concentration (Adiguzel et al., 2018).

In the optimization of the CV-FCF ratio, the
absorbance values reached on day 12 were 0.390, 0.809,
0.980 and 1.103 for the 25, 50, 75 and 100% CV-FCF,
respectively. Formation of AgNP was increased with
increasing CV-FCF ratio in media. This suggests that the
amount of AgNP synthesized depends on the amount of
metabolite. When the results were compared as
proportionally, it was seen that the amount of
nanoparticle produced in the medium that contains 50%
CV-FCF was higher than the others. Although the
highest absorbance value was reached (day 14; 1,160
abs) in the medium containing 100% CV-FCF, 50% CV-
FCF was found to be more efficient in AgNP
biosynthesis (day 12; 0,809 ABS). Therefore, the
optimum value was accepted as 50%.

As a result of SEM analysis, it was observed that the
synthesized NPs were in spherical shape and in
dimensions ranging from 15-35 nm. Previous studies
supported these findings (Kathiresan et al., 2009; Syed
et al., 2013; Das et al., 2012).

Ahmad et al. reported that AgNP synthesis takes
place outside the cell because biomass remains in its
original color after the reaction (Ahmad et al., 2003).
However, Sastry et al. determined that AgNP synthesis
takes place in the cell because of the color change in the
biomass (Sastry et al., 2003). Bacteria or fungi can
synthesize silver nanoparticles both in- and outside the
cell. Results obtained in this study demonstrate that
fungal biomass is not needed for AgNP synthesis and
this process can be performed with metabolites. On the
other hand, the reaction catalyzed by CV-FCF does not
provide evidence of which of the intracellular
metabolites are involved in nanoparticle synthesis.



5. CONCLUSION

Fungal cytoplasmic fluid of Coriolus versicolor
obtained from different conditions (pH 5.0 and 6.0, 0.50-
1.50 mM AgNOs concentration, 25-100% CV-FCF) was
investigated for silver nanoparticle biosynthesis.
Maximum AgNPs production was carried out in media
obtained from C. versicolor grown at pH 5, containing
1.50 mM AgNOs and 100% CV-FCF. But, it has been
found that 50% CV-FCF is more effective in AgNPs
biosynthesis. SEM analysis of AgNPs showed they were

spherical and their dimensions varied between 15-35 nm.

ACKNOWLEDGEMENTS

This paper has been presented orally at the 1st
International Symposium on Innovative Approaches in
Scientific Studies in Antalya.

REFERENCES

AbdelRahim, K., Mahmoud, S. Y. and Ali, A. M.,
Almaary, K. S., Mustafa, M. A. and Husseiny, S. M.
(2017).  “Extracellular ~ biosynthesis  of  silver
nanoparticles using Rhizopus stolonifera.” Saudi Journal
of Biological Sciences, 24, pp. 208-216.

Adigiizel, A. O., Adigiizel, S. K., Mazmanci, B., Tunger,
M., Mazmanci, M A. (2018). “Silver Nanoparticle
Biosynthesis from Newly lIsolated Streptomyces Genus
From Soil.” Materials Research Express, 5, pp. 1-12
DOI: 10.1088/2053-1591/aab861.

Ahmad, A., Mukherjee, P., Senapati, S., Mandal, D.,
Khan, M. I, Kumar, R. and Sastry, M. (2003).
“Extracellular biosynthesis of silver nanoparticles using
the fungus Fusarium oxysporum.” Colloids and Surfaces
B: Biointerfaces, 28, pp. 313-318.

Das, S. K., Khan, Md. M. R,, Guha, A. K., Das, A. R.
and Mandal, A. B. (2012). “Silver-nanobiohybride
material: Synthesis, characterization and application in
water purification.” Bioresource Technology, 124, pp.
495-499.

Gudikandula, K., Vadapally, P. and Charya, M. A. S.
(2017). “Biogenic synthesis of silver nanoparticles from
white rot fungi: Their characterization and antibacterial
studies.” OpenNano 2, pp. 64-78.

Gurmen, S., Ebin, B. (2008) “Nanopartikiiller ve Uretim

Yontemleri — 1.” TMMOB Metalurji Miihendisleri Odast,

Metalurji Dergisi, 150, pp. 31-38.

Jo, W. S., Kang, M. J., Choi, S. Y., Yoo, Y. B., Seok, S.
J. and Jung, H. Y. (2010). “Culture Conditions for
Mycelial Growth of Coriolus versicolor.” Mycobiology,
38, pp. 195-202.

Kathiresan, K., Manivannan, S., Nabeel, M.A. and
Dhivya, B. (2009). “Studies on silver nanoparticles
synthesized by a marine fungus, Penicillium fellutanum
isolated from coastal mangrove sediment.” Colloids and
Surfaces B: Biointerfaces, 71, pp. 133-137.

96

Turkish Journal of Engineering (TUJE)
Vol. 3, Issue 2, pp. 92-96, April 2019

Khan, A. U., Malik, N., Khan, M., Cho, M. H., Khan, M.
M. (2018). “Fungi-assisted silver nanoparticle synthesis
and their applications.” Bioprocess Biosyst Eng, 41, pp.
1-20.

Mazmanci, M. A., Unyayar, A. and Ekiz, H. I. (2002).
“Decolorization of methylene blue by white rot fungus
Coriolus versicolor.”Fresenius Environmental Bulletin,
11, pp. 254 - 258.

Mukherjee, P., Ahmad, A., Mandal, D., Senapati, S.,
Sainkar, S. R., Khan, M. I., Parishcha, R., Ajaykumar, P.
V., Alam, M., Kumar, R., Sastry, M. (2001). “Fungus-
Mediated Synthesis of Silver Nanoparticles and Their
Immobilization in the Mycelial Matrix: A Novel
Biological Approach to Nanoparticle Synthesis.” Nano
Letters, 1, pp. 515-519.

Pantidos, N. and Horsfall, L. E. (2014). “Biological
Synthesis of Metallic Nanoparticles by Bacteria, Fungi
and Plants.” Nanomedicine & Nanotechnology, 5, pp. 1-
10.

Prathna, T.C., Mathew, L., Chandrasekaran, N., Raichur,
A. M. and Mukherjee, A. (2010). “Biomimetic Synthesis
of Nanoparticles: Science, Technology & Applicability.”
Nature, DOI:10.5772/8776.

Sastry, M., Ahmad, A., Khan M. I. and Kumar, R.
(2003). “Biosynthesis of metal nanoparticles using fungi
and actinomycete.” Current Science, 85, pp. 162-170.

Shanmugasundaram, T, Radhakrishnan, M.,
Gopikrishnan, V., Pazhanimurugan, R., Balagurunathan,
R. (2013). “A study of the bactericidal, anti-biofouling,
cytotoxic and antioxidant properties of actinobacterially
synthesized silver nanoparticles.” Colloids and Surfaces
B: Biointerfaces, 111, pp. 680-687.

Sharma, V. K., Yngard, R. A. and Lin, Y. (2009).
“Silver nanoparticles: Green synthesis and their
antimicrobial activities.” Advances in Colloid and
Interface Science, 145, pp. 83-96.

Shukla, V. K., Yadav, R. S., Yadav, P. and Pandey, A. C.
(2012). “Green synthesis of nanosilver as a sensor for
detection of hydrogen peroxide in water.” Journal of
Hazardous Materials, 213— 214, pp. 161-166.

Syed, A., Saraswati, S., Kundu, G. C. and Ahmad, A.,
(2013). “Biological synthesis of silver nanoparticles
using the fungus Humicola sp. and evaluation of their
cytoxicity using normal and cancer cell lines.”
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 114, pp. 144-147.

Vigneshwaran, N., Kathe, A. A., Varadarajan, P.V.,
Nachane, R. P. and Balasubramanya, R. H. (2006).
“Biomimetics of silver nanoparticles by white rot fungus,
Phaenerochaete chrysosporium.” Colloids and Surfaces
B: Biointerfaces, 53, pp. 55-59.

Zonooz, N. F. and Salouti, M.(2011). “Extracellular
biosynthesis of silver nanoparticles using cell filtrate of
Streptomyces sp. ERI-3.” Scientia Iranica F 18, pp.
1631-1635.


http://iopscience.iop.org/journal/2053-1591
http://iopscience.iop.org/volume/2053-1591/5

Turkish Journal of Engineering

TUERS

Turkish Journal of Engineering (TUJE)
Vol. 3, Issue 2, pp. 97-101, April 2019
ISSN 2587-1366, Turkey
DOI: 10.31127/tuje.451173
Research Article

STUDY THE EFFECT OF HAIR STYLE PRODUCTS ON THE QUALITY OF
DOMESTIC WASTEWATER- WAX AS CASE STUDY

Muhammed Saleh ™1, Mutlu Yalvag 2, Ferhat Sime 2 and Mehmet Ali Mazmanci *

I Mersin University, Ph.D. student, Environmental Engineering Department, Mersin University. Mersin, Turkey
ORCID ID 0000-0002-3145-4457
E-mail: Muh.saleh89@gmail.com

2Mersin University, Ph.D., Environmental Engineering Department, Mersin University. Mersin, Turkey
ORCID ID 0000-0002-1281-5712
E-mail: myalvac@mersin.edu.tr

3 Mersin University MSc. Student, Environmental Engineering Department, Mersin University. Mersin, Turkey
ORCID ID 0000-0002-4925-5982
E-mail: ferhatsime04@gmail.com

4 Mersin University, Professor, Environmental Engineering Department, Mersin University. Mersin, Turkey
ORCID ID 0000-0003-0219-530X
E-mail: mazmanci@gmail.com

* Corresponding Author
Received: 06/08/2018 Accepted: 25/09/2018

ABSTRACT

People have used personal care products throughout history. Hair cosmetics are among the most common and widely
used products. In this study, the effect of WAX and shampoo, which are hair cosmetics, on domestic wastewater
pollution were investigated separately and together. The study consists of two stages. In the first stage, Chemical Oxygen
Demand (COD) and hydrogen concentration (pH) of WAX, shampoo and WAX + shampoo were analyzed. COD results
were 1096 mg / L, 584 mg / L and 1896 mg / L, respectively. In the second stage, these products (0.1 g WAX and 0.1 g
shampoo) were added separately and jointly to 2g of human raw hair. In this stage, wastewater was prepared by shaking
sample of hair in 100 mL water for 30 minutes. The concentrations of COD were 1296 mg/ L, 592 mg / L and 1328 mg /
L, respectively. The PH increased from 7.3 to about 8 after adding cosmetics. The experiments showed that the added
WAX to the hair is reduced by 40% by weight in 25 °C and 30 minutes. In order to quantify and realize the human habits
of using such hair cosmetics during the day, a questionnaire was prepared and distributed to 385 of people. It was found
that 43% of the people used WAX and 45% of them used this product every day. Accordingly, this study have been
investigated only WAX and shampoo, keeping in mind that chemicals used for cosmetic purposes have been found
enormous effects on domestic wastewater.

Keywords: Domestic Wastewater; Hair-style Products; Shampoo; Human Hair.
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1. INTRODUCTION

Wastewater can be defined as any used liquid
discharged into the environment and can harm it. It can
be divided by mass to water which forms (99.9%). The
residue part (0.1%) can be normal and industrial
compounds which can be called as contaminants
(Templeton & Butler, 2011).

Hair is very important to the human, it covers the
human skin. Also, it protects the human body from the
environmental factors and the injuries (Bouillon &
Wilkinson, 2005). Follicles producing keratinized cells
which form the hair shaft (Robbins, 2012). Hair
elasticity caused by the presence of keratin (Marsh, et
al., 2015). The hair shapes differ from individual to
another but in general, it has a shape of an elongated
cylinder. The hair diameter can vary between 45-110um
(Yin, etal., 1977).

In order to preserve hair shape, chemical products
such as (WAX, Spray ....etc.) were used by the human.
When applying and drying these materials it causes a
film on the hair surface which causes a stable shape
(Bouillon & Wilkinson, 2005). Many factors affecting
this process such as human habits, environmental
conditions, etc. but the main factor is the time needed to
conserve the shape of hair (hairstyle) (Bouillon &
Wilkinson, 2005).

According to Schueller and Romanowski (2000), the
main agent of hair styling product is the polymer
(Schueller & Romanowski, 2000). The polymers can be
one of these major categories: Non- ionic Polymers,
Anionic Polymers, Cation Polymers, and Amphoteric
Polymers (Frosch, et al., 1994).

WAX as one of the popular conditioner products
which helps in maintaining the shape of the hair. It has
an anhydrous base which can be formed from fat or
emulsions. In both cases, WAX behaves as thickeners
and hardeners because of the effect of fatty phases
(Bouillon & Wilkinson, 2005). The problem is in
removing the fats from hair, in order to deal with that,
there are many products were used. The shampoo is a
preferred product for human hair washing. The effect of
these components (WAX and shampoo) on the domestic
wastewater should be studied.

This paper aims to find the effect of using hairstyle
products (especially WAX) on the quality of the
domestic wastewater. Also, the effect of the shampoo on
domestic wastewater was taken into the scope of this
study.

2. MATERIAL AND METHOD

Table 1: Experimental design
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2.1. Material

In this study the effect of hair cosmetics (WAX and
Shampoo) on the domestic wastewater was assessed.
The main materials (WAX, shampoo and raw- clean
human hair) were used in this research. WAX is the
product used for men hair style while the shampoos are
the preferred product for human hair washing. The
above three component were collected from barber salon.
Raw-clean hair (RC-Hair) was collected from people
who have never used cosmetics, bleach or dies before,
while WAX and shampoo were randomly selected with
no brand discrimination was made.

2.2. Method

To study the effect of hair cosmetics on domestic
wastewater, the following procedure had been followed:

2.2.1. People habits of using WAX and shampoo
exploration

To explore people habits of using WAX and
shampoo in Yenisehir —Mersin, field surveys were
conducted to collect required information from barber
salon and community. In order to facilitate this mission
two simple and definite questionnaires were prepared for
barber saloon and the community.

In this research, 95% confidence level and 5
confidence interval were achieved by distributing 385
questioners to the community Eq.(1). The collected data
were used for analyzing and estimating the percent of
WAX users in the sample area.

_Z*XPx(1-P)

- (1)

SS

Whereas: SS: sample size, Z: Z-Value, P: Percentage
of population picking a choice, C: Confidence interval.

2.2.2. Sample Preparation

Four samples were prepared as control groups (only
WAX, only shampoo, only hair, shampoo, and WAX).
Other three samples were prepared in the presence of
human hair (Table 1). The hair samples were washed
with distilled water and then dried for 24 h at the room
temperature. All the work had been done in a tap water
medium to simulate the real situation.

No. Experiment Constituents Method of application
(g9/ 100 mL water) (shaken for 30 min at 150 rpm)
1 WAX 0.1 WAX was dissolved in water.
2 Shampoo 0.1 Shampoo was dissolved in water.
3 WAX 0.1 A mix of shampoo and WAX were dissolved in water.
Shampoo 0.1
4 Raw-Clean Hair 2.0 Human hair was washed in water.
5 Shampoo 0.1 Human hair was washed with shampoo and water.
Raw-Clean Hair 2.0
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6 WAX 0.1 Human hair was treated with WAX, waited to dry for
Raw-Clean Hair 2.0 30min in room temperature, and then washed in water.
WAX 0.1 Clean human hair was treated with WAX, waited to dry
7 Shampoo 0.1 for 30 min in room temperature, and then treated with
Raw-Clean Hair 2.0 shampoo and then washed in water.
2.2.3. Analysis

Closed Reflux, Titrimetric Method (5220 C) was
used in order to find Chemical Oxygen Demand (COD)
(AWWA, WEF, APHA, 1998). pH was measured before
and after shaking. The volatile value of WAX (WWAX)
was calculated Eq. (2).

vvWAX = [aWAX] — [rWAX] (2)

Whereas:
[wWWAX]: Volatile value of WAX;

[aWAX]: Amount of WAX applied to the hair;
[rWAX]: Amount of remaining WAX after 30 min.

3. RESULT AND DISCUSSION
3.1. Questionnaire's results

The used WAX in Yenisehir —Mersin data was
collected from questionnaires (community and barber).
For the community questioners, it showed that 61% of
the sample were washing their hair every day which is
1.6 higher than the percentage obtained by (Ficheux,
et.al, 2016) for French people for the same washing
time. While 30% were cleaning it one time every two
days, 8% one time every three days and just 1% are
washing it one time every week (Figure 1).

%1 = Every Day
%38
= Every Two
Days

Every Three
Days

= Every Week

Fig. 1. Shows the hair washing rate.

The hairstyle users' percentage was 43% while the
nonuser’s percentage was 57% (Figure 2).

99

= User

= Non-User

Fig. 2. Shows the hair style products user percentage.

It also showed that 45% of hairstyle users were
using it every day, while 27%, 21%, 7% are using it
every two days, three days, every week respectively
(Figure 3).

7% = Every Day
‘ = Every Two
21% Days
Every Three
Days

= Every Week

Fig. 3. Shows hair style product using rates.

The questioners showed that 80% of the community
is using shampoo as washing material while as 13%
using soap and 7% using both (Figure 4). In Turkey,
there is no record for quantifying of WAX or such
cosmetics, but according to U.S EPA annual report
(2002) cosmetics annuals imports and productions
increased by ten times for the last twenty-five years
(U.S. Environmental Protection Agency (U.S. EPA),
2002). In China, there are more than 20000 kinds of
cosmetics, the exportation reached 437000 tons, and the
importation amount was 74000 tons (Editorial
Department of D&C, 2015).




s,

= Soap
= Shampoo

Both
80%

Fig. 4. Shows hair washing material.
3.2. COD and pH results

The samples were tested in terms of pH and COD as
described in material and method section. The pH for all
samples after shaking process varies from 8.0 to 8.3.
These values are close to the result of other researches.
Ma and Chen (2018) have studied the characteristics of
cosmetic wastewater. They found that the pH values
range from 8.6-8.7 (Ma & Chen, 2018).

Minimum pH and COD values were noted in the
combination human hair with water tab and they were
8.0 and 504 mg/L respectively. While the maximum pH
and COD values were noted in the combination (human
hair, WAX, and Shampoo) where they were 8.3 and
1896 mg/L respectively. It was noticed that approx. 40%
of WAX was volatile, even though that presence of

Table 2: Combinations Results
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small amount of WAX caused a relatively high COD
value. The cosmetic wastewater may cause a high level
of COD. It can be larger than 100000 mg/I (Jan Bogacki
et.al, 2011). Ma and Chen (2018) have found the COD
value concerning a certain product. It was 5490 mg/I
(Ma & Chen, 2018).

The pH results of the combinations consisting of
Shampoo reflect the formulation conditions of
shampoos, which are near neutrality (Robbins, 2012).
COD results for the same group can be explained by the
sorption capability of hair, which depends on the
relationship between the interaction with Kkeratin
(binding or attraction) versus hydrophilicity (Robbins,
2012).

This paper suggests that a significant amount of
shampoo have remained at the tested hair, and the hair
should be rewashed to extract the total amount of
shampoo. Unfortunately, this amount had not been
determined in this paper.

It is noticed that whenever shampoo was mixed with
WAX, the COD values become higher than using WAX
alone. The possible explanation implies that the
shampoo might expedite dissolving WAX in the water
and causing relatively high COD values. These results
reflect the capability of anionic surfactant shampoos in
aiding removal of fats and WAX'es (Bouillon &
Wilkinson, 2005).

The test results of the other combinations can be
shown in Table 2.

NO. Combination Hair Water Wax Shampoo pH COoD
©) (mL) ©) (@) (mg/L)

Ref Tap Water 100 7.3 25.0
1 Wax 100.0 0.1 8.1 1096.0
2 Shampoo 100.0 0.1 8.2 584.0
3 Wax + Shampoo 100.0 0.1 0.1 8.3 1896.0
4 RC Hair 2.0 100.0 8.0 504.0
5 Shampoo + RC Hair 2.0 100.0 0.1 8.1 592.0
6 Wax + RC Hair 2.0 100.0 0.1* 8.1 1296.0
7 WAX +Shampoo + RC Hair 2.0 100.0 0.1* 0.1 8.1 1328.0

* This is the weight of WAX before volatilization average and after the volatilization is 0.0608g.

4. CONCLUSION

The effects of the hair care product WAX and
shampoo were examined on the domestic wastewater in
this paper. It had been found that 40% of WAX
volatilized in 30 minutes after applying to the hair, at
room temperature, even though the residue part caused
an increscent of COD to 1328 mg/L. Shampoo could
increase the COD to 584 mg/L when applying it directly
to the water. When applying it to the hair shampoo
should be washed more than one time to have the exact
amount of COD.

It has been assumed that no WAX residue on the
hair. In future researches, this assumption should be
verified and the other parameters like turbidity, toxicity,
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total solids, etc. could be controlled. The experiments
were accomplished in normal water temperature (18 C)
the effect of water temperature on the solubility of
WAX’s water should be examined.

REFERENCES

AWWA, WEF, APHA (1998). Standard Methods for the
Examination of Water and Wastewater Closed Reflux,
Titrimetric Method (5220 C) page 5-16/17.

Bouillon, C. and Wilkinson, J. (2005). The science of
hair care. Second edition. Taylor & Francis Group, LLC.
ISBN 9780824759698.



Editorial Department of D & C (2015) "Analysis of
Chinese Cosmetics" Industry Detergent & Cosmetics
Vol. 1, 8-11.

Ficheux, A.S., Bernard, A., Chevillotte, G., Dornic, N.
and Roudot A.C., (2016) "Probabilistic assessment of
exposure to hair cosmetic products by the French
population”. Journal of Food and Chemical Toxicology,
Vol. 92, 205-216

Frosch, F., Hinz, W., Pfrommer, E., Reinhardt, R. D.,
Richter, H., Sperling, K. and Wekel, H. U. (1994).
Assessment of polymers for hair setting. Spray
Technology & Marketing, May 1994, pp. 25-29.

Bogacki, J., Naumczyk, J., Marcinowski, P. and
Kucharska, M. (2011). "Treatment of cosmetic
wastewater using physicochemical and chemical
methods"”, CHEMIK Vol. 65, 2, 94-97.

Ma, G. and Chen, J. (2018). "Nitrogen and Phosphorus
Pollutants in Cosmetics Wastewater and Its Treatment
Process of a Certain Brand". IOP Conf. Series: Earth
and Environmental Science, Volume 113, 012051.

Marsh, J., Gray, J. and Tosti, A. (2015). Healthy Hair.
New York: Springer International  Publishing
Switzerland

Robbins, C. R. (2012). Chemical and Physical Behavior
of Human Hair. 5th Edition ed. Heidelberg: Springer.
ISBN 978-3-642-25610-3.

Schueller, R. and Romanowski, P. (2000).
"Fundamentals of formulating hair care products”.
Cosmetics and toiletries 115 (10), 67-73.

Templeton, M. and Butler, D. (2011). An Introduction to

Wastewater Treatment. London: Ventus Publishing ApS.

ISBN 978-87-7681-843-2.

U.S. Environmental Protection Agency (U.S. EPA),
(2002). Non-confidential inventory update reporting
production volume information. Toxic Substances
Control Act (TSCA) Inventory,

Yin, N. E., Kissinger, R. H., Tolgyesi, W. S. and
Cottington, E. M. (1977). "The effect of fiber diameter
on the cosmetic aspects of hair". Journal of the Society
of Cosmetic Chemists, Vol. 28, No. 3, 139-150.

101

Turkish Journal of Engineering (TUJE)
Vol. 3, Issue 2, pp. 97-101, April 2019



Turkish Journal of Engineering

TUJER

i
Turkish Journal of Engineering (TUJE)
Vol. 3, Issue 2, pp. 102-105, April 2019
ISSN 2587-1366, Turkey
DOI: 10.31127/tuje.456741
Compilation Article

THE REMOVAL OF NICKEL IONS WITH WALNUT SHELL

Sevket Tulun ™, Tolga Bahadir 2, Ismail Simsek 3 and Mustafa Karatas *

! Aksaray University, Engineering Faculty, Environmental Engineering Department, Aksaray, Turkey
ORCID ID 0000-0002-0570-7617
sevkettulun@gmail.com

2 Aksaray University, Engineering Faculty, Environmental Engineering Department, Aksaray, Turkey
ORCID ID 0000-0001-9647-0338
tolgabahadir61@gmail.com

3 Aksaray University, Engineering Faculty, Environmental Engineering Department, Aksaray, Turkey
ORCID ID 0000-0003-1950-5159
ismailsimsek83@hotmail.com

4 Aksaray University, Engineering Faculty, Environmental Engineering Department, Aksaray, Turkey
ORCID ID 0000-0001-8137-7253
mkaratas33@gmail.com

* Corresponding Author
Received: 03/09/2018 Accepted: 25/10/2018

ABSTRACT

The present study was aimed at determining whether walnut shell would have acceptable adsorption efficiency for removing
Ni (1) and thereby offer an effective and economical alternative to more expensive treatments. This paper describes the
removal of Ni (I1) ions from aqueous solutions containing 100 mg L-* of nickel using walnut shell. The effects of various
parameters such as optimum adsorbent mass, contact time, pH of the medium were investigated. The maximum removal
efficiency of 43.23% was obtained at a pH of 5.85 with a 5-min contact time for a 5 mg L™ solid-to-liquid ratio and an
initial heavy metal concentration of 100 mg L. it can be concluded that walnut shell could be used as a low-cost and
abundant source for the removal of Ni (I1), and as an alternative to more costly materials such as ion-exchange resins and
activated carbon. It is thought that it will be possible to make walnut shell modification studies in order to obtain higher
increases in recovery efficiency.

Keywords: Adsorption, Nickel Removal, Walnut Shell
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1. INTRODUCTION

Heavy metal pollution in many parts of the world is
an important economic and environmental problem
(Whang et al., 2009). Heavy metals are defined as metals
with a density of 5 g cm (Kobielska et al., 2018). Heavy
metals are transferred to the environment through many
industrial activities such as mining, metal plating,
painting, automobile production and metal processing. In
order to meet water and food quality standards, heavy
metals in the environment need to be monitored (Feizi
and Jalali, 2015). In addition, it has been determined that
high concentrations of heavy metals have negative effects
on human, animal and plant health (Celebi and Gok,
2015). Lead (Pb), Cadmium (Cd) and Nickel (Ni), which
are among heavy metals, are considered important
environmental contaminants.

Natural nickel is a mixture of five stable isotopes.
Although it occurs in many oxidation cases, its common
oxidation under environmental conditions is Ni (II). lon
radius of Ni (I1) shows similarity with other cations (Ca,
Mg). In contrast, Cd and Pb have high transportation and
mobility (Amari et al., 2017).

Although the World Health Organization (WHO)
determined the maximum acceptable nickel concentration
in drinking water as 0.02 mg L, it has been determined
that the nickel concentration in industrial wastewaters has
reached 900 mg L. If no treatment is made, these
wastewaters may contaminate drinking water resources
(Ong et al., 2017). Harmful health effects of having high
concentrations of Ni(Il) ions in drinking water include
anemia, diarrhea, encephalopathy, hepatitis, lung and
kidney damage, gastrointestinal distress, pulmonary
fibrosis, renal edema, skin dermatitis, and central nervous
system dysfunction. Due to these adverse effects, it is
important to take measures in removing nickel from
contaminated wastewaters before discharge to the
environment (Mangaleshwaran et al., 2015)

It is typically used in processes like production of
stainless steel, coins, metallic alloys, super alloys,
nonferrous  metals, batteries, copper  sulfate,
electroplating, forging, compound for coloring ceramics,
mineral processing, paint formulation and team-electric
power plants, and as a catalyst (Raval et al., 2016; Ghaee
et al., 2012).

Related to the removal of heavy metals in the water,
there are various methods such as chemical precipitation
(Mauchauffee and Meux, 2007) reverse 0SmMoOSis
(Mohsen-Nia et al., 2007), ion exchange (Verma et al.,
2008), coagulation (ElI Samrani et al.,, 2008) and
adsorption (Gupta et al., 2003; Gupta and Ali, 2004;
Gupta and Ali, 2000; Zabihi et al., 2009).

Among these methods, adsorption process offers an
attractive alternative because it can provide treatment
with cheap adsorbents (Cao et al., 2014). Sorption
process by using biosorbents is based on use of organic
sorbents such as agricultural residues. The application of
different sorbents such as sugar beet pulp, rice husk,
carrot residue, bagasse, corn stalk, bacterial biomass, rice
straw, green tomato husk, sugarcane bagasse, banana pee
and sunflower residues have been recently investigated
(Feizi and Jalali, 2015). Walnut shells, which are used as
solid fuel in Turkey, are agricultural wastes that can be
found in large amount. When the structural analysis of
walnut shell was examined, it was determined that it had
a lignocellulosic structure containing 17.74% cellulose,
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36.06% hemicellulose and 36.90% lignin (Altun and
Pehlivan, 2012).

Due to its wide surface area, high mechanical strength,
chemical stability and easy regeneration, the walnut shell
has been successfully used to remove heavy metals such
as Cesium, Copper, Chromium (1V), Zinc and Mercury
from wastewaters (Cao et al., 2014).

The main purposes of this study are to remove Ni (I1)
from aqueous solution by using walnut shells that can be
found cheap and in a large amount in our country and to
investigate the beneficial usage of the walnut shell that is
seen as agricultural waste.

The effects of factors such as contact time, pH, adsorb
concentration on the studies of Ni (Il) adsorption were
investigated.

2. MATERIAL AND METHOD

2.1. Adsorbents and chemicals

Walnut shells were obtained from walnut trees grown
in Usakpinar, a village in Silifke County of Mersin
Province in the Mediterranean Region of Turkey. Walnut
shells were shredded with grinders (Arnica, GH21520),
the particles were sifted through a series of sieves, and
only the samples passing from the pore diameter of 212
pum were used in this study. Walnut shells were washed 3
times with distilled water and the effects that could
emerge due to the foreign substances in their structures
were prevented. Then, they were dried in a drying oven
(Memmert, UNB-400) at 70 °C for 24 hours.

In this study, Ni*? having 100 mg L concentration
was used. The stock Ni (1) (1000 mg L) solution was
prepared by using NiCl2*6H20 chemical compound. The
pH value of each solution was set to the desired values by
adding 0.1 M NaOH or 0.1 M HNOs. All chemical
compounds used to prepare reactive solutions were
prepared in analytical quality (Merck)

2.2. Measurements

All batch experiments were carried out in series of
250 mL Erlenmeyer flasks Adsorption studies were
carried out in the specific period at the temperature of
25°C in the thermal mixer (ZHWY-200B, ZHICHENG
Analytical Co., Ltd). After adsorption process, samples
were filtered from 0.45 pm membrane filters. Ni*2
concentrations of the filtered samples were analyzed by
using an inductively coupled plasma mass spectrometry
(Optima 2100DV ICP, Perkin-Elmer, Boston, MA) (SM:
3120 B). pH measurements (SM: 4500- H* B) were
performed using multi- electrode digital ion analyzer
(Hach, HQ440d Multi) (APHA, 2005).

2.3. Experimental procedure

The effects of adsorbent mass, operating time and pH
on the adsorption were examined by using the
experimental conditions shown in Table 1. Experimental
adsorption studies were carried out within 250 mL
erlenmeyer flask.



Table 1. Adsorption process was carried experimental
conditions

Agitating Adsorbent Time Initial
speed content (min pH solution
(rpm) (mg L™ ) of nickel
Effect of
adsorbent 150 0,550 60 58 100,6
mass, Ms 5
(9
Effect of
contact 0- 58
time, t 150 50 120 5 1032
(min)
Eﬁ;ﬁ of 150 50 50 26 1043

Each study was performed in 3 repetitions and
the results were given as mean values. In the study, tests
were repeated to check for errors in cases where standard
errors are greater than 0.01.

3. RESULTS AND DISCUSSIONS
3.1. Effect of the adsorbent amount

The effect of adsorbent mass on adsorption of Ni (1)
was examined by using 100 ml of 100 mg L Ni (ll)

solution during 60-minute operation process of 0.5-5.0
mg walnut shell samples.

Ni (mg/L) =t Effidency

% Efficiency

=
51
S
T
k-3

Adsorbent amount (mg L?)

Fig. 1. Effect of the adsorbent amount

As seen in Figure 1, the adsorption of Ni (Il)
increased gradually with the increasing adsorbent amount
and it was determined that the optimum walnut shell
concentration was 5 mg L. It was shown that the
proportional increase between adsorbent concentration
and removal efficiency was associated with the increase
in the amount of adsorbent per unit contaminant.

3.2. Effect of contact time

The effect of contact time was studied by using Ni (11)
solution that had constant concentration at room
temperature. The adsorption of Ni (II) heavy metal was
examined at 1-120 min time intervals. The effect of
contact time on adsorption is given in Figure 2.
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Fig. 2. Effect of contact time

Because increasing of the contact time in adsorption
studies  significantly increases the costs, time
optimization needs to be done. As shown in Figure 2, the
highest adsorption efficiency was obtained in 5 minute
contact time (44.90%). In different contact times,
decreases and increases in removal efficiency were
observed. It is thought that the main reason for this
situation is the desorption process, which occurs at the
end of the saturation of heavy metals that hold onto the
surfaces of walnut shells.

Based on these results, the optimum contact time was
determined to be 5 minutes.

3.3. pH Effect

The effect of pH on walnut shells and Ni (II) heavy
metals that have 100 mg L initial concentration was
investigated in pH 2-6 range. The effect of Ni (Il) on
adsorption in determined pH values was shown in Figure
3.
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Fig. 3. Effect of pH

Because of the coating of the surface of the walnut
shell due to the increase in H* ion concentration at low
pH values, Ni (1) ions were not able to hold on to the
surface. As a result of this, the removal efficiency was
determined as 5.53%. Depending on the increases in pH
values, increases in removal efficiency were obtained.

Although the highest removal efficiency was
obtained in pH 5 with 47.82%, the solution's own pH
value (5.85) was determined as the most appropriate pH
value. In pH 5.85, the removal efficiency of 43.23% was
obtained. Given the economic factors, the effect of the use
of chemical substances to change pH value on the
adsorption efficiency has been neglected.



4. CONCLUSIONS

In this study, it was determined that by using the
walnut shell found as common agricultural waste,
removing of the heavy metal Ni (II) with aqueous
adsorption process was possible. The removal efficiency
of 43.23% was obtained in 5 mg L7 adsorbent
concentration at 5 minute contact time and pH 5.85. It was
concluded that the walnut shell can be used as a low-cost
and abundant source for the removal of Ni (I1) from water
and it can be also used as an alternative to expensive
materials such as ion exchange resins and active carbon.
It is thought that obtaining higher increases in removal
efficiency can be possible by making modification studies
of walnut shell.
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