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Ethis study, the heavy metal removal performance of poly(2-hydroxyethyl methacrylate-N-
ethacryloyl-(L)-histidine methyl ester), polyf(HEMA-MAH) cryogel, a known polymer,
in HNO3 was investigated. To determine the heavy metal removal performance of cryogel,

wastewater was used as obtained from an inorganic material manufacturer.
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by total free energy dissipation, the material surface grooves.
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I ) robiotic microorganisms have many health-beneficial effects on gastrointestinal
system and their therapeutic usage is becoming increasingly common in human

and veterinary medicine.
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Mehmet Direk, Alper Kelesoglu, Ahmet Akin

In this paper, the effects of internal heat exchanger (IHX) effectiveness on the
performance parameters of the refrigeration cycle with R1234yf were theoretically
investigated. For this purpose, a mathematical model was developed based on the

energy balance of the cycle.
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Eddy Current Separator 31-37

Ahmet Fenercioglu and Merve Sen Kurt

In this study, a novel In-Drum Brushless Direct Current (ID-BLDC) motor is
proposed to Eddy Current Separator (ECS) which separates nonferrous metals

from waste. The ECS’s separation efficiency depends on magnetic drum speed.
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Faruk Maraslioglu, Elif Neyran Soylu, Sibel Alturk Karaca

Spatio—temporal changes in taxonomic composition and structure of epilithic
algal community with some physicochemical features of the Batlama stream
were assessed between June 2013 and May 2014 at the intertidal zone of the Batlama

Stream, Giresun, Turkey.
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L I The structure of poison gland of Sphex flavipennis was investigated by using,
scannig electron microscopy and transmission electron microscopy. Poison
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’ I The goal of this study was to investigate the permeability characteristics of
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ABSTRACT

n this study, the heavy metal removal performance of poly(2-hydroxyethyl

methacrylate-N-methacryloyl-(L)-histidine  methyl

cryogel, a known polymer, in HNO, was investigated. To determine the heavy metal
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poly(HEMA-MAH)

removal performance of cryogel, wastewater was used as obtained from an inorganic

material manufacturer. The characterization studies using scanning electron microscopy
(SEM), Fourier transform infrared (FT-IR) spectroscopy, elemental analysis, water-
swelling tests and surface area analysis were conducted. The effect of HNO, on the

adsorption process, especially for metals, was found very effective even in trace amounts.

Keywords:

Cryogel; Heavy metal removal; Wastewater.

INTRODUCTION

he increasing number of factories with the

heavy metal wastes, especially lead, such as
a battery, dye, and fertilizer manufacturing, etc.
[1], in consequence of the fast developments of
agricultural and industrial fields, threaten the
ecological environment and human health. The
heavy metal ions cannot be degraded, and resulted
in an accumulation in the living organism tissues
[2]. The lead limits in drinking water allowed by the
World Health Organization is 10 pg/L [3]. Moreover,
even very little concentration of lead can cause severe
consequences for living things including humans [4].
Because its high affinity to enzymes having thiol (-SH)
and phosphate ions (PO,*), ligands and biomolecules
inhibiting the haem biosynthesis, Pb*" ions are very
hazardous for the permeability of cell membranes in
kidney, liver, and brain and likewise toxic for nervous
and reproduction system, resulting in abortion, dead
and neonatal birth, mental retardation [5, 6], etc.
Additionally, it may form complexes with the oxo-
groups of enzymes which are very active in porphyrin
metabolism and haemoglobin synthesis [7]. Besides
the potential neurological and carcinogenic effects of
lead, it may cause cognitive and physical retardation
in child development, especially in the interval of 0-7
age [8]. Lead has been classified as a carcinogenic
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element by the US Environmental Protection Agency
and International Agency for Research on Cancer [9].

To date, many of methods were reported on
the removal of heavy metal from aqueous solutions
such as flocculation, coagulation, electrochemical
treatment, and solvent extraction etc. [10-12]. Most of
these methods are insufficient and not cost-friendly for
controlling heavy metal levels in wastewater, and also
for effectivity and environmental care [7]. The affinity
adsorption method is the most promising method for
the heavy metal removal process [13]. The adsorption
technique is simple, cost-friendly and non-toxic [14-
17]. Thereupon, useful and easy-to-prepare adsorbents
are needed to developed for the heavy metal removal
[18] such as iron oxide [19, 20], activated carbon [21],
kaolinite [22] and zeolite [23]. On the contrary, these
materials have some drawbacks such as aggregation,
low adsorption capacity and poor mechanical strength
resulting in low yields [24].

In this study, we developed polymeric cryogels,
poly(2-hydroxyethylmethacrylate-N-methacryloyl-
(L)-histidine methyl ester), poly(HEMA-MAH), for
the removal of lead ions from aqueous solution and
wastewater obtained from an inorganic material



E. Bilgin et al./ Hittite ] Sci Eng, 2017, 4 (1) 01~05

manufacturer. The aim of the synthesis of this polymeric
material was to develop an alternative to conventional
methods for heavy metal removal. The application of
cryogels is very simple compared to other adsorbents, and
thus it may be a good contribution to the literature for the
removal of heavy metals.

MATERIALS and METHODS

2-Hydroxyethyl methacrylate (HEMA), ethylene glycol
dimethacrylate (EGDMA), lead(II) nitrate, ammonium
persulphate, (APS), sodium dodecyl sulphate (SDS),
N,N,N',N'-tetramethyl ethylene diamine (TEMED) were
purchased from Sigma (St. Louis, USA). N-methacryloyl-
(1)-histidine (MAH) was synthesized in accordance with
the literature [25]. All other chemicals were in analytical
grade and ultra-pure water was used in all experiments.

Synthesis and characterization of poly(2-
hydroxyethylmethacrylate-N-methacryloyl-(L)-
histidinemethylester cryogels

For the synthesis of poly(HEMA-MAH) cryogels, MAH
(200 mg) and HEMA (5 mL) were used as the functional
monomer and solid support, respectively. HEMA and
MAH were mixed with distilled water of 5 mL before
adding to the dispersant phase comprising SDS (1 g),
EGDMA (1.2 mL) and distilled water of 18.8 mL. The
solution obtained was stirred in a magnetic starrier for
5 minutes and remained in an ice-bath for 15 minutes
before the addition of APS (30 mg) and TEMED (150 pL).
The resulting gel was poured into the two glass plates
and remained at -20°C for 24 hours for the cryogelation.
A day later, the polymeric cryogel plate was taken, and cut
in the shape of a circular disk and washed with distilled
water to get rid of unwanted chemicals and foam.

The achievement on the structure of cryogels was

tested via FT-IR (Thermo Scientific Nicolet 6700 FT-IR
spectrometer, Waltham, USA) (Figure 1). The stretching (at

Figure 1. FT-IR spectra of poly(HEMA-MAH) cryogels.

02

3390.05and 1713.53 cm™) and amide (at 1650.32 and 1540.38
cm™) bands were the proof of the MAH incorporation (195
umole/g polymer, via Elemental analysis (Elementar Vario
PYRO cube, Hanau, Germany) into the structure. Because
of cryogelic polymerization, there were big cavities formed
as a result of water removal at the end of the polymerization.
The cavities with rough surface (approximately 3.343 m2/g,
via Quantachrome AutosorbVR iQ-Chemi, Florida, USA,
which was comparable with the literature [26-28]) suitable
for the adsorption of lead ions could be seen it SEM (Carl
Zeiss AG—EVO’ 50 Series, Germany) images given in Figure
2. The water uptake amount of cryogels was found (376%
on average) using the difference between the weights of dry
and water retained cryogel according to the formula given
by Equation 1. This means that approximately 376 times
cryogel mass diffuse into the cryogels with target molecules
inside, resulting the long-time interaction, providing high
yields in spite of low surface area.

Water uptake %:[((\)(/Sm“en—\X/dry ))/\X/dry] x 100 1)
Where Wswollen is the weight (g) of swollen after
removal from the water bath and Wdry is the dry weight
before entering the water bath.

The Adsorption-Desorption Experiments

The nitric acid solution (5%, v/v) was used as a solvent for
the lead removal from aqueous solution. All experiments
were performed via a rotator at the speed of 20 rpm for
15 minutes batch wise. The lead adsorption capacities
of cryogels were estimated using the formula given by
Equation 2.

q=([(C-C;) x V])/m )
Where, q, C, C, V and m are adsorption capacity (mg/g),
initial concentration (mg/L), final concentration (mg/L),
the volume of the adsorption medium (mL) and amount

of cryogel (g), respectively.

The atomic absorption spectrophotometry (Thermo



Figure 2. SEM images of poly(HEMA-MAH) cryogels.

Scientific / ICE 3500, UK) and inductively coupled plasma
optic emission spectrophotometry (Thermo Scientific /
ICAP 6500, UK) were used for the determination of lead
amount adsorbed, and each experiment was repeated thrice
for the statistical reliability.

RESULTS and DISCUSSION

To determine the lead amount adsorbed onto the cryogels,
wastewater sample was obtained from an inorganic
material manufacturer. The electrostatic interaction was
dominant throughout all experiments.

The Adsorption-Desorption Experiments

Because of highly recommended electrostatic interaction
between the ligand and target molecules was achieved
during this study, the interaction between cryogels and
lead was almost completed in 5 minutes. (Figure 3). The
plateau observed after 5" minute was because all binding
sites were engaged with the lead atoms in the solution
and no more interaction can occur. On the contrary,
the adsorption onto poly(HEMA-MAH) cryogels was
increased with increasing concentration with no plateau
observed up to 1000 ppm due to the fact that the number
of ligands attached to the structure was high and also the
target lead ion was quite small as compared to a polymeric
structure resulting high number of interactions with each
functional group on the polymeric cryogel (Figure 3).

The poly(HEMA-MAH) cryogels had uptake lead of
approximately 747 umole in a fast and cost-friendly single
step process for the removal of Pb** ions.

The Pb** adsorption capacity of poly(HEMA-MAH)
cryogel was determined from a sample of wastewater
from a local fabric manufacturer. To run the experiment,
sample and HNO, ratio was specified in the ratio of 1:1.
The lead adsorption capacity of cryogel was determined as
approximately 34% of all wastewater which is quite high.

03

The
ascertained by the isotherm estimation. For that purpose,

lead-adsorption behaviour of cryogel was
the Langmuir and Freundlich adsorption isotherm’s
constants were calculated primarily. According to the
graphs given in Figure 4 (time and concentration versus
adsorbed lead amount), the single layer interaction was
preponderant on the homogeneous surface (Table 1). The
adsorption isotherm constants can be found in Table 1.
The Redlich-Peterson adsorption isotherm model was also
investigated which gave quite an effective result, especially
for heavy metal adsorption interactions. in Table 1,  (0.36)
value was in good agreement with the Langmuir adsorption
model. In this adsorption system, the dominating model is
the pseudo-second-order kinetic model due to the higher
correlation coefficient value (1.00) meaning that the process
was run as chemically controlled.

C,,: 10 mg/L, T: 25°C,a in HNO, of 5 %(v/v)

Ergsorption: 30 Minutes, T: 25°C, in HNO, of 5 %(v/v)

Figure 3. Lead adsorption onto poly(HEMA-MAH) cryogel.

E. Bilgin et al./ Hittite ] Sci Eng, 2017, 4 (1) 01-05
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Figure 4. A) Langmuir, B) Freundlich and C) Redlich- Peterson
Adsorption Isotherms.

CONCLUSION

The importance of lead removal is getting more and
more increased because of increasing number of diseases,
especially anaemia, encephalopathy, and colic disease.
We are exposed to heavy metals, especially lead, every
day from air, water, soil and food products. In this
study, poly(HEMA-MAH) cryogel was synthesized to
provide a polymeric material for the removal of lead from
wastewater. It was observed that chemical dynamics
were dominated during adsorption occurring in one layer
homogenously. The wastewater sample obtained from
the manufacturer was the important target medium to
see the lead adsorption performance of the cryogel to see
whether this polymeric material will run or not. A cost-
effective, short-timed and simple method was applied in
this study. As a concluding remark, it can be said that the
poly(HEMA-MAH) cryogel is promising alternative for
efficient heavy metal, especially Pb** removal, contrary to
conventional techniques.
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n polycrystalline materials wherever a grain boundary intersects a free surface and
whenever the topographic variation associated with the atomic motion is favored by
total free energy dissipation, the material surface grooves. In this review, we focused
on the grain boundary grooving by surface diffusion which is an active mechanism at
moderate temperatures and for grooves small in size. Starting with a description of the
classical thermo-kinetics treatment of the process, we briefly reviewed Mullins’ very first

modeling effort with a small slope assumption at the groove root and further consid-
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erations regarding finite slopes, different grain geometries, and anisotropic surface free

energies. We concluded by giving examples of experimental observations in accord with

theoretical calculations.

Keywords: Thermal grooving; Grain boundary groove; Surface diffusion

INTRODUCTION

Polycrystalline materials are composed of tiny
perfect crystalline regions (grains) in between
internal interfaces called grain boundaries. Grain bo-
undaries and the external interfaces (i.e. free surfaces
which separate the material from the environment)
determine the morphology of the material at a major
extent.

A material may change its morphology through
interface motion if a driving force exists. An important
special case, which is the focus of this review, is the
grain boundary grooving. Wherever a grain boundary
intersects a free surface and whenever the topographic
variation associated with the atomic motion is favored
by total free energy dissipation, the surface grooves.
Grooving can occur via several mass transport mec-
hanisms, such as surface diffusion, bulk diffusion, and
evaporation and condensation. Surface diffusion domi-
nates for temperatures far below the melting temperatu-
re, and for grooves less than 10 micron in size [1]. If the
surface evolution is driven solely by the total excess free
energies associated with the interfaces the resulting for-
ce for motion is conventionally called a capillary force,

and the new formation is termed as a thermal groove. In
addition to a capillary force, a force for interface motion
is produced whenever motion of the interface allows an
applied force to perform work: such a force is an applied
force [2].

A major portion of the literature on morphologi-
cal evolution solid surfaces and interfaces mainly rely
on classical thermodynamics. The idea is to minimize
the free energy of the system by suitable mechanism of
mass transport. Considering systems at equilibrium a
driving force is determined from the total free energy
variation, and a linear kinetic law is used to relate the
driving force to the flux. Using this flux, surface shape
is updated according to mass conservation.

Mullins [3] successfully cast this approach to the
problem of thermal grooving in 1957 by imposing sui-
table boundary conditions and provide an analytic solu-
tion which provides groove profile as a function of time
and position under some assumptions. After that time
several improvements has been done by several researc-
hers who follow the classical approach. In this review
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article we will briefly discuss these concepts and conclude
by giving examples of experimental observations compared
with theoretical calculations.

It should also be mentioned that this review reflects
authors’ personal perspective on this specific (yet still broad
enough) part of the broader topic of thermodynamics and
kinetics of solid surfaces and interfaces.

Classical thermo - kinetics theory

Kinetics of morphological changes by surface
diffusion

It is useful to outline the surface diffusion driven motion
of an arbitrary surface before proceeding further into the
detailed literature review. The atomic flux (vector field;
the bar signs over symbols are to denote vector quantiti-
es) on such a solid surface given in figure 1 may be defi-
ned at a per length basis by:

jo # of atoms )
“ (length)(time)

Figure 1. An arbitrary surface in the x-y plane. tis the unit tangent
and f is the unit normal vector, the subscripts o, b, v on the fluxes
denote the surface, bulk, and void phases respectively. When
evaporation condensation mechanism is active, J, and Jventering
(leaving) the surface element should also be considered. At a given
time any point on the surface may be represented by position
vector F(X,y).

When a surface element gains atoms, it moves with a
velocity V, (scalar field) in the direction normal to the
surface. Defining Q) as the volume per atom in the solid the
ratio V,/€ gives the atoms gained per unit area per unit
time. This quantity is related to the flux divergence through
conservation of mass:

V6”+ Vv-J_ =0 (the continuity equation) (2a)
v, =-QV-J, (2b)

08

Once the diffusion flux is obtained surface can be evol-
ved using the velocity calculated by this equation. The ato-
mic flux on the surface can be related to the driving force for
diffusion through atomic mobility M by using a linear ki-
netic law [4, 5]:

J =MF 3)

- =

This connection is a typical consequence of linear irre-
versible thermodynamics as underlined by Sun and Suo [4,
5] and adopted by Herring [6] and Mullins [3].

The literature of diffusion controlled surface morpho-
logical changes is fulfilled by the following concept: the dri-
ving force in Eq. (3) may be interpreted as a gradient energy
which is everywhere continuous even at the singularities;
otherwise the flux might go to infinity. The assumed surfa-
ce diffusion potential is a scalar field that reflects a change
in energy that results from the motion of species; therefore,
it includes energy-storage mechanisms and any constraints
on motion [2]. Therefore all efforts start with a definition
of the term surface chemical potential, 4, whose gradients
drive the overall processes.

Following Herring, the driving force in Eq. (3) is a vec-
tor on the interface that is derived from gradient of a scalar
field which has units of energy per atom. If atoms diffuse
from an interfacial element with high potential to another
with low potential, then the driving force is the negative gra-
dient of the surface diffusion potential 4:

F=-Vu, @

Substituting Egs. (4—3—2) and assuming a position
independent atomic mobility one can relate the normal
velocity of the free surface to the Laplacian of the surface
diffusion potential:

v, =QOMV?y, ®)

Another common representation of Eq. (5) may be ob-
tained by the following form of the Nernst — Einstein equa-
tion which ties the mobility and surface self-diffusivity, D, :

h D
M —_0 _~o 6
Q kT ©
Here h(7 is the thickness of the surface layer, k is the
Boltzmann constant and 7 is the absolute temperature.
Substitution Eq. (6—5) yields:
D_h

v, =SV @)



Energetics of morphological changes by surface simply it is the slope of the curve at any point and used as
diffusion an argument for y, since it determines the orientation of the
If there is no exchange of energy between the solid and its surface element. Then if an infinitesimal rearrangement of

surroundings then the change in free energy for a given material forms the new surface: h'(x)=h(x)+8h(x). The cor-

change in shape represents the driving force for that sha- responding variation in F_is obtained by calculus of varia-
pe change (Eq. 4). So, the next step is to obtain a proper ~ tlonsas:
definition for the total free energy that could be used in

tdG %dG d(sh d(dG
connection with Eq. (7). The very first study in this fi- oF; = J.E(Sh dx = jdh (dx )dx jdx[dh jﬁhd ©)
eld came from Herring in 1951 which strictly rely on the A ATX
equilibrium thermodynamics and the Gibbs description

of interfaces and surfaces [7, 8]. He extends the classical Here for simplicity Sh(A)= 8h(B)=0 and j Sh(x dx = 0.
Gibbs-Thomson equation for an orientation dependent  Assuming the chemical potential o = U + ,uo to be uni-
surface tension y,, as in a crystal. quely determined at all elements of the surface apart from
the constant 4,, OF must also be given by the following
Herring’s equation of curvature dependent expression:
chemical potential . .
The Gibbs-Thomson equation reflects typical consequ- oF, :éj-(,u(j + 1y ) Shdx :éj,ud&hdx (10)
A A

ence of the dependence of equilibrium vapor pressure of

a liquid drop on its radius of curvature; i.e. it relates the

curvature of a surface to the chemical potential of the Here, M is defined as the chemical potential at stan-
surface atoms when surface tension y,, is independent of ~ dard state which can arbitrarily be assigned to the value zero
orientation. Herrings theory, in a similar way, assumes  in the reservoir, ( is the atomic volume and 8hdx/Q gives
that the free energy of the system is the surface energy =~ the number of atoms added to the interval dx. Subtracting
summed over all surfaces and grain boundaries, and the ~ Eq. (9—10):

amount of free energy decrease is associated with per .

unit volume of matter moving per unit distance on the I{ ( j }é‘hdx a1)
surface and as a result describes a driving force at every A

point on the solid surface.

Since Sh is arbitrary:

d (de df d —
”d__de(dhx]__de[dh (1 (n )](12)

Using following equalities in performing differentiati-
ons:

dy, 1 dy, d d

6 =arctan(h,) = 5 L ——
dh, 1+h; do  dx dh

Figure 2: The curve h(x) between x=A and B represents a portion of
the cross section of a surface between bulk and void phases. h (x) is
the surface perturbed by an infinitesimal amount h(x).

Eq. (12) yields:

——Q +d75 hxx _Q + 75 K 13
Mullins [9] gives a derivation of Herring’s equation Ho = s de? (1 +h2)% =7 de’ as)

using calculus of variations in two dimensions by conside-
ring a monocomponent system, under no applied pressure.

In such a system surface tension vy, is equal to the speci- % . .
4 Vs d P Here, & =-h, (1+ h? ) % is the curvature at a point

fic surface free energy, £, Then the value of the surface free on the surface and taken to be positive when the surface is

energyt FdaSSEC{ateé WItél tt: cfulrlve {n fllgure{ 2 frorrll AtoB, concave towards the bulk. For isotropic vy, as in liquids, Eq.
per unit depth, is given by the following line integral: (13) directly reduces to Gibbs-Thomson equation. Substitu-

B ) B ting Eq. (13) into (7), one may specify a governing differenti-
F= ,[ rdt= I 7o (h, )1+ hydx = J G(h,)dx ®)  al equation for capillarity induced evolution of surfaces and
" " A interfaces.

Here h_represents differentiation with respect to x;
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Mullins’ theory of thermal grooving

Thermal grooving at grain boundaries is a process of ca-
pillary — driven evolution of surface topography in the
region where a grain boundary emerges to intersect a free
surface of a polycrystalline material. Mullins [3] derived
a general PDE for the rate of change of the profile of a
surface for profile changes occurring by surface diffusion
mechanism under the following assumptions:

(1) The system is closed and contains a metal poly-crystal
in quasi-equilibrium with its vapor.

(2) Interface properties are independent of crystallograp-
hic orientation.

(3) All matter transport occurs by surface self-diffusion.
(4) Macroscopic concepts such as surface free energy and
curvature are valid.

(5) There is negligible flow of matter out of the grain bo-
undary; instead, the role of the boundary is to maintain
the correct equilibrium angle.

(6) Absolute value of the profile slope is everywhere small
compared to unity; the small slope assumption (SSA).

Under these assumptions he follows the very same pro-
cedure described above (Eq. 13—7) and obtains following
equation:

D,y U

v o=—95" T2 21
n KT (1)

Here, Mullins adopted Vv = h%) as the number of per
unit area, instead of using h, itself. Owing to isotropy he
collects all physical constants into one (B=D y (>v/kT) and
rewrites Eq. (21) explicitly in terms of h(x;t):

o o 2 %
e oI (T R |

This nonlinear PDE is in fourth order in space and hard
to solve analytically. Mullins linearized this equation refer-
ring to the assumption (6) given above: slope of the surface
is everywhere small compared to unity.

oh_

- thxxx 23
p (23)

He considers a symmetrically disposed stationary gra-
in boundary at x=0 that is perpendicular to the free surface
as in Figure 3. Then he formulates the following initial and
boundary conditions:

h(x,0)=0 (24a)

h,(0,t)=tand=m<1 (24b)

I (0,t) =h (0,t)=0 (24¢)

h(#00,t) = h, (#o0,t) =0 (25d)

Eq. (14.44) is an initial condition for the problem and
assumes an initially flat surface. Eqs. (1.4.4b, ¢) are the bo-
undary conditions for the triple junction; the first one fixes
the dihedral angle (p=m-20) at the groove root through mec-
hanical equilibrium (sinf=y,, 2y =1; where A may be called
as the wetting parameter) and the second sets the flux of
atoms out of the boundary to zero. And 1.4.4d assures that
flat surface remote from the triple junction at all time.

Figure 3. Sketch of the curve h(x,t); the surface profile function. d is the

groove depth measured from the maxima and w is the separation
between the two maxima, namely the groove width. y, and y, are
the grain boundary and surface tensions respectively. ¢ =n-20 is
the equilibrium dihedral angle, force balance requires 2ys sin® =ygb at the
groove root.

Mullins [57] obtains an analytic solution of Eq. (23)
subjected initial and boundary conditions defined in Egs.
(24) as:

y(ut)=m(Bt)"*Z(u) with

X S n
u O and Z(u)=n§;anu (25a)
a = -1 ;a,=1a,= -1 . =0
" Jor(s/4) Tdar@ia) B )
n-1 (25b)

T = ) (n+ 2)(n+ 3)(n+4)

Here, I' is the gamma function. It is inferred from Eq.
(25) that the groove shape is dependent upon the material
constant m=tan; but is independent of time and the physi-
cal parameters comprising B. Mullins [3] stated that the gro-
ove instantly attains a constant shape whose linear dimensi-
ons grow in proportional to t'4, and deduce two technically
important equations:

d=0.973m(BY"* (26a)



w=4.6(Bt)"* (26b)

The first kinetic equation stands for the steady shape
grooves’ depth, d and second for its width, w (see Fig. 3).
These two equations give possibility to determine surface
diffusion constants experimentally

After Mullins’ publication [3] in 1957 considerable
amount of work had been dedicated by several investiga-
tors to obtain a solution that accounts finite slopes at the
groove root; some of them will be cited here. Robertson [10]
transforms the nonlinear PDE to an ordinary differential
equation of Z(u) by inserting Eq. (25a) to Eq. (22) and nu-
merically integrates it to obtain solutions for finite slopes
ranging from O to 4. He found groove depths lower than es-
timated by Eq. (26a) for finite slopes. Zhang & Schneibel [11]
use method of lines approach to solve Eq. (22); Khenner et
al. [12] categorize the problem as a two dimensional initial
boundary value problem of type Hamilton-Jacobi and pro-
posed a numerical solution by using a level set method. Both
articles address and discuss several numerical methods to
solve the nonlinear PDE. The conclusion shared is that the
groove profile stays self similar; the width and height of the
groove grow with time t as t'* as predicted by Mullins’ small
slope solution.

Several cases regarding to geometry had also been stu-
died in the literature. Mullins theory assumes an isolated
groove and it can be inferred from his solution that every
film subjected to a long enough annealing time will rupture.
Hackney & Ojard [13] consider an array of equally spaced
parallel grain boundaries with the same symmetric contact
angle (Fig. 4a) under SSA. They employ following boundary

conditions:
h(Rt)=h (-Rt)=tand=m<«1 (27a)
Jgp(Rt)=h (R1t)=0 (27b)
h,(0,t)=0 (27¢)

The third one is the symmetry condition at the center
of the grain, whilst the others are self explanatory for a groo-
ve root placed to a distance R. They gave an analytic solution
for Eq. (23) that accounts finite grain size 2R. Later Zhang
and Schneibel [11] and Khenner [14] studied the very same
system by solving Eq. (22) numerically. Both authors obser-
ve termination of grooving at long times after formation of
identical circular arcs that connect adjacent grain boundari-
es; a result anticipated long time ago by Srolovitz and Safran
[15] merely from energetic calculations. They show that a
groove may go to a finite depth even after an infinite time to
anneal and estimate the conditions under which film rup-
ture happens (groove divides the bicrystal into two pieces;

and therefore give rise to island formation on a substrate)
as a function of film aspect ratio (2R/w,; see Fig. 22) and
dihedral angle.

Huang et al. [16] consider a different set of boundary
conditions for the end points that are free to move in lateral
direction to account finite plate like grains that have semi-
circular ends (constituting a closed loop, Fig. 4b). Through
large number of finite element analyses they have deduced
an empirical formula that relates minimum dihedral angle
(below which no splitting occurs) to the film aspect ratio.

Figure 4. Schematic representation of a) continuous array of
grains, b) plate like grains that have semicircular ends. Symmetry
prevails due to assumed isotropic surface properties and solution
for the solid lines is enough for interpretation.

Ogurtani and Akyildiz [17] utilize three different; ref-
lecting, interactive (Fig. 4a) and free moving (Fig. 4b) boun-
dary conditions and perform thermal grooving simulations
on tilted and normal grain boundaries. Yet, their way of tre-
ating the triple junction singularity was completely different
from those cited here and based on a mathematical model
which flows only from fundamental postulates of irrever-
sible thermodynamics. They showed existence of a transient
regime and incorporated this regime into their penetration
depth formula by stating that the rate of this transient evo-
lution process obeys the first order reaction kinetics. They
stated that this regime is totally ignored by researchers emp-
loying Mullins’ boundary condition at groove root (constant
slope).

Surface energy anisotropy

Maybe the most serious simplification made in the Mul-
lins model is the assumption of the full isotropy of the
surface energy. Obviously, this assumption justifies the
use of the continuum approach, with the macroscopic
curvature as the only driving force for surface diffusion.
However, the importance of the surface free energy ani-
sotropy in determining the dihedral angle of the groove
and the groove shape was recognized soon after Mullins’
work. Grain boundary grooves can develop facets due to
anisotropic surface energy. The presence of facets on sur-
faces of grooves poses intricate modeling issues.

The value of surface energy per unit area of a given
crystallographic surface orientation is determined by the
fine scale structure of that surface. For a high symmetry
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orientation in a crystal the surface is atomically flat. For ot-
her orientations close to this surface, the structure usually
consists of flat terraces with well-defined local surface ener-
gies, separated by atomic scale ledges or steps as illustrated
schematically in Figure 5. The steps alter the macroscopic
surface energy by an amount corresponding to their energy
of formation in the configuration relevant to the structure.
Below a characteristic roughening transition temperature
T, “a nominally flat surface of a crystal that is misoriented
by a small angle from a high symmetry direction consists of
a train of straight parallel steps” [18]. At finite temperature,
such “vicinal” surfaces can be stable and can appear on ro-
unded edges on the equilibrium crystal shape.

With increasing temperature, the rounded regions
grow at the expense of facets and at T, (usually below the
melting temperature) the surface becomes smoothly roun-
ded as illustrated schematically in Figure 6. Below T, “in
the Wulff construction of the surface specific Gibbs free
energy, the cusp in the y-plot or the non-analytic term in
the surface tension exists as a result of the finite free energy
cost per unit length in the formation of a step”. Therefore

“the disappearance of facets is connected to disappearance
of cusps in the y-plot, and implies that the step free energy
vanishes and free proliferation of steps is expected for T >
T, [19].

Mykura [20] stated that, in the case of a coherent twin

Figure 5. Structure of an fcc (3 2 16) surface vicinal to the fcc
(001) surface. Figure illustrates zero-temperature steps and kinks
that occur on high index (or 'vicinal’) surfaces [19].

boundary, the surface anisotropy may even cause the forma-
tion of a ridge instead of a groove. Bonzel and Mullins [21]

considered the evolution of a pre-perturbed surface topog-
raphy of the vicinal surface, which is essentially anisotropic.
It was found that in the small slope approximation, the flux
of the surface atoms is again proportional to the gradient of
the surface curvature defined in the proper frame of refe-
rence, but should be substituted by a complex expression

which depends on the energy of an isolated step, the energy
of interaction between steps and the direction of perturba-
tion.

The grain boundary grooving at the singular surfaces
were extensively studied by Rabkin et al. [22], Klinger and
Rabkin [23], Rabkin and Klinger [24] by explicitly introdu-
cing faceted and rough regions, each with different isotropic
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Figure 6. Schematic illustration of equilibrium crystal shapes at finite
temperatures, T for a simple cubic model with the nearest neighbor
interaction. Equilibrium crystal shapes a) at T < T : stable (001) facets and
b) at T > T : continuously rounded, have no facet. The regions marked by
arrows in a) and b), are vicinal to the low index (001) surface. The difference
in mesoscopic structures below and above the roughening temperature is
given in ¢) and d) [19].

surface energies. Zhang et al. [25] derive models describing
groove growth while the dihedral angle changes. According
to these authors the change in the dihedral angle is caused
by the change in the surface energy due to surface conta-
minations. They express the dihedral angle as a function
of time, and after a series of simulations they conclude that
changes in the dihedral angle affect the growth exponent
for the groove depth much more than the groove width.
Growth exponents for depth values as high as 0.4 are pos-
sible in this model, whereas Mullins’ model predicts an ex-
ponent of 0.25 for both the width and depth of the groove.
Later Akyildiz et al. [26], analyzed the experimental ther-
mal grooving data reported by these authors, and compared
them with their simulation results based on a mesoscopic
nonequilibrium thermodynamics treatment. This inves-
tigation showed that the observed changes in the dihedral
angles are strictly connected to the transient behavior of
the simulated global system, and manifest themselves at the
early stage of the thermal grooving phenomenon, which is
completely overlooked by Mullins’ based approach.

Zhang et al. [27] study the effect of anisotropic surfa-
ce free energy on thermal grain boundary grooving using
modeling, simulation and experiments on tungsten. Based
on Herring’s model they show that, for tungsten, when the
anisotropy is mild, the groove profiles are self-similar in the
evolution but are often not are in proportion to those deve-
loped under isotropic material properties. The grooving ki-
netics again obeys power law with the exponent 0.25. When
the anisotropy is critical surface faceting occurs. And, when
it is severe the facets coarsen in the evolution. They exhibit
the groove profiles in evolution under different degrees of
anisotropy.

Wong and coworkers [28-32] study orientation de-
pendent surface stiffness instead of the surface free energy
explicitly in their treatments. They regularize the surface
stiffness by replacing the Dirac delta function by sharply
peaked functions while former use an analytic form for the



surface free energy which then leads to an analytic surface
stiffness and find that faceted grooves still grow with time
t with an exponent of 0.25. They stated that, anisotropic
groove can be smooth if the groove surface does not cross a
facet orientation, moreover the groove has the same shape
as the corresponding isotropic groove, but the growth rate
is reduced by a factor that depends on the degree of anisot-
ropy. Recently, Ogurtani [33] has reached exactly the same
conclusion for the four fold symmetry by applying special
analysis on the surface Gibbs free energy function adapted
from Ramasubramaniam and Shenoy [34]. The analytic the-
ory developed in conjunction with the extensive computer
simulation experiments irrecoverably proved that the smo-
oth grain boundary groove profiles can be represented by
the modified Mullins function [3] with great precision for
the symmetrically disposed bicrystal, where the Mullins’

rate parameter B is modified by an anisotropy constant
Y as, B=>Bx(1-"¥) and the isotropic complementary
dihedral angle in the slope parameter is replaced by its co-
unterpart in anisotropic case.

Ramasubramaniam and Shenoy [34] made a very se-
rious and successful attempt to obtain a weak solution of
the evolution kinetics of faceted grain boundary grooves.
They produced proper connections for the TJ displacement
velocity that resulted realistic groove root profiles for the
symmetrically disposed grain boundary and intersecting
surface configurations that are initially flat and infinite in
extent. Inspiring from this article, Ogurtani [33] made a
unique and transparent treatment of the grain boundary
triple junction singularity by the weak solution of the ext-
remum problem imposed by the mathematically more
sound Dirichlet boundary conditions to reveal the fine to-
pographic details of the groove root-profiles caused by the
non-analyticity of the surface stiffness. In a previous work,
Ogurtani [35] elaborates Hermite orthonormal functions
manifold by showing that at the asymptotic limit the discre-
te monolayer representation of the interfaces and surfaces in
more realistic Verschaffelt [36] and Guggenheim [37] model
may be converged smoothly into the Gibbs abstract model
by keeping the intensive variables (specific surface densities)
of the interfaces and surfaces invariant and taking the layer
thicknesses equal to zero at the limit and extensive variab-
les (contents) infinite. That asymptotic approach, at the ex-
pense of the fine features of the grain boundary groove root
profiles (rough and faceted regions), was successful not only
in eliminating the discontinuity in the particle flux density
at the grain boundary triple junction (which results Dirac
delta function singularity in the gradient) but also produced
most wanted continuity in the derivative of the particle flux
density as speculated by Ramasubramaniam and Shenoy
[34] to surmount the analytical difficulties. Ogurtani et al.
[38] extend this approach to simulate tilted grain boundary
grooves in thin metallic films showing four and six fold ani-
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sotropy. Later Ogurtani [39] studied the very same problem
by employing the modified cycloid-curtate function (MCC)
as a basis (generator) for the Dirac delta distribution func-
tion on the Wulff construction. This new representation
gives more flexibility on the shape of the surface profiles
even its temperature dependence by considering not only
the intensity but also the topography of the surface Gibbs
free energy anisotropy. The utilization of the MCC functi-
on also furnished a way for the smooth passage from the
soft to sharp faceting morphology by fine tuning the Wulff
roughness parameter (anisotropy constant) while keeping
topography index invariant.

Experimentally observed thermal grooves

Since its introduction in 1957, Mullins’ theory is used ex-
tensively in determination of the surface diffusion coef-
ficients (D). Once the active mass transport mechanism
is confirmed (for evaporation condensation, surface and
volume diffusion groove growth obeys t'?, t'* and t'*
time laws respectively), the ratio of the groove depth (or
width) measurements taken at different times yield the B
parameter of Eq. (26). As stated before, B is a collection
of physical constants: B=D y Q*v/KT; providing surface
energy y,is known, constant temperature experimentati-
on gives the surface diffusivity. Grain boundary grooves
are also monitored to measure the dihedral angles and
therefore to obtain ratio of surface to grain boundary
energies.

Classically, measurements were carried out by electron
microscopy or by optical profilometry techniques such as
vertical scanning interferometry, phase shifting interfero-
metry, etc. After their invention in the early 1980s, scan-
ning probe microscopies (SPMs) open up new possibilities
for studying the surface topography of thermal GB grooves.
These instruments combine the possibility to scan relatively
large surface areas with atomic resolution in the vertical di-
rection (atomic force microscopy, AFM) and in the case of
scanning tunneling microscopy (STM) lateral atomic reso-
lution can be achieved. This makes SPMs ideally suited for
the quantitative characterization of surface topography.

Mulins and Shewmon [1] studied grooving kinetics
of tilt boundaries in copper by interferometric analysis to
show the advantages of the theory in determining D . They
showed that the dominant process is surface diffusion, and
found D, values in agreement with the ones determined by
tracer diffusion studies. A good agreement was also found
by Sharma and Spitz [40] for thermal grooves on thin films
of silver from a transmission electron microscopy (TEM)
study. Tsoga and Nikolopoulos [41] studied grain boun-
dary grooving on polished surfaces of polycrystalline alu-
mina after annealing, in air, under vacuum, and in argon
atmospheres in the temperature range 1273 to 1736 K. The
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groove angles, measured by optical interferometry, showed
no significant change with experimental conditions. It was
determined that surface diffusion was the dominant mec-
hanism for the mass transport and the calculated D, values
in agreement with the literature. Tritscher and Broadbrid-
ge [42] gave a review of experiments (for diverse materials)
where surface diffusion was found to be the dominant mass
transfer mechanism.

Several researchers performed AFM studies of thermal
grooving. Schollhammer et al. [43] found excellent agree-
ment between measured and predicted groove shapes for
symmetrical tilt grain boundaries in copper. Shin et al. [44]
and Lee and Case [45] analyze surfaces of 99.9% alumina
samples and report highly asymmetric GB grooves. Rab-
kin et al. [22] attributed the asymmetry they found for GB
grooves in NiAl surfaces to the presence of a vicinal surface
on one side of a groove and modified Mullins’ [3] lineari-
zed equation for thermal GB grooving to take the negligible
mass transport on the vicinal surface into account. Qualita-
tive agreement between experimentally observed and cal-
culated groove profiles was found. Rabkin et al. [46] studied
the morphologies of GB grooves formed after annealing of
molybdenum bicrystals at the temperature close to the mel-
ting point with the aid of scanning force microscopy (SEM).
Three typical groove morphologies were observed: (i) Mul-
lins-like, albeit asymmetrical grooves with the sharp root;
(ii) grooves with the blunted root, and (iii) grooves with the
blunted root with the secondary sub-groove with the sharp
root in the region of a primary groove. Sachenko et al. [47-
49] and Zhang et al. [25, 27] studied GB grooving on the
surfaces of polycrystalline tungsten sheets. They found that
unfaceted grooves were in qualitative agreement with the
predictions of Mullins’ theory of grooving by surface diffu-
sion mass transport. They also observed asymmetric groo-
ves between faceted and unfaceted grains showing unusual
growth kinetics. Citing these works on tungsten and that of
Munoz et al. [50] on alumina, Ogurtani et al. [38] designed
special computer simulations and produced surface morp-
hologies at the stationary state which are in excellent agree-
ment with groove profiles measured by AFM and calculated
D, values which are in agreement with the literature.

CONCLUSION

Mullins’ theory was a milestone in understanding of
thermal grooving problem and provides an analytic solu-
tion which gives groove profile as a function of time and
position using classical approach. After that time seve-
ral improvements has been done by several researchers
who follow the classical approach. In this review article
we briefly discuss these concepts and conclude by giving
examples of experimental observations compared with
theoretical calculations.

It should be mentioned here that the classical approach
indeed violates formation of non-equilibrium grooves and
unable to describe transient states during grooving. A curi-
ous reader may refer to excellent papers by Suo [5], Rama-
subramaniam and Shenoy [34], Ogurtani [35], Ogurtani and
Oren [51] for a variational formulation of the problem and
Ogurtani [52] for a complete irreversible thermo-kinetics
treatment of solid surfaces and interfaces with triple junc-
tion singularities which is not intended to be included to this
review.
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ABSTRACT

Probiotic microorganisms have many health-beneficial effects on gastrointestinal
system and their therapeutic usage is becoming increasingly common in human
and veterinary medicine. Many different species and strains of bacteria, yeast and even
fungi have been extensively used as potential probiotics. Among the probiotic strains,
Lactobacillus rhamnosus is one of the most commonly used strain for probiotic treatment
and health promoting functions of this strain are well documented. To enhance
therapeutic effects of probiotics, prebiotics have been extensively used. Prebiotics
stimulate the proliferation of probiotics and this may have positive effects on the
maintenance of the balance between pathogenic and nonpathogenic bacteria. In this
study, we aimed to evaluate the effect of inulin and Auricularia polytricha aqueous extract
on the proliferation of L. rhamnosus. For this purpose, L. rhamnosus was inoculated in
three different MRS broth supplemented with inulin 5%, A. polytricha extract 5% and
with the mixture of inulin 5% plus A. polytricha extract 5%. Our results indicated that

L. rhamnosus was able to use inulin and fungus extract as a carbon source. Moreover,
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combined use of inulin and A. polytricha improved prebiotic efficacy.
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INTRODUCTION

According to World Health Organization (WHO),
the scientific definition of probiotics is “viable
microorganisms that, when administered in adequate
amount (106 to 107 cfu/g) to the human host confer
health benefits” [1, 2]. Most important health-
beneficial effect of probiotics is the regulation of
the intestinal microbiota. The effect of a probiotic
microorganism on the microecology of the intestine
is not only modulation of intestinal microbiota, but
also protection against infectious microorganisms.
There has been encouraging scientific evidences that
probiotic microorganisms may help to treat irritable
bowel syndrome, fungal and bacterial infections,
diarrhea, especially following treatment with certain
antibiotics, to prevent colds and flu, cardiovascular
diseases and several types of cancer, to reduce of
serum cholesterol levels and to modulate systemic
immunity in animals and humans [3-6]. Because of
these health-beneficial effects, therapeutic usage
of probiotics is becoming increasingly common in
human and veterinary medicine.

Nowadays, many different species and strains of
bacteria, yeast and even fungi have been extensively
used as potential probiotics. Typically strains of
lactic acid bacteria, including lactobacilli, have been
considered as the predominant microbial probiotic
group having therapeutic benefits. Among the probiotic
strains of lactic acid bacteria, Lactobacillus rhammnosus
is one of the most commonly used strain for probiotic
treatment and health promoting functions of this strain
are well documented. L. rhamnosus is a facultatively
heterofermentative rod-shaped bacterium and is
frequently found in gastrointestinal tract of healthy
individuals [7-10].

Prebiotics ~ stimulate the proliferation of
probiotics and this may have positive effects on the
maintenance of the balance between pathogenic and
nonpathogenic bacteria. Inulin, lactulose, fructo and
galactooligosaccharides are widely used prebiotics.
Among these, inulin is shown to exert a protective effect
on lactic acid bacteria by stimulating their survival and
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activity. And also, mushrooms with the rich p-glucan and
oligo-B-glucan ingredients may be the potential sources for
prebiotics. Aucularia polytrichia is known for its nutritional
ingredients and it has many beneficial effects on human
health. Its benefits include increasing blood circulation,
lowering cholesterol and blood sugar, natural anti-viral
properties, and thought to prevent dryness due to its
moistening properties [11-13]. But properly use of prebiotics
is important for stimulation of the probiotic proliferation.
Therefore, in the present study, the effects of inulin and
A. polytricha extract on the proliferation of L. rhamnosus
which is a probiotic bacteria were evaluated.

MATERIALS AND METHODS

Bacterial strains and culture media

For the preparation of active cultures, L. rhamnosus
strains were grown in Man Rogosa Sharpe (MRS)
broth (Oxoid) for 18-20 h at 37 + 1 °C. Escherichia coli
(ATCC 25922), Staphylococcus aureus (ATCC 25923),
Enterococcus faecalis (ATCC 29212), Pseudomonas
aeroginosa (ATCC 27853), Candida albicans (ATCC
10231) test Test
microorganisms were obtained from culture collection at

were used as microorganisms.
Hitit University, Faculty of Science and Arts, Department

of Molecular Biology and Genetic, Microbiology
Research Laboratory. Lactobacillus rhamnosus strain
was obtained from Gazi University, Faculty of Dentistry,
Division of Medical Microbiology. The bacterial strains
were stored at -80 °C in Nutrient broth containing 10%

glycerol as cryoprotective agent.

Antimicrobial activity of L. rhamnosus
The antifungal of L.
rhamnosus were evaluated by well diffusion method
on Mueller-Hinton Agar (MHA). Briefly, MHA plates

were inoculated with bacterial strains (100 pl) that

and antibacterial activities

were activated two times and optically standardized
(OD600=0.6A). Then wells were composed 6mm
diameter on MHA and wells were filled with 10 or 15 pl
of L. rhamnosus suspension in MRS broth and incubated

Table 1. Composition of MRS broth and medium containing prebiotics.

at 37°C for 16-18 hours. After the incubation period, all
petri dishes were investigated by zone inhibition for their
antimicrobial activity.

Preparation of fungi extract

A commercially cultivated strain of Auricularia polytricha
was purchased from Agroma Food (Turkey). To prepare
the extract of A. polytricha, distilled water was used
and 20 g sample weighted for extraction. Extraction was
made with soxhlet machine during 8-12 hours. After
extraction, solvent was concentrated in rotary vacuum
evaporator machine (Stuart Rotary Evaporator, RE300P).
The extract was then membrane filtered (0.45-pm pore
size) to avoid contamination in works. Extracts were
protected from light and kept in +4°C until executing the
experiments.

Evaluation of prebiotic effect of inulin and A.
polytricha extract

Inulin, A. polytricha aqueous extract and a mixture of
inulin and the extract were used as prebiotic to improve
the proliferation of L. rhamnosus. For this purpose, L.
rhamnosus was activated two times in MRS broth and
incubated 16-24 hours at 37°C. The bacterial suspension
was adjusted to an optical density at 600 nm (OD600)
of 0.6 to standardize the cell density of the samples.
Activated and optically standardized microorganisms
were inoculated (2% v/v) in 5 ml of MRS and culture
medium containing different types of prebiotics. Table 1
shows the composition of these mediums. Prebiotics were
added to MRS broth instead of glucose. Fermentations
were carried out at 37°C independently, in duplicate,
without any agitation. At the end of the incubation
time, bacterial cell concentration in modified MRS was
determined spectrophotometrically at 600 nm.

Counts of viable bacteria

Cell counts were made by plating in duplicate after
fermentation. Samples (1.0 mL) were added to 4.0 mL of
MRS broth and serial dilutions were made. After from

Components (g/L) MRS broth MRS + inulin MRS+ Fungus extract MRS+ inulin+ Fungus extract
Pepton (g/L) 10 10 10 10
Yeast extract (g/L) 5 5 5 5
Meat extract (g/L) 10 10 10 10
Glucose (g/L) 20

Potassium phosphate dibasic (g/L) 2 2 2 2
Sodium acetate.3H,0 (g/L) 5 5 5 5
Triamonium citrate (g/L) 2 2 2 2
Manganese sulfate. H,O (g/L) 0.05 0.05 0.05 0.05
Magnesium su[fate.7H20 (g/L) 0.1 0.1 0.1 0.1
Tween8o (mL/L) 1 1 1 1
Inulin - 5% - 5%
A. polytricha - - 5% 5%




dilutions, L. rhamnosus was inoculated on MRS Agar,
with pH adjusted to 6.8, and incubated at 37 °C for 16-18
h.. Then, colony forming units (CFU) were enumerated
in plates containing colonies, and cell concentration was
expressed as CFU/ml

Statistical analysis

The all experiments were done in duplicate. The results
were expressed as means + standard deviations (SD).
Statistical analysis was performed on the data by SPSS
20.0 bivariate Correlation Analysis (SPSS Inc., Chicago)
with statistical significance determined at 0.05.

RESULTS AND DISCUSSION

Antimicrobial activity of L. rhamnosus

Previous studies provided evidence that Lactobacillus
species  had effect pathogenic
microorganisms [14]. In this study, L. rhamnosus was

inhibitory on
examined for antimicrobial activity against pathogenic
microorganisms Escherichia coli, Staphylococcus aureus,
Pseudomonas aeroginosa, Enterococcus faecalis and
Candida albicans. In our study, no antimicrobial effect
of L. rhamnosus was detected on tested pathogens.
Davoodabadi et al. [15] tested Lactobacillus strains with
human origin for their antimicrobial activity against
diarrheagenic Escherichia coli. A total of 20 Lactobacillus
isolates were identified from stool samples. Lactobacillus
fermentum was the most frequently isolated strain,
followed by L. plantarum and L. rhamnosus. The findings
showed that Lactobacillus strains with human origin
had a mild inhibitory activity against the diarrheagenic
E. coli. It was mentioned that the mechanism of
antimicrobial activity of Lactobacillus strains appeared
to be due to the production of organic acids or hydrogen
peroxide. In another study, antimicrobial activity and
antibiotic susceptibility were tested for 23 Lactobacillus
and three Bifidobacterium strains. Agar-well diffusion
method was used to test the antagonistic effect against
Staphylococcus aureus, E. coli, Bacillus cereus and C.
albicans of acid and neutralized lyophilized concentrated
with
neutralized L. bulgaricus, L. helveticus, L. plantarum,

supernatants. Inhibition of two pathogens
L. fermentum was detected. Some strains maintained
activity after pH neutralization, indicating presence of
active substances [16].

Evaluation of prebiotic properties of inulin and A.

polytricha aqueous extract

Prebiotics such as oligosaccharides and inulin promote
the development of probiotic microorganisms. Nowadays,
some macrofungus are presumed to be prebiotic like
inulin and various studies are being carried out [17]. In
our study, we compare Lactobacillus rhamnosus growth
in MRS broth and MRS supplemented with inulin and

Auricularia polytricha aqueous extract. Growth activity
of L. rhamnosus in MRS broth and in medium containing
prebiotics resulted in different growth profile. Figure 1
shows the data for growth rate of L. rhamnosus in the
medium with and without glucose. It was observed that
the development of L. rhamnosus in glucose-containing
MRS medium was fairly good (OD600nm = 1.972A),
while the removal of glucose resulted in a somewhat
weaker development. The addition of inulin as prebiotic
instead of glucose led to the continue development of L.
rhamnosus (OD600nm=1.058 A). The prebiotic effect
of A. polytricha, which is a macrofungus, was found to
be weaker when compared to inulin (OD600nm=1.032
A). When the concurrent effect of inulin and fungus is
examined, inulin was found that the effect was slightly
higher than the fungus alone (OD600nm=1.046 A).
However, no statistical difference was observed (p>0.05).
Kaplanetal. [18] studied the effect of inulin on the growth
profile of sixteen Lactobacillus strains. It was established
that twelve of these strains were able to ferment inulin. In
another study, a significant increase in lactobacilli levels
in colon rats was observed when the culture medium was
supplemented with inulin [19]. This is the first study, to
our knowledge, to test the prebiotic effect of A. polytricha
aqueous extract. Synytsya et al. tested the prebiotic
effect of aqueous and alkali extracts of two cultivated
mushrooms that belong to same class with A. polytricha.
The difference between the values of maximum growth
rate and maximum biomass concentration measured for
the medium without and with the extract was compared
for the extracts of Pleurotus ostreatus and Pleurotus
eryngii. In most cases the extracts from P. ostreatus and
P. eryngii support probiotic bacteria growth rate and
biomass Lactobacillus strains. Extracts from P. eryngii
proved better growth source than those from P. ostreatus.
Lactobacillus strain Lac A grew with the same rate as
control as with water extract of P. eryngii, but alkaline
extract increased this rate twice [20].

Figure 1. Proliferation of L. rhamnosus with effect of inulin and A.
polytricha extract
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Counts of viable cells

Viability of L. rhamnosus was calculated as colony-
forming units. As shown in Figure 2, L. rhamnosus
viability determined 1.87 x 104 cfu/ml in control medium,
2.08 x 104 cfu/ml with inulin, 1.92 x 104 cfu/ml with A.
polytricha and 2.22x104 with inulin plus A. polytricha.
These results point out a generalized stimulation of the
proliferation of L. rhamnosus induced by prebiotics. The
influence of inulin on probiotic survival is consistent
with the observations of several authors, who observed
a clear beneficial action of this prebiotic on the viability
of L. rhamnosus [21, 22]. Oliveira et al. [23] observed
significant difference for viable counts of L. rhamnosus,
which was strongly influenced by the inulin. The
mean probiotic viable counts were 4.1% higher than in
the control in the presence inulin. Although there is
some information on the effect of A. polytricha on the
intestinal flora in the literature, there is no definite study
relation with the prebiotic effect of its.

Figure 2. Viability of L. rhamnosus

CONCLUSION

Probiotics are effective in the prevention and treatment
of numerous diseases such as irritable bowel syndrome,
cancer, urinary infections. Lactobacillus rhamnosus
is one of the most used probiotic. To enhance their
proliferation and therapeutic effects, substrate like inulin
are widely used as a prebiotics. The prebiotic effects of
inulin and several mushrooms have been confirmed in
some clinical researches. In this research, we evaluated
the effect of inulin and Auricularia polytricha extract on
the growth profile of L. rhamnosus. Our results indicated
that L. rhamnosus could use inulin and A. polytricha
extract as a carbon source. Further studies on health
benefit in animal models will be also conducted.
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ABSTRACT

In this paper, the effects of internal heat exchanger (IHX) effectiveness on the
performance parameters of the refrigeration cycle with R1234yf were theoretically
investigated. For this purpose, a mathematical model was developed based on the energy

balance of the cycle. The analysis were performed between -20°C and 0°C evaporation

and 40°C and 50°C condensation temperatures based on the effectiveness value of THX.

The cooling capacity, coefficient of performance (COP), subcooling, superheat and
compressor discharge temperature of the refrigeration cycle was examined. Finally, the
performance results of the cycle with R1234yf were compared with the baseline cycle
that utilizes with R134a. As a result, it was determined that the critical effectiveness to

supply the same COP with R1234yf was determined 50% in comparison the baseline
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INTRODUCTION

ccording to European Commission (EC) Regu-

lation No 517/2014, Directive No 40/2006 was
rearranged so that usage of refrigerants that have
GWP value higher than 150 is prohibited in mobile
air conditioning systems by 2022 [1, 2]. Thus, finding
a new alternative refrigerant to R134a (GWP=1430)
has become a necessity and recent studies mainly
have been focusing on this topic [3]. Refrigerants such
as R152a, R1234yf, R1234ze and R744 (CO2) were
suggested in the literature as environment friendly
refrigerants [4, 5, 6, 7]. As an alternative refrigerant,
R1234yf (GWP=4) has attracted great attention due
to its similar thermophysical properties in compari-
son with R134a [7, 8]. Therefore, various theoretical
and experimental comparison studies about R1234yf
can be found in the literature. Among them; Naushad
et al. theoretically investigated R1234ze and R1234yf
as alternatives to R134a in simple vapour compressi-
on refrigeration system. They claimed that R1234yf
can be a good alternative to R134a after made some
necessary modifications, such as selecting suitab-
le compressor oil and pipe sizes. On the other hand,
their study showed that R1234ze requires bigger

compressor displacement volume to supply same co-
oling capacity [9]. Hosoz et al. experimentally evalu-
ated the automotive air conditioning (AAC) system
with R1234yf as a function of different ambient tem-
peratures. Their results showed that the cooling ca-
pacity and COP of R1234yf were lower between 3.50-
6.99% and 5.98-21.42% than R134a. [10]. Zilio et al.
experimentally and numerically investigated R1234yf
in AAC system that was originally designed to work
with R134a by making simple modifications. They
found that the cooling capacity and COP of R1234yf
were quite lower than R134a for the same system. Ho-
wever, their numerical simulations showed that at the
same cooling capacities, the system with R1234yf wo-
uld have higher COP by enhancing the effective areas
of the condenser and evaporator by 20% and 10%, res-
pectively [11]. Daviran et al. developed a simulation
program to evaluate the performance comparison of
the AAC system that works with R1234yf and R134a.
They observed that the COP of the system with
R1234yf was 18% higher than R134a in case of cons-
tant mass flow rate and lower for the equal cooling
capacity by 1.3-5% [12]. Qi investigated the potentials
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to improve the system performance parameters for the
operation of an AAC system using R1234yf. He found
that the cooling capacity and COP values of the system
was increased up to 15% by changing the subcooling deg-
ree from 1K to 10K in the condenser. Moreover, he clai-
med that the cooling capacity of the system can increase
72.8% by increasing the compressor volumetric efficiency
from 55 to 95% [13]. Navarro et al. experimentally studied
with R1234yf as a drop-in alternative for R134a in vapour
compression refrigeration system. They determined that
the COP of R1234yf was 5 to 30% lower than R134a. In
addition, when the condensation temperature increased
from 313.15 to 333.15 K, they obtained that the COP dif-
ference between R1234yf and R134a decreased up to 8%.
They concluded that the IHX would cause even more
reduction in the COP difference [14]. Babiloni et al. in-
vestigated the performance of an air conditioning system
using R134a, R1234yf and R1234ze. The results were pre-
sented as a function of various evaporator and condenser
temperatures for three refrigerants. They determined
that R1234yf and R1234ze were showed lower cooling
capacity values compared to R134a by 9% and 30%, res-
pectively. Additionally, they claimed that the cooling ca-
pacity values were diminished against the increased con-
densation temperature. They concluded that the cooling
capacity and COP of the system with R1234yf would tend
to increase by adding IHX at 30% effectiveness [15]. Do-
manski et al. determined the influence of the liquid line/
suction line heat exchanger to the refrigeration system.
According to the refrigerant properties and operating
conditions, they obtained that the liquid line/suction line
heat exchanger can be enhanced the system performan-
ce parameters [16]. Aprea et al. demonstrated the conse-
quences of the adapting IHX to the refrigeration system.
They expressed that preventing flash gas formation at
the inlet of expansion valve and liquid contained vapour
which enters to compressor are the benefits of IHX [17].
Klein et al. investigated the influence of IHX on the per-
formance of a refrigeration system for a number of alter-
native refrigerants. They found that when IHX adapted to
the system the mass flow rate of the system was decrea-
sed due to decreasing suction density. Additionally, they
implied that for some refrigerants the cooling effect was
increased with increasing subcooling degree supplied
with IHX [18]. Mastrullo et al. conducted experiments to
show the performance of 19 ozone friendly refrigerants.
They implied that installation of IHX can have positive or
negative effect regarding to the refrigerant fluids. Their
results showed that the IHX had the same influence on
the COP and refrigerating volumetric capacity [19]. Mo-
les et al. performed theoretical comparison analysis with
R1234yf and R1234ze in different single stage vapour
compression refrigeration system configurations. They
obtained the best performance for the system with IHX
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when ejector or expander used as an expansion device.
They claimed that using IHX with effectiveness over 45%
significantly enhanced the COP of the system. Consequ-
ently, they determined the relative difference between
R1234yf and R134a in COP and cooling capacity were
lower for R1234yf by 4-8% and 4-7%, respectively [20].
Cho et al. conducted experiments to perform the energy
and exergy analysis of the AAC system with and witho-
ut using IHX. They determined that COP of the system
with R1234yf was 3.6 to 4.5% lower than R134a. Additi-
onally, with presence of IHX, the COP of the system was
found to be 0.3-2.9% lower for R1234yf at the compressor
speed between 800-1800 rpm. Moreover, they observed
that it was 0.9% higher at 2500 rpm. On the other hand,
they indicated that the total exergy destruction rate was
decreased by adapting IHX to the system with R1234yf
[21]. Navarro et al. experimentally determined the effects
of IHX in conventional vapour compression refrigerati-
on system. They carried out 36 steady-state tests with
various operating conditions and compared the results
between R1234yf and R134a. They found that the relati-
ve cooling capacity and COP was reduced using IHX by
2% and 6%, respectively [22]. Pottker et al. demonstrated
that the COP of the system with R1234yf was increased
by increasing subcooling degree of the condensed liquid
when IHX used in the system. They used 1.5 m alumini-
um concentric double pipe IHX with 35% effectiveness in
their system. They observed that the COP of their system
was improved by 16% due to increased subcooling degree
with IHX [23]. Coating materials are made for increasing
corrosion resistance of material, preventing discontinu-
ity on metals (scratches, pores) and gaining functional
quality [2]. In gears while coating, decreases surface ro-
ughness of gear, scoring resistance and corrosion resis-
tance are increased.

In this study a more comprehensive performance
analysis approach was followed based on variable effective-
ness of IHX and operating conditions. For this purpose, a
conventional refrigeration cycle was considered. The result
were discussed under two different parts. In the first part,
the variations of subcooling, superheat and the compres-
sor discharge temperature of the cycle with R1234yf were
examined based on effectiveness. In the second part, the
influence of the effectiveness on the cycle performance pa-
rameters for R1234yf was compared with the baseline cycle
that utilizes R134a. The cooling capacity and COP values

Table 1. Operating Conditions

Parameters Value(s) Range
Evaporation temperature (T, p) -20-0°C 5
Condensation temperature (T, ) 40-50°C 2
Reference superheat 5°C Fixed
Reference subcooling 10°C Fixed
IHX effectiveness (E/HX) 0-100% 25



were investigated as performance parameters of the refri-
geration cycle. Finally, the relative performance parameters
were compared under various evaporation and condensati-
on temperatures.

MATERIALS AND METHODS

Description of the Cycle

As seen in Figure 1, the theoretical cycle consists of a
compressor, condenser, evaporator, expansion valve and
the IHX which is added between the evaporator and con-
denser outlets. Zero effectiveness represents the basic
cycle and R1234yf follows the same cycle with R134a. On
the other hand, in the mathematical model, the effective-
ness values of IHX are considered only for R1234yf.

Thermodynamic Analysis

In order to determine the performance parameters,
the mathematical model based on energy balance of
the theoretical cycle were developed. For this purpose,
the operating conditions represented in Table 1 were
considered as basis of the calculations. The subcooling
and superheat was used as constant values for the
zero effectiveness. Therefore, these are selected as the
reference values of the cycle. Additionally, the range of
condensation and evaporation temperatures was selected
according to the working conditions of real refrigeration
system.

The following assumptions were made in order to carry
out the calculations:

1. Steady-state operating conditions were assumed.

2. The changes in kinetic and potential energies are
negligible.

3. The pressure losses within components and pipes
are negligible.

4. Volumetric efficiency (n,) of the compressor is 1.
5. Isentropic efficiency (n,) of the compressor is 1.

6. Compressor, expansion valve and pipes are adia-
batic.

7. Isenthalpic process is considered at the expansion
valve.

The energy calculations are based on kJ per kg.
Additionally, the formulas were utilized for the ideal vapour
compression refrigeration cycle with IHX using the first law
of thermodynamics.

The suction line temperature (T,) can be expressed as;

T=T,_+T, 0

1 evap
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Where, Tevap, represents the evaporation temperature
and T is superheat.
The temperature at the condenser outlet (T3) can be

defined as;
T3: Tcond - Tsc (2)
Where, T, represents the condensation temperature

and T is subcooling,

AT is the difference between condenser outlet

max

temperature and evaporator outlet temperature:

=T,-T

X 3 1

AT, ®)

The maximum heat flux (q_, ) can be determined by

ax:

Equation 3.
qmax: Cp] A'rmax (4)

Where, Cp, is the specific heat at constant pressure for
the suction line.

Accordingly, the heat flux of THX (q,,,) based on
effectiveness, is calculated as follows;

®)

Dirx™ €irx Imax

Condenser
3 2
1 o
@
Internal o
Heat Exchanger g
Q
o
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3
Expansion
Valve
2 AYAYAY,
Evaporator

Figure 2. The changing of weight in the pinion to determine the critical
scoring load

Where, ¢ is the effectiveness of IHX.

The refrigerant temperature at the IHX outlet for the
evaporator side (T,) and for the condenser side (T,) can be
calculated using Equations 6 and 7.

T, =(q,,/Cp) + T, 6)
T3’ = T3 - (qux/Cps) (7)

Where, Cp, is the specific heat at constant pressure for
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Figure 2. Flowchart for the refrigeration cycle

the subcooled refrigerant.

The compressor discharge temperature (T,) and
(h,)
compression process in the compressor. Additionally, the

enthalpy value were obtained by the isentropic

enthalpy value at the outlet of the expansion valve (h,) was

obtained by the isenthalpic process in the expansion valve.
The superheat and subcooling can be determined by

Equations 8 and 9;
Tsh: T1' - Tevap (8)
Tscz Tcond - TS’ (9)

The cooling capacity (q,,, ) can be expressed as;

Gevsp= 1y - (10)

1 4

Compressor work can be calculated by Equation 11.

comp: hz - hl (11)
COP can be expressed as;
CcOopP =qevap/wComp 12)
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In order to compare the performance parameters of the
cycles with R1234yf and R134a under various effectiveness
values, the equations 13 and 14 was used;

COP% =((COP corp,,,)/COP

*100 13)

R1234yf R134a) R134-a)

qevap% z((qevap’R1234yf - qevap’R]34a)/ qevap’Rlsa,a)*lOO (14)

The mathematical model was developed using
Engineering Equation Solver (EES-V9.172-3D) and the
enthalpy values were extracted from the EES database
[24]. The program algorithm flowchart is shown in
Figure 2.

RESULTS AND DISCUSSION

Inthefirst part of this section, the variations of subcooling,
superheat and the compressor discharge temperature of

the cycle with R1234yf were investigated with respect
to the effectiveness. In the second part, the influence of
the effectiveness on the cycle performance parameters
for R1234yf was compared with the baseline cycle that
utilizes R134a. The changes in subcooling and superheat
versus condensation temperature are shown in Figure
3a, b where the evaporation temperature is maintained



at -10°C. It is understood from the Figure 3a, that the  subcooling was obtained at the theoretical limits of
subcooling increases with increasing effectiveness due  the operating conditions where the condensation
to the raise in heat flux of the IHX against constant  temperature and effectiveness were 50°C and 100%,
evaporation temperature. Additionally, the maximum  respectively. On the other hand, superheat is increased
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Figure 3. Variation of (a) Subcooling versus condensation temperature, (b) Superheat versus condensation temperature

—@—(1=100% [ 1=75% —A—1x=50% —B-Tip=25% —V— ,Hfo%\ —O—(1=100% P 1=75% —A—=50% —M-[1=25% —F—j=0%)
55 55 ‘
50 50 -
45 45 ®
40 40\
— \N\
35‘\m\ o o > \"\‘
.
g oo < 30 —
=
8 25—y A 2 25 —
- 4 “\\\
20 20
I —
15 L L n 15 n —
B
10 10
5 5
0 0
-20 -15 -:I.OO -5 0 -20 -15 -:I.O0 - 0
Tevap (°C) Tevap ("C)
a) b)
Figure 4. Variation of (a) Subcooling versus evaporation temperature, (b) Superheat versus evaporation temperature
—@—11x=100% —p— 11=75% —h—ix=50% —B j=25% —F— =0 —@—1=100% —P—x=75% —A—[x=50% —B—[=25% —F—}=0%
100 100
q )
90 90
/../ n\
80 % L] (//D 80k @
S — // 5 \ »\
70 —— <70 A——— b
R i/n/ = —_— \”\,
60 60
— — —
- . .
L L
50 50
40 P/A 40
40 42 44 46 48 50 -20 -15 -10 -5 o]
Tcond (OC) Tevap (OC)
a) b)

Figure 5. Variation of (a) with condensation temperature, (b) with evaporation temperature
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Figure 7. (a) q,,,,% versus evaporation temperatures, (b) COP% versus evaporation temperatures

by increasing effectiveness as shown in Figure 3b. rature did not exceed 93 °C. However, these values were
Furthermore, the rate of increase for superheat is higher  calculated when the isentropic efficiency of the compres-
than that of subcooling with increasing effectiveness. sor assumed as 1. In reality, the actual values would be
obtained higher than these amounts.
Figure 4a, b shows the variations of subcooling
and superheat versus evaporation temperature where The performance parameters of the cycle such as COP
the condensation temperature is maintained at 44°C. and qgevap values are highly depend on the condensation
Subcooling and superheat tend to decrease while  and evaporation temperatures of the refrigerant. Therefore,
evaporation temperature increases due to reduction in  in Figures 6 and 7, the influence of the effectiveness on the
specific heat values at the outlets of IHX for the evaporator ~ cycle performance parameters for R1234yf was compared
and condenser sides. It has to be noted that at 44°C of  with the baseline cycle that utilizes R134a under various
condensation temperature and -10°C of evaporation  evaporation and condensation temperatures.
temperature, the subcooling and superheat are the same
with respect to the IHX effectiveness. Figure 6a shows that the cooling capacity was
decreased with increasing condensation temperature when
The compressor discharge temperature is an  the effectiveness was zero for R1234yf. The main factor
important parameter for compressor performance due to  affecting the cooling capacity is the decreasing enthalpy
the compressor oil operating working range. Figures 5a, b difference in the evaporator associated with the increasing
indicates the variation of compressor discharge tempe- condensation temperature. Conversely, the cooling capacity
rature based on effectiveness. It was observed that for all ~ was increased because of higher subcooling supplied
operating conditions, the compressor discharge tempe with adapted IHX to the cycle. On the other hand, the
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cooling capacity of R1234yf was higher than R134a after
44°C condensation temperature with 100% effectiveness.
However, the relative COP difference was closed at 42°C
condensation temperature with 50% effectiveness as shown
in figure 6b. Above 50% effectiveness the COP of R1234yf
is higher than R134a regardless to the condensation
temperature. This situation is directly related with the
energy consumption in the compressor. For instance, at
42°C condensation temperature with 50% effectiveness,
the relative cooling capacity and COP are 12% and 0%,
respectively. This is due to the smaller energy requirement
of R1234yf to run the compressor for the same conditions in
comparison with R134a.

Figure 7a shows that the cooling capacity increases
with the increasing evaporation temperature at zero
effectiveness. Besides, it was determined that the IHX was
helped to improve the cooling capacity. The cooling capacity
difference is nearly the same for all investigated evaporation
temperature. However, when the effectiveness is above 25%,
the difference is getting wider with increasing evaporation
temperature. The most dramatically reduction was
observed when the evaporation temperature is increased
at the 100% effectiveness value. Figure 7b indicates that the
relative COP difference changed similarly with the cooling
capacity. However, the critical effectiveness to achieve the
same COP is 50% for R1234yf.

CONCLUSION

In this theoretical study, the performance parameters
of R1234yf were evaluated for various condensation and
evaporation temperature by adding the IHX to the ref-
rigeration cycle. The results were compared under var-
ying IHX effectiveness with basic cycle of R134a. The
outcomes from theoretical analysis can be summarized
as follows:

e  Thesubcooling and superheat degrees are increase
with increasing condensation temperature. On
the contrary, these values are declined with in-
creasing evaporation temperature. Besides, these
values increase with increasing effectiveness, re-
gardless to the operating temperatures and the
rate of increase for superheat is higher than that
of subcooling.

e  Similarly, increasing effectiveness causes the com-
pressor discharge temperature increases. In reality,
when the compressor discharge temperature ex-
ceeds 100°C, it should be considered for the safety
reasons.

e At 25% effectiveness, the relative cooling capac-
ity difference is not influenced by the variation
of condensation and evaporation temperature.
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Although, in high condensation and low evapora-
tion temperature conditions, the relative cooling
capacity difference increases with increasing IHX

effectiveness.

e Moreover, relative cooling capacity and COP dif-
ference are changed similarly under various evap-
oration and condensation temperatures. Finally,
the critical effectiveness value to achieve the same
COP with R1234yf is 50%.
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n this study, a novel In-Drum Brushless Direct Current (ID-BLDC) motor is
Iproposed to Eddy Current Separator (ECS) which separates nonferrous metals from
waste. The ECS’s separation efficiency depends on magnetic drum speed. ID-BLDC
motor is designed with outer rotor structure and placed in ECS magnetic drum in order
to improve separation efficiency. The magnetic drum is directly driven by this motor

because it doesn’t require coupling mechanisms. It has very simple structure since no
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rotor windings, brushes and bracelets. The ID-BLDC motor has high reliability, high

efficiency and high power-to-volume ratio. Proposed motor has 8 poles, 3 phases, 373
W (0.5 HP) and 1750 rpm rated speed. Output parameters are calculated for full load
and verified by Finite Element Analysis (FEA) under the over load, full load, half load,

quarter load and no load conditions for transient and steady state.
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INTRODUCTION

CS is a machine that provides recycling via sepa-

ration of nonferrous metals by means of the eddy
current effect. It separates copper, aluminum, brass,
silver and similar valuable metals from wastes. The
most important component of ECS that affects sepa-
ration performance is magnetic drum. Higher rates of
rotation and the multipolarity of the magnetic drum
results in greater magnitudes of eddy currents in the
metal that will be separated according to Faraday
principles. In this case, the separation efficiency inc-
reases, while making the separation of smaller sized
particles possible [1].

In General ECS, the drum is driven by a coupled
motor. This motor rotates the drum directly by coup-
ling or with a belt and pulley mechanism. In this case,
reaching higher speeds is difficult due to loss in transfer
organs and the balance effect. ECS machine and wor-
king principle scheme are given in Fig.1.

This study proposes the design of an outer rotor
BLDC motor to be installed in the drum to increase
the ECS performance and to separate metals with small
particle sizes. A BLDC motor consists of a stator with

Figure 1. ECS machine and working principle (BUNTING
Magnetics (TM)).

coils, a rotor with permanent magnets, position sensors
and driver circuits. The driver circuits assume the role
of the brush collector setup of classic brushed DC mo-
tors, while the position sensors provide the rotor posi-
tion data to the controller. Based on position data and
the rotation direction, the controller excites the related
motor phase.
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BLDC is placed in a drum with an out runner rotor.
In these types of motors, the stator is fixed at the center of
the motor and the rotor made of permanent magnets ro-
tates around the stator. It drives the drum directly without
a requirement of motion transfer organs. Hence, it has a
higher efficiency due to the fact that there is no mechanical
transfer loss and that it can work at high rates. The motor
requires less space since it is located in the drum in com-
parison with drums that are driven externally and it is also
aesthetically pleasing.

Literature surveys carried out put forth that there are
no studies related to the application of BLDC motor in the
drum. However, there are several studies about outer rotor
BLDC designs. Some of these studies are summarized be-
low:

In outer rotor BLDC motors, the width of the stator
slots significantly affect the produced cogging torque. It was
observed that BLDC motors designed with wide slots pro-
duced higher cogging torque [2].

The geometric structure and basic parameters (PM
angle, PM residual induction, PM relative permeability, PM
height, rotor yoke height) of permanent magnets that are
present in the outer rotor BLDC motors affect the magne-
tic flux generated in the air gap. The change in magnetic
flux generated for various parameters was analyzed by finite
elements method by taking the geometric structure of the
permanent magnets and the nonlinear characteristics into
account [3].

The armature flux generated by the current passing
through the BLDC motor’s stator coils is omitted when
the motor runs in an unsaturated area. However, when the
motor is run in a saturated area, it is stated that this effect
grows, disrupts the air gap flux density thus failing to reach
a uniform torque distribution [4].

The outer rotor BLDC motor drives with permanent
magnets were also covered for electrical and hybrid vehicles.
The machine topology, driver operations and control strate-
gies were emphasized [5].

An outer rotor BLDC motor was designed for light
traction at low rates using finite elements method (FEM).
Rate, phase current, power and torque curves with respect
to time were assessed to observe the performance of the de-
signed motor’s [6].

A hybrid permanent magnet hydrodynamic bearing
was designed. It works passively and contactless. Various
permanent magnet topologies are studied and analyzed by
FEM in terms of axial forces and stiffness [7].
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It was studied about a current distribution control on
dual direct-driven wheel motors for electric vehicles. The
vehicle dynamics and control strategy are modeled and the
control performance is simulated numerically [8].

The application of the VSS (variable structure system)
approach to the position control of an AC brushless servo
motor is discussed. A DSP (digital signal processor) is used
to make the time needed to calculate the control input [9].

H2 and Heo controllers were designed for a permanent-
magnet synchronous motor drive system without using
shaft position sensor, and presents the field-weakening
control algorithm of the drive system. [10].

In this study, a BLCD motor design was proposed for
an ECS magnetic drum drive. The motor has an outer rotor
and is placed in the drum. This way, the system has a high
efficiency, as is the case for direct drive, since there will be
no power transfer losses in the drum. This predicted motor
design was verified for the predicted system via analytical
methods and magnetic analyses were carried out for various
loads via finite elements methods. In these analyses, torque,
phase currents and rate parameters were calculated for tem-
porary and permanent states, and presented with graphs.

ID_BLDC MOTOR

The ID-BLDC motor is an outer brushless DC motor that
is placed in the drum. The stator of this motor is fixed
and attached to a fixed shaft. The rotor is coupled to the
drum and provides motion. Permanent magnet poles
are used in the motor’s rotor. The power/volume ratio of
the motor is high due to the additional power provided
by the magnets. As such, the proposed motor can easily
be placed in the drum due to its smaller size. Since the
motor has an outer rotor, it provides advantages such as
high torque and less noise [11], due to the increased rotor
diameter. The only disadvantage of ID-BLDC motors is
difficulty in cooling since it is inside the stator. However,
since the motor in ECS works under the constant load,
the motor works at nominal current. Therefore, overhea-
ting does not occur.

Motor Selection

The weight of the drum (m), inertia moment (J), angular
acceleration («) and motor speed (n) were taken into ac-
count in order to determine the predicted motor power.
The drum in which the ID-BLDC was placed in is shown
in Figure 2a and Figure 2b. The length of the drum Id =
0.3 m, the outer radius R1 = 0.056 m and the inner radius
is R2 = 0.046 m.



(a)

(b)

Figure 2. a) Drum, b) ID-BLDC motor inside of the drum

The acceleration time it took for the motor to reach the
rated speed was taken as 3 seconds. With these data at hand,
the volume and specific weight of the drum were initially
considered, and the mass (m) of the drum was calculated as
approximately 10 kg. To determine the inertial moment, the
gyration radius (RO) is calculated using Equation 1:

2 2
R, = /Rl +R;
2

From this point, the inertial moment is calculated with

@

Equation 2:

J =mR] )

The torque required to bring the drum to its rated spe-
ed in 3 seconds is calculated with Equation 3:

T=ja @

Using these equations, the moment is calculated as 1.59
Nm. When the 1750 rpm rate is taken into account, the re-
quired motor power is found as 291.38 W by using Equation
4. The nominal power of the motor is proposed as 0.5 HP
(373 W) by taking the losses into consideration.

P=Tw (4)
The ID-BLDC motor can be controlled with an approp-

riate BLDC motor driver. Table 1 consists of nominal values
of the ID-BLDC motor.

The ID-BLDC motor can be controlled with an approp-
riate BLDC motor driver. Table 1 consists of nominal values
of the ID-BLDC motor.
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Table 1. Rated values of the IN-BLDC motor

Nominal elements of the formulas ~ Nominal Value
Output Power (HP) 0.5

Voltage (V) 220

Current (A) 1.76

Efficiency (%) 82.92

Speed (rpm) 1750

Torque (Nm) 1.75

Table 2 shows the model’s dimensions, and Figure 3
shows the cross-sectional view of the model.

Table 2. ID-BLDC motor dimensions

Symbol Quantity Size

D, Rotor Inner Diameter 0.082m
Dy Rotor Outer Diameter 0.092m
D, Shaft Diameter o0.o03m
D, Stator Inner Diameter 0.03m
D, Stator Outer Diameter 0.074m
Ly, Stack Length 0.04m
L, Air Gap Thickness 0.001m
N, Number of Rotor Poles 8

N Number of Stator Poles 24

8, Magnet Degree 0.79 rad

Figure 3. ID-BLDC'’s cross section and dimension expressions

Electromagnetic Model of ID-BLDC

Core reluctance was omitted as the air gap and the mag-
netic reluctance are high in BLDC motors, In this case,
the air gap reluctance (R ) and the permanent magnet re-
luctance (R_) in the magnetic circuit of an ID-BLDC, as
seen in Figure 4, is calculated using Equation 5. Where lg
is air gap distance and |  is magnet length, S is the effec-
tive surface area of stator pole.

| |

R =—2% R =_m 5
g /JUS m ()
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Figure 4. a) Drum, b) ID-BLDC motor inside of the drum

If magnet permeability (i_) and vacuum permeability
(1,) are assumed to be equal (u_=p,) the total reluctance of
the magnetic circuit is expressed as shown in Equation 6
[12].
I, +1

g m

HoS

R=R;+R, = ©®)
Magnetic permanence (p,) is calculated via Equation 7:

i_ HoS
R, Ig+lm

Po =

@)

The total flux (@ ) in magnetic circuit shown in Figure
4 [13]. Where B_, B_are magnet and air gap magnetic flux
densities, A, Ag are the cross sectional areas of magnet and
air gap respectively. H_is the magnetic field intensity in air
gap.

¢:BmAﬂ:BgAg:1u0HgAg (8)

The magnetic flux density (B, ) is found by using Equ-
ation 9 [13]. Where p_ is the relative permeability and H,_is
the magnetic field intensity in the magnet.

Bm = ,UnuoH m (9)

Equation 10 is derived from Equation 8 and Equation 9:

= p uHLA, (10)

Magneto motive force (F) is found by using Equation
11:

F=¢R =Nl=IH +IH, (11)

Where N is the number of turn. The current (I) passing
through the stator coils is derived from Eq.11 and is calcu-
lated by Eq.12 [14].

R

N (12)
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The power (P) is supplied from the network is found by
using Equation 13. The rated voltage applied on the motor
is 220 V DC.

P=UlI (13)

Basically torque can be calculated by using Equation
(4). The efficiency is output mechanical power (Pm) to input
electrical power (Pi) ratio. Electrical and mechanical powers
are found Eq.13 and Eq. 4 respectively.

ASSUMPTIONS

The magnetic flux in the core is assumed to be uniform
in analytical calculations. The saturation effects were not
taken into account and BH characteristic of the core ma-
terial was assumed to be linear.

The analyses were carried out using ANSYS/Maxwell
program which solves equations via 2D finite elements met-
hod. M19 material was used as core material. The BH curve
of this material is given in Figure 5. The NdFeB (N35) mag-
nets are allocated on rotor surface. For the motor control,
a standard BLDC motor drive was used. In FEA, motor is
driven by external circuit. This circuit is taken into conside-
ration, voltages and speed are accepted as constant in steady
state.

Figure 5. BH curve of M19 material
FINITE ELEMENT ANALYSIS (FEA)

2D transient analyses of proposed motor were carried out
with FEA software AnSys Maxwell. For the analysis, the
calculations were obtained for no-load, 25%, 50%, full-
load, 125%, and overload (150%) conditions. The change
in speed with respect to time are shown in Figure 6, with
taking the FEA transient results into account. Figure 6a
shows the change in speed with respect to load in transi-



ent state, and Figure 6b shows the average change in spe-
ed for steady-state conditions.

As can be seen in Figure 6a, the motor reaches steady
state after 60 ms. And as seen in Figure 6a and 6b, as the
motor load increases, the decrease in armature voltage and
the flux in air gap increases, causing the decrease in motor
speed.

For various loads of the ID-BLDC motor, Figure 7a
shows the transient torque change, and Figure 7b shows the
average electromagnetic torque curves for steady state.

(a)

(b)

Figure 6.1D-BLDC change in motor rate a) transient rate b) steady state
average rate

From Figure 7b, it can be seen that the torque increa-
ses with increasing load. With increasing current, the flux
in the core increases. According to the BH characteristics,
saturation in the core begins approximately at 1.5 T. In the
saturated zone, the increase magnetic flux in the saturated
zone does not increase proportionally with current; therefo-
re the torque does not increase in the similar proportion. It
is seen that after full-load, the average torque value increa-
ses less when compared to increasing load. The phase cur-
rents diagrams are shown in Figure 8. The phase current for
full-load is calculated as 1.88 A in rms. The phase approxi-
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(a)

(b)

Figure 7. ID-BLDC motor electromagnetic torque profile a) transient
torque b) steady state average torque

mately has a sinusoidal profile. It is seen that in the starting,
motor phase currents are too much, and it reaches its rated
value after 60 ms.

The stator magnetic flux density distribution of ID-
BLDC motor at full-load is given in Figure 9. Flux density
distributions have been shown a) vector at Figure 9a, b)
magnitude at Figure 9b and c) flux curves at Figure 9c.

The BH curves of the core material chosen in the analy-

ses are shown in Figure 5. The saturation begins after 1.5 T
in this material. Saturation begins at stator slot teeth in flux

Figure 8. Phase currents according to load
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distributions. There is approximately 1.2 T magnetic flux
density in the rotor and the air gap. Additionally, the air gap
flux density was calculated as 1.23 T analytically from the
magnetic model. FEA and analytical results are compared
in Table 3.

CONCLUSION

ECS are commonly used to separate and recycle nonfer-
rous valuable metals such as copper, aluminium from
waste. The most important component that affects ECS
separation efficiency is the magnetic drum. The drum
must be rotated at high speeds in order to separate small

(a) (b)

(c)

Figure 9. Flux distributions a) vector b) magnitude c) flux lines

Table 3. FEA and analytical results of motor output values at full-load

Results Current(A) Torque (Nm) Power (W) Rate (rpm)
FEA 1.88 2.106 414 1750
Analytical ~ 1.64 1.98 361.7 1750

metals in form of granules. The losses are great and speed
limits occur when the drum is driven via coupling, sproc-
kets or belt-pulleys.

In this study, the BLDC motor has designed with outer
(external) rotor and it has placed in the drum and driven
directly. It has called ID-BLDC motor. The magnetic drum
can reach high speeds with this motor thus making it pos-
sible to separate and recover small particles. In addition, the
motor will cover less space while being aesthetically appea-
ling since it will be completely in the drum.
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The proposed motor has no brushes, bracelets, salient
poles and rotor winding. Proposed new ECS drum which
driven by ID-BLDC motor has no power transfer mecha-
nisms. Thus it decreases the losses and the required main-
tenance, and has the motor works quietly. It can be reach
high speed.

The motor power selected 0.5 HP (373 W) according
to the drum dimensions. Designed ID-BLDC motor’s rated
values are 220V, 1.71A, 1750 rpm, 1.70 Nm, %83 efficiency.
Electrical and magnetic parameters such as power require-
ment of drum, magnetic reluctance, flux density, magneto
motive force, current, torque, speed, efficiency and power
were examined. Parameters were predicted by analytical
calculations and verified by FE analyses for different load
conditions. In full load, the power is calculated 371,7 W in
analytical predictions and analyzed 414 W in FEA. Analy-
tical solutions were made in linearity. FEA solutions were
taken into consideration non-linearity and BH curve of the
material. Thus the difference is in acceptable limits.

This ID-BLDC motor is an original study. It is proposed
for a new ECS drum design to improve separation efficiency.
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ABSTRACT

S patio-temporal changes in taxonomic composition and structure of epilithic algal
community with some physicochemical features of the Batlama stream were assessed
between June 2013 and May 2014 at the intertidal zone of the Batlama Stream, Giresun,
Turkey. A total of 90 taxa were identified belonging to division of Bacillariophyta (80
taxa), Euglenophyta (3 taxa), Cyanobacteria (3 taxa) , Charophyta (2 taxa) and Chloro-
phyta (2 taxa) on epilitihic algae of Batlama Stream. Encyonema minutum, Ulnaria ulna,
Cocconeis placentula, and Navicula cryptocephala species were the most abundant taxa
among all samples of the four stations throughout the study.

The Shannon diversity index (H’) values varied in the range from 0.5 to 1.2 and
correlated with both species richness and relative species abundance (evenness). The
results of the diversity analysis and the counting did not exactly match up with each
other. Chlorophyll-a values of the stream and trophic classification (TDI, BDI) based on
epilithic diatoms ascribed Batlama Stream to the mezotrophic range. Also, according to

the calculated pollution index (PTI, S) values, all stations of the Batlama Stream were
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INTRODUCTION

D iatoms, besides the role of environmental condi-
tion indicator, also determine the water quality
and are as interesting and intriguing phytoplanktons,
as snowflakes. They took a primary role in various
studies, in terms of oxygen, nutritional value and
pollution indicator. The main primary producers in
undisturbed and shaded zones of the streams are epi-
lithic algae and play major roles in controlling energy
flow of food webs in stream ecosystems [1, 2]. Howe-
ver, the overgrowth of epilithic algae may deteriorate
water quality [3]. The production and dynamics of an
epilithic algal composition in stream ecosystems are
also largely influenced by physical variables such as
flow rate, light and water temperature [4, 5]. The va-
riation of epilithic algal biomass may indirectly affect
the distribution of the Batlama stream. Water quality
variables (electrical conductivity, pH, total dissolved
solids, chemical oxygen demand, biochemical oxygen
demand, and nutrients such as phosphorus and nitro-
gen from the surrounding lands) also play major roles
in regulating the production rate and species com-

position of epilithic algae in streams [6]. However, in
complex stream ecosystems, the dynamics of epilit-
hic algal biomass may nonlinearly interact with the
combination of abiotic and biotic factors. Therefore,
some index varieties may help to describe the non-
linear relationships between epilithic algal biomass
and aforementioned factors.

In Turkey, studies of diatom were began by Yildiz
in Meram stream [7] and followed by other researchers
which mostly concentrated on various physicochemical
factors affecting the development of diatoms in addition
to their flora in cental anatolian [9, 10, 11, 12, 13, 14, 15,
16]. In recent years, some topics that determine trophic
state and water quality level of a stream monitoring
by means of diatom indices based on the variety and
density of the diatoms in water or on the substrat have
become popular [17, 18, 19].

The TDI was designed with the practical needs of
busy water industry biologists in mind and, as a result,
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was designed to be robust and easily learnt. It uses the
weighted average equation of Zelinka and Marvan [20] to
interpret benthic diatom community structure in terms of
the nutrient concentrations in the river.

Epilithic algal samples obtained in the present study
comprised of mixed forms growing on silicate-rich stones
and phytoplankton forms commonly living in littoral and
pelajic zones of freshwaters, however, in this context this
all community was termed as epilithon. The aims of the
present study were to describe the species composition of
diatom assemblages, to determine which environmental
factors explain the composition of epilithic diatoms and to
assess the response of common diatom taxa to these envi-
ronmental variables..

MATERIALS AND METHODS

Samples analysed in this work were collected monthly
between June 2013 and May 2014 from four stations (Fig.
1). Stones collected from the stations in the stream were
brushed clean of algae and the samples fixed the formal-
dehyde solution (4%). The epilithic diatoms were then
placed on permanent slides which had been prepared
according to Round [21]. At least 300 diatom valves per
slide were counted at 400x magnification on Olympus
BX51 microscope. In the evaluations, the average of three
countings from the station was used [22]. Species iden-
tifications were based primarily on the John et al. [23],
Krammer and Lange-Bertalot [24, 25, 26, 27]. In addition,
current systematic status of algae taxa is checked by way
of AlgaeBase databases [28] and the author names are gi-
ven in abbreviated form according to Brummit and Powel
[29].

The Shannon diversity index, the evenness and species

Figure 1. Locations of the sampling stations in Batlama Stream
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richness were applied on epilithic flora at different stations.
The software used was PRIMER version 5.0 from Plymouth
Marine Laboratory for Shannon-Wiener index [30]. Trophic
diatom index (TDI) and Biological Diatom Index (BDI) were
calculated by using the formula [31] and “IBD Calculate
With Excel” programme [32], respectively. Also, the sapro-
bic index (S) was evaluated based on the formula proposed
by Pantle and Buck [33] and the diatom pollution tolerance
index (PTT) was calculated based on the formula [34]. Water
temperature (°C), pH, and dissolved oxygen concentration
(mg/1) were measured in situ with WTW multi 340i/SET
model pH meter. After filtering through GF/C and extract-
ing in cold 90% acetone, chlorophyll-a (chl-a) was deter-
mined according to the equations of Strickland and Parsons
[35].

RESULTS AND DISCUSSION

A total of 90 taxa belonging to division of Bacillariophyta
(80), Euglenophyta (3), Cyanobacteria (3) , Charophyta (2)
and Chlorophyta (2) were identified in this study (Table
1). Bacillariophyta members were rich in species diversity
and intensity in the algal flora of Batlama Stream (Fig. 2).

Encyonema minutum, Ulnaria ulna, Cocconeis pla-
centula, and Navicula cryptocephala were predominantly
found species in all sampling stations in the study area (Fig.
3). Sienkiewicz [36] stated that U. ulna have wide trophy
tolerance and can live in oligo-eutrophic water. So, to be
dominant of U. ulna throughout the study period point to
a mesotrophic environment. Navicula cryptocephala and
Ulnaria ulna are known that broad to distribution in Tur-
key [37, 38].

Total organisms decreased their numbers during the
months of high rainfall. Sivaci and Dere [39] reached also a



Table 1. The list of common taxa found in all four stations of the Batlama Stream

Division: Bacillariophyta

Amphora ovalis (Kitz.) Kitz.

Closterium navicula (Bréb.) Litkem.
Cocconeis placentula Ehrenb.

Cymatopleura solea (Bréb.) W. Sm.

Cymbella affinis Kitz.

Cymbella helvetica Kitz.

Cymbella tumida (Bréb.) Van Heurck
Diatoma vulgaris Bory

Didymosphenia geminata (Lyngb.) M.Schmidt
Encyonema caespitosum Kitz.

Encyonema minutum (Hilse) D.G.Mann
Encyonema silesiacum (Bleisch) D.G.Mann
Eunotia minor (KUtz.) Grunov

Fragilaria capucina Desmaz.

Gomphonema augur Ehrenb.

Gomphonema minutum (C. Agardh) C. Agardh
Gomphonema olivaceum (Hornem.) Bréb.
Gyrosigma scalproides (Rabenh.) Cleve

Hannaea arcus (Ehrenb.) R.M.Patrick

Melosira varians C. Agardh

Navicula cryptocephala Kitz.
Navicula lanceolata (C. Agardh) Kitz.
Navicula menisculus Schum.

Navicula rhynchocephala Kitz.
Navicula tripunctata (O.F.MUller) Bory
Navicula viridula var. linearis Hustedt
Nitzschia acicularis (Kitz.) W. Sm.
Nitzschia palea Kitz.

Rhoicosphenia abbreviata (C.Agardh) Lange-Bert.
Surirella minuta Bréb.

Ulnaria ulna (Nitzsch) Compére
Division: Chlorophyta

Botryococcus braunii Kitz.

Division: Cyanobacteria

Oscillatoria tenuis C. Agardh

Division: Euglenophyta

Euglena gracilis G.A Klebs

Euglena viridis (O.F. MUll.) Ehrenb.

Figure 2. % Distribution of Epilithic Algal Composition in Batlama
Stream

Figure 3. Seasonal variations of predominant species in the epilithon
of the Batlama stream

very similar conclusion during their study. Species diversity
increased in the months of which the water temperature
rise. Yavuz and Cetin [40] had recorded that relationship
between seasonal variation of algae and water temperature.

The all parameters are high during the study period
except winter. Water temperature ranged between 5.2 and

4

24.3°C in the stream. The development of epilithic algae
in the stream affected by water temperature. The epilithic
algal density was lower in some months except February
and November than the other months when the tempera-
ture was low. In the stream throughout the research period,
whereas the maximum oxygen level was 14 mg/l, the mini-
mum level was 2 mg/l. The solubility of oxygen in the water
decreases with the increase in temperature [41]. The density
of oxygen in a natural oligotrophic freshwater having a tem-
perature around 20°C is about 10 mg/1 [42]. The average pH
value of 7.8 indicates that the stream is slightly alkaline. The
abundance of Encyonema minutum, Ulnaria ulna and Na-
vicula cryptocephala in present study supports the Round’s
idea [43] that these species are widespread in alkaline waters.
When total cell numbers were found to be high in autumn
and winter seasons the pH values also reached similarly
high values in these months in the study area. This result
did not support the Vinebrooke’s view [44] that algal growth
decreases with pH increase.

The amount of chlorophyll-a were calculated monthly
and chlorophyll-a showed usually similar values at the
sampling stations. Chl-a ranged from 0.2 to 15.2 mg/m?® in
Batlama stream. According to Moses [45] has stated that
running water with chlorophyll-a values between 10 and
30 mg/m?® was mesotrophic. In term of the values, Batlama
stream has a mesotrophic character.

The seasonal variation of Shannon diversity and even-
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Figure 4. Shannnon diversity, evenness, and species richness of the Batlama stream

ness did not vary greatly during the study period. While the

highest values of the H" during the year was usually recor-
ded in October, the lowest value was recorded in April. Re-
cording the low value of shannon diversity in April may be

due to heavy rain mostly seen in Giresun in this month of
the spring. In our study it was found that species diversity
decreased in the spring and confirmed this with the Shan-
non diversity index. Species evenness index varied from

0.7-0.8. The lower species evenness values were often asso-
ciated with the rainy season. Approaching the zero value of
relative species abundance (evenness) indicates dominance

of organism linked to single-species that Encyonema minu-
tum and Cocconeis placentula comprised of more than 80%

of the all organisms in April 2014. Recording a decrease of H'
and J’ values with being the result of the excessive increase

of these species indicates that Batlama stream is under pres-
sure in these months of the year. The seasonal variations

of species richness presented a decrease especially in cold

period, while the highest values of species richness were re-
corded in autumn period (Fig. 4).

BDI and TDI indices provide information about trop-
hic states of the lotic ecosystems. In the study, taxa with an
mean relative abundance (%) less than 5 throughout the year
were not included in the index calculation. Accordingly, 22
diatom taxa were used in St.1 and 19 diatom taxa in the ot-
her three stations to calculate the diatom indice scores of
the four stations to determine the trophic status and water
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quality of the Batlama Stream. While the lowest value of the
TDI was recorded in station 3 as 49.8, the station has the lo-
west BDI value was station 4. Both values of the indices indi-
cate oligo-mesotrophic features. TDI and BDI values of the
four stations ranged between 50-55 and 14.7-15.4 respecti-
vely (Table 2). However, mean values of TDI (53.5) and BDI
(15.1) indicated that the trophic structure of Batlama stre-
am is mesotrophic. Similarly, according to PTI and S values,
the studied site was moderately polluted (3-mesosaprobity).
The present results coincide with the conclusions of Koster
and Hiibener [46], who suggested that the best method for
monitoring freshwater by diatoms is the combined applica-
tion of saprobity and trophic indices.

CONCLUSION

Agriculture, livestock activities and domestic waste
water into the Batlama stream, are factors that increase
of water pollution. The factors are decreased of density of
epilithic algae. The present study results demonstrated that
epilithic algal composition is distributed gradients of envi-
romental factors. Temperature and rain are more important
factor in explaning the seasonial variation of epilithic algae
of Batlama stream. More research is needed to analyse the
causes of the observed variation in the nutrient status and
biomass of benthic algae in Batlama stream.

According to the diversity values, one can conclude that
Batlama stream is on eutrophic level, however, the species



Table 2. Diatom indice values of the four stations in Batlama Stream derived from TDI, BDI, PTIand S

kind of index Station 1 Station 2 Station 3 Station 4 Average
DI 53.8 553 49.8 55:3 53.5
Trophic index
BDI 15.3 15 15.4 14.7 15.1
PTI 2.5 2.5 2.4 2.4 2.5
Pollution index
S 2.3 2.3 2.4 2.4 2.4

composition of the stream, TDI, BDI, and chl-a values in-
dicate that the stream is mesotrophic. So, diversity indices
calculated using epilithic diatoms did not exactly represent
the trophic status of the stream. Consequently, based on all
these results, it can be said that Batlama stream does not yet
reach the level of pollution and having mesotrophic charac-
teristics as a trophic structure.
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n this study, a scaffold composed of chitosan (C) and organoclay (OC) was prepared

by utilizing freeze-drying method. The composition of resulting composite scaffold
was evaluated using FTIR and SEM. The in vivo cytocompatibility of the composite
was evaluated in vivo, by seeding MC3T3-E1 cells on composite scaffolds. In-vitro cell
viability and proliferation were investigated using the MTT assay, while cell-scaffold

constructs were evaluated using scanning electron microscopy. Preliminary in vivo
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experiments were also performed to evaluate tissue compatibility and ectopic bone-
forming potential of C/OC composite scaffolds with MC3T3-El cells. The findings
suggest that C/OC construct supported the proliferation of MC3T3-E1 cells, presented

histobiocompatibility and promoted formation of calcified matrix. Based on the results,

we conclude that the characterized C/OC composite system may have potential for use

in bone tissue engineering applications.
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INTRODUCTION

he important stage of tissue engineering is
choosing the best material to create the most
suitable template. Scaffolds should be porous,
biocompatible, biodegradable and have sufficient
mechanical properties. Furthermore, they also
should induce cellular attachment, proliferation and

differentiation.

A variety of natural and synthetic polymers have
been widely used in tissue engineering studies to crea-
te the best tissue scaffold. Natural polymers have been
receiving a lot of attention in recent years [1,2]. Among
numerous natural polymers, chitosan is considered as
a promising material in the synthesis of scaffolds for
bone tissue engineering. The characteristic properties
which make chitosan useful in tissue engineering appli-
cations are its similarity to glycosaminoglycans (GAGs),
hydrophilicity, biocompatibility and biodegradability
[3,4]. Chitosan can be cast in different forms such as
sponges, foams, gels, fibers and so on [5]. Thanks to the-
se properties, it facilitates the attachment of cells and
promote bone growth. Despite its advantageous struc-
ture, because of the unfavorable mechanical property

and bioactivity of chitosan, it is inconvenient to use it
as bone tissue templates as its low mechanical strength
cannot match the demand of bone tissue applications in
many cases [6,7]. In this regard, incorporation of chito-
san with a filler material is an effective way to improve
its mechanical properties and biological activity [8]. The
combination of polymers and inorganic fillers seem to
be a promising approach, because they exhibit remar-
kable improvement in material properties compared to
the free polymers [9].

As a filler, clay minerals are favorable candidates
for tissue engineering studies due to their excellent
properties such as good biocompatibility, high cation
exchange capacity and promise for controlled release
[10]. From the economical point of view, they are
relatively low cost materials due to their abundance in
nature. In order to expand the interlayer distance of clay
minerals, they can be modified with organic substances.
The obtaining structure is called as ‘organo-clay’. The
resulting structure can be incorporated with organic
materials much easier than that of pure clay minerals.
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The objectives of this work were to report the fabrication
and characterization of the developed porous C-based
biocomposite with improved mechanical properties and
examine the feasibility of using the obtained material as
bone tissue engineered scaffold by conducting cell culture
study.

MATERIALS AND METHODS

Chitosan powder (Mr = ~ 400000; degree of deacetylation
>85%) was purchased from Fluka Chemical Company
(Milwaukee, WTI). Anilinium modified calcium-smectite
(127 meq of CEC/100g) was gifted by Dr. Sibel Uzun.
3-(4,5-dimethylthiasol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) was supplied from Sigma Aldrich
Company except otherwise stated.

2 % chitosan in aqueous acetic acid solution was pre-
pared and organically modified smectite powder was added
under continuous mixing and stirring for 12 h [C/OC, 9/1
(w/w)]. Subsequently, the obtained mixture was casted on
cell culture dishes and stored in a freezer at -40°C for 12 h.
The samples were transferred into a freeze dryer to obtain a
porous structure (Alpha 1-4 LD, Christ, Osterode am Harz,
Germany) for 24 h and then neutralized by immersion in a
1 M NaOH solution. The samples were rinsed three times
in double distilled water and lyophilised again. Finally, the
samples were cut into 4x4x4 mm cubes using surgical blade.
The structural characterization of C/OC sponges was carri-
ed out by means of IR spectroscopy and SEM.

MC3T3-E1 cells were cultured in the o-Modified
Eagle’s minimal essential medium (-MEM), supplement-
ed with 10 % fetal bovine serum (FBS), and 1% penicillin-
streptomycin (standart medium; SM) acquired from Sigma
Chemical Company. Cells at ~90% confluency were diges-
ted using trypsin/EDTA. Cells were suspended in culture
medium (1.0 x 10’/mL) and the cells were seeded onto each
sponge. The loaded-scaffolds were agitated at 37°C for 30
min on a shaker at low speed to allow cells to adhere and
then they were transferred in a new culture plate. The cultu-
re was maintained in osteogenic medium (SM supplemen-
ted 10 nM dexamethasone, 50 mg/mL L-ascorbic acid and
10 mM B-glycerophosphate) at 37°C in 5% CO, humidified
atmosphere for up to 4 weeks.

Cell morphology on the sponges was inspected by SEM.
The samples were washed with PBS and fixed in 2.5% gluta-
raldehyde solution for 12 h at 4°C. After fixation, the samp-
les were rinsed twice in PBS and dehydrated with increasing
concentrations of ethanol in water. The air-dried samples
were sputter coated with palladium and analyzed by SEM
(400F Field Emission, QUANTA, Hillsboro, OR).

MTT was used to assess cell viability. This assay is ba-

sed on mitochondrial redox reaction. A pale yellow MTT
reagent is reduced to a dark blue formazan crystal by mi-
tochondrial dehydrogenase activity of viable cells [11]. Bri-
efly, MTT solution was prepared at 5 mg/mL in PBS and
required amount of MTT solution was added to each well
containg cell-sponge constructs. After an incubation of 4 h
at 37°C and 5% CO, to allow MTT formazan formation. The
reduced insoluble formazan crystals were observed under
an inverted microscope (Nikon TS 100, Tokyo, Japan). After
removing the supernatant, the formazan crystals were solu-
bilized in 0.1 N HCI. The absorbance intensity was measu-
red using a microplate reader at 570 nm.

The cell loaded C/OC composite sponges were imp-
lanted into the epigastric fasciovascular flap of rats under
aseptic conditions to investigate their tissue compatibility
and ectopic bone forming capacity. Twelve adult male Wis-
tar rats weigthing 200-300 g were used at predetermined
time points. All procedures were performed according to
the standards of international regulations The cell loaded-
sponges were maintained in a humidified incubator at 37
°C with 5% CO, overnight before implantation. The samp-
les were implanted into fasciovascular flaps through a 2-3
cm long mid-line incision (Cell free C/OC sponges used as
controls) following anaesthetization with Avertin (300 mg/
kg; 1.25%). Animals were sacrificed at days 7, 14, and 28 and
the implants with surrounding tissue were harvested care-
fully from the epigastric area together. All the explants were
fixed with 2.5% glutaraldehyde for 10 min and then immer-
sed in 0.1 M potassium phosphate buffer (pH 7.4) containing
15% sucrose for 15 min. Finally, the specimens were frozen
after embedding in tissue freezing medium (Tissue-Tek, Sa-
kura Finetek, The Netherlands) for 30 minutes and frozen at
-80°C. The tissue blocks were cut into 5 pm sections using
a cryostat (Leica CM 1900, Wetzlar, Germany) and stained
with hematoxyline and eosin (H&E) and von Kossa for his-
tological evaluation.

RESULTS AND DISCUSSION

Structural evaluation of composite scaffold

FTIR was used to determine the chemical interactions
between C, OC and C/OC composite scaffolds. The
spectra of pure chitosan exhibits characteristic peaks at
3424 cm™ (O-H stretch), 2923 cm™(C-H stretch), 1637 cm™
(amideI) and 1071 cm™ (C-O stretch) (Fig. 1). OC exhibits
its characteristic bands at 3626 (O-H stretch), 2926 and
1637 cm™ (N-H stretch) and 1036 cm™(Si-O stretch). The
spectrums of C/OC includes all the specific absorption
peaks of C and OC, indicating that C/OC scaffold was
produced succesfully.

Fabrication of three-dimensional porous scaffolds
with higher porosities having interconnected pore struc-
ture is really important, as these properties have an impact
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Figure 1. FTIR spectra of C, OC and C/OC composite scaffold.

on cellular behaviour like cell attachment, proliferation
and differentiation [12]. The porous structure and surface
morphology of the scaffolds were studied using SEM. SEM
micrographs indicated that the composite scaffold obtained
by freeze drying method had highly heterogeneous porous
structure with interconnected architecture. The SEM ima-
ge also showed that the pore size of composite scaffold was
about 50-200 um which allow cell-cell communication, cell
infiltration, growth, and also diffusion of nutrients (Fig. 2)
[13].

Figure 2. SEM images of acellular composite scaffold.

a7

Figure 3. MTT formazan crystals inside sponge pores after 14 (A) and
28 (B) days. Mitochondrial activity of cells cultured on the composite
scaffolds (C) (n=3).

Cell viability and proliferation on composite
scaffolds

The assestment of viability and proliferation of cells on
the material is very important for the determination of the

feasibility of materials in tissue engineering applications.

There are different methods available to investigate
this feature, such as MTT and XTT. In this study, MTT
assay was performed to determine the viability of cells
on the scaffolds. Firstly, the MTT activity of the seeded
cells was assessed qualitatively. Phase-contrast imaging
showed that the formazan crystals were formed and
clearly visible (Fig. 3 (A, B)). The intensity of formazan
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Figure 4. SEM micrographs of cell-loaded C/OC composite scaffolds at
days 7 (A, B), and 14 (C).

crystals increased with culturing time. Moreover, the
distrubition of crytals were homogenous, indicating that
the distribution of cells inside the scaffold was uniform.
Quantitative data obtained spectrophotometrically
revealed that MTT activity of MC3T3-E1 cultured on
the scaffolds gradually increased from day 14 to day 28,
indicating that cells were viable and proliferated within
the scaffolds (Fig. 3C).

SEM was performed to evaluate the attachment and
proliferation of cells on the composite scaffolds (Figure 4).
SEM observations demonstrated that cells were attached

to the scaffold surface in rounded shape on day 7 (Fig.
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Figure 5. H&E staining of cell-seeded C/OC scaffolds at days 14 (A)
and 28 (C); von Kossa staining of cell-seeded C/OC scaffolds at days 14
(B) and 28 (D).



4A). This image also confirmed that cells migrated and
proliferated on the composite scaffold with time, and also
the cell-pseudopodia have connected with the matrices,
indicating that the developed composite scaffold shows no
toxic effect to the cells and it is a convenient template as
bone tissue engineering scaffold. SEM micrographs also
revealed that the composite scaffold preserved the porous
structure during the experimental periods.

In vivo findings

In vivo experiment was performed to determine the
effect of the cell-loaded scaffolds on the formation of
ectopic bone-like tissue. Although acute inflammatory
reaction was observed at the first week post-implantation,
cell-loaded scaffold did not cause a significant reaction,
indicating that the material was biocompatible. The H&E
staining was performed to document the formation of
new tissue. Histological observations confirmed that
cells attached and proliferated on the scaffold and bone-
like tissue was formed by the time.

The cell-loaded scaffold was filled with fibrous
connective tissues (Fig. 5 A, C). Von Kossa or Alizarin Red
S are generally used to detect bone tissue development
[13]. In this study, in vivo differentiation and calcification
of MC3T3-E1 cells were evaluated by von Kossa staining.
Von Kossa staining was performed on the 14-day and 28-
day specimens. The obtained light microscopy images show
the presence of calcium produced by the cells. Von Kossa
was visible starting from the second week of implantation
and gradually increased up to 4 weeks. The gained data
indicates that the scaffold are able to provide an osteogenic
environment to MC3T3-E1 cells and hence it can be used as
bone tissue engineering scaffold.

CONCLUSION

Various
investigated to create an ideal hard tissue template. In
this study, the C/OC composite scaffold was successfully
successfully produced and characterized. The findings
of this study suggest that obtained scaffold provides a
suitable environment to MC3T3-E1 cells. Owing to the
biocompatibility and sufficient porosity of the developed

composite materials have been widely

organic-inorganic composite system which supports cell
attachment and proliferation, we conclude that it can be
a promising template for bone engineering applications.
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INTRODUCTION

Nanoscale researches have gained a great interest
in recent years. Moreover, there is a need of
students and researchers for the understanding and
developing new ways with research of nanoscale [1].
One of the interesting research subjects in nanoscale
is the quantized conduction [2]. There are several
simple experiments related to nanoscale conduction
[3,4]. Quantized conductivity was shown with these
very simple systems by using the formation of nano
size contacts with mercury [3] or gold wire [4].

On the other hand, several researches were
conducted to investigate electronic properties of DNA
molecules which can be defined as a continuous stack
of aromatic heterocycles, the base pairs, which extends
down the helical axis [5-7]. In literature, there is large
dispersion of DNA conductance values. The results of
several experiments showthat DNA could be conducting,
insulating or semiconducting [8] depending on the
DNA may be in [9] or ambient conditions [10], or on an
inorganic substrate [11]. It is known that interpretation
of experimental studies and the results attained on
DNA conductivity can be difficult. Measurement of
charge transport mechanism in DNA solution being
complicated because of many factors such as electrode
type, medium of DNA [12].

Our work has potential to contribute to the studies
on electrical conductivity of DNA based solutions with
the advantage of its simplicity. In our study, quantized
conductivity measurements conducted for the solutions
of DNA, and mutated DNA by developing the system
that was presented by Tolley et.al. [4]. Most important
innovation which comes with our system is its ability to
investigate quantized conductivity of solutions by using
a relatively simple setup.

MATERIALS AND METHODS

The designed system has three main parts namely
flexible plate with gold wire in a cuvette, a transla-
tion stage and an electronic circuit with computer
interface (figure 1). Firstly, 99.99%-pure and 100 pm
diameter gold wire prepared on a flexible plate cove-
red with insulator band. The middle point of the wire
was fractured to control the breaking point. Because
of the applied force from the translation stage’s tip
the curve of plate can be controlled. The wire can be
broken or reconnected by controlling the bend of the
plate. It can be seen without applied force in figure
2a and with applied force in figure 2b. As a result, it
is possible to create nano contacts during this brea-
king or reconnecting operation at the fractured part
of wire [4].
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Figure 1. Quantized conduction measurement system.

Since the proposed system will be work in liquid
medium, the gold wire was insulated to make sure that only
fractured part will be in contact with the environment. The
cuvette was printed with 3D printer to hold the flexible
plate and liquid. After that, Thorlabs PT1/M 25 mm model
translation stage extension connected to flexible plate. The
cuvette system was sealed to prevent any liquid leakage
during the measurement of solutions.

Resistance changes of gold wire were measured via
the circuit presented in figure 3a. The circuit was designed
to ensure that the voltage applied to DNA molecules in
solutions is in millivolt range. For this reason, a resistor of
290 KO (R_ext) was connected in series to the resistance of
10 kQ (R_p) and the gold wire. A 1.5 V battery (V_battery)
was utilized to drive the circuit. Potential difference
between the golden wire ends measured with DAQ), LabJack
U3-LV unit connected to a computer. When the gold wire
breaks, there will be no contact and the measured potential

difference will be equal to the voltage on the 10 kQ resistance.

When the wire is broken, the micrometer could be turned to
an opposite direction to provide reconnection. During both
processes nano contacts occurs at the fractured point of the
gold wire. The quantized conduction mechanism can be
explained as a result of these nano sized atomic contacts..
Conduction or resistance values of gold wire can be

calculated by using the quantized conduction equation
G,(n)=(2e"2)/h n where n=1, 2, 3... is an integer value. The
potential difference between the ends of the gold wire
(Vlabjack) was formulated as in equation 1.

Open circuit «— Broken
R, =11/ Gy(n) «— Atomic contact

aw

Short circuit < Intact
V

R
_bawy v _54 mV « Broken (open circuit)

Ru +R, 1)
Vbattery(Rp //ng)
Rt + (R, /IRy,)
oV

\" <« Atomic contact

labjack =

< Intact (short circuit)

Where ng and (Rp//ng) is the resistance of the gold
wire and equivalent resistance value of parallel connected
resistances respectively. Calculated values of Vlabjack with
respect to the quantum number n were plotted in figure
3b. According to the circuit described in figure 3, in the
broken condition of gold wire the potential difference was
calculated as 54 mV. As expected, the gold wire starts to
behave like short circuit and the voltage value converges to
the 0V as the quantum number n increases.

Figure 2. Flexible plates with gold wire (a) before bending (reconnected) and (b) after bending (broken).
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Figure 3. (a) The circuit diagram (b) calculated voltage values of V bk

Table 1. Solutions for liquid applications.

Analytes: Consantration of solution:

DNA- Pure water solution 2,1,0.5,0.25 mg/mL

DNA - Phosphor buffer solution (pH: 7.4) 1mg/mL
Mismached DNA Phosphor  buffer

solution (pH: 7.4) 2 mg/mL
Albumin — Pure Water 1mg/mL
Brine solution 1mg/mL
Acetic acid (liquid form) 1mg/mL

Several solutions were prepared given in Table 1 to
test the system. All solutions were prepared at the Ege
University Science Faculty Department of Biochemistry.
Herring sperm DNA (D3159) was purchased from Sigma
Aldrich while the 14-mer DNA oligonucleotides as mutated
DNA were obtained from Genset Oligos.

RESULTS AND DISCUSSION

Our initial measurements were taken without any
liquid to ensure that our setup working as described
in Tolley et.al. [4]. Measured levels of the quantized

conductance were presented in the figure 4. Values up to
0.4 seconds were measured in the transition from broken
state to contact state. The data given after 0.4 seconds
was collected while the wire was breaking. Measured
quantize levels were named according to the calculated
values by using the equation 1.

Experiments with solution were conducted after the
observation of quantized levels in control experiments.
Wire left as an open circuit (broken state) just after the
observation of quantized levels. This will ensure that
distance between the broken wire ends at fractured point

will be around nm range without any physical contact.

DNA-distilled water solution of 1 mg/ml concentration was
added to cuvette and voltage changes were observed.

Although there is no external mechanical effect, it is
observed that the circuit gains conductivity after the DNA
solution was poured into the system. Time over voltage
graph of measurement was presented in figure 5. According
to the resistance value of the circuit, depending on the
quantum number n in which quantized voltage values can
be seen. It is seen that voltage levels of the calculated and

Figure 4. Measured voltage values while breaking the wire (0-0.4 s) and reconnecting the wire (after 0.4 s).
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experimental levels are approximately at the same level.
The experiment was repeated after solving the DNA at
phosphate buffer with 7.4 pH. The pH value of phosphate
buffer solution was in the range of blood pH value (7.35-
745). Similar quantized conduction result was observed
again. Pure water and phosphate buffer added to the system
separately to ensure that the effect is not caused by these
solvents. For these solvents no conductivity change was
observed.

Our results indicate that the observed conductivity
change was clearly resulting of the DNA molecules in the
solutions. Since DNA is negatively charged biomolecule, we
believe that when it is added in to the medium, it connects
electrically the two ends of the wire and make the wire short
circuit. The voltage change before the first quantized level is
not discrete as can be seen from the figure 5. We can explain
this part of measurement with two factors. One of them is
the impurities in the solution where they act as scattering
centers and effects the quantized conductance levels [13].
Another one is the conductivity of solution. Before and
during the formation of nano-channels the conductivity of
solution effects equivalent resistance values in the circuit so
the measured potential difference.

As a next step, different kind of molecules with strand
structures were tried to further investigate the results
observed. Prepared albumin solution, brine solution, and
acetic acid solution were measured with the setup separately.
It was observed that these materials have no effect on the
conductivity. The results of other ionic solutions were
ensured that the obtained quantized conduction result of
DNA was not originated from the ions and other structures
in the solution. As a final step to investigate the DNA
conductivity, the mismatched DNA solved in phosphate
buffer and it is added to the testing apparatus, and also for
this case no conductivity change has been observed. It is
known that the mismatched or single base bulged or protein
binded DNA to not show any conductivity [5]. Electron

Figure 5. The potential difference change after 1 mg/mL DNA distilled
water solution added into the system.
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charge transport mechanism shown by these studies was in
accordance with our results of DNA. So, it is detected that
the quantized conductance change has been ensured by only
healthy DNA solutions among the solutions presented in
Table 1. Another important result was only DNA solutions
were caused gold wire to switch open circuit to short circuit
among the solutions tested.

Kasumov et al. observed that conductance of DNA
value is in order of on the order of the resistance quantum
(h/2e2~12.9 kQ) [14].
that DNA conductance values are found to be between
10-5G0 and 10-2G0 [15]. Studies of Xu et al. showed that
conductance of DNA in buffer solution gives quantized

But following studies showed

conduction values during the stretching of DNA between
the scanning tunneling microscopes (STM) electrodes.
According to studies of Xu et al. occurrence of quantized
conductance levels were due to the increase of the number
of DNA molecules in the junction [9]. Conductance values
of DNA in these studies were not in accordance with our
results taken by our setup for DNA solution except the
studies of Kasumov [14]. One of the reasons of observed
high conductivity in this study can be explained by applied
voltage value to the ends of wire. The applied potential
difference between fractured wires ends causes to positively
and negatively charged electrodes. This potential difference
can cause forces on DNA and so can create nano contacts.
Another reason might be the interaction between tips of
broken wire and negative charges in DNA causes the DNA
to act like a metallic structure. This possibility is supported
by the researches where they found that the DNA is
conductive [16].

The results of this study show that the presented setup
could be used for to investigate quantized conductance
behavior of solutions and materials in liquid form. One of
the key features of our study is the quantized conductance
observation of DNA. Another one is the only healthy DNA
solution causes broken gold wire to behave like short circuit.
We could not observe this phenomenon with the other
prepared solutions. These results clearly indicate that this
system can be used for DNA sensor applications and used
for to distinguish the healthy DNA.

CONCLUSION

In our study, quantized conductance was shown with a
relatively simple system for the DNA solutions. Because
of this DNA structures are negatively charged, we believe
that DNA is making the circuit conductive by going into
the junction. As a consequence of several experiments,
no quantization conduction observed for pure water,
phosphate solvents, albumin solution, brine solution,
acetic acid solution and mismatched DNA solution.
These results show that obtained quantized conduction



is specific to the DNA solutions. Our proposed system
could be used for to determine healthy DNA in the
solutions. Consequently, it is shown that the designed
system can be used for investigation of the conductivity
of the molecules in solutions.
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INTRODUCTION

Turkey is the only country which was covered
almost entirely by three of the world’s 34
The
Anatolian, and Mediterranean [1].

biodiversity  hotspots: Caucasus, Irano-
In Palaearctic
Region, mammals are represented by 13 orders, 42
families and 843 species [2]. Turkey is located among
Asian, European, and African continents, resulting
in the diversification in ecological conditions, the
geological structure, climatic conditions. This leads
to a rich biodiversity. It is known that Turkey has
more species in terms of the number of mammals
than that of any other region in the world (North
Africa: 84; Iberia: 77; Italy; 72, Balkans: 80, Near East:

62 [3], 1999, Turkey: 132 [4-6]).

Corum located in two different geographical
regions is located in between Central Anatolian and
Black Sea Regions. Kizilirmak River which divides
the city into two parts has an important role in the
formation of Anatolias biodiversity. Depending on
these geographic features, the diversity of mammals
also varies. To date, few studies on the determination of
the mammal fauna have been carried out to shed light
on the biodiversity in Corum. In addition, those were
local studies including small number of species. So far,

a total of 26 mammal species were reported in Corum
(Table 1).

When the studies reported in the literature on
mammalian species present in Corum is taken into
account, it is seen that these works only includes small
mammalian species and the data were obtained from
systematic studies.

In this work, it was aimed to determine mammal
fauna and important areas for mammals in Corum. A
total of 42 mammal species was identified in the field
studies. Of these species, 26 had been already reported
in the literature and 16 of them were observed for the
first time in Corum. In addition, new locality reports of
some species were provided.

MATERIALS AND METHODS

Systematical field studies were carried out between
2009-2010 and 2015-2016 at all
in Corum province, in order to determine the
mammals spreading within the borders. The GPS
points of all stations were recorded in UTM format
and the records were taken at this coordinates and
its immediate vicinity. Passive infrared camera traps

areas located
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Figure 1. Map of localities listed in the text. Numbers correspond to those are given in Appendix

(Scoutguard SG570V and Bushnell Trophy Cam) were
employed to determine large mammals. In addition to
camera traps, large mammal fauna was also recorded
using noninvasive methods such as counting scats,
footprints, and other remaining.

In the detection of small mammals, Sherman live cap-
ture traps were used. The small mammalian individuals
caught in the trap were released after identification of the
species. Individuals who cannot be morphologically diag-
nosed were identified by karyotype and skull characteristics
examined in laboratory conditions.

Studies to identify bat species were conducted at three
different localities and ultrasonic device (Pettersson D
500X) was implemented to record the sounds. BatSound
and BatExplorer computer software were used for further
analysis. Species conservation status were organized
according to the IUCN, BERN and CITES criteria’s. The
localities where the studies were conducted is shown in
Figure 1.

RESULTS AND DISCUSSION

Within the scope of this study, a total number of
42 mammal species belonging to Erinaceomorpha,
Rodentia,

Carnivora and Artiodactyla were detected. 16 of these

Soricomorpha, Chiroptera, Lagomorpha,
species were recorded in Corum for the first time.
The results obtained from our study along with those
reported previously for Corum province is summarized
in Table 1. The taxonomy of the new records present in
Corum province is provided using Wilson and Reeder [7].

Additional records are also provided for some species.

58

Comparison with the previously reported studies
Orhan and Beaucournu [8] recorded Crocidura suave-
olens in Abdullah Plateau located in Kos Mountain at
northern part of Corum. In addition to being present in
Kos Mountain, we also found this species in floodplain
forestland areas of Kos Mountain. We also observed the
presence of this species in Kirkdilim, Goliinyazi Lake,
Osmancik, and Kargi districts. In the same study, the aut-
hors also recorded Apodemus sylvaticus in the same regi-
on. On the other hand, in our study we indicated that this
record was not valid. It may be suggested that this species
might be A. witherbyi instead of A. sylvaticus. Orhan and
Beaucournu [8] also recorded Microtus levis in the same
area, which was confirmed by our study. Kefelioglu et al.
[18] and Kyrstufek et al. [19] recorded Microtus socialis in
Caykoy village of Mecitozi, a district of Corum province.
On the other hand, in our field study, this species was not
observed in this area. Our results showed that cytotypes
of Nannospalax xanthodon species was present in Co-
rum regardless of the region but densely forested and
rocky mountainous regions, which in an excellent agree-
ment with the reports previously published [21,22].

Forest dormouse samples were collected from Corum
province in the studies on allozyme variations and biometrics
of Dryomys nitedula [15,25]. On the other hand, our results
did not indicate the presence of this species. In some studies
conducted to the identify of age group of Martes foina (Beech
Marten) in Turkey, the authors collected some samples in
Corum province [31,32]. We showed that this species is
present in entire Corum province.

In another study, Albayrak [33] stated that factory wastes



Table 1. Mammal species of Corum Province (including comparisons with our study)

Family Name Species English Name BERN  CITES  IUCN  Former  This Study with the location numbers
Studies

This species is spreading throughout Turkey

€ e e s
this species spreads throughout the Corum.

SORICIDAE Crocidura suaveolens Lesser White-toothed Shrew Ek Il LC [8] X
Dead individuals were encountered at each

SORICIDAE Crocidura leucodon Bicolored Shrew Ek 1l LC - stations of 13 and 74. Work station number 13
is an old-coniferous forest.

LEPORIDAE Lepus europaeus European Hare - LC [9] X

SCIURIDAE Sciurus anomalus Caucasian Squirrel Ek Il LC [10,21] X

SCIURIDAE Spermophilus xanthophyrmnus  Asia Minor Ground Squirrel - NT [12-16] X

CRICETIDAE Mesocricetus brandti Turkish Hamster - NT [12] X

CRICETIDAE Arvicola amphibius Water Vole - LC - 52 (Kiiguk Keslik Village, water canal)

CRICETIDAE Microtus subterraneus European Pine Vole - LC - ﬁa(tiéri: I:::;(;rtain), 63 (Ugurludag), 87 (Gatak

CRICETIDAE Microtus levis Sibling Vole - LC 81 X

CRICETIDAE Microtus guentheri Guenther’s Vole - LC - All agriculture areas south part of Province

CRICETIDAE Microtus dogramacii Dogramaci’s Vole - LC [17] X

CRICETIDAE Microtus socialis Social Vole - LC [18,19] -

CRICETIDAE Meriones tristrami Tristram’s Jird - LC [20] X

SPALACIDAE Nannospalax xanthodon Lesser Mole Rat - DD [21,22] X

MURIDAE Apodemus witherbyi Steppe Field Mouse - LC [8] X

MURIDAE Apodemus mystacinus Broad-toothed Field Mouse - LC - 1

MURIDAE Apodemus flavicollis Yellow-necked Mouse - LC - 3,10

MURIDAE Rattus rattus Brown Rat - LC - 25,82

MURIDAE Rattus norvegicus Black Rat - LC [23] X

MURIDAE Mus macedonicus Macedonian Mouse - LC [24] X

MURIDAE Mus domesticus House Mouse - LC [24] X

GLIRIDAE Dryomys nitedula Forest Dormouse Ek Il LC [15, 25] -
59 (Bogazkale, rocky place).

RHINOLOPHIDAE Rhinolophus ferrumequinum Greater Horseshoe Bat Ekll LC - Maximum  frequency 67,1 kHiz, - Minimum
frequency 60,6 kHz, Peak frequency 106,0 kHz,
call length 9,2 ms, call distance 30 ms.

RHINOLOPHIDAE Rhinolophus hipposideros Lesser Horseshoe Bat Ek 1l LC - 84

VESPERTILIONIDAE ~ Myotis blythii Lesser Mouse-Eared Bat Ek1l LC [26] -

VESPERTILIONIDAE ~ Myotis myotis Greater Mouse-eared Bat Ek1l LC - 59 (Bogazkale)

VESPERTILIONIDAE  Pipistrellus pipistrellus Common Pipistrelle Ek il LC - 29 (Bayat)

VESPERTILIONIDAE  Eptesicus serotinus Serotine Bat Ek Il LC [27] -

CANIDAE Canis lupus Grey Wolf Ek 1l Ek 1l LC [28] X

CANIDAE Canis aureus Golden Jackal - Ek 1l LC - 13

CANIDAE Vulpes vulpes Red Fox - Ek 11l LC [29] X

URSIDAE Ursus arctos Brown Bear Ek Il Ek Il LC [28] X

MUSTELIDAE Mustela nivalis Least Weasel Ek Il LC [30] X

MUSTELIDAE Martes foina Beech Marte Ek 1l Ek Il LC [31,32] X

MUSTELIDAE Meles meles Badger Ek Il LC - 12, 13, 14, 63, 38 (dead sample)

MUSTELIDAE Lutra lutra Otter Ek 1l Ek/ NT [33] X

FELIDAE Felis slivestris Wild Cat Ek 1l Ek 1l LC [31] -

FELIDAE Lynx lynx Lynx Ek Il Ek Il LC - 12,13, 14, 62, 63

SUIDAE Sus scrofa Wild Boar Ek Il LC [34] X

CERVIDAE Cervus elaphus Red Deer Ek 1l Ek 11l LC [31] X

CERVIDAE Capreolus capreolus Roe Deer, Ek Il LC - 12,13, 14, 63
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and uncontrolled hunting resulted in the extinction of Lutra
lutra in Kurugay in Cemilbey district. Our study supported
the author statement and the population of this species was
not detected in the same area. Another study conducted by
our group (data not shown here) indicated the presence of this
species in Kargi and Kizilirmak.

Unlike Kumerloeve [31] who reported the presence
of Felis Silvestris in Osmancik Province, this species was
not detected in our study. The records of Cevus elaphus,
also presented in the same study, have been verified in
our study. This species has not been found elsewhere in
Corum. Kefelioglu [20] recorded Meriones tristrami around
the district of Dodurga. In this study, the presence of this
species was validated in Kirkdilim, Central District and its
distribution in Corum was expanded. While Tuncdemir [12]
reported the presence of Mesocricetus brandti in the vicinity
of center of Corum, our results revealed that this species is
exist in the steppe areas around agricultural areas in the south
and southeastern parts of Corum. As a result, the distribution
of Mesocricetus brandti was expanded.

Albayrak et al. [10] and Aslan et al [11] used 9 individuals
belong to Sciurus anamolus collected in Corum in their
studies. In our study, this species was observed frequently at
the forested areas in the northern part of the province.

Although Beron [26] reported that Myotis blythii species
dwell around Bogazkale and Benda et al. [27] observed bone
residues of Eptesicus serotinus in their study on Strix aluca
pellets around Bogazkale, any individual or voice record
belong to these species were observed. According to the
report on population and protection status of the large
mammals in Turkey, Canis lupus and Ursus arctos exist in
Corum province [28]. During camera trap study, brown bear
was captured in Kargi District and wolf was recorded in
almost all habitats outside the agricultural areas in Corum.

Krystufek and Vohralik [15] stated that Spermophilus
xanthoprymnus had a wide spread in Anatolia, including
Denizli, Afyonkarahisar, Eskisehir, Ankara, Kastamonu,
Corum, Sivas, Trabzon, Bayburt, Kars, Igdir, Agri, Erzurum,
Malatya, Mersin, Konya, Antalya, and Van. They used
samples of this species which were collected from the district
of Dodurga in Corum. In addition, the authors recorded the
same species in Amasya, Hamamonu, Dedekoy. As a result of
this finding the authors suggested that samples were actually
collected from Amasya instead of Corum. In the study on the
phylogenetic relations of European and Asia minor ground
squirrel, Corum province Sungurlu district samples collected
from Kavsut and Biiyiik Incesu villages and Alaca district
have been used [16]. In our study we sampled the species
from a new point in Central District additional to previous
locations and expanded the distribution area of this species.
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Mus macedonicus and M. domesticus samples for
morphological studies have been collected from different
parts of Turkey including Corum by Colak et al. [24]. In our
study, these two species are frequently observed in Corum.

In a karyological study on the taping of Lepus europaeus
from Turkey, researchers have studied 2 male individuals
collected from Corum province borders (Demirtas et al.,
2010). In almost all of Corum, it is possible to observe the
species outside settlements.

Mustela nivalis were recorded in Kirikkale and Corum
in biological studies [30]. In the whole of Corum province, the
species were recorded by camera traps, direct observations
and questionnaire surveys.

In the study that aimed to investigate allozyme vari-
ations of Rattus norvegicus, researchers collected samples
from Corum province have also been used [23]. In our study,
the species was sampled especially in settlements.

Ibis et al. [29] also used a sample of Vulpes vulpes col-
lected from the Bogazkale district of Corum province in the
study on red fox populations in Turkey. They used examples
from Corum province in his study on the phylogeny of Sus
sucrofa (Wild boar). The individuals belonging to these two
species were observed in all of the areas where we conduc-
ted the field study and they were thought to be spread all
around Corum.

CONCLUSION

This was the first long term study on mammals covers
whole of Corum province. A total of 42 mammal species
were detected and 16 of these species were recorded from
the village for the first time. On the other hand, it was
determined that presence of some species referenced by
previous literature in the village were doubtful and some
species have been found to distribute widespread areas
than previously mentioned. Only when these outputs are
taken into consideration, it is obvious that our work is an
important inventory for Corum province and will be an
important baseline source for future biological studies. .

In our study, we captured lynxusing camera traps for
the first time in Corum province, in black pine forests of
Ugurludag and Kés Mountain Wildlife Development Area.
Although it was not recorded in the Catak Nature Park, it
is thought to be using Nature Park due to the similarity of
vegetation. Another large mammal species, golden jackal
was also captured for the first time in province, also in Kos
Mountain Wildlife Development Area.

Kizilirmak, one of the larger rivers of Turkey forms



a barrier between Kos Mountain Wildlife Development

Area and Ilgaz Mountains and also rest of Blacksea Region.

Therefore, for large mammal species, this area, which has
very narrow transition corridors, has been identified as a
highly important ecosystem area in Corum. This region has
a great ecological importance and it is highly sensitive. For

this reason, we defined this area as a “protection priority area”.

For small mammal species (shrew, hedgehog and
rodents), different parts of the province have important
ecological characteristics in terms of habitats and vegetation
types. As a result of our study, fauna of small mammal in
Corum was detailed but further species-specific studies
should be done to distinguish hot spots for small mammals
in Corum.

ACKNOWLEDGEMENTS

This work has been done by DOKAY Environmental
Consultancy Company by the Directorate of Nature
Conservation and National Parks of the Ministry of
Forestry and Water Affairs and the Provincial Directorate
of Corum Nature Conservation and National Parks. We
would like to thank Tugge Tiirecan and Corum Nature
Conservation and Provincial Directorate of National
Parks who provided us with all kinds of data support for
this study, Hayri Komiir and Mustafa Gozler for their
help in the field work and their generous behavior in data
sharing.

Figure 2. Some mammals records from Corum Province. 1. Grey Wolf; 2. European Hare; 3. Red Fox; 4. Eurasian Lynx; 5. Roe Deer; 6. Brown Bear;

7. Badger; 8. Red Deer
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Table 2. Station numbers and coordinates Station Numbers UTM Zone N E
Station Numbers UTM Zone N E 51 36T 645157 4479962
1 36T 613482 4569441 52 36T 639749 4460229
2 36T 620494 4569220 53 36T 646896 4445641
3 36T 629559 4568849 54 36T 643801 4437012
4 36T 640265 4570189 55 36T 632693 4473042
5 36T 652612 4560030 56 36T 628458 4459705
6 36T 661772 4556763 57 36T 635749 4466416
36T 639923 4562625 58 36T 631099 4451545
8 36T 646537 4554631 59 36T 636733 4432704
9 36T 632566 4559226 60 36S 637522 4427093
10 36T 622089 4562787 61 36T 622905 4437558
11 36T 610806 4558817 62 36T 628429 4472806
12 36T 614457 4541877 63 36T 625646 4473880
13 36T 621568 4544187 64 36T 620613 4465359
14 36T 629678 4546168 65 36T 625199 4447686
15 36T 642754 4544387 66 36T 619043 4492597
16 36T 653832 4547959 67 36T 610497 4492048
17 36T 662159 4547043 68 36T 613491 4472835
18 36T 612572 4529093 69 36T 610826 4460461
19 36T 620787 4529890 70 36T 611209 4445008
20 36T 635063 4534270 71 36T 612396 4430509
21 36T 642626 4534833 72 36S 610402 4426921
22 36T 642803 4520430 73 36S 605815 4425632
23 36T 665212 4520608 74 36T 604504 4432547
24 36T 632701 4519682 75 36T 602569 4443680
25 36T 617866 4514788 76 36T 593464 4453099
26 36T 611468 4519691 77 36T 593944 4460147
27 367 598344 4516979 78 36T 602291 4465819
28 36T 590694 4519918 79 36T 598848 4475368
29 36T 594090 4507298 8o 36T 602656 4492966
30 36T 602645 4501231 81 36T 629657 4498965
31 36T 610361 4503540 82 36T 641260 4504988
32 36T 625544 4507149 83 36T 649308 4511242
33 36T 617988 4500165 84 36T 651892 4525767
34 36T 672716 4503268 85 36T 660055 4535449
35 36T 682655 4499807 86 36T 660593 4524855
36 36T 696627 4491583 87 36T 657594 4503438
37 36T 702582 4480738 88 36T 652167 4499524
38 36T 693991 4475720 89 367 665179 4495095
39 36T 683864 4447341 90 36T 671181 4486018
40 36T 672260 4453349 91 36T 683178 4489223
41 36T 676156 4438997 92 36T 676121 4476921
42 36T 682420 4438903 93 36T 685408 4472838
43 36T 662786 4473381 94 36T 678687 4461595
44 36T 667177 4462631 95 36T 692472 4464297
45 36T 663189 4451463 96 36T 690315 4486519
46 36T 667736 4433589 97 36T 666875 4540934
47 36T 655187 4478017 98 36T 623221 4491262
48 36T 656854 4460191 99 36T 617430 4487100
49 36T 653353 4452376 100 36T 634545 4493222
50 36T 656867 4437840
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he structure of poison gland of Sphex flavipennis was investigated by using, scannig

electron microscopy and transmission electron microscopy. Poison apparatus consists
of poison gland, poison sac, Dufour’s gland and poison needle. Poison is produced in a
gland consisting of two ramified glandular tubules terminating in a common sac. Each
tubule is 6-8 mm in length and approximately 90 pm in diameter. These tubules are
lined with the secretory cells and duct cells. The secretory cells have a well-developed

secretory unit which is open to the lumen of tubules. In addition, there are free ribosomes,
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large secretory vesicle and a few mitochondria in the cells. Apical surface of cells are lined

by irregular microvilli. Glandular tubules go into pear-like sac. Apical surface of the cells

in the poison sac are lined cuticle. Outer surface of poison sac is surrounded muscle fibril

and connective tissue. Lumen side of glandular tubules and poison sac are surrounded

with monolayer epithelial cells.

Keywords:

Poison gland; Poison sac; Sphex flavipennis; Morphology; Ultrastructure.

INTRODUCTION

Poison glands are ectodermic-originated and
their organization has the same model in all
Hymenoptera studied [1]. A portion of the poison
apparatus of Pimpla turionellae was placed in the
abdomen, whereas another part is on the 8", 9* and
10 ventral segments [2]. The other one of the part
is placed at the end of the abdomen as a unique part
and extended position. The complex-structured
poison glands of Pimple turionellae is composed
of a sac, a toxin channel and a poison tube [3]. The
needle of Liris niger lies down in between rectum and
nervous system at the rear end of the abdomen [4]. All
species investigated (Amblyopo reclinata, Mystrium
camillae, Prionopelta kraepelini, Onchomyrmex
hedleyi) have poison glands with two secretory tubes
characterized by non-folded gland and combined
with a poison sac [5]. The needle apparatus of
Pepsis pallidolimbata consists of three anatomical
structures: needle, poison gland and Dufour’s gland
[6]. The poison glands in Polistes versicolor consists
of two independent tubes connected separately to
poison sac [7].

Parasitic wasps lay eggs onto or inside of the hosts
that make up a large part of the Hymenoptera species
and the significant regulators of insect populations [8].
Poisonous bees contribute significantly to the protection
of ecological balance due to the fact that they use some
other insects both to breed and to be fed. Female ones
among sharp-needle wasps living alone (including
fossorial wasps) produce paralyzing poisons for victims
(insects or spiders) they needle once or several times. The
victim then taken to a prepared nest and the egg is laid
down over or inside the victim. The suitable means to
inject the poisons into the circulatory or neural system
is an injection needle device with a modified ovipositor.
Once they needle the victim, they inject poison into
the haemolymph or muscle-nerve (neuromuscular)
connections regions. Paralyzed victim acts as a live food
source for the larvae of wasps [4]. Some pompilids sting
their victims and cause temporary paralysis, then the
stung spider is caught actively, consumed and normally
survive until the emerging (developing) wasps will
savage it [9]. The poison apparatus of Hymenoptera is
directly grown from the ovipositor and makes function
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as an effective defensive weapons for the colony in Aculeata
[10].

Morphology and the ultrastructure of poison apparatus
of many Hymenoptera have been studied [4,6,8,9,11,12,13],
but there are no studies on Sphex flavipennis. In this study,
the poison glands and poison sac were investigated using
scanning and transmission electron microscopes.

MATERIALS AND METHODS

Adults of Sphex flavipennis Fabricus, 1793 (Hymenoptera:
Sphecidae) were collected from Tokat, Pinarli village,
Turkey. The samples were killed by freezing and their
poison gland was rapidly dissected from posterior of the
abdomen under a binocular microscope.

Scanning Electron Microscopy (SEM)

For the scanning electron microscopic studies, the
alimentary canal was fixed in 3% glutaraldehyde in
phosphate buffer, pH 7.2, for 4 h at 4°C. Then samples
were dehydrated in a graded acetone series (70%, 80%,
90%, 100%), critical point dried, coated with gold, and
analysed under a Jeol 5400 scanning electron microscope
[7].

Transmission Electron Microscopy (TEM)

For the transmission electron microscope examination,
gut tissues
glutaraldehyde in sodium phosphate buffer, pH 7.2, for

of S. flavipennis were fixed in 3%

4 h at 4°C. After fixation, samples were washed with the
same buffer and post-fixed in 1% osmium tetroxide and
in sodium phosphate buffer, pH 7.2, for 1 h at 4°C. Tissue
samples were washed with the same buffer for 2 h at 4°C,
dehydrated in a graded acetone series and embedded in
Araldite resin. Thin sections were stained with 2% uranyl
acetate and lead citrate. The sections were viewed and
photographed under a Zeiss Libra 120 transmission
electron microscope [13].

RESULTS

Anatomically, the poison apparatus of Sphex flavipennis
consists of poison glands, poison sac, Dufour’s gland and
poison needle. Poison glands consists of two tubular
portions connected separately to poison sac. The great
numbers of trachea recess along the convoluted tubes
branched at the cylindrical distal ends. Each tube has a
length of 6-8 mm and approximately 90 um in diameter.
(Figurel A). Poison sac (reservoir) are surrounded by pear-
shaped externally network-like muscle fibres (Figurel B).

Ultrastructural observation of poison glands make
one thought that the secretory and duct cells are positioned
around the lumen of collecting duct. Secretory cells
constitute the secretory unit with the duct cells. Secretory
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Figure 1 A. Poison Gland. Pg, Poison gland; T, Trachea. (SEM) X 150.1 B.
Poison gland and Poison sac. Pg, Poison gland; Ps, Poison sac.(SEM) X 75.

unit is connected with tubulin by means of a canaliculi that
is lined by a thin cuticle (Figure 2).

Each secretory unit has a large extracellular space
including a great number of microvilli and each of secretory
cell contains a porous outer epicuticular layer and a inner
fibrous layer. A great number of microvillus is directed into
the apical surface of cuticular lining of secretion apparatus.
Irregularly shaped nuclei of secretory cells are relatively
large and almost in central location. These cells have

Figure 2.Secretory unit. N, Nucleus; Mv, Microvilli; EA, End apparatus;
Cl, Cuticular lining. (TEM) X 10 000.



Figure 3. Secretory cell. M, Mitochondria; rer, Rough endoplasmic
reticulum. (TEM) X 20 000.

numerous free ribosomes, rough endoplasmic reticulum,
mitochondria, and secretory vesicles. A very dense granular
endoplasmic reticulum is in the form of cisternae (Figure 3).

Secretory vesicles are observed abundantly in the
peripheral cytoplasm of the cell. Some of these vesicles
have light-electron density while some do intense electron-
density (Figure4 A, 4 B).

Duct cells have little amount of cytoplasm, granular
endoplasmic reticulum, a few mitochondria and free
ribosome (Figure 2). Poison sac is coated with by a single
layer of epithelium surrounded by a thick intima layer

Figure 4. Peripheral cytoplasm of Secretory cell. Sv, Secretory vesicles;
iev, intense electron-density vesicle; lev, light electron-density vesicle; V,
Vacuole. (TEM) A X 8 000, B X 10 000.
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inside. Epithelial cells are surrounded externally by the
basal membrane and the muscle layer. These cells contain a
relatively extended nucleus containing many mitochondria
and heterogeneously dispersed chromatin (Figure 5).

DISCUSSION

Morphology
Some pompilids cause their victims have temporary
paralysis, then needle-spider is caught actively, and it
continues to function normally until growing wasps
will consumed it [9]. The Sphex flavipennis that we
have studied use some Orthoptera species for larval
development. As defined in many studies for different
species of Hymenoptera [6,8,11,12], the poison apparatus
of S. flavipennis consists of the poison glands, poison sac,
Dufour gland and poison needle.

The apparatus of female Rhynchium
cyanopterum consists of two parts as secretory part and a
poison sac. The secretion part of the gland consists of two

poison

cylindrical convoluted glands, proximal end of which opens
by entering separately to the poison sac while the distal end
extends freely within the haemolymph [13]. The poison
glands of Sphex flavipennis consists of two convoluted
tubular parts connected separately to the poison sacs.
Cylindrical tubules extends to the haemolymph freely and
ramifies in distal ends.

The poison glands consist of two tree-like branched
tubular glands connected to a joint bladder-like reservoir.
Each of tubular glands has a length of 5-8 mm (® about
150 um). Near the reservoir entry point, branches of each
tubular glands are united to form a common generating
channel (@ about 80 pm). Poison sac is spherical when the
sac is filled (@ about 0.8 mm; volume approximately 270 nl)
and is surrounded by bundles of thin network of muscle
fibers [4]. Muscle fibers arranged in the form of transverse
and oblique forms the sac essentially muscled in the form
of four different lobes. The tubes are cylindrical and there

Figure 5. The cell of poison sac. N, Nucleus; M, Mitochondria; I, inti-
ma; Bl, Basal lamina; M, Muscular layer; L, Lumen; rer, Rough endoplas-
mic reticulum (TEM) X 8 000.
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are some slight protrusions formed on the surface due to
the press of the epithelial cells [7]. The wall of poison sac
in all individuals under investigation is surrounded by fairly
well-developed muscle sheath [6]. The pear-shaped poison
sac of Sphex flavipennis is surrounded outside by muscle
fibres. The convoluted poison gland connected separately to
poison sac have the length of 6-8 mm long and a diameter
of 90 um. The morphology and ultrastructure of poison
apparatus have been studied in most of the Hymenoptera
[4,5,6,8,9,11,13], but there are no studies found on this issue
about Sphex flavipennis.

Ultrastructure

Secretion apparatus (secretory unit) tip is the terminal
part containing numerous amount of microvilli and
opening to secretion ducts in each of the secretory
cells with large extracellular surface and epicuticular
layer fibrillated inside and porous outside. In addition
to microvillus, end of each apparatus is provided with
secretion duct making the secretion go to the lumen
[12,14]. There are some open electron density vacuoles (O
ranges from 0.54 to 1.57 um) available in the cytoplasm of
Pteromalus puparum secretory cells. Secretory vesicles
are often observed as scattered in peripheral cytoplasm
in the cell. There are also secretory granules, a nucleus,
rough endoplasmic reticulum and vacuoles available
in these cells [12]. In Sphex flavipennis, there is a large
surface with numerous amount of microvillus including
epicutucular layer fibrillated inside and porous outside in
secretory unit. The numerous amount of microvillus are
directed towards cuticular lining on the apical surface
of the secretion apparatus as defined for Pteromalus
puparum [12] and in Pachycondyl striata [14]. Irregularly
shaped nuclei of secretory cells are relatively large and
centrally located. As noted by the researchers, these cells
have granulated endoplasmic reticulum, the nucleus,
secretory vesicles and secretory granules. In addition,
there are a lot of rough endoplasmic reticulum and
mitochondria for expression of secretory proteins in these
cell types and to meet the energy required in the process
of secretion and absorption, respectively. The cytoplasm
of the secretory cell is characterized with abundant free
ribosomes distributed to all around the cytoplasm and
with a large number of spherical ergastoplasmic sac [13].

The poison sac of Polistes versicolor exhibits a dense
muscular structure combined with thick cuticle on the
reservoir wall. In reservoir, there is a well-developed
epithelium continue with the outer tubular partanatomically.
However, there is no secretory cell observed on the reservoir
wall [711]. Similarly, it is observed that the sac of Sphex
flavipennis is surrounded by dense muscle fibres, but not
secretory cells on the reservoir wall. On the contrary, Abreu
implies that there are secretory cell on the reservoir wall of
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Apis mellifera [15]. Although it is noted that there are no
specific organelles in the cytoplasm of reservoir epithelium
cells of Pteromalus puparum [12], there are numerous
amount of mitochondria observed in the epithelial cells of
the sac of Sphex flavipennis.

CONCLUSION

In this study, we investigated morphological and
ultrastructural features of poison gland of S. flavipennis.
The features of poison gland and poison sac were found
to have differences from both morphological and
ultrastructural structures which help us to clarify and
better understand each portion in the poison gland of
this species.
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he goal of this study was to investigate the permeability characteristics of glyoxal

blended sodium silicate injected sand specimens with different relative densities and

gradations. Initially, rheological characteristics of glyoxal blended sodium silicate grouts
were determined. Accordingly, the gel time decreased as the sodium silicate content

increased. Viscosities of glyoxal blended sodium silicate grouts increased as the silicate
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content increased. Syneresis increased as the silicate content increased up to 37% but

then started decreasing as the silicate content continued to increase. The groutability

of glyoxal blended sodium silicate grouts into different graded sands specimens formed

at various relative densities was highly successful. Grouted sand samples were kept in

humidity room at a temperature of 20 °C till test time and put to permeability tests at

different time intervals. In general, glyoxal blended sodium silicate grouting decreased

the permeability of different graded sand specimens. The permeability of sodium silicate-

glyoxal grouted sand specimens increased with time as a conclusion of syneresis.

Keywords:
Permeability; Chemical grout; Sand; Glyoxal; Sodium Silicate.

INTRODUCTION

Grouting is one of the oldest and widely used

ground improvement methods in civil
engineering applications all over the world. It is
mainly used for reducing permeability and increasing
the strength of soil or rock. It is also employed
in decreasing the deformability of soil under
foundations, stabilizing ground cutting face and
excavations and controlling the settlement of ground
surface during the opening of a tunnel [1]. Different
grouting materials such as suspensions, solutions and

emulsions are used for grouting purposes [2-4].

Chemical grouts were developed where the pore
size in rock or soil units were too small to be penetrated

by conventional Portland cement suspensions [5].

They were fluid at the beginning but reacts after a
predetermined time to form a solid, semisolid or
gel. Various chemical grouts have been introduced
so far, and each one has characteristics suitable for
different uses. The most common chemical grouts
were introduced by US Army corps of engineers in five
categories i.e., sodium silicate, acrylate, lignin, urethane
and resin grouts [5].

Sodium silicate grouts, among them, are the most
popular ones owing to their safety and environmental
suitability. Therefore, the rheology of sodium silicate
based grouts and the engineering properties of the
grouted soils would be the field of interest. In the past,
the hydraulic conductivity of sodium silicate injected
sand specimens was studied by Bodocsi and Bowers,
Krizek and Spino but their studies were limited to some
extent [6,7].

The prime aim of this study was to find out the
effect of sand gradation, relative density, and syneresis
on the permeability of sodium silicate-glyoxal grouted
sand thus contributing to the relevant literature.

MATERIALS AND METHODS

In this study, Quartz sand taken from Kizilirmak
River next to Corum was used. The specific gravity
of sand’s was specified to be 2.61 according to ASTM
D854-02 [8]. Sand specimen was primarily separated
into 2 various subgroups. Both of the subgroups were
formed utilizing 2 sets of sieves in a manner that
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Table 1. Properties of sand specimens used in experimental studies

Particle size content (%)

Sample No : . ey mang KN/TP Y tytmimg KN/TP € i,
Fine Medium

1 100 o 15.80 12.60 1.14 0.71

2 8o 20 15.70 12.70 1.13 0.72

3 60 40 15.60 12.70 1.12 0.73

4 30 70 15.50 12.90 1.10 0.74

5 o 100 15.40 13.00 1.08 0.75

Note: Yary(man - MAX. dry density  Yarymin* min. dry density ; e_,
the coarser fraction of sand particles was initially sifted
through set of (No 10-No 40) upper sieves. Those
remained on a sieve No 40 were collected and defined
as medium sand. Thereafter, the other subgroup was
sifted through set of (No 40-No 200) lower sieves. The
sands particle stayed on a sieve No 200 was collected
and defined as fine sand [9]. To widen the range of sand
gradation, Fine and medium sands were blended with

each other at various percentages by dry mass (Table 1).

Thus, five various gradations were obtained and theirs
grain size distributions were shown in Figure 1.

To create different gradations at various relative
densities (30%, 50% and 70%), the minimum and the
maximum dry unit weights of the specimens were
determined in reference with ASTM D4254-00 and ASTM
D4253-00 standards respectively (Table 1) [10,11].

Sodium Silicate, Reactant and Water

Sodium silicate (SiO,.Na,0O) commercially known as
water glass, is available either in an aqueous solution
or powder. The silica/alkali ratio used for grouting is
generally in the range of 3 to 4. Sodium silicate used in
this study is produced by Ege Holding in Turkey with
a brand name of EGENat 3203. Its physico-chemical
properties were given in Table 2.

Sodium silicate solutions are alkaline so they have to be
neutralized to form a gel. For this purpose, the reactant used

Figure 1. Grain size distribution of sand specimens.

72

.. max. void ratio; e . :min. void ratio

in.

Table 2. Physico-chemical properties of Sodium Silicate and Glyoxal

Coloring Colorless, clear liquid
Formulation Na_SiO,
Weight modules (SiO /NaO) 3.0-3.3
% Molecular modules (SiO /NaO) 3.1-3.4
& | Be'(20°C) 39-41
g Density (20 °C, gr/cm3) 1.37-1.39
& [ naomw) 8.5-9.5
Sio, (%) 26.0-28.0
pH (20 °C) 11.66
Viscosity (20 °C, cP) 75-150
Coloring Clear colorless to yellow liquid
Formulation CH,0,
g Formula Weight (gr/mol) 58.04
% Density (20 °C, gr/cnm?) 1.27
Acetic Acid 0.25% max.
pH (20 °C) 2.1-2.7

was Glyoxal produced by Acros Organics. The physico-
chemical properties of Glyoxal were also given in Table 2.
The tap water was the third component in forming grouts.

Chemical Reaction

Silica is a weak acid, and sodium silicate is thereby
basic. Sodium silicate will be precipitated as a gel by
neutralization. Firstly, glyoxal (C,H,0,) was converted
to oxalaldehyde form in acidic medium. Then, a dilute
sodium silicate (Na,SiO,) mixed with organic origin
oxalaldehyde (C,H,0O,) will form a gel with time based
on chemical concentrations. The reaction scheme is
presented below (Egs. 1 and 2):

@

@

The glyoxal was converted to oxalaldehyde, acidic
derivative, by acidic media (Eq. 1). Then the acidic
oxalaldehyde were neutralized with basic natrium silicate as
shown in Eq. 2. The natrium formate (C,H,O,Na,) salt and
silicic acid (H,SiO,) were then obtained but the silicic acid
was unstable in air atmosphere so it converted to silicium
dioxide (silica or silicon dioxide) (SiO,) by vomiting one
molecule aqua and the mixture gelled.



Sample Preparation and Grouting

The grouting test apparatus consisted of a manometer,
100 molds for hydraulic conductivity, a grout tank with
propeller and related connections. Molds were 52 mm
in diameter and 120 mm in length. The test apparatus
was detailed in Figure 2. The grouting test apparatus was
developed by Mollamahmutoglu and Avci [12].

The internal surfaces of the molds were slightly greased
to eliminate specimens’ disturbance while the samples were
removed from molds after grouting. During specimen
preparation, a coarse layer of sand regarding eight mm in
thickness was former located at the base of the molds to
evenly distribute the grout into the specimens. Specimens
were then placed into molds in 3 equal layers. Each layer was
compacted utilizing a vibratory hammer to accomplish the
required relative density prior to the next one. For 30, 50 and
70 percent relative densities of samples, the first void ratios
(e,) were calculated from the empirical relation of relative
density since the max. and min. void ratios were obtained
by experiments as explained earlier. Afterwards, depending
on specific gravity and void ratio of samples, the relevant
dry unit weight was figured out and the essential mass of
samples was calculated. From every one of these amounts,
each layers’ relative density was controlled.

Afterwards forming the samples at the required relative
density, a coarse layer of sand about eight mm in thickness
was put on the upper part of the molds. Next the base and
top end-plates of the molds were assembled using tie rods
(Figure 2). Lastly, specimens were filled with water. The

Figure 2. The details of grouting test apparatus [12].
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Table 3. Gyoxal blended Sodium Silicate solution grouts

Solution No Water (%) Sodium Silicate (%) Reactant (%)
SG1 67 29 4
5G2 56 37 4
5G3 46 46 8
5G4 36 53 11

bottom and top ends were sealed against water leakage and
put aside till the injection date. Before grouting, the samples
were saturated by the upward flow of tap water through the
bottom under the pressure of 20 kPa. Water was permitted
to flow through the sand specimens ensuring that no air
bubbles came out from the outlet at the upper of the mold.

The specimens ‘grouting pressures were performed
by trial and error and the penetration pressures were
determined in this direction. The injection pressures was

provided with air compressor and observed by a manometer.

Before grouting, water and the pre-measured contents
of reactant were blended completely in a holder by an
attractive stirrer and after that sodium silicate was then
included and the entire solution was mixed again. The grout
was poured into grouting tank and was lastly grouted into
the samples in molds. The contents of chemical substances
forming sodium silicate grouts for this experimental study
were presented in Table 3.

TESTING PROGRAM

Gel Time, Viscosity and Syneresis Tests
Firstly, the gel times of sodium silicate solution grouts
in Table 3 were determined. They were defined as the

E. Avci/ Hittite ] Sci Eng, 2017, 4 (1) 71-78
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elapsed time from grout mixing until no grout flowed
out from a baker when tilted to 45° [13]. Grout gels were
dependent on the components of the grout. On that
account, the effect of silicate content on the gel time of
grouts was studied and the findings were presented in
Figure 3.

The changes of viscosities of grouts with time were
quantified by Brookfield DV-III Ultra Rheometer in
reference to ASTM D2196-15 [14] and the results were
shown in Figure 4.

For the measurement and observation of the amount
of syneresis of grout gels, the grout solutions were preserved
in graduated plastic air-tight container. The syneresis and
time relation was given in Figure 5. Silicate content effects
on the syneresis of grouts were also presented in Figure 6.

Grout Penetration Test

The penetrability of glyoxal blended sodium silicate
solutions into various graded sand specimens at 30%, 50%
and 70% relative densities was investigated and the results
were shown in Figure 7. The lowest grouting pressures for

Figure 3. Gel time and Sodium silicate content relation (20°C).

Figure 4. Sodium silicate content effect on the viscosity of grouts (20
°C).
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Figure 5. Syneresis of grout gels with time (20 °C).

Figure 6. Sodium silicate content effect on the syneresis of grout gels
for 720%™ day (20 °C).

the grouting of the sand specimens were also determined
by trial and error and presented in Figure 7.

Permeability Tests

In the beginning, the constant head permeability tests
were run on various graded ungrouted sand specimens
at various relative densities in accordance with ASTM
D2434-68 [15] and their permeability values were
measured and given in Figure 8. In addition, the
permeabilities of grouted sand specimens with different
gradation and relative densities were investigated by
conducting falling head permeability test under the
gradient of 20 in reference to ASTM D5856-95 [16]. The
influences of the curing period and fine sand content
on the grouted sand specimen’s permeabilities were
researched and the related results were presented in
Figures 9 and 10.

RESULTS AND DISCUSSION

Gel Time Viscosity and Syneresis

The gel time of the grouts was based on the solution
concentration. Figure 3 showed that increase in sodium
silicate content decreased the gel time of grouts. The gel



Figure 7. Grouting pressure variation with fine sand content.

time, at a room temperature of 20 °C, decreased from 157
to 62 minutes by changing the silicate content from 29 to
53 percent in return.

The outset viscosity was increased with the increase
in silicate content. The outset viscosity for the grout of 29%
silicate content and 4% reagent mixture was 1.95 cP and it
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Figure 8. Permeability values of ungrouted sand samples.

was 4.89 cP for the grout of 53% silicate content and 11%
mixture (Figure 4).

Syneresis is described as the leakage of liquid from the
grout gel and expressed as a percentage of the initial grout
volume [17]. The liquid leakage from the grout gels was
sighted a period of 150 days. It considerably increased up
to 56" day and continued at a decreasing rate after 56 day
(Figure 5). Figure 6 showed that syneresis increased as the
sodium silicate content increased up to 37% but then started
decreasing as the sodium silicate content increased. The
syneresis percentages of grout gels for 29%, 37%, 46% and
53% silicate contents were 63, 80, 75 and 69 respectively.

Penetrability

Sand samples compacted at 30, 50 and 70 percent relative
densities were successfully grouted with all contents of
sodium silicate solution. The injection pressures varied
from 7 to 61 kPa (Figure 7). Increase in relative density,
fine sand content and sodium silicate content increased
grouting pressures.

Permeability

Sand specimens ‘permeabilities were decreased by two to
five orders of magnitude after grouting. As the coefficient
of permeabilities of ungrouted sand specimens ranged
from 1.07x10° to 1.48x10" cm/s, the grouted ones varied
from 3.85x10°° to 1.29x10° cm/s on the 150" day after
grouting (Figure 9 and 10). Bodocsi and Bowers , Krizek
and Spino reported similar findings irrespective of the
effects of relative density and syneresis [6,7].

Permeabilities of grouted specimens reduced with the
increase of fine content of sand. The average permeability
values of SG1 grouted 100% medium and 100% fine sand
specimens at 30 percent relative density were 4.63x10° cm/s
and 9.76x10° cm/s respectively at the end of 150 curing
period (Figure 10).
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Figure 9. Permeability values of sodium silicate-glyoxal grouted sand specimens for different curing period.

Increase in relative density slightly decreased the
permeabilities of grouted sand samples. The average
permeabilities of SG1 grouted 100% medium sand
specimens at 30%, 50% and 70% relative densities were
9.76x10°° cm/s, 9.38x10° cm/s and 8.98x10°° cm/s at the end
of 150" day curing period respectively (Figure 10)

Up to 37 % of silicate content, permeability of injected
sand specimens increased with the increase of silicate
content and then decreased as the sodium silicate content
increased. The permeability coefficients of grouted fine
sand specimens at 30 percent relative density were 4.63x10°°
cm/s, 7.71x10°cm/s, 6.63x10° cm/s and 5.79x10°° cm/s for
29%, 37%, 46% and 53% silicate contents by the end of 150
day respectively.
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Increase in the permeabilities of injected sand samples
was observed with time at a decreasing rate. The average
permeability coefficients of SG1 grouted medium sand
specimens at 30% relative density were 6.06x10° cm/s,
9.21x10°° cm/s, 9.58x10° cm/s and 9.76x10° cm/s at the end
of 7%, 28™, 56" and 150" day curing periods respectively.
Increase in the permeability of sodium silicate grouted sand
samples with time was due to syneresis of grout gel matrix
of sand specimens.

CONCLUSION

Followings were the main conclusions drawn from this

experimental study:

+  The gel time of grouts were decreased with the
increase in sodium silicate content.



Figure 10. Variations of permeabilities of grouted sand specimens with
fine sand content for 150'" day.

7

The onset viscosity was increased with the increase
in silicate content.

Syneresis of grouts increased as the silicate content
increased up to 37% but after that started decreasing
as the silicate content increased.

Different graded sand specimens compacted at 30,
50 and 70 percent relative densities were successfully
permeated with all contents of sodium silicate
solutions.

The permeability of different graded sand samples
at various relative densities was reduced two to five
orders of magnitude by grouting.

Increase in fine content decreased the permeabilities
of injected sand samples.

Increase in relative density slightly decreased the
permeabilities of grouted sand specimens.

Up to 37% of silicate content, the hydraulic
conductivity of injected sand samples increased.
After that it decreased with the increase in silicate
content.
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In this work, optimum conditions for the derivatization reaction of biogenic amines

(histamine, tyramine, putrecine, tryptamine,

spermidine and spermine) with acetylacetone have been determined. In this reaction,
the amount of K2HPO4, reaction time, reagent amount, solvent choice and solvent
amount were optimized. As a result of this study, optimum conditions were determined

asamount of K2HPO4 2 g, reaction time 20 min, amount of acetylacetone 1 mL, solvent

methanol and amount of solvent 10 mL.
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INTRODUCTION

mines are basic nitrogenous compounds formed

by substituting alkyl or aryl groups of the one, two
or three hydrogen atom in ammonia. Decarboxylation
of aminoacids is the most common synthesis route of
foods; aromatic amines may exhibit food toxicity [1].
These amines by decarboxylation of amino acids of
living organisms (bacteria) when the operating results
produced are called biogenic [2]. In the presence
of bacterial biogenic amine decarboxylase and
suitable environmental conditions, biogenic amine
formation permits bacterial growth and production
of decarboxylase enzymes [3]. Biogenic amines are
produced as a result of various metabolic activities of
plants, animals and microorganisms. Biogenicamines
containing aliphatic (putrecine, cadaverine, spermine,
spermidine), aromatic (tyramine, phenylethylamine)
and especially heterocyclic (histamine, tryptamine)
structures are described as small molecule toxic
compounds which can also be present in foods.

Biogenic amines are formed in large quantities
of protein rich foods and fermented foods [4-5]. The
formation of biogenic amines;

Table 1. Classification of biogenic amines

According to chemical structures  Aliphatic

Putrecine Cadaverine Spermine Spermidine

According to number of nitrogen Monoamines

Tyramine Phenylethylamine

phenylethylamine,
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. The presence of free amino acids,

+  The presence of microorganisms showing
decarboxylase high enzyme activity in the
medium and their number,

+  Development of microorganisms

+  The formation of decarboxylases depends
on the presence of suitable environmental
conditions such as pH and temperature [1].

Itis very important to analyze and identify biogenic
amines present in various foods due to their potential
toxicity. Absorption intensities of the biogenic amines
in the UV-Vis region are very low or not at all. Therefore,
their absorption strengths need to be increased. These
substances must be derivatized using an organic
chelator and thus increasing the absorption intensities
in the UV-Vis spectrometer becomes possible by
making the resultant indirect determinations. Various
derivatization reagents have been used in literature
for the determination of these substances [6-22]. In
this study, the use of acetylacetone reagent, previously
used by Nishikawa [23] in the derivatization of primary
amines, was investigated for the derivatization of

Aromatic Heterocyclic

Tyramine Phenylethylamine Histamine Tryptamine

Diamines Polyamines

Histamine Putrecine Cadaverine ~ Spermine Spermidine
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Figure 1. The chemical structure of biogenic amines (a: histamine, b: tyramine, ¢: putrecine, d: tryptamine, e: phenylethylamine, f: cadaverine, g:

spermidine, h: spermine)

biogenic amines. The generic name for the derivatization
reaction of biogenic amines with acetyl acetone is known
as Schiff base formation reactions. In this study, optimum
conditions for the derivatization reaction of the biogenic
amines with acetylacetone have been determined.

The schiff bases can be represented by the general
formula RCH=NR’, which is obtained from the condensation
of aldehydes or ketones with primary amines and also
referred to as “imine” or “azomethine” compounds due to its
C=N double bond as a characteristic feature in its structure
[24]. R and R’ is alkyl or aryl substituents. Schiff bases are
also known as a good nitrogen donor ligand (>C=N-).

Figure 2. The formation reaction of Schiff base (R-R-Alkyl or Aryl)

MATERIALS AND METHODS
Chemical and Reagents

Biogenic amine standards (histamine, tyramine,
putrecine, tryptamine, phenylethylamine, cadaverine,
spermidine, spermine), were obtained from Sigma-—
Aldrich. Acetylacetone was supplied by Merck.
Dipotassium hydrogen phosphate (K,HPO,) was
purchased from Merck. Acetone, acetonitrile, ethanol,
methanol and tetrahydrofuran were obtained from

Sigma-Aldrich (HPLC-grade).

Apparatus
The UV-Vis absorbance spectra were recorded at using
a GENESYS™ 10S Thermo Scientific Perkin Elmer
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spectrophotometer, equipped with a 1 cm path length cell,
controlled by a personal computer. This equipment has
a degasser system (WiseClean). Mettler Toledo MA 235
pH/ion analyzer with Hanna HI 1332 Ag/AgCl combined
glass electrode was used for pH measurements.

Preparation of standard solutions of biogenic
amines

Stock solutions of histamine, tyramine, putrecine,
tryptamine, phenylethylamine, cadaverine, spermidine,
spermine were prepared by dissolving each biogenic
amine in 10 % (v/v) methanol/water. The diluted
solutions were taken from this stock solution and diluted
to the desired concentration in the same mixture. Stock
solutions were kept +4 °C and stored in the dark. Water-
methanol mixture was used for the further dilutions of
the solutions of biogenic amines.

Derivatization Process

The final concentration of each biogenic amine
solution was taken from stock solution as 1x 10* M.
To this, methanol, K,HPO, and derivatization reagent
acetylacetone were added in a certain amount and
volume 100 mL completed. The mixture was allowed
to stand in the dark and then their UV-Vis spectra were
taken against the blank solution. Biogenic amines, the
effect of all parameters of the reaction to optimize the
derivatization reaction which is converted into schiff base
using acetylacetone reagent were examined individually.
For this purpose, parameters such as K,HPO, amount,
reaction time, acetylacetone amount, solvent effect
and solvent amounts were investigated and optimum
conditions were obtained for each.



Figure 3. The effect of the amount of K,HPO, on the derivatization
reaction of biogenic amines with acetylacetone

RESULTS AND DISCUSSION

Effect of the Amount K,HPO,

The reaction of biogenic amines with acetylacetone
takes place in mildly basic medium. For this purpose,
K,HPO, was added in different amounts and the
changes in absorption were evaluated according to
spectrophotometric measurement results. For this, an
appropriate amount of each biogenic amine was added to
a solution containing 10 mL methanol, different amounts
of K,HPO, (0.5; 1.0; 1.5; 2.0; 2.5 and 3.0 g) and 1 mL of
acetylacetone. The mixture was then diluted to 100 mL
with ultrapure water. The mixture was kept in dark for 40
min to complete the reaction. The absorption changes of
different amounts of K,HPO, obtained on the spectra are
as shown in Figure3.

The amount of K,HPO, from which the highest
absorptions were obtained was determined to be 1 g and
1 g K,HPO, was used for all derivatization reaction with
acetylacetone of biogenic amines throughout the study.

Effect of Time

To determine the extent to which the reaction of the
derivatives of the biogenic amines with acetylacetone
reactives was carried out, the solutions in which the
derivatives were obtained at certain time intervals
were left in the dark and the UV-Vis spectra were taken.
Reaction time was optimized taking into account the
absorption intensities in the spectra. An appropriate
amount of each biogenic amine was added to a solution
containing 10 mL methanol, 1 g K,HPO, and 1 mL of
acetylacetone. The mixture was then diluted to 100 mL

Figure 4. The effect of time on the derivatization reaction of biogenic
amines with acetylacetone
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with ultrapure water. Each solution was kept in the dark
at 10, 20, 30, 40, 50 and 60 min intervals and UV-Vis
spectrum were taken. The absorption changes obtained
at different times in the spectrum are the same as in
Figure 4.

The reaction time at which the highest absorptions
were obtained was determined as 20 min. During the study,
the solutions for the derivatization reaction of biogenic
amines with acetylacetone were left in the dark for 20 min.

Effect of the Amount Acetylacetone

To optimize the amount of acetylacetonate used as
the reagent for the derivatization of biogenic amines,
the optimum amount was determined by adding
acetylacetone medium at various ratios. An appropriate
amount of each biogenic amine was added to a solution
containing 10 mL methanol, 1 g K,HPO, and different
amounts of acetylacetone (0.6; 0.8; 1.0; 1.2 and 1.4
mL). The mixture was then diluted to 100 mL with
ultrapure water. The mixture was kept in dark for 20
min to complete the reaction. The absorption changes
of different amounts of acetylacetone obtained on the
spectra are as shown in Figure 5.

The amount of acetylacetone in which the highest
absorption intensity was obtained was determined to be 1
mL and this value was used for the derivatization reaction
throughout the study.

Effect of Different Solvents
The optimal solvent was determined using various
in the

derivatization reaction of the biogenic amines and the

solvents to reveal the solvent to be used

effect on the reaction. For this purpose, different solvent
containing derivatization reactions were performed
for each compound. An appropriate amount of each
biogenic amine was added to a solution containing 10
mL solvent (methanol, ethanol, acetone, acetonitrile and
tetrahydrofuran) 1 g K, HPO,and 1 mL of acetylacetone.
The mixture was then diluted to 100 mL with ultrapure
water. The mixture was kept in dark for 20 min to
complete the reaction. The absorption changes of

Figure 5. The effect of the amount of acetylacetone on the derivatization
reaction of biogenic amines with acetylacetone
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Figure 6. The effect of solvent on the derivatization reaction of biogenic
amines with acetylacetone (M: methanol, E: ethanol, A: acetone, ACN:
acetonitrile, THF: tetrahydrofuran)

different solvents obtained on the spectra are as shown
in Figure 6.

It is seen that the solvent in which the highest
absorptions are obtained is methanol. Therefore, the
methanol-water mixture was used as this solvent during
the derivatization of the biogenic amines with acetylacetone.

Effect of Solvent Volume

After determining that the most suitable solvent for
the derivatization reaction of the biogenic amines with
acetylacetone was methanol, the effect of this solvent
volume on the absorption intensity was investigated. An
appropriate amount of each biogenic amine was added
to a solution containing different volumes of methanol
(6, 8,10, 12 and 14 mL), 1 g K,HPO, and 1 mL of
acetylacetone. The mixture was then diluted to 100 mL
with ultrapure water. The mixture was kept in dark for
20 min to complete the reaction. The absorption changes
of different volumes of methanol obtained on the spectra
are as shown in Figure 7.

It is seen that the solvent in which the highest
absorptions are obtained is 10 mL of methanol. For
this reason, 10 mL of methanol was used during the
derivatization of biogenic amines.

Figure 7. The effect of the volume of methanol on the derivatization
reaction of biogenic amines with acetylacetone

CONCLUSION

Inthisstudy, the derivatizationreaction ofbiogenicamines
(phenylethylamine, histamine, cadaverine, putrecin,
spermidine, spermine, tyramine and tryptamine) with
acetylacetone reagent was optimized. The amount of
KzHPO4, the reaction time, the amount of acetylacetone,
the solvent and the solvent amount were determined in
the optimization studies. This reaction was carried out
by adding 1 g of K,HPO,, 10 mL of methanol, 1 mL of
acetylacetone on the biogenic amine solution taken at a
given concentration and diluting to 100 mL with a pure
and standing for 20 minutes in the dark to complete the
reaction. The end result is that the biogenic amines are

converted to schiff bases.
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