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Abstract

Laser-induced fluorescence spectroscopy is a
nondestructive surface analytical technique
widely used for identifying the chemical compo-
sition of organic and inorganic compounds. It is
applied in many fields of human activity due to
the measurements simplicity and quickness. Cul-
tural heritage preservation needs a delicate ap-
proach in many cases. This results in establish-
ment of various laser techniques, including LIF, as
reliable and adequate methods for studying valu-
able objects. In this regard, the Institute of Solid
State Physics at the Bulgarian Academy of Sci-
ences together with the National Gallery for For-
eign Art initiated a project entitled “Laser-in-
duced fluorescence analysis for investigation and
preservation of cultural heritage”, funded by the
Bulgarian Science Fund. The main goal of this
project is to study various materials often found
in artworks and to create an extensive database
of materials characteristics. This will be in favor
of conservators-restorers as they will be able to
identify easily and quickly the objects surface
composition.

INTRODUCTION

Scientific study on cultural heritage objects
has its origin in the late eighteenth century,
when the German scientist Friedrich Klaproth ex-
amined the composition of metal coins. Ever

since scientific methods have been applied to
study many aspects of the preservation of our
cultural heritage (artworks, archaeological find-
ings, historical buildings, etc.). With the techno-
logical advance the conservator scientists’ needs
for nondestructive and non-invasive techniques
are increasing, because of the unique character
of artifacts. This improves the understanding of
their manufacture, evolution and degradation
with time, which is necessary knowledge for ap-
propriate conservation- restoration protocols
(Bradley & Creagh, 2006). In this paper we
present a contemporary nondestructive method
for analyzing chemical composition of a given
material present on a surface layer. Laser-in-
duced fluorescence (LIF) spectroscopy is based on
the absorption of laser light by the material’s
molecules, being illuminated. Thus excited to
higher electronic states, the molecules reemit
light, relaxing to the ground electronic state (fig.
1) (Schreiner et al., 2008; Gronlund et al.,
2006).

The fluorescence spectrum of every material
is unique and reproduces its molecular structure.
As shown in fig. 1, both spectra, the absorption
and fluorescence, are mirror-images of each
other, covering different wavelength regions —
the excitation maximum is in the UV-blue wave-
lengths and the fluorescence maximum is in the
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Fig. 1. Mechanism of LIF

blue/green wavelength region. Alterations of
materials are displayed as differences in the
slopes and wavelength for the maximum fluores-
cence (Schreiner et al., 2008; Gronlund et al.,
2006).

The wavelength-intensity chart gives precise
information about the presence of distinct
chemical compounds in small or large (LIF
imaging) area. As the fluorescence spectra are
characterized usually by broad peaks, fluores-
cence spectroscopy doesn’t always guarantee a
detailed identification of sample’s composition by
itself. The analytical capabilities of the method
can be improved by measuring the temporal
characteristics of the fluorescence signal.
Thereby particular species can be identified not
only by their fluorescence spectra, but also by
the time spent in excited electronic state and the
decay profile. This time is of the order of few
ns (107 's) to ps (10°s) (Schreiner et al., 2008).

A modification of LIF, combining fluorescence
imaging and lifetime measurement, named FLIM
(Fluorescence Lifetime Imaging Microscopy), in-
creases the sensitivity and the simplicity of the
method when applied for large areas (wall paint-
ings, buildings, etc.). Due to the knowledge
about temporal properties of the fluorescence
emission in every point of the sample’s surface,
FLIM indicates precisely the chemical compounds
in the whole extension of a cultural heritage
object, without the need for extensive sampling
(Schreiner et al., 2008).

Laser-induced fluorescence is a versatile, se-
lective and very sensitive technique which could

provide spatial and temporal information about
an object of any size and material (organic or in-
organic) in laboratory or in situ, without the need
of sampling or preparation. There is also a possi-
bility of remote sensing using optical fibers or
light detecting and ranging (LIDAR) system
(Valeur, 2001; Schreiner et al., 2008). These
features come from the use of lasers as excita-
tion source. Lasers offer the advantage of selec-
tive excitation within the absorption spectrum of
a material enabling high precision in the identifi-
cation of species. Furthermore, laser sources
have a possibility of high-resolution measure-
ments allowing the detection of small quantities
of substances or chemical compounds in small
area (Schreiner et al., 2008).

As every other analytical method, there are
several limitations and disadvantages in LIF appli-
ance: spectral complexity; limited compound sen-
sitivity, due to the fact that there are materials
(pigments or other substances) with weak fluo-
rescence signal that is impossible to detect; de-
creased sensitivity, because of the broad molecu-
lar bands; no available databanks (Schreiner et
al., 2008; Fotakis et al., 2007).

Analysis of the molecular composition gives
information of original materials used for creat-
ing the object (pigments, aging varnish or binder,
protective coating, etc.). It characterizes the
products of deterioration or the materials added
during old restoration procedures. The fluores-
cence emission also indicates biological growth
and detects forgeries. LIF can be combined with
other analytical techniques for accurate identifi-



National Scientific Programmes with European Dimensions

cation of materials or for diagnostics of restora-
tion procedures, as for example laser cleaning
(Schreiner et al., 2008). Except in conservation
this method is used also in medicine, biology,
material analyses and quality control, etc.

Preservation of cultural heritage takes essen-
tial place among the activities of our civilization.
Analysis of the chemical composition of objects
of historical significance is an important step in
the conservation process. For that reason the In-
stitute of Solid State Physics together with the
National Gallery of Foreign Art started a project
entitled “Laser-induced fluorescence analysis for
investigation and preservation of cultural herit-
age”, funded by the Bulgarian Science Fund. The
project aims at incorporating and developing the
technique, studying most of the basic materials
(pigments, dyes, adhesives and binders) that
have been commonly used in the past and at cre-
ating extensive database of characteristic com-
pound spectra which will enable further studies
of authentic artworks.

EXPERIMENT

As excitation sources we have used three
semiconductor lasers generating 405, 445 and
532 nm. We have also used Q-switched Nd:YAG
laser system (Quanta Ray GCR3), oscillating at
355 nm (3rd harmonic) with maximum energy ~

35 mJ, pulse length 8 ns and variable repetition
frequency up to 10 Hz. The fluorescence light,
emitted by a small excited area of the sample,
passes through broadband filters which cut off
the intensive laser radiation and transmit the
fluorescence. That light is collected by a lens and
through an optical fiber is analysed by a
spectrometer. We have used two spectrometers:
Avantes 3648 portable spectrometer with oper-
ating range 300 — 850 nm and 1 nm resolution;
Mechelle 5000 — ANDOR with operating range
220 — 850 nm and spatial resolution about
0.05nm. The latter is equipped with ICCD cam-
era (180 — 850 nm) with temporal resolution 5
ns. The spectrometers are wavelength calibrated.
The registered fluorescence spectra are visual-
ized on a computer screen (fig. 2).

With the help of professional restorers we
prepared test samples on which different pig-
ments and dyes (cochenille, carmine naccarat,
gamboge, turmeric, safflower, indigo blue lake,
burnt umber, ivory black, ultramarine, etc.), ad-
hesives and binders (bone glue, isinglass, gum
Arabica, dammar, linseed oil, casein, etc.) com-
monly used in paintings and artworks in the past
were painted. Part of the samples is presented
in Fig. 3.

The painted rectangles consist of various

E | w
e 5}
S|
=
445 nm PBS
[ teser |—+1
532 nm mirror
7z
laser I
mirror v
355 nm
Nd-YAG laser / mirror
computer spectrometer

Fig. 2. Experimental set-up of LIF system
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combinations of selected pigments and adhesives.
Some of them are varnished with dammar dis-
solved in white spirit because the surface of the
majority of authentic paintings is protected by

and the same adhesive mixed with different pig-
ments. This variety enriches the investigation and
the obtained database.

All of the test samples are investigated with

Fig. 3. Part of the test samples.

varnish  coatings which influence the
spectroscopic study. There are also rectangles
that consist only of adhesives, one and the same

pigment mixed with different adhesives or one

Intensity [a.u.]

three laser wavelengths: 355, 405 and 445 nm.
Some of the results are presented in this paper.
Spectra of ultramarine mixed with different
kinds of adhesives are shown in Fig. 4. There is
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Fig. 4. LIF spectra of Ultramarine mixed with different adhesives.
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a significant change in the fluorescence signal
from the varied combinations.
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Considerable alteration in the spectrum, when
the paints are coated with a varnished layer, is
observed, too. Due to the transparency of the
varnish, most of the exciting light reaches the
layer of adhesive and pigment and resultant
spectrum is observed. The characteristic light
passes through the varnish layer, where it can be
partially absorbed and/or reemitted. The ob-
tained spectra are analyzed in order to estimate
the sensitivity of the LIF method.

The first steps of collecting comprehensive
databanks were done studying variety of widely
used adhesives and binders’ fluorescence spectra

(Fig. 5).
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Fig. 5. LIF spectra of some adhesives

Most of the studied pigments in pure form
have very weak signal excited by the used oper-
ating energies. Increasing the energy leads to
slightly stronger intensity of the signal, but the
risk of damaging the surface due to photo-ther-
mal and photo-chemical effects increases, too.

To confirm the results obtained with our sys-
tem we conducted the same experiments with
other LIF set-up, placed in laboratory CERTO —
INOE 2000, Bucharest, Romania. The laser sys-
tem consists of Diode Pumped Solid State (DPSS)
laser, generating 266 nm. A comparison between
spectra achieved by both set-ups was done.
These spectra are shown in fig. 6. As one can
---- 266 nm laser

204 — 405 nm laser

o
1

Intensity [a.u.]

T T T
500 600 700

Wavelength [nm]

300 400

Fig. 6. Comparative LIF spectra from UV and deep UV laser: a) normalized; b) registered
by one and the same spectrometer
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see, there is a good spectral overlap when both
spectra are normalized, i.e. one and the same
substance is analyzed by both LIF systems. The in-
fluence of the individual set-up components in
the experiment was considered as well.

The advantage of using short-wave coherent
exciting source with wavelength in the deep UV
range (266 nm) is demonstrated. DUV light ex-
cites the molecules with higher sensitivity and the
intensity of luminescence is an order of magni-
tude higher than that excited by the UV light.
The wavelength dependence of the method is
unequivocal.

CONCLUSIONS

In investigation of organic and inorganic com-
pounds the availability of wide variety of narrow-
band excitation sources gives the opportunity for
high-selective fluorescence measurements. Col-
lecting database of common chemical compounds
found in the composition of cultural heritage
objects, the conservator scientists will be able to
detect specific species on a given surface quickly
and selectively. We are planning to enrich the
collected database by studying more test samples
and improving our experimental set-up, which
will involve DUV laser and femtosecond laser
equipped with optical parametric amplifier
(OPA). This will increase the potential of the
method selectivity and sensitivity. Time-resolved
measurements are expected to become available
as well.
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Pezrome

JlazepHo-ungyumparHara gryopecyeHtHa (JIN®)
CMeKTpoOCKONuA € HefecTpyKTUBHAa MOBBPXHOCTHA
GHATTUTUYHA TEXHMKA, LLUMPOKO M3MO0A3BAHA 34 Ornpe-
JEJIIHE Ha XUMUYHUA CbCTaB Ha OpraHu4yHu v Heop-
FaHUYHN CBEAUHEHUSA. Ta Hamupa CBOETO puioxe-
HME B MHOro 06/1aCTi Ha YOBELIKATa [EVHOCT [100a-
Aau npocrorara u Obp3nHaTra, ¢ KOUTO Ce M3BbPLIBAT
n3MepBaHnATa. OnasBaHeTo Ha KyJaTypHOTO HacaeqC-
TBO B [MOBEYETO JIy4au WU3NCKBA [EeINKATEH MO4XOH.
PasnnyHuTe 71a3€PpHU TEXHUKU, BKIIOYUTENHO 1 JIND
CeKTPOCKONUATa, Ce Hanarar Karo HagexgHu u
aACKBATHM 3@ U3CNEABAHE HA L{eHHM 0bekTH. [Tpoek-
TBT, KOWTO OCBLYECTBABA VIHCTUTYTBLT 110 QU3NKA HA
TBBPAOTO TAIO, CbBMECTHO C HauynoHanHara ranepus
3a YyXKAEeCTPaHHO U3KYCTBO, Lein U3CAEABAHETO Ha
PA3NNYHU MATEPUATIN, KOUTO MPUCBCTBAT B CbCTaBa
Ha 00eKT C UCTOPUYECKa CTOMHOCT, U Cb34dBAHETO
Ha nogpobHa 6a3a faHHW C XapPaKkTepUCTUKUTE HA Te-
3u marepuami. ToBa we nofgobpu paborara Ha KOH-
CepBarop-pecTaBpaTopmuTe v 1e e umMar Bb3MOX-
HOCTTa 6bP30 1 IECHO A3 ONPEnesnsar CbCTaBa Ha 1o-
BbPXHOCTTA HA [3AeH1s 0beKT, Koero, OT eqHa CTpa-
Ha, [aBa uCcTopuvyecka MH@Oopmauyna, a or gpyra, e
HayaneH eran npu vm3bopa Ha NoaXOAAL KOHCEPBa-

LUOHHO-PpeCTaBpalyoHeH nogxos.
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Abstract

Appearance of the new generation nano-
ferrofluid materials dramatically improves opera-
tional characteristics of electromagnetic systems
and devices. In this work new performance of
solenoid type electromagnetic actuator with
nano-ferrofluid is investigated and analyzed.
Theoretical approach based on 3D multiphysics
model of the actuator is developed for fields,
processes and phenomena analysis as well as for
determination of actuator operational character-
istics and parameters. The model couples to-
gether electromagnetic field analysis, electric
circuit analysis, fluid dynamics analysis and me-
chanical movement analysis. Transient mode of
switching on the electromagnetic actuator is
modeled. Measurement system for experimental
determination of static and dynamic character-
istics of the electromagnetic actuator with
ferrofluid is built. Operational electromagnetic
characteristics of the actuator are obtained and
compared with and without ferrofluid presence
in the working gap. Measured results are pre-
sented, analyzed and compared with those ob-
tained by developed theoretical model. The de-
veloped theoretical and experimental models and
investigation approaches could be used in design,
optimization and investigation of new effective
electromagnetic actuators and devices.

INTRODUCTION

Electromagnetic actuators are widely used in
industry [1-5] because of their operational advan-
tages including excellent performance, high re-
liability, long lifetime, minimal maintenance, etc.
They are part of various electromechanical de-
vices, controlling different mechanisms and sys-
tems. An electromagnetic actuator with solenoid
type electromagnet is utilized in electromagnetic
valve actuation systems, fuel injection actuation,
exhaust gas recirculation systems, refrigerators,

washing machines, etc. [1-4].

Static characteristics are necessary for
interoperability of electromagnet operation and
counteractions, such as reaction of spring or mass
of the armature, etc. Dynamic characteristics are
very important because they describe completely
performance of the actuator. The static and dy-
namic characteristics are very sensitive to core
shape, electric elements, mechanical elements
and magnetic elements. In order to obtain accu-
rate dynamic characteristics of the electromag-
netic actuator, it is necessary to perform a tran-
sient analysis. To take into account all physical
phenomena, it is necessary to couple electromag-
netic field analysis, electric circuit analysis, fluid
dynamics analysis and mechanical movement [5,
6].

In recent years electromagnetic systems with
ferrofluid nanoscale materials [7-11] attract
growing interest. These systems have many ad-
vantages. Electromagnetic actuators with
ferrofluid in the working gap are characterized
with better operational characteristics compared
with those with air gaps, such as reduced energy
consumption, compact in size, etc.

Ferrofluid is a colloidal stable suspension of
ferrite nanoparticles in liquid and surfactant. The
surfactant molecules covered the solid particles
and the fluid behaves as a homogeneous system
even in the presence of external forces.
Nanoparticles are usually iron oxides or different
compounds as manganese-ferrite, zinc-ferrite,
manganese-zinc-ferrite, cobalt-ferrite, copper-
ferrite, and nickel-ferrite. The liquids are
deionized water or a mixture of organic solvents
or synthetic oils. The sizes of nanoparticles can
vary from 1 nm to 100 nm and determine the
properties of ferrofluid. In addition there are
two other key parameters used to specify
ferrofluids, namely saturation, magnetization

)
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and viscosity. By varying the constituents, a wide
diversity of ferrofluids with different properties
could be created [12, 13].

Modeling of electromagnetic field distribu-
tions in electromagnetic actuators with
ferrofluid in its construction must be handled by
modern coupled field numerical methods cover-
ing all specific properties of modeled applica-
tions. Finite element method (FEM) is a power-
ful numerical method capable to solve such com-
plex problems taking into account all character-
istics and special features. Recent achievements
of the FEM give possibilities to model fully three-
dimensional, nonlinear, inhomogeneous, or
anisotropy fields and multi-joint systems.

In this work two investigation approaches are
applied for analysis of electromagnetic systems
with nano-ferrofluid. The first one is theoretical
approach for multiphysics problem modeling; the
second one is experimental approach realized via
a sophisticated computer-aided measurement
system.

In this work new performance of solenoid
type electromagnetic actuator with nano-
ferrofluid is investigated and analyzed. 3D
multiphysics model of the actuator is developed
for fields, processes and phenomena analysis as
well as for determination of actuator operational
characteristics and parameters. The model cou-
ples together electromagnetic field analysis, elec-
tric circuit analysis, fluid dynamics analysis and
mechanical movement analysis. Magnetic field
distribution is analyzed by the finite element
method. Electromagnetic force over the actua-
tor armature is calculated by the Maxwell stress
tensor method. Dynamic behavior of electromag-
netic actuator in transient mode is numerically
modeled. Measurement system for experimental
determination of static and dynamic characteris-
tics of the electromagnetic actuator with
ferrofluid is built.

Electromagnetic force and operational char-
acteristics of solenoid type actuator are meas-
ured by laboratory measurement system. Opera-
tional electromagnetic characteristics are deter-
mined for armature moving in ferrofluid in the
working gap and they are compared with the
characteristics of electromagnet without
ferrofluid.

PROBLEM FORMULATION

To take into account all physical phenomena
that take place in the actuator construction, it is
necessary to couple electromagnetic field analy-
sis, electric circuit analysis, fluid dynamics analy-
sis and mechanical movement analysis. For deter-
mination of the dynamic characteristics of the
electromagnetic actuator, a multiphysics coupled
electromagnetic field — fluid dynamics — dy-
namic movement model is established. The field
distributions inside the electromagnet working
gap region depend on the ferrofluid presence
there as well as on the electric circuit and kin-
ematics of the device.

Magnetic field modeling

Magnetic field distribution in electromagnet
actuator is described by the magnetic vector po-
tential formulation

DXE%DXAE—DX%iMézJ )
| ,

where A, M, J and u are the magnetic vector
potential, magnetization vector, the source cur-
rent density and magnetic permeability, respec-
tively.

Homogeneous Dirichlet’s boundary conditions
are imposed over the boundary of buffer zone
surrounding the actuator.

Magnetic force acting on armature is calcu-

lated by the Maxwell stress tensor method

A :J;I%t” BH- EHNEs

2

where B, H, n, s are the vector of magnetic
flux density, vector of magnetic field intensity,
unit vector to normal and closed surface, respec-
tively [15].

Magnetic inductance £ is calculated by stored
magnetic field energy — W expressed by

w=21ii (3)
o

where /is the coil current.

Fluid dynamics modeling

The effect of magnetic field on the magnetic
nanoparticles volume concentration is governed
by the Navier—Stokes equation for fluid veloci-
ties v and pressure p

d
p(a—\t'+va) =0p+n0°v +Fy, (4)
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where p and 7 are the density and viscosity of
ferrofluid, respectively.

Equation (4) is solved with suitable boundary
conditions specifying the contact between the
fluid and the domain walls, v = 0, and zero trac-
tion force at the outflow, (p,-v,) = 0 on the
fluid domain cross-section.

Dynamic modeling

Dynamic characteristics of electromagnetic
actuator system are determined in switching -
transient mode. The system of equations which
describes the process of switching on the elec-
tromagnetic actuator is composed of the electric
circuit equation of the actuator coil and motion
equation

n

U:Ri+d_l.IJ
dt

? , (5)
F, =m$+kx+ F, +F,

where in the electric circuit equation U, R, ¥,
x are supply voltage, resistance of the coil, flux
linkage and displacement of the armature, re-

spectively. In the motion equation m, , F,, F,,
f,, are mass of the armature, stiffness coeffi-
cient of the spring, electromagnetic force, fric-
tion force with core and resistive force of
ferrofluid, respectively [15, 18]. Magnetic flux
linkage is determinate by the coil inductance,
depending on coil current and armature gap.

The system is solved by the Euler method,
which is first-order numerical procedure for solv-
ing ordinary differential equations. For each time
step of the integration procedure the current
values of electromagnetic force and coil induct-
ance are acquired by the FEM magnetic field
model.

COMPUTER AIDED MEASUREMENT SYS-
TEM

Computer measurement laboratory test sys-
tem is developed for determination of static
electromagnetic and dynamic characteristics of
electromagnetic solenoid type actuator. Block
diagram with main elements of the developed
measurement system is shown in Fig. 1.

Fig. 1. Block diagram of the experimental computer measurement system.

.13
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Fig. 2. Computer measurement system.

Computer measurement system is composed with LabVIEW software, shown in Fig.2.
of test bench/fixture, measurement sensors and Constructed test bench/fixture is shown in
transducers, controllable power supply, data ac- Fig.3.
quisition measurement module and computer unit The main elements of the test bench are

Fig. 3. Test bench
1 - digital display; 2 - weight sensors 3 —spring; 4 — solenoid type electromagnet.

14
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force/strain gauge, holder for fixing armature,
injector for ferrofluid. A force/strain gauge for
measuring the strength /pressure at range = 30N
with accuracy of 0,001 N is used. The computer
measurement system is supplied by DC electric
power supply HY3005D [17]. Automation of the
measurement process is done by using the pro-
gram LabVIEW [17].

SOLENOIDAL ELECTROMAGNETIC ACTUA-
TOR

The electromagnetic actuator under consid-
eration is solenoid type construction and consists
of a stationary ferromagnetic core, a movable
cylindrical ferromagnetic part (armature) with
cone end, magnetic gap filled with ferrofluid,
opening spring and supporting elements. Cross-
section with dimensions of the electromagnetic
actuator is shown in Fig. 4.

The material of core and armature is electri-
cal steel with non-linear B-H characteristic [3].
The air gap is filled with ferrofluid and is con-
sidered as a magnetic gap. The coil consists of

600 turns, copper wire with diameter Tmm is
used. Average current density at coil region is J
= 7x10° A/mz. The mass of the armature is m =
0.042 kg. The used spring is with stiffness coef-
ficient k = 300 N/m. The ferrofluid is with rela-
tive magnetic permeability p = 1.21; saturation
flux density B, = 44 mT (+ 10%); magnetization
M = 107 kA/m; viscosity < 6 mPars; density 1.1
g/cm3; boiling point 230 °C (£ 10 %) [14]. Elec-
tric power of the coil energizes the magnetic cir-
cuit. Magnetomotive force (mmf), determined by
the rated current | = 1.66A and number of turns
w, creates magnetic flux. Magnetic flux creates
electromagnetic force attracting the armature.
Ferrofluid is used to reduce the dissipation of
magnetic flux in the working gap of the electro-
magnet.

IMPLEMENTATION

For solving the electromagnetic problem the
finite element method by ANSYS 12.1 software is
employed [16]. 3D geometrical model of electro-
magnetic actuator (Fig. 4 — ¢) is built and im-

a) outlook

N

b) cross-section
Fig. 4. Electromagnetic actuator
1 — coil; 2 - ferromagnetic armature; 3 - ferromagnetic core; 4 — magnetic gap;
5 - brass tube; 6 - insulation of the coil.

¢) 3D model
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plemented for determination of static and dy-
namic characteristics. Magnetic, electric and
motion equations are coupled for determination
of dynamic characteristics. Computational proc-
ess uses iterative technique, the time is divided
into subintervals equal to 0.001s. The current of
the coil, velocity and displacement of the arma-
ture are calculated in each time step. Values of
electromagnetic force and inductance of the coill
are obtained from magnetic problem by finite
element method. The results from the current
step are used to obtain the solution in the next
time step. The initial conditions used for dynamic
characteristics calculations at ¢,=0 are J,=9,,
x,=0, 1,=0, U=6V, R=3.7Q. The calculations are
made for different initial working gaps J, =
6418 mm. Computations were automated using
ANSYS Parametric Design Language (APDL).

NODAL BOLAFPICH

(T

M = 40455

Q) u=1,06=18 mm

Electromagnetic actuator is investigated in
static and dynamic mode. Static electromagnetic
force is calculated at working gap 6§ = 1+18 mm.
Dynamic characteristics are obtained at various
working gaps. Distributions of magnetic flux
density of the electromagnetic actuator at sev-
eral values of the magnetic gap are determined.

In Fig. 5 — a, b, ¢, d magnetic flux density
distributions for electromagnet with air gap and
with ferrofluid at § = 1 mm and § = 18 mm are
shown. The maximum value of the magnetic flux
density obtained with ferrofluid at working gap
0 =1 mmis B =175 T and with air gap
B..,=174 T. At working gap 6 = 18 mm the
maximum value of the magnetic flux density
with ferrofluid is B, =1.020 T and with air gap
B, ., =0.97 T.

b) ©=1.21, § = 1 mm

d) u =1.21, 6=18 mm

Fig.5. Distribution of magnetic flux density
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In Fig. 6 — a, b the dynamic characteristics of
the current changing with time in switching mode
of the electromagnet are given. Calculations are
made for electromagnet with air gap and with
working gap filled with ferrofluid. In Fig. 7 char-
acteristics of electromagnetic force changing
with time are shown, and in Fig. 8 the charac-
teristic of inductance changing with time is
shown.

The presence of ferrofluid in electromagnet

a) air gap

leads to increasing of the magnetic force acting on
the armature at greater working gaps. Moreover,
the value of ferrofluid permeability affects on the
shape of the corresponding curve, the characteris-
tic becomes flatter. In switching on mode the cur-
rent in the electromagnet with ferrofluid is lower
than in electromagnet with air gap (Fig. 6). The
coil inductance is higher when the electromagnet
operates with ferrofluid. The switching time of
solenoid is almost not influenced. These results are
experimentally investigated [17].

18
16
14
1,2

1
< — mm

——10mm

— 12 mm

(1] 0,02 0,04 0,06 0,08 0,1 0,12
ts

b) magnetic gap with ferrofluid

Fig. 6. Time dependence of the current in switching mode of the electromagnet.
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Fig. 7. Time dependence of the electromagnetic force in switching mode of the electromagnet.
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Fig. 8. Time dependence of the inductance in switching mode of the electromagnet.
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EXPERIMENTAL INVESTIGATION

Dynamic characteristics of the electromag-
netic actuator are measured by the developed
computer measurement system. Dynamic charac-
teristics are determined in switching - transient
mode for electromagnet’s armature. For this
purpose the holder device for fixing actuator
armature in the stationary position has been re-
placed by a spring mechanism.

In Fig. 9 the dynamic characteristics of the
current changing with time in switching mode of
the electromagnet are given. Rated current of
the solenoid type electromagnet is 1.66 A.

— 1AM

002 004 006 008 01
Ls

012 014 016 018 02

(a)

determined for armature moving in ferrofluid
in the working gap and they are compared with
the characteristics of the electromagnet with-
out ferrofluid. Computer measurement system
for experimental determination of static and
dynamic characteristics of the electromagnetic
actuator with ferrofluid is built. The developed
and implemented computer measurement sys-
tem is characterized with simplicity, with easy
operation and high accuracy according to force
measurements (0.001 N), distance measure-
ments (0.1 mm) and electric voltage measure-
ment (1.47 mV). Measurement process could be

(b)

Fig. 9. Dynamic characteristics of the actuator at various gaps at supply current of

| =1.66A - a)

Dynamic characteristics of the electromagnet
are determined also at current 25% higher than
the rated one (I = 2.075 A). The results obtained
for transient process are shown in Fig.9-b.

The response time of the electromagnet for air
gap & = 6 mm with current | = 1.66A is t = 0.041s
and with current | = 2.075A, t = 0.036s. For air
gap & = 16 mm and |=1.66 A the response time is
t = 0.134 s and for | = 2.075A, t=0.079 s.

It is seen that for larger air gaps with increas-
ing current by 25%, the response time of the
electromagnet decreases almost by half.

CONCLUSIONS

Investigation approach for solenoid type
electromagnetic actuator with nano-ferrofluid is
developed and performed. 3D multiphysics
model of the actuator is developed and applied
for operational characteristics determination.
Operational electromagnetic characteristics are

and

| = 2.075A — b)

further improved by applying a more sophisti-
cated virtual instrument and accurate sensors.
Developed computer measurement system is
suitable for investigation of electromagnetic
actuators as well as for scientific and educa-
tional research.

The developed model can be applied for ex-
plorations of characteristics of such electromag-
netic devices. The developed theoretical and ex-
perimental models and investigation approaches
could be used in design and optimization of new
effective electromagnetic devices.
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ENEKTPOMATHUTHU CUCTEMU U YCTPOMNCTBA
C HAHO®EPODNIYNIN

Wnnana MapuHoBa, BaneHTuH Martees,
AHenunga Tep3osa

Katenpa ,Enektpuyeckn anapatun”, TexHU4eckm
yHuBepcuteT - Codua
oyn. ,KnumeHT Oxpunackn” Ne8, 6n. 12, 1756 Cocusa

Pezrome

[losiBata Ha HOBW HaHO@EPO@IyraHN MATEPUATII
10406pABa 3HAYNUTESIHO PABOTHUTE XaPaKTePUCTUKMI
Ha e/1eKTPOMAarHUTHUTE CUCTEMM U YCTPOUCTBAE. B T1a-
3 CTaTUS e U3CNIeqBaHa paborara Ha CoeHouAeH
€/1EKTPOMATHUTEH U3MBIIHUTENIEH MEXaHU3bM C HAHO-
@epopnynn. Qopmynnpana e 3a4a4ara 3@ MoLeIpa-
HE Ha pPabOTHUTE XapakTePUCTUKI HA M3C/IELBAHMUS
ENIEKTPOMArHUTEH U3MbIIHUTEIEH MEXaHU3bM. Pa3pa-
borer e 3D mogesn, 13noa3Baly Meroqa C KpaviHu esne-
MEHTU, 3a M3CIE[BaHEe HA CBBP3aHNTE QUINYHM [10-
siera Ha eneKTpoOMarHUTHara cucrema. Mogeibsr Cb-
Ye1aBa 3a[aqynTe 3a aHaan3 Ha MAarHUTHO roJe, esek-
TouYecka BepUra, QryuaHa MHaMuKa v KMHEMaTmka
Ha MOABUXHUTE 4acTu. [TPpexXoaHWAT npoyec Ha
BKJIIOYBAHE HA €J1eKTPOMAarHUTHUA U3MTbITHUTESIEH Me-
XaHW3bM € U3C/IEABaH MOCPEACTBOM MPELMIHA KOM-
MIOTbPHA UIMEPBATENIHA CUCTEMA 3a EKCIIEPUMEHTAT-
HO OMPEenesgHe Ha eneKTPOMarHuTHUTe paboTHU Xa-
PAKTEPUCTUKIN HA yCTporcTBoTO. MogennpaHure mn
EKCIIEPUMEHTANTHO U3MEPEHU PAOOTHU XaPAKTEPUCTI-
KM, CbC 1 6e3 gepodnynn, ca CPABHEHN U aHATN3N-
PaHu. PazpaboTeHuTe v pa3rnenaHi MOAE u u3mMep-
BATe/IHa CUCTEMA PopMUpPaT 0bobLyeH U3CIeq0BaTesN-
CKM 1104X04, KOUTO MOXe [a Ce W3MO0A3B3 MPu 1po-
EKTUPAHETO 1 ONTUMU3ALUNATA H3 HOBU €PEKTUBHM
€NnekTPOMArHUTHY YCTPOUCTBA M U3MBIIHUTESTHU Me-

XaHU3MU.

19



20

Advances in Bulgarian Science
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Abstract

The influence of initial pH of the nutrient
medium and cultivation temperature on lipase
biosynthesis from Asperqgillus carbonarius was
studjed. It was found that the strain produced
considerable amount of lipase enzyme in the
range of pH 3.0-7.0 and temperature of 27-30°C.
By carrying out a planned experiment and a
mathematical realization of optimal composite
design a regression model was developed. It was
used for prediction of the optimal values of the
factors — cultivation temperature (28.5°C) and
initial pH of the medium (6.5), at which maxi-
mum predicted lipase activity was Y = 2864.89
U/L. The mathematical model was adequate at
a confidence level 6 = 0.05 and it was charac-
terized by a high value of the correlation coeffi-
cient R°=0.99. Five consecutive experiments at
the predicted optimal values?of the factors were
carried out. A mean value Y = 2779.90 U/L of
lipase activity with a standard deviation ¢ = +
103.63 was achieved, which experimentally con-
firmed the results obtained from the mathemati-
cal model.

INTRODUCTION

The group of lipolytic enzymes includes lipases
or also called “true lipases” (EU 3.1.1.3), which
catalyze the hydrolytic cleavage of ester bonds
in water-insoluble long chain triacylglycerols
(chain length higher than 10 carbon atoms), a
large number carboxylesterases (EU 3.1.1.1),
which hydrolyze small ester-containing molecules
at least partly soluble in water, and
phospholipases (EC 3.1.4.X) (Arpigni & Jaeger,
1999).

The catalytic action of lipases in aqueous
media is a typical example of a heterogeneous

catalysis. Due to the hydrophobic nature of the
substrate, enzyme reaction takes place at the
interface of water-oil emulsions. Interfacial sur-
face has a significant effect on the rate of the
reaction, and therefore its kinetics can not be
described by the Michaelis-Menten equation
(Reis et al., 2009). Besides hydrolytic activity, in
aqueous free media lipases have the ability to
catalyze esterification, interesterification, alco-
holysis, acidolysis and aminolysis (Pahoja &
Sethar, 2002).

The variety of substrates and the nature of
reactions catalyzed by lipases, determined their
application in various fields of industry. They are
used in dairy industry, where as a result of their
hydrolytic activity volatile products are produced,
which form and amplify a specific taste and
aroma. In baking industry the hydrolytic activity
of lipases is used for preparation of biosur-
factants, which improve bread structure. Most
large-scale applications of lipases are their inclu-
sion in the composition of detergents and their
use for transesterification of vegetable oils in
the production of biodiesel (Ghosh et al., 1996).

Because of the huge variation in applications,
the availability of lipases with specific character-
istics is still a limiting factor. Thus searching for
new lipases with different characteristics and
improving lipase production continue to be impor-
tant research topics (Uppada et al., 2012).

The properties of lipases from various sources
(plants, animals and microorganisms) are known
and studied. Manufacture of commercial lipases
is based on a submerged cultivation of bacteria,
yeasts or fungi. Fungal lipases attract consider-
able research interest, because they are extra-
cellular enzymes and in some cases they are
characterized by a high thermal stability (Ghosh



National Scientific Programmes with European Dimensions

et al., 1996). Microbial biosynthesis of lipases is
significantly influenced by fermentation condi-
tions — cultivation temperature and pH of the
nutrient medium (Kumari et al., 2009; Sharma et
al., 2012). Improving fermentation conditions is
the most frequently used operation in biotech-
nology to obtain maximum cell density, high
yields of the desired metabolic product, or en-
zyme levels in the microbial system. This ap-
proach is not only time consuming, but also ig-
nores combined interactions between physico-
chemical parameters. Hence response surface
methodology (RSM), which includes factorial de-
sign and regression analysis, helps in evaluating
effective factors and in building models to study
interaction and select optimum conditions of
variables for a desirable response (Adinarayana
et al., 2004; Kaushik et al., 2010).

The aim of the study is by using RSM to de-
termine the optimal cultivation temperature and
initial pH of the nutrient medium for achieving
lipase activity from Aspergillus
carbonarius in a submerged cultivation.

maximum

MATERIAL AND METHODS

Microorganism

A strain of Aspergillus carbonarius NRRL369
from ARS Culture Collection was used for lipase
biosynthesis. The strain was cultivated on a slant
agar medium containing (g/L): glucose 20.0,
yeast extract 10.0, agar-agar 15.0. Preparation
of the medium included pH adjustment to 7.0
and sterilization at 121 °C for 30 min. The inocu-
lated tubes were incubated at 27 °C for 7 days
and were stored at 4°C.

Inoculum preparation

For inoculum preparation the following nutri-
ent medium was used (g/L): malt extract 10.0,
yeast extract 4.0, glucose 4.0, K,HPO, 1.0,
NaNO, 2.5. Cultivation was performed in 500-ml
Erlenmeyer flasks, containing 100 mL nutrient
medium with pH 6.5. The flasks were inoculated
with 2.5 mL of 7 day-old culture, containing
3.107-3.10° spores/mL and the strain was grown
at 27 °C for 48 h with a 180 rpm rotary shaking.

Lipase biosynthesis
Submerged cultivation of the strain was per-

formed in 500-mL Erlenmeyer flasks, containing
50 mL nutrient medium with composition (g/L):
rapeseed oil 20.0, meat extract 5.6, MgSO, 1.0,
KH,PO, 4.0 and Tween 80 20.0. After steriliza-
tion the medium was inoculated with 5.0
mL inoculum and the strain was grown at 27 °C
for 64 h with a 180 rpm rotary shaking. Biomass
was removed by filtration and the culture liquid
was tested for lipase activity. The influence of
initial pH of the nutrient medium on lipase bio-
synthesis was studied in the range of pH 3.0-
9.0, and the effect of cultivation temperature
was studied in the range of 23-30 °C.

Response surface methodology

Optimal composite design 2% was used to find
the optimal cultivation temperature and pH of
nutrient medium for lipase production from As-
pergillus carbonarius. The quadratic regression
models are one of the most widely used in prac-
tice. They are expressed as follows:

Y=b0+§b.-xi+ bXX.+Zb..>§ (1)

i=1, =i+l
where Y is the response variable, 6 — the re-
gression coefficients of the model, and— coded
levels of the independent variables (Vuchkov &
Stoyanov, 1980).
Independent variables participating in the 2’
and their values are presented in Table 1.

Table 1
Values of independent variables at different
levels of the optimal compsite design 2°

Independent variables Levels

-1 0 1
x,— Temperature (°C) 25.0 27.0 29.0
X, - pH 5.0 7.0 9.0

The coding of the independent variables is
done by using:
(X = %) 5
X_ =
i Axi (2)
X, is the current value of the i -factor, x, -
is the current value of the i -factor in the

center point of the design, Ax, - is the step
of variation of the i -factor.
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Determination of lipase activity

For lipase activity determination the method
proposed by (Kaushik et al., 2006) was adapted.
The method is based on the use of a synthetic
substrate c-nitrophenyl palmitate. Substrate so-
lution was prepared by dissolving 30 mg p-
nitrophenyl palmitate in 10 mL isopropanol and
addition of phosphate buffer with pH 6.0 to 100
mL total volume. 2.4 mL of the substrate solu-
tion were incubated at 35 °C for 10 min and 0.1
mL suitably dissolved enzyme was added. The
enzyme reaction was performed at 35 °C for 30
min and the enzyme was inactivated by addition
of 1.0 mL 10 % solution of NaOH. The reaction
mixture was centrifuged at 3000 min™' for 10
min and the absorbance at 405 nm was meas-
ured in accordance to a reference sample with
an inactivated enzyme.

One unit (U) of lipase activity was defined as
the amount of enzyme releasing 1 pmol
p-nitrophenol for 1 min at 35 °C and pH 6.0.

EXPECTED RESULTS
The effect of initial pH of the nutrient me-
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dium on lipase biosynthesis from Aspergillus
carbonarius is presented on Fig. 1.

Maximum lipase activity 2524.27 U/L was
achieved at initial pH 7.0 of the nutrient me-
dium. The optimal pH value of the nutrient me-
dium for lipase biosynthesis varies for different
strains. Some authors found that the optimal ini-
tial pH of the nutrient medium during cultivation
of Aspergillus sp. is in the range of pH 6.0-7.0
(Adinarayana et al., 2004; Falony et al., 2006;
Hosseinpour et al., 2011). Ghosh et al. (1996) es-
tablished that in the acidic pH range lipase ac-
tivity decreased.

In contrast to the results in the literature, in
the cultivation of Aspergillus carbonarius signifi-
cant lipase activity (about 80%) was detected at
pH 3.0 (Fig. 1). These results are prerequisite for
production of a lipase enzyme with specific char-
acteristics.

Lipase biosynthesis was significantly influ-
enced by cultivation temperature (Fig. 2).

7.0
pH

8.0

Fig. 1. Effect of initial pH of the nutrient medium on lipase biosynthesis
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Fig. 2. Effect of cultivation temperature on lipase biosynthesis

Maximal lipase activity was achieved at cul- 40 °C (Adinarayana et al., 2004; Falony et al.,
tivation temperature of 29 °C, but it should be 2006; Hosseinpour et al., 2011).
noted that no considerable difference in lipase In order to determine the optimal values of
biosynthesis was observed in the range of 27-30 the initial pH of the nutrient medium and the
°C. According to some authors the optimal tem- temperature of cultivation, taking into account
perature for lipase production from fungi strains their interaction effects, an optimal composite
from the genus Aspergi/lus is in the range of 30- design 2* was performed (Table 2).
Table 2
Experimental data and results of the optimal composite design 2°
Run numbers Coded levels Lipase activity, U/L
X a \a Y
1 1 1 1620.25  1533.81
2 -1 1 370.51 407.02
3 1 1 2230.81 2377.20
4 -1 1 1360.35 1250.40
5 1 0 2850.56  2790.61
6 -1 0 1590.37  1663.81
7 0 1 1290.42 1340.35
8 0 -1 222018  2183.74
9 0 0 2610.64  2597.15

X, — cultivation temperature;
X, — initial pH of the nutrient medium;
? results are a mean value of three replications
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The results from the regression analysis are presented in Table 3.

Table 3

Results from the regression analysis

Coefficients Value Standard Error  t Stat P-value
b, 2597.15 59.861 43.386 2.7¥107
b, 563.40 32.787 17.183 0.001
b, -421.69 32.787 -12.862 0.001
b,*b, 94.82 40.156 2.361 0.099
b,Z -369.94 56.789 -6.514 0.007
by -835.10

56.789

-14.705

0.001

After investigation of the confidence level of the regression coefficients, only coefficients with P-

value < 0.05 were included in the model (3).

Y = 2597.15+563.40.x,421.69.X,-369.94.x-835.10.x,”
The predicted values of lipase activity by model (3) are marked with Y in Table 2.

The analysis of variance and the F-ratio test have been performed to justify the goodness of fit
for this RSM model (Table 4).

Analysis of variance for the regression equation for

Table 4

lipase biosynthesis
df SS MS F Significance F
Regression 4 4639962 1159990 83.88487 0.000413
Residual 4 55313.45 13828.36
Total 8 4695275
The mathematical model developed was

characterized by value of Significance F =
0.0004173, which indicated that the model was
adequate at confidence level a=0.05. R value of
0.99 showed a good fit of the model with the
experimental data. Analyzing the regression

30001
= 2500
=
Z' 2000
Fig. 3. Response surface 2
o . S 1500
plot indicating interaction =
effects of cultivation tem- Z 1000
perature and initial pH of = 50
the nutrient medium on -

lipase biosynthesis

(3)

equation (3) it was found that the maximum pre-

dicted lipase activity was Y= 2864.89 U/L. It
was achieved at the following coded values of
the factors: x, (temperature)
x, (pH) = -0.25 (Fig. 3).

= 0.76 and
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After decoding of the levels of the initial fac-
tors, their optimal values were determined —
cultivation temperature 28.5 °C and initial pH of
the nutrient medium pH 6.5. They insured
achievement of maximum lipase activity.

In order to determine the fitness of the
model, cultivation experiments of the strain for
achieving maximum lipase biosynthesis were per-
formed using the determined optimal conditions.
Maximum lipase activity of 2779.90 U/L (mean
value of 5 consecutive experiments with a stand-
ard deviation o = + 103.63) was obtained experi-
mentally, and this was close to the predicted
value 2864.89 U/L (Table 5).

eters for production of lipase in solid-state fermen-
tation by newly isolated Aspergillus species. Indian J.
Biotechnol. 3, 65-69.

[2]1 Arpigny J. & Jaeger K. (1999). Bacterial lipo-
lytic enzymes: classification and properties. Biochem.
J. 343, 177-183.

[3] Falony G., Armas J., Mendoza J. &
Hernandez J. (2006). Production of extracellular li-
pase from Aspergillus niger by solid-state fermenta-
tion, Food Technol. Biotechnol. 44, 235—240.

[4] Ghosh P., Saxena R., Gupta R., Yadav R. &
Davidson S. (1996). Microbial lipases: production and
application, Sci. Prog. 79, 119-157.

[5] Hosseinpour M., Najafrpour G., Younesi H. &
Khorrami M. (2011). Submerged culture studies for li-
pase production by Aspergillus niger NCIM 584 on
soya flour, Middle-East J. Sci. Res. 7, 362-366.

[6] Kaushik R., Marwah R., Gupta P., Saurabh S.,

Table 5

Validation of the model for lipase biosynthesis at determined
optimal values of the investigated factors

Factors Optimal value

Predicted activity, U/L Observed activity, U/L

Temperature, °C 28.5
pH 6.5

2864.89

2779.90

CONCLUSION

A significant effect of cultivation tempera-
ture and initial pH of nutrient medium on lipase
biosynthesis from Asperqgillus carbonarius was
established. In the range of pH 3.0-7.0 the strain
produced considerable amount of lipase activity.
It should be noted that in the highly acidic region
at pH 3.0 Aspergillus carbonarius synthesized sig-
nificant lipase activity, which is not common for
strains from the genus Aspergiflus, producing
lipases. These results are prerequisite for the iso-
lation of a lipase enzyme with specific character-
istics. By carrying out a planned mathematical
design a model was derived, with the aid of
which optimum values of cultivation temperature
(28.5 °C) and initial pH of the nutrient medium
(pH 6.5) were predicted. Experimentally obtained
lipase activity at the optimum levels of the
tested factors was 2769.90 U/L.
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ONTMMU3NPAHE HA HAKOW YCJIOBUA HA
KYNTUBUPAHE YPE3 U3MON3BAHE HA METO/L C
NMOBBPXHUHA HA OTKJINKA 3A MNMOJIYYABAHE
HA JINMA3A OT ASPERGILLUS CARBONARIUS

Feopru JobGpes, BopsHa XekoBa, BaneHTuHa
DNobpeBa, XpuctnHa CTpUHCKa
YHUBEPCUTET MO XPAHUTENHWU TEXHONIOTUM
Kategpa “BuoxumMmuns 1 monekynspHa duonorms”
oyn. "Mapnua” 26, 4000 Mnosams

Pe3zrome

H3cnenBaHo e BAMAHUETO Ha Ha4asaHoTo pH Ha
XPaHUTETIHATa CPEAa v TEMIEPATYPATa Ha KYJITUBUPA -
He Bbpxy OUOCMHTe3a Ha /mnasza or Aspergillus
carbonarius. YcraHoBu ce, 4e nu3cneaBaHuar Aspergil-
lus carbonarius npogyuUnpPa 3HavYNTeNHa JIMNa3Ha ak-
TUBHOCT B MHTEPBAasa Ha pH 3.0-7.0 u Ha Temnepary-
pa 27-30 °C. Ypes nposBexpaaHe Ha naaHupaH mare-

Matu4ecku eKCriepuMeHT 1 Pean3vpaHe Ha ornTima-
JIeH KOMIMO3ULMOHEH [1/1aH Ce U3BEAe perpecrioHeH
MOofe€s1, C MOMOLYTa Ha KOUTO Ce MPencka3axa omnru-
MasHUTE CTOMHOCTA Ha Temrneparypa Ha KyJaTmBupa-
He — 28.5 °C u HayanHo pH Ha XpaHutenHara cpeqa
6.5, Karo npefckazaHara MakCcuMasaHa JamnasHa ak-
tuBHocT @ Y=2864.89 U/L. V3seneHnaTr maremaru-
Yecku Moges € dAaekBareH pu HUBO Ha JoBepue
6=0.05 n ce xapakrepmanpa ¢ BHUCOKa CTOMHOCT Ha
KOPEaLynoHeH KoepuuymneHT R°=0.99. lTposenoxa ce
€T M0C/IEQ0BATETIHN €KCIIEPUMEHTA MPU MPELCKA3A -
HUTE ONTUMAIIHN CTOMHOCTY Ha U3C/IELABAHNTE QAKTO-
Py, Karo ce MoCcTurHa CpPEefHa CTOMHOCT Ha JINNa3Ha
aktmsHocr Y=2779.90 U/l cbC CTaHAapTHO OTK/IO-
HeHne o =2103.63, KOeTO eKCrepumMeHTarHo noTBbp-
XAaBa pes3ysirarute, rosly4eHn o1 Maremarnyeckmns

moznes.

SELECTED LACTOBACILLUS STRAINS PREVENT THE ADHESION OF
PATHOGENIC BACTERIA TO HUMAN EPITHELIUM

Zhechko Dimitrov
LB-Bulgaricum Plc., R&D Center, 12-A Malashevska Str., 1202, Sofia, Bulgaria
e-mail: jechkoelby@yahoo.com

Abstract

Adhesion is one of the most important prop-
erties of probiotic bacteria included in the func-
tional foods. One of the possible protective
mechanisms of probiotics is connected to the
competition with pathogenic bacteria for adhe-
sion to the epithelium layer. In this article we
evaluated the ability of three preliminary se-
lected probiotic strains to inhibit the adhesion
and to displace pathogens using Caco-2 cells
model. The ability to inhibit the adhesion of
pathogens or to displace already adhered patho-
genic bacteria was strain dependant on both the
probiotic strains and the pathogen bacteria used.
The main objective of the present study was to
evaluate the concurrent adhesion abilities of the
probiotic strains using three ways. simultaneous
incubation of probiotic and pathogenic bacteria
on the epithelium cells, treatment with probiotic
bacteria to preliminary adherent pathogens, and
treatment with pathogenic bacteria to prelimi-
nary adherent probiotic strains to epithelium
cells. According to the results the highest sup-
pression of the adhesion of the pathogens was
achieved by simultaneous action of the probiotic

strains and pathogens. The worst result, attempt-
ing to decrease the adhesion of the pathogens,
was received when pathogenic strains acted aft-
ter the adhesion of probiotics. Our results sug-
gest that in order to remarkable decrease the
adhesion of the pathogenic bacteria, a relatively
high number of probiotic strains in the intestinal
tract should be maintained.

INTRODUCTION

Probiotics are viable bacteria that have ben-
eficial effects on the health of the host (1, 2).
Many of the probiotic bacteria are lactic acid
bacteria and are useful in the treatment of dys-
functions with disturbed intestinal microflora and
abnormal gut permeability (3). Proposed mecha-
nisms through which the ingested probiotic mi-
crobes may subsequently benefit their host in-
clude the production of antimicrobial factors,
competition for nutrients, degradation of toxins
and immunomodulation (4). However, of the
main criteria for selecting probiotic strains, ad-
herence to intestinal epithelia is thought to be
paramount (5, 6). Indeed, adhesion to epithelial
cells and/or mucus appears to mediate coloniza-
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tion of the gastrointestinal tract by lactobacilli
and may be a prerequisite for competitive exclu-
sion of enteropathogenic bacteria (7) and
immunomodulation of the host (8, 9). Success-
ful probiotic bacteria are usually able to colonize
the intestine, at least temporarily, by adhering to
the intestinal mucosa (10, 11). Studies have also
suggested that adhesive probiotic bacteria could
prevent the attachment of pathogens, such as
coliform bacteria and clostridia, and stimulate
their removal from the infected intestinal tract
(12). Laboratory models using human intestinal
cell lines such as Caco-2 (13, 14) and HT-29 (15)
have been developed to study the adhesion of
probiotic lactic acid bacteria and their competi-
tive exclusion of pathogenic bacteria. Moreover,
it has been shown that certain lactobacilli share
carbohydrate-binding specific sites with some
entero-pathogens, and inhibition of pathogen
adhesion by steric hydrance has also been re-
ported (7). This provides the rationale for the use
of lactobacilli to prevent infection at an early
stage by inhibiting the adhesion of pathogens by
competitive exclusion.

The main objective of this work was to evalu-
ate the adhesive properties of pre-selected
Lactobacillus strains and to assay their ability to
inhibit the adhesion or to displace pathogens,
attempting to select probiotics with the ability to
compete the adhesion of intestinal pathogens.

MATERIAL AND METHODS

Bacterial strains

The Lactobacillus strains were isolated after
plating of 0.1-ml of respective dilutions of fecal
or milk/cheese homogenates on MRS agar
(Merck, Darmstadt, Germany). The plates were
incubated at 37 °C for 3 days under anaerobic
conditions (10% CO,, 80% N,, 10% H,). The sin-
gle colonies were purified trice and the species
belonging and strain identity were determined by
help of species-specific PCR, Amplified Ribos-
omal DNA Restriction Analysis, sequencing of
hyper variable rDNA V6-V8 regions, and Pulsed
field gel electrophoresis, according to Dimitrov et
al. (16, 17). The bacterial pathogens used were
Salmonella typhimurium ATCC 29631, Escherichia
col/i NCTC 8603 and Listeria monocytogenes
ATCC 15313. The bacterial pathogens were grown

in Gifu anaerobic medium (GAM; Nissui Pharma-
ceutical, Japan).

Quantitative assessment of adherence of
lactobacilli and pathogenic bacteria

The intestinal cell culture Caco-2 was used in
the adhesion assay. This human colon adenocar-
cinoma cell line was obtained from the Ameri-
can Type Culture Collection. The cells were cul-
tured in Dulbecco’s modified Eagle’s minimal es-
sential medium (DMEM) (GIBCO-BRL), contain-
ing 25 mM glucose, 20% (vol/vol) heated inac-
tivated fetal calf serum (GIBCO-BRL), and 1%
nonessential amino acids (GIBCO-BRL). The cells
were grown at 37°C in 5% CO,. At approxi-
mately 95% confluence, the monolayers were
passaged by incubating with a 0.25% trypsin so-
lution (Gibco) for 5 min at 37°C. For the adhe-
sion assay, monolayers of Caco-2 cells were pre-
pared in two-chamber slides (Lab-Tek chamber
slide; Nunc Inc.) by inoculating 2.8 x 10 viable
cells into 2 ml of culture medium. The medium
was replaced every two days.

Fifteen-day-postconfluent Caco-2 monolayers
were washed five times with 1 ml of sterile PBS
before the adhesion assay. One ml of the test
bacteria at concentrations between 1 x 10> and
4 x 10° CFU ml" were added to 1 ml of complete
Caco-2 medium. This suspension (2 ml) was added
to each chamber of the two-chamber slide and
incubated at 37°C, in a 5% CO,-95% air atmos-
phere, with gentle rocking. After incubation for
60 min, the monolayers were washed twice with
sterile PBS (pH 7.2), fixed with methanol, Gram
stained, and examined microscopically. Visual
counting of adhered cells was adopted in this
study, for it allows differentiation of the gram-
positive Lactobacillus and gram-negative £. coli.
Each adherence assay was conducted in triplicate,
and the number of adherent bacteria was counted
on about 1,000 Caco-2 cells, in 60 randomly se-
lected microscopic fields. To stimulate the physi-
ological pH condition of the gastrointestinal tract,
all experiments were done at pH 7.

In the study of the competition for adhesion
on Caco-2 cells, Lactobacillus and E. coli were
added simultaneously or sequentially to the Caco-
2 cultures before counting. In the latter case,
free cells of the first bacterium were removed by
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washing with PBS (pH 7.2) before the second
bacterium was added.

RESULTS AND DISCUSSION

Three ways for evaluation of the competitive
adhesion were applied. The first one was con-
nected with a direct competition between
probiotics and pathogenic bacteria for the adhe-
sive sites. This was achieved by simultaneously
incubation of the two kinds of bacteria on epi-
thelium layer. The second way was a prevention
of the adhesion of pathogens from preliminary
adherent probiotic strains. In this case, initially
the selected Lactobacillus strains adhere to the
epithelium cells, and after washing up of the
non-adherent bacteria incubation follows with
the pathogenic strains. Following this way it is
possible to receive information if the preliminary
consumption of probiotics can prevent the sub-
sequent adhesion of pathogens. The third way,
studying the competitive adhesion, was con-
nected with the ability of probiotics to displace
already attached to epithelium pathogenic bac-
teria. The assay of this effect was achieved by
initial incubation of epithelium monolayer with

pathogenic bacteria and, after washing, subse-
quent incubation with probiotic strains. This way
helps to receive information if certain probiotic
is able to detach already adherent pathogenic
bacteria.

Assessing the competitive adhesion, a final
concentration of £ coli and Sa/monella of 1x10°
was maintained. The concentration of the
probiotic strains during the experiments was the
same. Three pre-selected probiotic strains dem-
onstrating high adhesion level were used in this
study: L. plantarum F12, L. gasseri G4 /13 and L.
helveticus AC. The results of the competitive
adhesion of the selected strains against £.co// are
summarized in Table 1, and these against Sa/mo-
nella — in Table 2. The results from triplicate
assays are expressed as a number of adherent
bacteria on 100 Caco-2 cells.

On Figure 1 two microscopic pictures of the
competitive adhesion against £.col/ are presented
— L.helveticus AC (left) and L. plantarum F12
(right). The adhesion abilities of L. plantarum F12
are much higher than those of L. helveticus AC,
which is clearly seen in the Figure 1. This fact

Table 1. Competitive adhesion of the selected strains against £.coli.

L. plantarum F12 | L. gasseri G4/13 | L. helveticus AC
Adhesion of single strains. The adhesion 2100 £ 17 1700 =14 890 £ M
of Ecoliis 240 =+ 8.
Simultaneous adhesion: pathogen and 41 — Ecoli / 17 — E.coli / 93 — Ecoli/
probiotic. 730 — p F12 360 — G4/13 124 — hAC
Adhesion of pathogen on epithelium with | 194 — E.coli / M2 — Ecoli / 214 — E.coli /
preliminary adherent probiotic 540 — p F12 240 — G4/13 82 — hAC
Adhesion of probiotic on epithelium with 10 — Ecoli / 80 — £coli / 142 — Ecoli /
preliminary adherent pathogen 610 — p F12 290 — G4/13 106 — hAC
Table 2. Competitive adhesion of the selected strains against Sa/monella typhi murium.

L. plantarum F12

L. gasseri G4 /13

L. helveticus AC

Adhesion of single strains. The adhesion
of Salmonellais 170 £ 8

2092 = 16

1689 =+ 13

887 =M

Simultaneous adhesion: pathogen and

32 —Salmonella/

12 —Salmonella/

68 — Salmonella/

probiotic. 820 — p F12 390 — G4/13 166 — hAC
Adhesion of pathogen on epithelium with | 142 —Salmonella/ | 66 —Salmonella/ | 136 —Salmonella/
preliminary adherent probiotic 580 — p F12 294 — G4/13 98 — hAC
Adhesion of probiotic on epithelium with 48 —Salmonella/ | 26 —Salmonella/ | 120 —Salmonella/
preliminary adherent pathogen 710 — p F12 326 — G4/13 124 — hAC
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Figure 1. Microscopic pictures of the competitive adhesion against £. coli of L. helveticus AC (left)
and L. plantarum F12 (right).

leads to higher suppression of the adhesion of
the pathogens by L. plantarum F12. As it is seen
in the Tables 1 and 2, the most significant is the
effect of suppression against the two pathogens
by simultaneous incubation of the probiotics and
the pathogens with the epithelium cells. The re-
duction of the adhesion of both Sa/monella and
E. coli was the most significant using every of
the three probiotics. The smallest was the reduc-
tion of the adhesion of the two pathogens when
the probiotics were preliminary adherent on the
epithelium. It could be supposed that in order to
decrease the probability of adhesion of the
pathogens, it is necessary to maintain relatively
high concentration of the probiotic cells. The
results in the tables point that the most adher-
ent strain L. p/antarum F12 does not lead to
higher reduction of the adhesion of the patho-
gens than L. gasseri G4/13. The probable cause
for these phenomena could be the greater affin-
ity between the adhesion sites of the L. gasser/
G4/13 and the epithelium cells on the one hand,
in comparison with the affinity between the ad-
hesion sites of pathogens and epithelium cells, on
the other hand.

CONCLUSION

The adhesion rate of the probiotic strain is
one of the factors for successful competition to
the adhesion of pathogens. Another factor is the
affinity between the adhesion sites of the
probiotics and the epithelium cells. The competi-
tive adhesion is a strain-dependant property and
should be evaluated for every probiotic strain.
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NOABPAHUN LLAMOBE LACTOBACILLUS
NPEAOTBPATABAT AOXE3UATA HA NMATOTEHHU
BAKTEPUN KbM YOBELLKWA EMUTEN
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Enbu-bynrapukym EAL, UeHTbp 3a HUPL, yn. “Ma-
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Pe3rome

Anxesnara e eqHo OT Hav-BaXHUTE CBOWCTBA Ha
npobuoTnymuTe, BKIIIOYBAHU BbB QDYHKUNOHATHUTE
XpaHu. EQuH OT Bb3MOXHUTE TPOTEKTUBHN MEXAHM3-
MU Ha IPObHOTULMTE € CBBP3aH C KOHKYPEHTHATa af-
XE3UA CIPAMO NATOreHHUTE GaKTepu KbM ennuTest-
HUF CTI0U. VI3CNEABaHa € Bb3MOXHOCTTA Ha ToM Mpes -
BapUTESIHO 1oAbPaHN MpobMoTUYHN Wama A4a MoTHC-
KAt aaxe3nsara v [a N3MeCcTBarT BeYe afaxe3mpani na-
TOreHu, 13noa3Baviku Caco-2 MofesHara cucrema.
CrocobHOCTTa 3a MOTUCKAHE HA dAXE3N[TA U M3MECT-
BaHe Ha BeYe aaxe3upasi rnartoreHu e LamMoBo-crie-
UNPUYHE, KAKTO MO OTHOLIEHME HE MPOOUOTUYHITE
L[AMOBE, TaKa 1 3a Natorerute. [71aBHa Lies1 e u3ciaes-
BAHETO Ha KOHKYPEHTHATa aAXE3us Ha MpobuoTuyHI
LaMOBE 110 TPU HAYUHA. EQHOBPEMEHHO MHKYOMPa-
He Ha MPobUOTUYHUTE U IaTOreHHUTe BaKTEPUM C
EnUTesIHN KIIETKMU, TPETUPAHE C MPobMoTHYHY bakTe-
PUM HA [IPEABAPUTESIHO 3AXE3NPANIN NaTOreHHU baK-
TePUM, TPETUPAHE C NATOreHHU OaKTEPUM Ha PenBa-
PUTESTHO 3AXE3MPAI MPobUOTUYHN OaKTepum Kb
enureneH ciov. Cbr7iacHO PEIYATATUTE HAM-3HAYUMO
[1OTUCKaHe Ha aaxe3uaTa Ha rnartoreHHUTe baKkTepum
cé roCTurHa 4pe3 egHOBPEeMEHHOTO [EeVCTBME Ha
npobuotuymTe ¢ natoreHHuTe bakrepuu. Havi-cnabo
be penyunpaHeTro Ha anxe3nara Ha naroreHHu 6ak-
TepPUM, KOrarto TPeTUpaHeTo C naroreHu be ocbLyect-
BEHO CIPAMO [PEABAPUTESTHO aAXEINPATN 1POOMO-
TUYHN OaKTepuu. Pe3ynrature co4ar, 4ye 3Ha41Mo pe-
AYUNPaHe Ha anxe3nsara Ha rnaroreHHu BGaKTepun ce
10CTUra, KOraro cé rogabpXa CPABHUTEIHO BUCOKA
KOHUEHTPAUMT Ha MpobuoTHYHN 6aKTepun B UHTEC-

TUHAJ/THUA TPAKT.

PERFORMANCE CHARACTERISTICS OF TWO ANALYTICAL ASSAYS
FOR DRUGS OF ABUSE

Ralitsa Atanasova-Bozhikova, Alexandrina Venkova, Radi Karadjov,
Toxico-chemical laboratory*, Clinic of Toxicology- UMBALSM “N.l.Pirogov”,
bul. Gen. Totleben 21, 1606 Sofia, Bulgaria
e-mail: r_bozhikova@abv.bg

Abstract

Many situations require immediate testing and
results for drugs of abuse. Hospital emergency
departments have an immediate need for de-
tecting drug overdoses. The increased prevalence
of drug use has prompted the development of
diverse drug screening technology that will pro-

duce results in as little as 10 minutes. The aim
of the study is to present performance charac-
teristics of two assays for drugs of abuse in pa-
tients in the Clinic of toxicology in UMBALSM
“N.1. Pirogov”: thin-layer chromatography (TLC)
and immunoassay tests (IAT) including sensitivity,
accuracy, urine detection times. TLC is selective
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and sensitive enough to detect the drugs:
benzodjazepines, narcotic analgetics, tricyclic
antidepressants, phenothiazines, anxiolytics, non-
steroid anti-inflammatory agents. Our experi-
ence shows that in cases with mixed
intoxications, especially intoxications in children,
TLC is more informative and gives more reliable
and comprehensive drug screen. In situations
when the target drug is unknown, and TLC or
IAT alone do not give sufficient data, a com-
bined use of both methods is necessary.

INTRODUCTION

Many situations require immediate testing
and results for drugs of abuse. Hospital emer-
gency departments have an immediate need for
detecting drug overdoses. The increased preva-
lence of drug use has prompted the development
of a new drug screening technology that will
produce results in as little as 10 minutes. A
number of different laboratory methods are
available for comprehensive drug screening
(Gymez et al., 2006; Hawks, 1986). When the
drug abuse habit of a patient is unknown, physi-
cians usually request a “comprehensive drug
screen”.

Aim of the study:

The aim of the study is to present perform-
ance characteristics of two assays for drugs of
abuse in patients in the Clinic of toxicology
UMBALSM “N.I. Pirogov”: thin-layer chromatog-
raphy (TLC) and immunoassay tests (IAT): sensi-
tivity, accuracy, urine detection times.

MATERIALS AND METHODS

Thin-layer chromatographic screening for
presence of drugs and metabolites in urine in-
cludes:

Materials:

1. Methanol: concentrated ammonium
hydroxyde; 2. ethanol-sulfuric acid reagent — mix
of sulfuric acid, water, ethanol; 3. sodium nitrite
— mixture of sulfuric acid and sodium nitrite; 4.
Bratton Marshall reagent — solution of N — (1-
Naphthyl) ethylenediamine dihydrochloride in
ethanol and water; 5. Dragendorff reagent —
solution of potassium bismuth subnitrate), ace-
tic acid and water /solution | /; aqueous solution

of potassium iodide /solution Il /. Mix solutions |
and Il with glacial acetic acid and water; 6. TLC
silica gel plates / MERCK / - 5 x 10 cm; 7. chro-
matographic container; 8. sprayer for visualiza-
tion of the spots; 9. UV—Ilamp; 10. anhydrous
sodium sulfate; 11. ammonium chloride buffer—
ammonium chloride saturated with conc. ammo-
nium hydroxide up to pH 9; 12. solution of am-
monium hydroxide / 0.5 mol/l /; 13. aqueous
hydrochloric acid / 1 mol/l /.

Standards - extracts of tablets and ampoules
in chloroform for comparison of results.

Methods:

1. Acidic extraction — isolation and concentra-
tion of acidic drugs from the probe: preparation
of an acidic extract by means of hydrochloric acid
and chloroform; separation of the lower, organic
layer, evaporation to dryness. 2. Basic extraction
— isolation and concentration of the basic drugs:
preparation of a basic extract with ammonium
hydroxide and chloroform; evaporation to dry-
ness.

Thin-layer chromatography process:

1. Application of the probe-extract (in chloro-
form) and the respective standards, evaporation
to dryness and place in the container with metha-
nol and ammonium hydroxide; 2. Remove the
plate and dry; 3. View the plate under the ultra-
violet light / 254 n 365 nm / and note any fluo-
rescent and non-fluorescent spots. If appearance
of yellow spots - presence of benzodiazepines 4.
Spray plate with ethanol/sulfuric acid, which
colors phenothiazines. 5. Second observation of
the plate under UV-light for appearance of yel-
low-fluorescent spots of benzodiazepines. 6.
Heating of the plates at 100e C for 5 min for
performance of acid hydrolysis. 7. Processing
with nitrogen oxides. 8. Processing of the plate
with N, - reagent. The aromatic amine is coupled
with the diazonium salt received in the previous
step and obtaining of azodyes in the presence of
benzodiazepines 9. Processing with Dragendorff
reagent for testing of availability of basic com-
pounds.

Sensitivity of TLC: A general limit of sensitiv-
ity of 1 mg/I is reasonable.
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Immunoassay tests for drugs directly in
urine

Tests of Innovacon—USA are used:

MOR — for detecting of morphine as
metabolite of codeine and heroine, THC - A9 —
tetrahydrocannabinol, the active substance of
marihuana, cannabis, MTD — methadone, AMP
— amphetamine, MET — metamphetamine, COC
— cocaine, TCA — tricyclic antidepressants, BZO
— benzodiazepines, BAR — barbiturates.

Principle:

The immunoassay is based on the principle of
competitive binding. Drugs which may be present
in the urine specimen compete against their re-
spective drug conjugate for binding sites on their
specific antibody.

A drug, if present in the urine specimen be-
low its cut-off concentration, will not saturate
the binding sites of its specific antibody. The
antibody will then react with the drug-protein
conjugate and a visible colored line will show up
in the test line region. The presence of a drug
above the cut-off concentration will saturate all
the binding sites of the antibody.

A drug-positive urine specimen will not gen-
erate a colored line in the test region because of
drug competition, while a drug-negative urine
specimen will generate a line in the test region
because of the absence of drug competition.

Transfer 3 full drops of urine to the specimen
well and read the result in 5 minutes.

RESULTS AND DISCUSSION

TLC is selective and sensitive enough to detect
the drugs: benzodiazepines, narcotic analgetics,
tricyclic  antidepressants, phenothiazines,
anxiolytics, nonsteroid anti-inflammatory agents
/Fig. 1/. Table 1 shows the performance char-
acteristics of both types of assays for drugs of
abuse. The selectivity, sensitivity and the turn-
around times of the used methods in the screen-
ing were demonstrated. Table 2 illustrates the
typical screening confirmation cut-off concentra-
tions and the expected time scales of detection
for some commonly abused drugs. The drugs
detected with TLC are: BZO, OPD, CVD, NAD
and drug detected with IAT is CAN.

Negative reports based on IAT other TLC alone
are not conclusive due to lack of sensitivity. If
the screening method is IAT, the cut-off may
have been set too high.

Our experience shows that in cases with
mixed intoxications and especially in intoxications
in children, TLC is more informative and gives
more reliable and comprehensive drug screen.
This applies especially to poisonings in children
because of the small quantities of drugs (usually
half to one tablet).

Intravenous use of drugs of abuse provides
nearly instantaneous absorption into the blood-
stream and excretion of the drug and/or
metabolites in urine occurs almost immediately.
Inhalation or oral use of drugs will result in
slower absorption and excretion in urine may not
be detected immediately after use (Verebey et
al., 1997). According to our and other data
(Gheorghe M. et al. 2008; Rezai-Basiri et al.,
2010), TLC is not sensitive enough to detect
marihuana, amphetamine, cocaine, phencyclid-
ine, etc., and in these cases IAT as screening
method is preferable. In situations when the tar-
get drug is unknown, and TLC or IAT alone does
not give sufficient data, a combined use of both
methods is necessary.
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XAPAKTEPUCTUKWN HA [OBA METOLA 3A
AHAJIN3 HA BELLECTBA NPU NMNAUUEHTU C UH-
TOKCUKALUUNN

Panuua AtaHacoBa-boxukoBa, AnekcaHppu-
Ha BeHkoBa, Pagn Kapapxos

Tokcmkoxmmmyecka nabopatopus, KnuHuka no
Tokcukonorus, YMBAJICM ,H.W. Muporos”, Oyn.
"Totneben” 21, Codusa 1606

Pezrome

MHOro cutyauymm v3nMcKkBaT eKCripecHo TecTupaHe
U pe3yaraty 3a BYAAa Ha BeLyecTBaTa fpu NaymeHT ¢
MHTOKCUKaumu. CrielinnTe OTAeneHns/KINHUKN umMat
crewnra HeobxoauMmMocCT 3a JeTeKyms Ha BelyecTsara,/
JIEKAPCTBATA, MPUYNHIA 3@ OTPABAHUATA. bbp30TO [O-
K33BaHe Ha HaanYmero uam OTCbCTBUETO HA AaAeHa
TOKCMYHE CYyOCTaHLMA B pamkuTe Ha 10 MuHyTv e [0-
BEJI0 [0 Pa3BUBAHETO HA PAa3/INYHK METOAN 34 Obp3

CKPUHMHT. L{enTa Ha HaCToALOTO n3ceaqBaHe e 4a Ob-
AaT NPefCTaBeHy XapakTepuctmkure Ha gBa oT Mero-
ANTE, KOUTO Ce M3I10/13BaT B TOKCUKOXUMMNYECKara /ia-
boparopus kbM KIMHUKaTa no ToKcukonorus Ha Y M-
bAJICM ,H.U. [TnporoB”: TbHKOC/IONHA XPOMAaTorpa-
oua JTCX/ n umyHorecrosere /UIMT/, a umeHHo.
YYBCTBUTENIHOCT, TOYHOCT, BpemeHa Ha gerekuyms. TCX
€ Ce/leKTUBHA U YYBCTBUTE/IHA 3a OTKPUBAHETO HA
cneqHITe BelLecTBa. beH304Ma3enHOBY Mpenapary,
HAKOM HaPKOTUYHU GHAJITETULIM, TPULMKITAYHN aHTH-
AEernpecaHT, eHOTUAINHM, aHKCUOSIUTULM, HECTepo-
ULHM [TPOTUBOBBINATINTESTHA CPEACTBE. OnUTbT HU €
110Ka3as, 4e 1pu CMeceHu MHTOKCUKAaLmM, 0COOBEeHOo
npu geya, TCX e 1no-Bucoko UHOOPMAaTuBeH mMerToq v
PEe[oOCTaBsa ro-4OCTOBEPHA 1 B OOLYM JIMHIM [10BEYE
UH@OpPMaumsa 3@ BUAa Ha OTPaBAHETO. B cutyauymurte,
B KOUTO BeLyecTBOTO, MPUYNHE 33 MHTOKCUKaUMATa e
HeU3BECTHO, U MPUaaraHero camo Ha TCX nam IMT He
AaBa [OCTaTbYHO MHDOPMALNSF, Ce OKa3Ba HEobxoam-

MO U310/13BAHETO HA [BATa METOAA B KOMOUHALIMS.

Table 1

Characteristics of TLC W IAT for drugs of abuse

Assay | Sensitivity Specificity Accuracy Turn-around time

TLC Moderate-high High Qualitative 1-4 h

IAT Moderate-high Moderate Low-high 1-4 h

Table 2

Screening and confirmation cut-off concentrations and detection times for drugs of abuse
Drug Cut-off (ng/ml)| Tested analyte Urine detection time
Amphetamine 1000 Amphetamine 1-4 days
Barbiturate 300 Secobarbital, amobarbital, 1-4 days for short acting; up

other barbiturates to 30 days for long acting
Benzodiazepines | 200-300 Diazepam 1-7 days
Cocaine 300 Benzoylecgonine 1-3 days
Codeine 300 Codeine Morphine 1-3 days
Marihuana 50 Tetrahydrocannabinol 1-3 days-casual use;
30 days for chronic use
(data from other authors)

Methadone 300 Methadone 1-3 days
Metamphetamine| 1000 Metamphetamine Amphetamine |1-4 days
Heroin 300 Morphine, 6-acetylmorphine 1-3 days
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Fig. 1. Drugs detected with TLC: BZO, OPD, CVD, NAD; drugs detected only with IAT - CAN,
TVS detected with gas chromatography in the Clinic of toxicology for 2013

Legend:

BZO — benzodiazepines

OPD — other psychotropic drugs

CVD — cardjovascular drugs

NAD — non-steroidal anti-inflammatory drugs
CAN — cannabinoids

TVS — toxic volatile substances

UNDERGROUND WELL TEMPLE IN BULGARIA: ARCHITECTURAL
AND ARCHAEOASTRONOMICAL ANALYSIS

Lyubomir Tsonev
Institute of Solid State Physics, Bulgarian Academy of Sciences,
72 Tzarigradsko Chaussee blvd, 1784 Sofia, Bulgaria
e-mail: ltsonev@abv.bg

Abstract

An ancient underground well temple of
Sardinian type was found in Bulgaria in 1971 near
the village of Garlo. This curious monument
demonstrates some architectural and localization
peculiarities which still do not have any satisfac-
tory explanation in the framework of pure ar-
chaeology. For the first time these specific fea-
tures are analyzed here from the view point of
archaeoastronomy. This approach allows us to

34

propose a hew hypothesis interpreting the tem-
ple as a sacred ritual object which connects sym-
bolically the Sun god with the underground wa-
ter as a marker of the perpetual cycle of life.
Preliminary indirect measurements support this
hypothesis.

WELL TEMPLES IN ARCHAEOLOGY
The unique underground well temple in Bul-
garia is located at Garlo village, Pernik region
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(about 40 km Northwest from Sofia: N = 42°
47' 14.80", E = 22° 50’ 52.62"). It was discov-
ered in 1971 by Dimitrina Mitova-Dzhonova (Mwu-
ToBa-[I>xoHoBa 1984, 2007). She dates the object
in XIV-XIII c. BC. We shall denote it shortly as
“Garlo temple”.

From the architectural and religious viewpoint
it has neither predecessors nor followers in the
Balkan Peninsula. There is only one analogous
monument in East Europe — near the town Kerch
(antique Panticapaeum), the Crimean Peninsula
(Famaykesund 1949). Practically all temples of the
underground water of this kind (about 30-40)
are located on the island of Sardinia. The cult of
the underground water has its origins in Meso-
potamia, in the Sumerian god Enki — god of the
underground water, god of fertility and keeper
of the world order. Obviously this cult has flour-
ished in Sardinia especially in II-1 mill. BC (Atzeni
1980, Lilliu 1980). Technical development of the
Sardinian well temples continues throughout one
millennium. The most ancient monuments are
supposed to be created in the Middle Bronze Age
XIV-XIII c. BC. They are realized in a crude
cyclopic technique of dry masonry which is simi-
lar to the fortress walls in Mycenae, Tiryns (con-
tinental Greece) and Hattusa (the capital of the
Hittite Empire in Asia Minor). The most ad-
vanced well temples in Sardinia appear in the
Late Bronze and in the Iron Age IX - VI c. BC;
they are built of high quality quadrae and have
false vaults.

The Bulgarian temple was investigated and
partially restored in 1972. In 1983 a big protect-
ing building with a special shelter and with an
exhibition platform for the public was constructed
around the temple. At the same time an addi-
tional and not entirely correct restoration was
carried out. In 2007 the shelter collapsed. Till the
end of 2010 the temple was cleared out again. In
2012 the ministry of culture of Bulgaria took a
decision to rebuild the shelter and to restore the
tholos floor damaged by treasure hunters. Since
2009 the temple has obtained the statute of an
"archaeological object of national value”.

The architectural Sardinian objects devoted to
the underground water have various but similar
constructions without firm architectural rules.
Generally, they can be divided into two basic

types. The smaller objects [sacred pits, sacred
sources, pozzi sacri] are designed as modest
over-ground shrines around the springs. They do
not have underground parts; they consist most
often of a fagade built of high quality quadrae.
The larger objects have complex, sophisticated
and very impressive construction [well temples,
sacred wells, temples at pit]. In their present
form they include several obligatory components:
(1) underground staircase corridor [dromos]; (2)
underground tholos roofed with a spherical or
parabolic axially symmetrical vault; (3) suitable
designed underground water source. The water
source itself can be formed as a shallow capta-
tion of a spring, but it can represent also a deep
well of stone masonry. The tholos vault has an
opeion in most cases — a circular opening at the
vault's apex allowing the light of the sun, moon
and stars to penetrate the tholos. Archaeologists
suppose that some of the well temples had au-
thentically an over-ground part designed in the
nuraghi style [temenos]. Some of the well tem-
ples display traces of over-ground input tray
[exedra, vestibule, atrium], which is not an ob-
ligatory element. In any case the underground
sources and wells of Sardinian type have obvi-
ously religious but not profane character.

Sizes and proportions of well temples vary
within certain limits. The orientation and the
length of the dromos, for example, are not
strongly prescribed by the cult. The dromos is
directed predominantly to the south semi-horizon.
The well depth also varies in a rather wide inter-
val. However, it is worth paying attention to the
inclination of the dromos staircase. The dromos
inclination in respect to the horizon angle is 40°
+ 2° in all Sardinian temples. The staircase of
Garlo temple in its present reconstructed state
has an inclination of 30° and so it seems to make
an exception from the general rule. However,
according to lepmengxues 2007 the authentic,
not restored, staircase has been steeper with in-
clination of 40°.

D. Mitova-Dzhonova interprets the Garlo
temple as a manifestation of the cult to the
Sumerian god Enki. She supposes that this tem-
ple was created on the Balkan Peninsula acciden-
tally when a group of Sumerian origin migrated
westwards looking for raw materials suitable for
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development of high quality bronze metallurgy.
After crossing Balkan Peninsula the migrants set-
tled permanently in Sardinia, Balearic Islands and
Iberian Peninsula where they developed the rich
“Nuraghi” culture including about one hundred
underground well temples. (MutoBa-[xoHoBa
1984, 2007).

ARCHITECTURAL CHARACTERISTICS OF
GARLO TEMPLE

The most important architectural characteris-
tics of Garlo temple are described here.

The first unique building achievement re-
alized in Garlo temple is the extraordinary com-
plicated location on the terrain. All temples at
pit in Sardinia as well as the asclepieion in
Panticapaeum are situated on flat horizontal ter-
rain. Garlo temple is tangentially semi-dug along
a steep mountain slope. This is the most difficult
disposition for a building at all. The underground
well temples in Sardinia and the Crimea are lo-
cated on flat terrain.

SOUTH
A= 180°

10

DROMOS
A=170°

8 SPRINGS ARE LOCATED  THE LOWER A SPRING IS

ATTHE FOOT OF THEHILL - LOCATED, THE SHALLOWER

BELOW THE TEMPLE. WELL 18 REQUIRED.

A visitor enters the temple through a covered
staircase — dromos. In the upper part the stair-
case begins as an open air construction, but its
lower part is covered in a quasi-megalithic man-
ner, with big rough stone plates, giving a

AT THE LOWEST POSITION
THE MODERN CAPTATION
OF GYRLO VILLAGE IS BUILT.

trapezoidal cross section of the corridor. When
the corridor goes deeper under the ground the
load on the ceiling increases and the width of
the cover plates decreases respectively. At the
lower end the corridor obtains already a triangu-
lar cross section crowned with a tapered cotter.
The dromos changes significantly its architectural
character (from a flat ceiling to a key stone
arch) along a distance of 4 m only in order to
adapt itself to the change in the pressure of the
stone mass overlay. This is the second extraor-
dinary building achievement in Garlo temple.

The core of the building is the vaulted cylin-
drical tholos (height and diameter of about 4 m).
The vault is the third extraordinary building
achievement in Garlo temple. This is not a false
vault (layered masonry of quadrae, the upper
layer sticking out a little bit inside), but a real
vault (rough stones are ordered in a wedge-like
manner). The restoration has affected only 0.5
m in the very upper part of the vault. The walls

S I A L e o e N RN SR Y

from the tholos floor up to a height of 3 m are
preserved in their original state.

SPIRITUAL BACKGROUND OF GARLO TEM-
PLE — CULT OBJECTS IN THRACE

It has been already proven with a high degree
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of reliability that tHe soLarR cult is most widely
represented in sacred monuments over the terri-
tory of ancient Thracia - north and central part
of the Balkan Peninsula (M1 1990, 1991). Some
artifacts originating from V - IV mill. BC allow to
be interpreted as solar and lunar calendars:
decorated clay figurines from Ovcharovo village
near Targovishte, North-East Bulgaria, and
golden plates with symbolic scenes from Letnitsa
village near Lovech, Central North Bulgaria.
Traces from solar cults are detected in numer-
ous ancient rock-cut shrines dated in II mill. BC:
Belintash, Harman-kaya and Angel voyvoda in
the Rhodope Mountains, rock-cut ritual complex
in Sliven region in the Balkan Mountain Range.

Solar monuments are found from | mill. BC till
the Roman time IV c. AC: Thracian cult buildings,

rock-carvings near Burgas, southern Black sea
coast, rock tombs near Kavarna, northern Black
sea coast, Sarmizegetusa ritual complex in Ro-
mania.

In the period XII-VI c. BC in the East part of
the Balkan Peninsula a relatively big and multi-
form megalithic field appears, including several
hundreds of dolmens, menhirs, cromlechs, etc.
The Thracian dolmens are studied from an
archaeoastronomical viewpoint in the beginning
of XXI c¢. (Kolev et al 2008, Cézar Gonzélez-
Garcia et al 2009, UoHesB 2010, Tsonev et al
2011, Tsonev & Kolev 2012). They do not demon-
strate well-defined orientation, but they are ob-
viously predominantly directed to the South semi-
horizon, i.e. to the culmination of the sun, to the
Sun god in his maximum power.
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In the interval V - Il c. BC the megalithic tech-
nique in Thracia is replaced by masonry of
quadrae and fired bricks. Typical sacred objects
created in Thracia in this period are monumental
tombs and/or temples under tumuli. They com-
bine the horizontal plans of the most developed
Thracian two-camera dolmens with dromos (the
local tradition) with the older pattern of Aegean
vaulted constructions (the Mycenaean tradition)
and with the tumular coverage of Scythian ori-
gin. (Kntoe & Arpe 2002, Pycea 2002). The
classic Thracian temples under tumuli from the
period V c. BC - Il c. AC demonstrate the same
predominantly South orientation of the dromos.

LUNAR OR STELLAR CULTSs are not noticeably docu-
mented in ancient cult monuments in Thracia
with one curious exception - the Baylovo cave
near Sofia (MW 1991). A good review about the
astronomical knowledge in the classical Thracian
society from the middle of | mill. BC till the end
of the Roman time as described by ancient au-
thors is presented in (MW 1991).

As for the waTer cuLT, its existence is also
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Orientation of 80 dolmens in Bulgaria
XII-Vil c. BC

proved in Thracia in pre-Roman time already, but
never in the form of sacred wells, of underground
pits or wells. It is expressed in honoring numerous
small springs in their natural appearance, always
over-ground situated and without significant ar-
chitectural envelope (Nekhrizov, 2005).

Shrines devoted to sacred springs in Bulgarian
territory provided with impressive architectural
envelopes are very rare and appear in late Ro-
man times only. Let us mention two examples: /
1/ the sanctuary of the three nymphs at the vil-
lage Kasnakovo, near Haskovo (Anagxos, 1997,
Nekhrizov, 2005; Benenukos, 1950) and /2/ the

sanctuary devoted to Asclepius at the village of
Batkun/Patalenitsa near Pazardzhik (Tsontchev,
1941; Zontschew, 1940).

Conctusion: the general sacred conception of
Garlo temple is connected, although not very
tightly, with the main ancient cults represented
over the Thracian lands, but its architectural re-
alization is unique on the Balkan Peninsula and
even in East Europe. At the same time the simi-
larity of Garlo temple architecture with numer-
ous Sardinian well-temples is obvious and still
needs a reasonable explanation.

NEW ARCHAEOASTRONOMIC HYPOTHESIS
ABOUT GARLO TEMPLE

Beside the analysis of the inherent proportions
of the monument, Mitova-Dzhonova noticed two
curious peculiarities of its terrain localization.

Seeciric point 1. The temple builders display a
special interest to the South direction. Building
the real dromos in Garlo in approximately South
direction, i.e. tangentially to the mountain slope,
is a very complex technical problem. If the

N
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Orientation of 47 classic undertumular temples
on the Balkan Peninsula VIl c. BC — /Il ¢. AD

dromos was intended as an entrance to the
tholos only, the builders could choose a much sim-
pler approach. The East side of the temple is not
dug into the hill but is built freely over the ter-
rain. The entrance could be realized there by a
simple arch, without any corridors and staircases
and this would simplify greatly the construction!
So, the South orientation is an essential charac-
teristic of the temple.

SeeciFic poivt 2. The monument is placed at a
very high level above the surrounding terrain.
Nine springs exist in the locality, most of them
at the foot of the hill. The highest spring has
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been chosen for the construction of the temple
instead of the lower situated springs. This unex-
pected choice increased essentially technical com-
plexity of the building requiring the deepest well.

Dermendzhiev has undertaken the only serious
attempt till now to analyze Garlo temple from an
archaeoastronomical viewpoint ([JepmeHaxues
2007). He supposed that the ancient people used
the temple as an exact solar calendar measure-
ment instrument over the whole year. They ex-
amined closely how the sunlight penetrates the
temple through the dromos-corridor and marked
the position of the lintel shadow on the floor —
observer situation No.Jl. At the winter solstice
the sunlight penetrates the temple in a most in-
clined manner and projects the lintel on the
North wall of the tholos. When the time passes
the lintel shadow moves over the well opening
towards the lower end of the dromos. At the
summer solstice the sunlight penetrates the tem-
ple most abruptly, does not enter the tholos at
all and projects the lintel on the middle point of
the staircase.

Unfortunately, the incorrect restoration did
not allow proving accurately this calendar hy-
pothesis. Dermendzhiev measured also the azi-
muthal orientation of the dromos 170°, but he did
not comment the small deviation from the exact
South. And in our opinion this is the third special
feature of Garlo temple - SeeciFic Poinvt 3.

WE PROPOSE HERE THE IDEA THAT THE SUNLIGHT PENETRA-
TION INTO THE THOLOS THROUGH THE DROMOS CORRIDOR WAS
CONSIDERED IN ANTIQUITY AS A RITUAL ACTION. The priest
in the tholos observed the sunlight (observer situ-
ation No.2) and combined it symbolically by a

—— gemme $ ey § =, G

OBSERVER SITUATICN No. 2

EQUINOXES
N SUMMER
SOLSTICE
WINTER \
SOLSTICE \  LINTEL
~ A\

N

\\
N\

OBSERVER SITUATION No. 1

proper ceremony with the underground water and
this combination has been believed to produce the
life-giving power, to celebrate the start of a new
life cycle of the nature. The South orientation of
the dromos evidences special interest to the solar
culmination. From this viewpoint Garlo temple
plays the role of a MARKER OF THE SOLAR CULMINATION
AT WINTER SOLSTICE ONLY AND NOT THE ROLE OF A PRECISE
CALENDAR MEASURING INSTRUMENT. Therefore our hypoth-
esis includes the Seeciric poivt 7 as a basic element
from the very beginning.

In observer situation No.2 the priest has an
observation window, which is limited above by
the lintel, below by the highest staircase step
and laterally by both dromos walls. Through this
window the priest sees the V-like overlap of the
contours of two mountain hills — the hill where
the temple is built AA" and the neighboring hill
BB’. According to our hypothesis through this
window the observer could see the solar culmi-
nation during the winter solstice only and not

/7 A
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during the summer solstice and during the vernal
and autumnal equinoxes. If the temple was situ-
ated /ower than its actual position, the priest
could not observe the solar culmination at the
winter solstice because the temple would be in a
shady position during the whole day. The temple
builders were forced in this situation to choose
the most complex building process placing the
monument over the highest spring at the hill
slope and to build the deepest possible well. So,
our hypothesis explains the Seeciric roint 2.

Let's assume that the builders have already
chosen the exact place for the tholos — over the
highest spring. In this situation it turned out that
the local relief hindered the observation of the
sun culmination exact/y in south direction. Two
ways out of this difficulty were possible:

(1) to make the well deeper and to place the
tholos higher at the hill slope (in respect to its
actual position today) — in this case the techni-
cal complexity of the building process would in-
crease drastically; or (IlI) to rotate the dromos
slightly - 10° - eastwards in order to direct it
towards the saddle between the contours of the
neighboring hills AA" and BB’ at an azimuth of
170°, allowing the observation of the solar cul-

mination at winter solstice not exactly, but with
a small inaccuracy which does not disturb the
ritual intention. The temple builders decided to
use the second variant utilizing the specific char-
acter of the local landscape. This original techni-
cal solution stays in very good agreement with
the real relief of the temple area. So, our hy-
pothesis explains also the Seeciric point 3.

The verification of the hypothesis by means
of direct measurements cannot be done due to
two obstacles: /1/ the protective building around
the monument blocks the south horizon; /2/ the
dense forest around the protective building also
prevents direct observations and measurements
through the dromos. Therefore we were forced
to use a complicated two-stage experimental
procedure in summer 2013. At the first stage we
found from the observation position No.2 that
point, where the dromos axis hits the wall of the
protective building from inside. At the second
stage we made our measurements from the ad-
ditional observer point No.3, located outside the
building. The results stay in good agreement with
our hypothesis.

At the same time our hypothesis makes no
claim to interpret a// well temples of Sardinian

m Xpam-KnageHeu

Q V13BOp; 1, MPUTOK
\\ To4Ha loxHa nocoka
N\ orneq o1 xpama Kb

170° tor ¢ npodunuTe
Ha ABaTa Xb/iMa
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type. Every monument of this kind needs a sepa-
rate investigation. As an example illustrating this
statement we can mention the Nuraghic well
temple of Santa Cristina in Paulilatino (Oristano,
Sardinia), where a connection of the waTer cult
with the tunar cult has been found out (Lebeuf
2008).

The dating of Garlo temple proposed by the
discoverer Mitova-Dzhonova on the basis of some
stone and clay artifacts (XIV-XIIl c. BC) seems
not very convincing from architectural viewpoint
due to the fact that the real vault was invented
and applied as late as in the Roman Empire only.
Therefore, Garlo temple needs to be dated by
some more objective physical method, e.g. by
optically stimulated luminescence - OSL (Aitken

SUN CULMINATION AT
WINTER SOLSTICE IN

o PAVED ALLEY
BULGARIA h=235

AROUND THE
BUILDING

WALL OF THE MODERN
EXHIBITION BUILDING

=4
w

159 [235° 0.

85°

LOCAL TERRAIN HORIZON
HEIGHT AT AZIMUTH 170°,
h=15°

ORIGINAL TERRAIN |

ZEROLEVEL VERTICAL ANGULAR
OBSERVATION WINDOW

e

IRNANN

FROM POSITION No.2
dnh=8.5°

‘CONTEMPORARY UPPER
EDGE OF THE
STAIRCASE WALL

1998, Liritzis 2011). In order to examine the pos-
sibility of such procedure we for the first time
measured the vertical profile of the mountain
slope at three places.

1/ Profile "B" crosses the temple exactly

PROFILE "C*
(50mat A=3500
from “B")

PROFILE "B"
(CENTRAL)

CONTEMPORARY
STAIRCA!

through the center of the opeion where the in-
tervention in the authentical environment was
most considerable not only in the remote past,
but also in the years 1972-1983;

2/ Profile "A" crosses the hill 50 m south-
wards from the temple where the terrain has
kept its original state more than three thousand
years;

3/ Profile “C" crosses the hill 50 m northwards
from the temple where the road necessary for
the restoration of the temple was traced in 1983.

The result is exceptionally interesting; it re-
veals the authentic picture of the building proc-
ess. First, a 15 m deep conical pit has been exca-
vated. The stone masonry has been carried out

. No.2 ANCIENT RITUAL
OBSERVATION

AUTHENTICAL
UPPER EDGE OF THE
STAIRCASE WALL

@ No3ADDITIONAL CONTEMPORARY
OBSERVATION

AUTHENTICAL

SE STAIRCASE

from the deepest point up to the zero level: at
the beginning the well has been formed, then
the tholos and at the end — the vault with the
opeion. The entire “unnecessary” mass of stones
and earth removed from the artificial cavity has

T10

PROFILE "A" VERTICAL
(50mat A=170° TERRAIN PROFILES
from "B") IN PLANES ORTHOGONAL
TO THE HILL SLOPE
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been piled up on the slope below the level of the
temple opeion (zero level of the contemporary
terrain). The excavated material has been suffi-
ciently long time irradiated by the solar UV ra-
diation and the geological luminescence signal
accumulated by the quartz grains on the stone
surface has been totally bleached. Then the last
surface rock and soil layer has covered the
bleached material and the accumulation of the
new archaeological luminescence energy started
there again. So, the necessary and sufficient con-
ditions for the OSL dating procedure are fulfilled
and this method could be applied here some day.

DEDICATION: The author dedicates the
present article in the memory of N.
Dermendzhiev.
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Pezrome

[lpe3 1971 r. B bbsirapusa e oTkKpUT ApeBeH rog3e-
MEH Xpam-KianeHel OT CapanHcku Tiumn 61130 [0
c.I'bprio, bpesHuiuko. To3m 1060MUTEH NameTHUK
UMa HAKOM 3PXUTEKTYPHU 1 CUTYALMOHHIM OCOBEHOC-
TU, KOUTO BCE OLYE HAMAT 3a0BOJIUTE/IHO OOACHEHME
B PaMKUTE HE YMCTATa apXeosiorvsi. TyK 3a rpuB 1bT
CrIOMeHaTTe 0COBEHOCTI Ca aHaIn3npPaHmu ot riequ-
e Ha apxeoacTpoHOMUATA. To3um rnogxoq rno3Bosm 4a
b6bae MpennoXxeHa HoBa XWUnoTesa, KOSTo UHTeprpe-
TUPAa Xpama Karo CBeljeH pUtyasreH o0OeKT, KOWUTO
CUMBOSINYHO CBbP3Ba b6ora CvbHUe C M043eMHUTE
BOAu KAaTO MapKep 33 BEYHO MOBTAPALUNA Ce LIUKBIT
Ha XnBOTa. [TpenBapUTEIHUTE HENPeKu 1U3MepBaHus

rnogAbpXar rasv Xvrnores3a.
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Abstract

The capacity of the Split Cantilever Beam
(SCB) for characterization of mixed-mode 1/11/11
fracture behavior of foam core composite sand-
wich constructions is evaluated theoretically. The
sanadwich SCB was obliquely-loaded with respect
to the crack plane in order to induce general
mixed-mode 1/11/1l crack loading conditions. The
influence of the loading angle on the fracture
behavior was analyzed. The method of linear-
elastic fracture mechanics was applied. Three-
dimensional finite element model of the sand-
wich SCB was developed. Within the finite ele-
ment simulations, the fracture was studied in
terms of the strain energy release rate using the
virtual crack closure technique. The analysis re-
vealed non-uniform distribution of the strain en-
ergy release rate mode components along the
crack front. It was found that the obliquely-
loaded sandwich SCB is an efficient specimen for
investigating mixed-mode 1/11/Ill fracture in foam
core composite sandwich constructions over a
broad mixed-mode ratio range.

INTRODUCTION

Foam core sandwich composite structures are
finding increasing use in modern engineering
(Wang et al., 2010). A sandwich structure typi-
cally consists of two thin stiff composite faces
bonded to a relatively thick light-weight core.
The faces carry bending moments as compressive
or tensile stresses, while the role of the core is
to support the faces against backing and wrin-
kling and to transfer the transverse forces as
shear stresses. Basic advantage of sandwich
structures is their superior stiffness and strength
per weight in comparison with conventional
metal structures.

The load-bending ability of sandwich struc-
tures is highly dependent on the properties of the
rigid foam used as a core material. The strength

of the core may be considerably decreased by
the presence of inherent imperfections in the
foam material as flaws and voids or by defects
which arise during lifetime of the sandwich struc-
ture due to impacting events or fatigue. These
imperfections and defects act as stress concen-
trators from which cracks may initiate and
propagate in the core. That is why the fracture
properties of the foam core have significant in-
fluence on the structural performance of the
sandwich. Therefore, fracture analyses of rigid
foams (used as core materials) are of great im-
portance in the design of sandwich structures.
However, relatively little attention has been
given to the problem of fracture in the foam
core of sandwich structures. The fracture
behavior of cellular foam materials was studied
under static loading (Ashby et al., 1984). Fatigue
crack propagation in polyurethane foams was
investigated using Compact Tension (CT) test
specimens (Noble et al., 1981). They related the
fatigue crack growth rates to the cyclic stress in-
tensity factor range using the Paris’ law equa-
tion. Environmental effects were analyzed on the
fatigue fracture behavior of polycarbonate
foams (Yau et al., 1986). Fracture toughness of
rigid foams was characterized using an anti-clas-
tic plate bending test method (Farshad et al.,
1998). Modified double cantilever beam and
shear fracture sandwich specimens were used for
studying face/core debond fracture (Prasad et
al., 1994). The fracture specimens were
analyzed by finite element method models. A
delamination crack along the face sheet/core
interface in a foam core sandwich structure was
simulated using a two-dimensional finite element
model (Goswami et al., 2001). Mode | fracture
behaviour of syntactic foam used as light core
material for composite sandwich panels was
studied using Three Point Bending (TPB) fracture
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specimens (Rizzi et al., 2000). Two-dimensional conditions, the sandwich SCB was obliquely-
finite element simulations of the TPB specimen loaded with respect to the crack plane. Fracture
were performed. Fracture behaviour of closed analysis was carried out in terms of the strain
cell rigid polymeric foam frequently used as core energy release rate. The concepts of linear-elas-
material in sandwich structures was investigated tic fracture mechanics were applied. Three-di-
(Bazhant et al., 2003). Mode | fracture was mensional finite element model was developed
studied using single edge-notched prismatic speci- to simulate the mechanical response of the sand-
mens. The results obtained were compared with wich SCB. Within the finite element simulations,
data from three-point bending fracture speci- the virtual crack closure technique was applied in
mens. An analysis of mode | fracture in holed order to analyze the strain energy release rate
rigid foam panels was also performed. It was mode components distribution along the crack
found that linear-elastic fracture mechanics can front. The influence of the loading angle on the
be applied to analyze the fracture behaviour of fracture was investigated.

rigid foams.

25 25 ANALYSIS OF STRAIN ENERGY
F 25,25 o

\ c . RELEASE RATE IN OBLIQUELY-
- omposite face sheets
30 o Foam core LOADED SANDWICH SCB
i | Crack .
0 . o] The obliquely-loaded foam core
i \f polymer composite sandwich SCB
X analyzed in the present paper is illus-

trated in Fig. 1. The sandwich consists

of two polymer composite face sheets
300 with thickness of 2.5 mm adhesively
bonded to a rigid foam core with
width of 50 mm. The height and the
length of the sandwich beam are 60
mm and 500 mm, respectively. The
sandwich has in its mid-plane, xy, a
crack with length of 300 mm (Fig. 1).
In order to generate mixed-mode I/11/
Il loading conditions, the two crack
arms of the sandwich SCB were ob-
liquely-loaded in opposite directions in
such a way that the load line was

200nmm

Fig. 1. Obliquely-loaded sandwich SCB.

It can be summarized that most of publica- through the centroid of the specimen (the load-
tions in the filed of fracture behavior are fo- ing is situated in the yz coordinate plane).
cused on pure modes of fracture. However, in The influence of the loading angle, 6, on the
real situations a fracture may occur under gen- fracture behavior was investigated. For this pur-
eral mixed-mode I/11/11l crack loading conditions pose, four values (0% 30° 60° and 90°) of 6,
due to the complex character of the loads ap- measured from the vertical axis were considered
plied on the sandwich constructions. It is obvious in the analysis. The strain energy release rate
that investigations are needed of fracture mode components distribution along the crack
behavior under combined loadings.  There - front at different loading angles was studied
fore, the basic purpose of the present work is to using a three-dimensional finite element model
evaluate theoretically the capacity of the sand- of the obliquely-loaded sandwich SCB. The model
wich SCB for characterization of fracture was developed using the ANSYS finite element
behavior of foam core composite constructions program system. The geometry of the model
under general mixed-mode I/11/1Il crack loading corresponded to the geometry of the SCB shown

conditions. In order to generate such loading in Fig. 1. Three-dimensional continuum brick fi-
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nite element SOLID45 defined by eight
nodes, having three degrees of free-
dom per node, i.e. translations in the x,
¥, and zdirections was used in order to
mesh the model. The mesh was refined
in the crack front zone in order to ob-
tain a more accurate picture of the
strain energy release rate mode compo-
nents distribution along the crack
front. In total, 4860 elements were
used. It should be specified that before carrying
out further computations, a mesh sensitivity
study was conducted with respect to the number
of elements in order to ensure that the mesh

Fig. 2. Three-dimensional finite element mesh for
discretization of the obliquely-loaded sandwich SCB.

elastic fracture mechanics (Davidson et al.,
1996). The main advantage of the virtual crack
closure technique is that it uses only one analysis
step of the finite element model. The nodal

£ ,MPa £ ,MPa £ ,MPa G ,MPa G, _,MPa G_,MPa \Y v \Y
X 3% z Xy yz zx Xy Xy Xy
45000 12000 12000 4500 3600 4500 03]03]| 03

Table 1. Elastic properties of the composite face sheets used in the finite element analysis.
The subscripts refer to the principal material axes x, y, and z defined in Fig. 1.

was fine enough to give reliable results. The re-
sults reported in the present paper were obtained
by the finite element mesh depicted in Fig. 2.
The boundary conditions and the loading in the
finite element model corresponded to these in
Fig. 1. The free end (x=500 mm) of the sand-
wich SCB was fixed in order to prevent rigid
body movement of the model.

It was assumed that the face sheets of the
sandwich SCB are made of unidirectional glass/
epoxy composite (the fibers are oriented in lon-
gitudinal direction, i.e. parallel to x-axis). The
equivalent elastic properties of the composite
used in the finite element simulations are re-
ported in Table 1. The properties are given with
respect to the coordinate axes x, y, and zdefined
in Fig. 1.

The sandwich core itself was assumed to be
an isotropic linear-elastic foam material with
elastic modulus, /= 85 MPa, and Poisson ratio,
H=0.42.

Within the finite element simulations of the
sandwich SCB, the strain energy release rate
mode components and their distribution along
the crack front at different loading angles were
studied applying the virtual crack closure tech-
nique. This technique assumes validity of linear-

forces along the crack front and the nodal
displacements behind it generated by the finite
element analysis are needed in order to calculate
the strain energy release rate mode components
(G, G, and G,) associated with the three basic
modes of crack growth (I, Il, and Ill). A fragment
of the crack front three-dimensional finite ele-
ment mesh in the vicinity of the node /is illus-

trated in Fig. 3.

St

AN A4 crack front

-

~. AR

AR

Fig. 3. Scheme of the crack front three-dimen-
sional finite element mesh in the vicinity of
node /.
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The virtual crack closure technique is based on
the assumption that the work done to closure
the crack by one element is equivalent to the
strain energy release rate when the crack grows
by one element length. Therefore, at node /in
Fig. 3 the strain energy release rate mode com-

ponents G, G, and G,, can be calculated using
the formulae
1
G =—Z\w —w,
| 2AaAh |( j k), (1)
_ 1
G, —Mxi(uj -u), (2)
s
oSt
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where X, Y, and Z are the nodal force com-
ponents, and v, v, and ware the nodal displace-
ment components in the x, y, and z directions,
respectively. The subscripts in Egs. (1) — (3) de-
note the corresponding nodes in Fig. 3. The strain
energy release rate mode components distribu-
tion was obtained by applying Egs. (1) — (3) for
each node along the crack front.

GIII =

The distribution is displayed in Fig. 4 for the
four values of the loading angle (0% 30° 60°
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Fig. 4. Distribution of the normalized strain energy release rate mode components along the crack
front in the sandwich SCB loaded at: (a) g = 0°. (b) g =30°. () g = 60°, and (d) g = 9Q° (the

loading angle, a, is defined in Fig. 1). Here A is the height of the sandwich SCB cross-section. Only
half the crack front is plotted, because the distribution is symmetrical about the crack front cen-

tre.
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and 90°) considered in the analysis (the strain
energy release rate mode components are nor-

malized using the formula GiN =GH/F, where

H is the height of the sandwich SCB cross-sec-
tion, and ~I, Il, and lll). Only half the crack front
is plotted, because the distribution is symmetri-
cal about the center of the crack front. The
horizontal axis in Fig. 4 is defined such that

y/H =0.0 is at the low edge of the sandwich

SCB cross-section. Thus, y/H = 0.5 corresponds

to the crack front centre.

As expected, the distribution is non-uniform.
The mode | component is maximum at the center
of the crack front, while the mode Il component
increases towards the edge of the sandwich SCB
cross-section. The mode Il component is distrib-
uted almost uniformly in the central area of the

applied on the sandwich SCB (Fig. 1). The in-
crease of the G, component towards the edge of
the SCB should be attributed to the fact that the
longitudinal displacements induced by the bend-
ing of the crack arms around the z-axis increase
towards the edge. The diagrams shown in Fig. 4
indicate that the mode Il component of the strain
energy release rate is zero at the crack front
centre. This finding is related to the fact that
the longitudinal displacements of the crack arms
are zero at the centre.

Mode Il crack growth is associated to the
shear stress, Ty along the crack front (induced
by the y-component of the loading).

The influence of the loading angle on the
mixed-mode /1l /1l fracture behavior was evalu-
ated by analyzing the mixed-mode ratios of the
average values of the strain energy release rate

crack front and slightly decreases near the sand- mode components: G/ /G?*, G]/G®, and
Loading G'/G* G /G* G\ /1G* G/, /G®. Such mixed-mode
A:gle, a ratios were computed for the
0 0.000 0.609 0.391 four values of the loading an-
30° 0.404 0.321 0.275 gle considered in the analysis.
60° 0.834 0.087 0.079 The results are summarized in
90° 1.000 0.000 0.000 Table 2. It should be specified

Table 2. Mixed-mode ratios of the average values of the strain en- Strain energy
ergy release rate mode components (G /G?,G;; /G?,
and G/, /G?) in the sandwich SCB specimen loaded at different

loading angles.

wich SCB cross-section edge. The strain energy
release rate mode components distribution can
be explained in the following way.

The mode | crack growth is associated to the
deformation behavior in the crack front area
induced by the bending of the two crack arms
around the y-axis by the zcomponent of the two
forces applied on the specimen (the loading and
the coordinate axes x, y, and z are shown in Fig.
1). The fact that G, decreases towards the edge
of the sandwich SCB cross-section can be ex-
plained with the laterally less constrained strains
along the crack front.

The mode Il loading conditions are generated
by the bending of the two crack arms around the
z-axis by the y-component of the two forces

that the average values of the
release rate
mode components along the
crack front used for calculation
of mixed-mode ratios were ob-

tained as
H
G, (y)d
G;”‘:g |(y)y’ (4)
H
16, (y)d
G
Gﬁ :—-([)- " y yl (5)
H

Gﬁ‘l e — (6)

where G, (y)'Gn(y)' andG”I(y) are the

strain energy release rate mode components dis-
tributions along the crack front obtained by the
virtual crack closure technique, His the height of
the specimen cross-section. The integrals in for-
mulae (4), (5), and (6) were solved numerically.
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The average value of the total strain energy re-
lease rate was obtained as

G* =G +G/ +G], (7)

Table 2 shows that there is significant in-
crease in the relative amount of mode | compo-
nent of the strain energy release rate with in-
crease of the loading angle, i.e. at large loading
angles the fracture is mode | dominated. At
a =90° pure mode | crack loading conditions
are induced (G} /G® =1). The data in Table 2
indicate also that the obliquely-loaded sandwich
SCB can be used for characterization of fracture
behavior over the complete mixed-mode ratio
range:0< G/ /G® <1. Concerning the relative
amount of mode Il and mode Il components of
the strain energy release rate, Table 2 shows that
they decrease when the loading angle increases.
The decrease of mode Il is due to the fact that
the bending moments in the crack arms induced
by the y-component of the loading decrease with
increase of the angle a (Fig. 1). The decrease
of mode Il component can be attributed to the
decrease of the vertical shear force in the crack
arms with increase of the loading angle.

CONCLUSIONS

The capacity of obliquely-loaded SCB for char-
acterization of the mixed-mode I/I1/1ll fracture in
the core of sandwich composite structures was
evaluated. The concepts of linear-elastic fracture
mechanics were applied. Three-dimensional finite
element simulations of obliquely-loaded sandwich
SCB were carried out. The strain energy release
rate mode components distribution along the
crack front was analyzed by the virtual crack clo-
sure technique. The influence of the loading an-
gle on the mixed-mode I/11/11l fracture was inves-
tigated. The analysis revealed that the strain en-
ergy release rate mode components distributions
are non-uniform along the crack front.

This finding was related to the global defor-
mation behavior of the obliquely-loaded sandwich
SCB specimen. The relative amount of the mode
| component of the strain energy release rate
increases with increase of the loading angle. This
was attributed to the increase of the bending
moments in the crack arms induced by the z-
components of the loading with increase of the

angle a (Fig. 1). It was found also that the sand-
wich SCB can be used to characterize the frac-
ture in the core over the complete mixed-mode
range, i.e.0< G/ /G® <1. The relative amounts
of the mode Il and mode Ill components of the
strain energy release rate decrease with increase
of the loading angle. This was explained with
decrease of the y-component of the loading with
increase of the angle a . In general, the finite
element simulations indicate that the obliquely-
loaded SCB can be used for investigation of
mixed-mode I/11/Ill fracture in the core of sand-
wich structures. The basic advantage of the
sandwich SCB is that mixed-mode I/Il/Ill fracture
can be studied over a broad range of mixed-
mode ratios (Table 2) using only one type of
specimen.

References

[11 Wang Can, Chen Hao-ran, Lei Zhen-kun
(2010) Experimental investigation of interfacial frac-
ture behaviour in foam core sandwich beams with
viscous-elastic adhesive interface. Compos. Struct.
92, 1085-1091.

[2] Ashby M. F., Gibson L. J., Mati S. K. (1984)
Fracture Toughness of Brittle Cellular Solids. Scr.
Metall. 18, 213-217.

[3] Noble F. W., Lilley J. (1981) Fatigue Crack
Growth in Polyurethane Foam. J. Mater. Sc. 16, 1801-
1808.

[4] Yau S. S., Mayer G. (1986) Fatigue Crack
Propagation in Polycarbonate Foam. J. Mater. Sc. Eng.
78, 111-14.

[5] Farshad M., Floeler P. (1998) Investigation of
mode Il fracture toughness using an anti-clastic
plate bending method. Eng. Fract. Mech. 60, 597-
603.

[6] Prasad S., Carlson L. A. (1994) Debonding
and crack kinking in foam core sandwich beams — I.
Analysis of fracture specimens. Eng. Fract. Mech. 47,
823-824.

[7]1 Prasad S., Carlson L. A. (1994) Debonding
and crack kinking in foam core sandwich beams — II.
Experimental investigation. Eng. Fract. Mech. 47,
825-841.

[8] GoswamiS., Becker W. (2001) The effect of face
sheet/core delamination in sandwich structures under
transverse loading. Compos. Struct. 54, 515 — 521.

[9] Rizzi E., Papa E., Corigliano A. (2000) Me-
chanical behaviour of syntactic foam: experiment
and modelling. Int. J. Solids. Struct. 37, 5773-5794.

[10] Bazhant Z. P., Zhou Y., Zi G., Daniel I.M.
(2003) Size effect and asymptotic matching analysys
of fracture of closed-cell polymeric foam. Int. J. Sol-
ids. Struct. 40, 7197-7217.

[11] Davidson B. D., Sundararaman V. A. (1996) A
single leg bending test for interfacial fracture tough-
ness determination. Int. J. Fract. 78, 193-210.



National Scientific Programmes with European Dimensions

AHANN3 HA NYKHATUHA NO CMECEHA
®OPMA I/11/11 B KOMNO3UTHA CAHABUY
F’PEAA CbC CbPLEEBUHA OT NAHA
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Pe3rome

HanpaBeHo e TeopernyHo v3CaeqBaHe Ha3 Bb3-
MOXHOCTTa Ha pa3fBOEHATa KOH30JIHA MPeAa 33 Xa-
PAKTEPUINPAHE HA MYKHATUHA 10 CMeceHa gopma 1/
/Il B KOMMIO3UTHIN caHABMY KOHCTPYKUmN. CarHgBnY
rpegara e HaroBapeHa Koco 10 OTHOLIeHNe Ha paB-
HUHATa Ha MyKHaTuHAaTa, 3a 4a ce reHepupa HaroBap-

BaHe 1o cmeceHa gopma 1/11/11l. AHannsnpaHo e 8-
AHWETO HA blb/ia Ha HAKIOHE BbPXY MYKHATUHATA.
[TonsioxeH e MeToabT HA JIMHEeNHATd Teopus Ha yk-
HatuHuTe. Pa3paboteH € obemeH MoLes Ha rpeaara
110 METOAAa Ha KparviHute enemeHTn. CKopocTTa Ha oc-
BOOOLEHATA [TOTEHLMAIHA eHEPIUs HA [ePOPMAaLML-
7a e U3C/IeBAaHa 10 MEeTOAAa Ha BUPTYASIHO 3aTBAPAHE
Ha IyKHaTuHaTa. YcraHoBeHo e HepaBHOMEPHO Pa3ri-
pegesieHne Ha KOMIIOHEHTUTE Ha CKOPOCTTa HA OCBO-
b60[eHaTa rnoTeHLNaIHa eHeprus Ha 4e@opmManngra
10 QYPOHTA Ha IMYyKHATUHATA. M3C/1e4BaHeTo 10Ka3Ba,
4e KOCO HAaTOBAapeHara pas3ABoeHa KOH30JIHa rpeda e
ePUKACHO OITUTHO TAJIO 3a XAPAKTEPUIMPAHE Ha IMyK-
HaTUHa no cmeceHa @gopma 1/11/1ll 8 KoMIo3nuTHM

CarABUuY KOHCTPYKLUMN.

SMALL-SCALE TESTS FOR AN INVESTIGATION ON THE EFFECT OF
REINFORCED SOIL

Elvina Stoynova
Department of Geotechnics, University of Architecture, Civil Engineering and Geodesy

Hristo Smirnenski Boul. 1, Sofia

Abstract

Results of a small-scale test for the ultimate
bearing capacity of circular foundation on
geogrid-reinforced sand are presented. The
number of layers of geogrid varied from 1 to 3
and the length of geogrid was from 2 to 4 times
the diameter of the model foundation. The re-
sults apply to foundations placed on the surface.

Introduction

In the last 30 years several small-scale tests
were conducted with small plates simulating
footings on reinforced soil foundation (RSF). The
reinforcement is mostly connected with the in-
creasing of the bearing capacity (estimated by
BCR) and reducing of the settlements (estimated
by SRF). The aim of the researchers is to investi-
gate the effect of the reinforcement and at the
same time to determinate the optimum ratio of
the parameters.

The first researchers Binquet and Lee [1]
and Guido et al. [2] have proved that maximum
effect of the reinforcement was for values of u/
B <0,67 and recommended the values
(b=B)cr=2+3; (d/B)cr = 1,25. In 1994 Yetimoglu
et al. [3] indicated the critical values of u/B=0,25;
h/B=0,2 and b/B=4,5. The optimum values of the

parameter of RSF after Das and Shin [4] are b/
B=5+6; u/B=0,35 and d/B=2. Boushehrian and
Hataf [5] investigated experimentally the influence
of the reinforcement on the bearing capacity.
Chang et al. Cascante [6] determined the depth of
the first layer of geogrids on u=(0,3-0,5). B. Puri
et al. [7] specified the critical values of u/B=0,33,
b/B=4 and N=4.

Model foundations with different shapes and
dimensions are used — square plates from 40/
40 to 200/200 mm, circular plates with
250+@240 mm or strip plates with dimensions
from 50/300 to 200/600 mm. The test mate-
rial is dry sand with friction angle from 32,5° to
38° and p=1,45+1,72 g/mi. The test tanks are
circular with diameter @300 mm or rectangular
with length up to 1200 mm. The systems are
with static or dynamic, with direct or hydraulic
loading — with or without pressure control. The
measuring system is mechanical or electronic.
The geogrids are standard or not, with various
cells dimensions, material and tensile strength.

Reinforced soil

The parameters of RSF in the area of the in-
vestigations and practices were implemented by
Binquet and Lee [1]. In Fig. 1 are shown basic
parameters.
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Fig. 1. Geometric parameters for RSF

q - load

B, m —width of the foundation

b, m —width of the geogrid

Df, m — depth of the foundation

d, m — thickness of reinforcement zone be-
low the bottom of the foundation

u, m — depth of the geogrid below the bot-
tom of the foundation,

h — vertical distance between the layers of
the geogrid,

N, 6p. — layers of the geogrid,

T, kN/m — strength of the geogrid

Fig. 2 shows the general behaviour of rein-
forced and unreinforced soil foundation. The
load-settlement curve of unreinforced soil is
closer to the settlement axis compared to those
of reinforced soil. The shown relations are of
principle and are standard for estimation of the
variation of the settlement as a function of the
loading for reinforced and unreinforced soil.

The Bearing Capacity Ratio (BCR) is a non-
dimension parameter for estimation of the ef-
fect of reinforcement for increasing the bearing
capacity. There are two possibilities to evaluate
BCR: with respect to the ultimate bearing capac-
ity BCR =q,z/q, or the allowable bearing capac-
ity BCRs=q,/q, where g and qu are the bear-
ing capacity of reinforced and unreinforced soil
and g, and q are the pressure for reinforced and
unreinforced soil at a given settlement level s=s_.

\r\ I
1 |
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1 |
Sef---— - R
2\ |2
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Fig. 2. Settlements vs. loading in case of rein-
forced and unreinforced soil foundation

S, mm

The effect of reinforcement to reduce the
settlement is expressed by the Settlement Reduc-
tion Factor (SRF). The factor is defined as
SRF=s, /s, where s . is settlement of rein-
forced soil for load q,;, and s, — settlement of
unreinforced soil for load q,.

Experimental tests

The test set-up consisted of steel base plate,
steel cylinder tank and steel collar — see Fig. 3.
The parts were connected by studs. The dimen-
sions of the base plate were 310x250x10 mm.
The outside diameter of the cylinder tank was
250 mm, thickness of the wall 8 mm and height
150 mm. The inside walls of the tank were
marked so that the level of the geogrid can be
kept. After the sand was placed and compacted
the steel collar was removed.

The tank with the base plate was placed on a
work table. The axial load was applied on the
model foundation — steel plate with diameter
@55 mm. The load was increased incrementally
until reaching the load of failure. The loading
steps (25 kPa) were realized with concrete plates
measuring 30x30x25 mm and weight 6 kg each.
During each load step the settlements were re-
corded at time intervals 1, 2, 5, 10, 15, 30 min.
The maximum speed of the displacements was 1#
/ 30 min.
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a)

b)
Fig. 3. Test set-up — a) steel cylindrical tank;
b) load step before the failure

The sand used for the test had grain-size dis- tion angle ¢ = 38°. The sand was dry with the
tribution as shown in Fig. 4. The sand parameters relative density of compaction Dr= 0,63 for all
are: specific density ps=2,65 g/cmi, porosity tests.
n=0,434, coefficient of uniformity U=8,4, fric-

silt sand gravel
100 fine medium coarse fine medium coarse fine medium coarse

7
a0
80 /

" /
= 70 . -
> 60 : '
S 50
4 P
O 40
L=
4]
o 30
a
N )4
e
/
0,002 0,006 0,02 0,063 02 0,63 2 6,3 20 63
Grain size d, mm
Fig. 4. Grain-size distribution
D-GN1-4D-1/2 The aim of the conducted tests was to define the
LT Depth of the geogrid influence of one-, two- and three-layered reinforce-
Number of layers ment on the behaviour of the sand. The effect of the
Length of the geogrid length of the geogrid b=n.D was also investigated. A
Type of the geogrid total of nine tests were carried out — each of them
Soil condition with its own name (s. Fig. 5)

Fig. 5. Test name
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The reinforcement was implemented by PVC
grid with cell dimension 5U5 mm and tensile
strength T, =2 kN/m for s;=20%. The geogrid

method). The experimental results (points in the
coordinate system “s-q") were approximated by
a smooth curve. The value of g, was defined as

was noted as GN1. the load corresponding to the intersect point
between the tangents. As a comparison the val-
ues of the allowable bearing capacity were also

given. The settlement levels were s=8%.D and

Results
It was adopted to obtain the bearing capacity

by the tangent method by Terzaghi (shortly “tt"- s=10%.D.
Table 1. Summary — settlement vs. load
Load q | D-X- | D- D- D- D- D- D- D- D- D-
X-X- | GN1- | GN1- [GN1- |GN1- |GN1- |GN1- |GN1- | GN1- | GN1-
X/X | 2D-1/2 | 2D-2/2 |2D-3/2 |3D-1/2 | 3D-2/2 | 3D-3/2| 4D-1/2 | 4D-2/2| 4D-3/2
kN /ml mm mm mm mm mm mm mm mm mm mm
0 0,00 | 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
25 1,64 1,60 1,52 1,48 1,04 0,84 0,74 0,54 0,44 0,34
50 2,91 | 2,55 1,98 1,86 1,45 1,37 1,02 0,82 0,73 0,47
75 3,48 | 3,15 2,75 2,67 1,64 1,43 1,35 1,20 0,97 0,63
100 4,11 3,95 3,32 3,23 1,97 2,01 1,67 1,47 1,35 0,98
125 4,92 | 475 3,89 3,86 2,41 2,26 1,83 1,65 1,58 1,32
150 593 | 514 4,98 4,89 3,14 3,18 2,56 1,93 1,84 1,56
175 7,15 5,94 5,81 5,74 3,88 3,59 3,24 2,78 2,06 1,87
200 8,28 | 7,02 6,57 6,39 4,63 4,38 4,17 3,41 3,04 2,54
225 10,15 | 8,44 7,48 7,52 5,73 6,03 5,02 4,75 3,82 3,26
250 12,61 | 10,98 | 10,08 |9,75 7,86 7,68 6,89 6,63 5,36 51
275 15,44% 13,83 12,62 12,08 (10,64 [10,22 |9,91 9,02 8,56 8,12
300 Coll Coll Coll Coll Coll Coll Coll Coll Coll Coll
*) The settlement for g=275 kN,/m/ -15,44 mm is extrapolated.

Load q, kN/m?
0 100 200 300

0.00 %
=&=D-GN1-2D-1/2

e [1.GN1-2D-2/2
—[)-GN1-2D-3/2

5.00
£ —D-GN1.3D-1/2
E_ —=D-GN1.3D-2/2
E 10.00 == D-GN1-3D-3/2
é D-GN1-4D-1/2
A D-GN1-4D-2/2  Fig. 6. Influence of the geogrid
! length b=n.B and the layers N=1, 2,
L2l D-GN1-4D32 D y

3 on the load-settlement curve

20.00
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The obtained results for the settlements are
shown in Table 1.

Fig. 6 shows all load-settlement curves.
The obtained results for the settlements of
the various combinations are logic as well as
the type of curves. The load of failure for re-
inforced soil is 300 kN/ml. The settlement
value for test D-X-X-X-X/X (unreinforced

Depending on the number of layers the set-
tlement decreases from 89,6% to 78,6% for
b=2.D. The reduction for b=4.D is identical —
from 58,5% to 52,6%. For b=3.D the value or-
der is kept.

The values for the bearing capacity obtained
by the “tt"-method are given in Table 2. The al-
lowable bearing capacity is also summarized

100000 100,00
0K} SO0
8000 8000 \H
FO.00 TOL00
& 6000 = 6B00o
‘E: S0.00 —_—N=1 g SOL00 \’ —a—b-2.0D
'.:g' 40.00 N=2 :-.-,% 40100 b=3.0
30.00 I 300,00 ——b=4.0
2000 2000
10000 10000
0.0 000
0 1 4 3 4 0 1 P 3
Length of the geogrids b=n.D Mumber of layers N
a) N~y
Fig. 7. Influence of the geogrid length b=n.B (a) and the layers N=1, 2, 3 (b) on settle-
ment reduction in %
Table 2. Variation of the bearing capacity depending on geogrid length b=n.B and the
layers N=1, 2, 3
D-GN1-| D-GN1-| D-GN1-| D-GN1-| D-GN1-|D-GN1- | D-GN1-| D-GN1- | D-GN1-
2D-1/2 | 2D-2/2 | 2D-3/2|3D-1/2 | 3D-2/2 |3D-3/2 | 4D-1/2 | 4D-2/2 |4D-3/2
q, kN/ml 215.00 |220.00 [222.00 |{218.00 |222.00 |222.00 |220.00 |230.00 |238.00
q,(s=10%),kN/ml | 150.00 |160.00 |160.00 |208.00 |{212.00 [220.00 |225.00 [238.00 |245.00
q,(s=8%), kN/ml | 110.00 [122.00 |130.00 [185.00 {192.00 [200.00 |210.00 [222.00 |230.00

sand) is the result of an extrapolation. The
failure occurred at the load of 275 kN/ml.

Fig. 7 shows the plots of settlement vs. load
depending on the length and the layers of the
geogrid. The length of the grid influences con-
siderably on the end settlement of the rein-
forced soil. Compared with the settlement of the
plate in the unreinforced case, the settlement
decreases up to 78,6+89,6% for b=2D and up to
52,6+58,4% for b=4D.

there.

In Fig. 8 the approximation of the average
results is shown. The approximation curve for the
number of geogrid layers has its maximum value
at N,.=3+4.

The same method is used in regard to the
length. Geogrid with length b ,.=(4+6).D can
be adopted as optimum.
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Fig. 8. Forecast values - a) number of layers N; b) length of the geogrid

Table 3. Variation of BCR depending on geogrid length b=n.B and the layers N=1, 2, 3

D-GN1- [D-GN1- | D-GN1-| D-GN1-|D-GN1- | D-GN1-|D-GN1- | D-GN1-|D-GN1-
2D-1/2 |2D-2/2 | 2D-3/2| 3D-1/2|3D-2/2 | 3D-3/2|4D-1/2 | 4D-2/2|4D-3/2
BCRu 1.04 | 106 | 107 | 1.05 | 107 | 107 | 1.06 | 111 | 115
BCRs(s=10%) 120 | 128 | 128 | 166 | 1.70 | 176 | 1.80 | 1.90 | 1.96
BCRs(5=8%) 122 | 136 | 144 | 206 | 213 | 222 | 233 | 247 | 256

Conclusions

The effect of reinforcement (evaluated by
BCR — see Table 3) varies from 1,04 (the short-
est grids) to 1,15 (for b=4.D). The effect is larg-
est for length 4D. The maximum value is 15%.
The effect on BCR of one layer of the geogrid is
the same for all the lengths. The increase of the
bearing capacity from one to two layers of rein-
forcement is about 5% for length b=4.D. The
difference in BCR between two and three layers
of the geogrid is 4%.

The representation of the settlement reduc-
tion using SRF (Fig. 9) shows that for the same
number of layers the settlement decreases with
increasing the length of the reinforcement. The
vertical displacements decrease with about 20%

1.2

1
0.8
06 -
0.4
0.2

o

D-GN1-2D-1/2 D-GN1-2D-2/2 D-GN1-2D-3/2 D-GN1-3D-1/2

D-GN1-3D-2/2 D-GN1-3D-3/2

for length b=2.D, about 45% for b=3.D and up
to 65% for b=3.D.

On the basis of the experimental results the
following conclusion can be drawn:

- The highest values of bearing capacity are
obtained for a number of layers of the geogrid
N=3t4,

- The optimum length of the geogrids is found
to be about b ,.=(4+6).D;

- The effect of the reinforcement on the set-
tlement is considerable — SRF reaches values up
to 0,3 (that means 70% reduction of the settle-
ment);

- The effect on the bearing capacity is rela-
tively less compared to the settlement reduction

SRF-100

SRF-200

D-GN1-4D-1/2 D-GN1-4D-2/2 D-GN1-4D-3/2

Fig. 9. Variation of SRF
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— BCR-values up to 1,15.
The obtained results are comparable with the
experimental observations by other researchers.
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AOPEBHOMALLABHW ONUTU 3A U3CNEABAHE HA
E®DEKTA HA APMUPAHA NMOYBEHA OCHOBA

EnBunHa CTonHoBa
Kategpa ,leoTexHuKa"”, YHMBepPCUTET MO apXMTeKTy-
pa, CTPOUTENCTBO W reofesns
Byn. ,Xpucto CMmupHeHckn” 1, Codus

Pe3zrome

[lpencraBerHy ca pesyarature or 4pebHomaiabHy
OnUTH 38 U3CNELABAHE HA HOCELYATa CIOCOOHOCT Ha
KPbIiiv QyHAAMEHTH BbPXY OCHOBA OT dpMUpPaH ¢ re-
ompexa nacovk. OnuTuTe ca MpoBEREHN 34 €4HO-,
ABY- U TPUPELOBO aPMUPAHE P MPOMAHE HA AbJ1-
XUHATa Ha reompexara or 2 4o 4 nbri guamerbpa
Ha MoJenHnAa QyHAAMEHT. Pe3yararute ce OTHAacAaT 3a

PasznosIoOXEHN Ha MOBBLPXHOCTTA PYHAAMEHTH.
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Abstract

The aim of this article is to present the Bul-
garian Society for Fighteenth-Century Studies
with a special emphasis on the Annual ISECS Fx-
ecutive Committee Meeting and the River and
River Spaces in the XVIIl Century (The Danube and
Other Examples) conference which is held in So-
fia in August 2014.

INTRODUCTION

The Bulgarian Society for Eighteenth-Century
Studies (BSECS) takes pride in being a multi- and
inter-disciplinary organisation, adept at imple-
menting new standards and approaches in teach-
ing and researching all the cultural and political
aspects of the eighteenth-century reality and
their impact on the further historical develop-
ment. Since its establishment in 1992, the Soci-
ety unites the efforts of senior scholars in all
fields of the humanities with those of their
young colleagues to promote the advancement of
the eighteenth century studies and to encourage
scientific collaboration among Bulgarian and in-
ternational researchers.

Despite the fact that the BSECS is an organi-
sation with relatively modest income, the presi-
dent of the Society Assoc. Prof. Angelina
Vacheva PhD (Faculty of Slavic Studies, Sofia
University), continuing the tradition inherited
from the previous leader Assoc. Prof. Dr Habil
Ivan Parvev (Faculty of History, Sofia University),
strives to be active in hosting and organising sci-
entific events both at the national and interna-
tional levels. In this respect, at least one major
conference is organised every year. Other events

in the BSECS calendar include, but are not lim-
ited to, lectures and seminars.

Furthermore, the praiseworthy efforts of the
BSECS to arouse students’ interest in the Century
of Enlightenment give their fruitful results. More
and more young people take an active part in
the events organised by the Society. It is equally
important that BSECS tries to bring the science
into the wider community by encouraging every-
one to express their opinion during the discussion
sessions.

All these activities are in conformity with the
ideals recognised by the entire family of national
societies united by the International Society for
Eighteenth-Century Studies (ISECS). The ISECS
meets annually and organises a congress every
four years.

THE ANNUAL ISECS EXECUTIVE COMMIT-
TEE MEETING

The BSECS is proud to have the honour of
hosting the Annual ISECS Executive Committee
Meeting in August 2014. This is the first time
when this meeting is held in Sofia. As Assoc.
Prof. Dr Habil Ivan Parvev, in charge of the or-
ganising committee, has an excellent reputation
as an organizer of international forums, the ex-
pectations are that the Bulgarian society will
deliver a high quality event. Thanks to the sup-
port of the Centre of Excellence in the Humani-
ties “Alma Mater” the preparations advance at
quite a fast rate although the participants have
to cover their travel and accommodation ex-
penses themselves.
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The meeting will take place in Sofia from 25
to 28 of August 2014. The delegates represent
thirty national organisations affiliated to the In-
ternational Society for Eighteenth-Century Stud-
ies. During the events, the delegates are going
to discuss the points scheduled in the agenda.
Apart from the organisational and administrative
questions, the meeting will open the floor for
discussions about future scientific projects and
more opportunities for collaboration.

RIVER AND RIVER SPACES IN THE XVIII
CENTURY (THE DANUBE AND OTHER EXAM-
PLES) CONFERENCE

Continuing the tradition, the Annual ISECS
Executive Committee Meeting is accompanied by
a multidisciplinary conference which this year
takes place on 27 August 2014 in Sofia Univer-
sity. The topic of this conference is “River and
River Spaces in the XVIII Century (The Danube and
Other Examples)”.

The aim of the event is to cover as broad di-
mensions of the river understanding as possible.
This means that the scholars are free to choose
the topic of their presentation among environ-
mental, political, economic, social, cultural, etc.
aspects of rivers. In this respect, organisers called
upon specialists with interest in different fields
of study to choose one of the following sections:

“Rivers as connections in the XVIII century”
and “South-Eastern Europe as a Danubian Space
(environment, culture, history)".

Not coincidentally, the accent is on rivers as
connectors. Namely the aim of this topic is to
prompt a response why rivers, as a natural phe-
nomenon, are not only landmarks but also objects
that unite people and determine their common
culture. Equally important, the topic gives the
researchers freedom to express what they con-
sider important about rivers and provokes wider
discussions.

Judging by the number of proposals received,

there is a serious scientific interest in this topic.
Further information about the conference could
be found on the web-site of the BSECS (http://
bulgc18.com/index.php?pageid=9).

FUTURE EXPECTATIONS

As it has already been mentioned, the Eight-
eenth-century study congress is organised once
every four years. The next one is going to take
place in Rotterdam next year where the Bulgar-
ian Society intends to present the published vol-
ume of the conference papers as a result of the
events in Sofia in 2014.

The ultimate goal which the BSECS sets is to
host a congress which, according to ISECS data,
will attract between 600 and 1200 participants.
This is a challenge BSECS is ready to encounter.
It is believed that the high quality of the events
organised in August 2014 will prove this.

CONCLUSION

In conclusion, the BSECS is a small but impor-
tant organisation in the family of the eight-
eenth-century specialists worldwide. It has impor-
tant contributions to promote the advancement
of the eighteenth-century studies. On account of
the international recognition, the Bulgarian Soci-
ety was given the honour of hosting major events
in 2014.

BBJIFTAPCKO OBLUECTBO 3A MNMPOYYBAHE HA
XVIII B.

AHTOaHeTa lNeTKkoBa
Coumckn yHnBepcuteT ,CB. KnumeHT Oxpuacku”,
NcTopuyeckn cakynrtet

Pesiome

Llenta Ha HacTodAwaTa CTaTnda e La nNpencTaBu
Bbnrapckoto obuiecTBo 3a npoy4ysaHe Ha XVIII B. ¢
aKLEeHT BbpXy FOAMWIHOTO CbOpaHue Ha U3MbHUTEN-
HVA KOoMUTeT Ha MexXAyHapoAHOTO APYXeCTBO W
KoHepeHUnsiTa ,Pekn 1 peyHn NpocTpaHCTBa npes
XVII B. (OyHaB v apyrv npumepu)”, KouTo we 6baaT

nposefeHn B Codusa npes asryct 2014 r.
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Abstract

Results obtained during the second phase of
the Contract DVU 02/98 “ Porous nanocomposite
electrodes for a new generation of
electrochemical power sources based on carbon
foam and metal nanoparticles”, funded by the
Bulgarian Science fund of the Ministry of Edu-
cation and Science are presented. Intermetallic
Cu-5n nanoparticles are synthesized through a
borohydride reduction with NaBH, in a mixture
from aqueous solutions of CuCl,2H,0 and
SnCl,.2H,0 in a ratio Cu:5n=2.:3. Intermetallic
nanoparticles are also synthesized by a “tem-
plate” technique with a support (carbon foam,
carbon powder, graphite), and carbon-based
nanocomposites are obtained. Studlies are carried
out by scanning electron microscopy (SEM) and
X-ray diffraction (XRD) analysis in order to in-
vestigate the influence of different supports
used on the morphology, structure, and phase
composition of the synthesized composite mate-
rials. Phases of Cu,Sn, and Cu,,Sn, are formed,
and they are in correspondence with the phase
diagram of the binary Cu-5n system. The pre-
pared porous nanocomposites which consist of a
C-foam matrix and Cu-Sn nanoparticles are
electrochemically tested by cyclic voltammetry in
the solution of 1M LiCl and M KOH performed
with Gamry galvanostat-potenciostain a three-
electrode Dr. Bob's cell. Nanocomposite materi-

als with a different carbon matrix (graphite, car-
bon powder, carbon foam), and Cu-Sn
nanoparticles are tested as anodes in Li-ion bat-
teries. The influence of the carbon matrix on the
electrochemical behavior of these composites is
investigated. When Cu/Sng alloy is deposited on
carbon foam, the composite has 40% higher
cyclability on the 30" cycle. The conducted
electrochemical tests show that the obtained
composites which consist of a carbon matrix and
Cu-5n nanoparticles are suitable anode materials
as an alternative to graphite in lithium-ion bat-
teries.

INTRODUCTION

In recent years many authors are involved
in investigations on alternative electrode materi-
als for a new generation of electrochemical
power sources. Efforts are concentrated on the
production of carbon-based composite materials
which will have better characteristics than those
of the conventional anodes (graphite or alloys).
Metal alloys and intermetallic compounds based
on tin (Sn), antimony (Sb), and silicon (Si) are
synthesized because of their potential use as an
alternative material of the graphite electrode in
Li- ion batteries. These materials are character-
ized by high specific capacity compared to that
of the graphite. The requirements for the high
specific capacity of the electrode material ,
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while maintaining a high cyclability, cannot be
answered by pure elements such as Sn, Sb, Si etc.
Cycle properties of Sn can be improved by add-
ing subcomponents which alloy with Sn and form
intermetallic compounds such Sn,Fe, Sn,FeS ,
CuSng, Co-Sn (CoSn, CoSn,, Co,Sn,) and Ni;Sn,
(NijSn, NijSn,, Ni;Sn,) [1,2 ]. For example, nega-
tive electrodes based on Sn have a higher spe-
cific capacity (993 mAh g ') than that of car-
bon materials (e.g., 372 mAh g ' for graphite).
However, in the “charge-discharge” cycle their
volume changes due to phase transformations
and it leads to stress conditions which cause
cracking or destruction of the tin electrode . This
negative effect could be reduced by creating
two- or multi-phase electrodes, and also by re-
ducing the size of the base material (electrode).
In bi- or multiphase electrodes the active mate-
rial is usually surrounded by an inert layer that
serves as a buffer, increasing the mechanical
stability of the electrode. The resistance of the
electrode material can also be improved by modi-
fying the structure with additional elements,
which are arranged at the boundaries of the
grains and increase the strength of the material,
and its resistance to breaking as well.

Cu-Sn, Co-Sn and Ni-Sn intermetallic
compounds can be used as electrode materials in
Li-ion batteries [3, 4]. K.D. Kepler and his col-
leagues have found that lithium (Li) can be im-
plemented in Cu/Sn. alloy forming Li Cu.Sn, sys-
tem [5]. This material has a theoretical mass ca-
pacity over 350 mAhg ' and significantly higher
volumetric capacity corresponding to 1655
mAhml"’ compared to commercial LiC, electrode
material. Various methods are used in order to
obtain nanosized alloys with different morphol-
ogy. T. Sarakonsri and coworkers have proposed
a method for preparation of intermetallic com-
pounds such as InSb, Cu,Sngand Cu,Sb materials
for negative electrodes in lithium batteries by
solution reduction of transition metal salts and
non-metal salts with fine zinc powder [6].

A relatively new approach is preparation
of composites which combine the stability of
graphitized carbon with a material showing a
large capacity towards lithium. Thus, a high en-
ergy matrix with stable electrochemical param-
eters is obtained.

In the new energy storage systems an
inert electrode matrix is the unifying unit (for
both anode and cathode). It plays a role of a
micro reaction module which simultaneously
serves as a current collector, and a reservoir for
electrolyte and reaction products. The weight of
the electrodes based on classic Ni or Cu supports
with a coarse structure can be reduced by their
replacement with porous fine grained electrode
materials known in the literature as foam. These
foams have micro pores, which helps to increase
energy and power density of the electrodes. Po-
rous carbon-based nanocomposites which consist
of carbon foam (C-foam) and metal
nanoparticles can be obtained. Their potential
use is in current electrochemical power sources,
as well as in other areas, such as biotechnology,
biology, medicine, solar cells and others.

Accordingly, the main goal of DVU 02/
98 Project is to obtain porous nanocomposite
electrodes for a new generation electrochemical
current sources based on carbon foam and metal
nanoparticles [7-10]. In connection to this the
purpose of this study is to carry out physico-
chemical investigations and electrochemical tests
of carbon-based nanocomposites with Cu-Sn
nanoparticles obtained by a template synthesis
through a borohydride reduction and to establish
the influence of the carbon matrix type on the
electrochemical behavior of these composites.

EXPERIMENTAL SET-UP

lintermetallic Cu-Sn nanoparticles are synthe-
sized as an active ingredient of the resulting
nanocomposites through a borohydride reduction
with 0.5M NaBH4 in a mixture of aqueous solu-
tions of the corresponding chloride salts (0.2M
CuCl,.2H,0 and 0.2M SnCl,.2H,0) at a ratio
Cu:Sn=2:3 using a “template” technique with a
carrier in the sequential mode of introducing the
reaction solutions (the precursors and the reduc-
ing agent) at room temperature and atmospheric
pressure. Citric acid, (HOOCCH,),C(OH)COOH is
used as a complex agent. Cu-Sn nanoparticles
are synthesized in-situ in the pores of a modified
C-foam and in the pores formed between the
carbon grains. Carbon-based nanocomposite ma-
terials are obtained as a result. After completion
of the reduction process the samples were fil-
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tered, washed with distilled water and ethanol
and dried in vacuum for 24 h at 100 °C.

The morphology, structure, and phase compo-
sition of the obtained intermetallic nanoparticles
synthesized with C-based support were examined
by a scanning electron microscopy (SEM) and X-
ray diffracrion (XRD). The SEM images were
made with a JEOL 6400F (Japan) SEM micro-
scope at accelerating voltage of 7 kV, and also
with a JEOL JSM 5300 (Japan) SEM microscope
at accelerating voltage of 20 kV. X-ray diffrac-
tion patterns of all samples are collected within
the 26 range from 10° to 95° with a constant
step 0.03° and counting time 1 s/step on Philips
PW 1050 diffractometer using CuKo radiation.

Electrochemical behavior of the synthesized
Cu,Sn, alloy and the C-based composites (C/
CuXSny) as positive electrodes (anodes) in Li-ion
battery is investigated in a three-lectrode cell
using a computer controlled laboratory cycling
equipment BA500 Series Battery Analyzer. For
the electrochemical study a composite material
representing a matrix from inactive carbon foam
covered with a nanocrystalline Cu-Sn alloy is pre-
pared. The amount of the alloy compared to the
carbon matrix is 90%.

The tested nanocomposite electrodes are pre-
pared by mixing of 50% of the active component
and 50% of Teflonized Acetylene Black (TAB-2).
The mixture is pressed (981 MPa) onto a copper
foil substrate with a diameter of 15 mm. Li foil
is used as a negative electrode. The electrolyte
is a mixture of 1M LiPF6, ethylene carbonate
(EC) and diethyl carbonate (DEC) (1:1). The wa-
ter content in the electrolyte is under 30 ppm.
Test cell is assembled in argon-filled glove box.
The cell is cycled at room temperature and a
constant current density of 0.2 mA.cm™ be-
tween 0.01 — 1.5 V towards Li"/Li.

The obtained porous nanocomposite materials
based on C-foam and metallic (Cu, Sn)/
intermetallic (Cu-Sn) nanoparticles are investi-
gated as working electrode in aqueous solution
of 1M LiCl and 1M KOH by cyclic voltammetry.
The experiments are carried out in a Gamry cell
(three-electrode Dr. Bob's cell) with a capacity
of 200 cm® at room temperature without stirring
the electrolyte. The working electrode area is 2
cm”. The counter electrode (=2 cm?) is made of

platinum. A calomel reference electrode (Hg/
Hg,Cl,) is used. Its potential, compared to a nor-
mal hydrogen electrode, is E.., = 0.244 V. The
experiments are carried out with a computer-
controlled Gamry potenciostat-galvanostat Model
G 300ZRA. The Gamry Framework PHE 200 pro-
gram is used. The scane rate was 10mVs-1. In
most cases scanning started from the potential
of the reference calomel electrode and was
counted until a sufficiency negative potential was
reached, at which the reaction of hydrogen re-
lease is assumed to start. After that the scan-
ning direction was reversed and scanning was
carried out up to the selected potential in the
anode zone.

RESULTS AND DISCUSSION

1. Physical-chemical study of carbon-
based composite materials with intermetallic
Cu-nanoparticles. SEM and XRD results

Fig. 1 (a-d) presents XRD patterns of the on
Cu-Sn nanoparticles and their C-based compos-
ites. Carbon powder (C-powder), carbon foam
(C-foam) and graphite (C-F) are used as a car-
bon matrix.

XRD pattern of Cu-Sn nanoparticles prepared
by a reductive precipitaion proves the formation
of one main phase of Cu,Sn, (Fig. 1-a). In the
case of Cu-Sn nanoparticles synthesized using C-
foam as a support a phase of Cu,Sn, is formed,
too (Fig. 2-b), but phases of Cu and Sn are also
observed, as well as the presence of the carbon
phase is proved. When C-powder is used as a
carrier for the Cu-Sn nanoparticles synthesis, the
diffraction pattern consists of two phases: ma-
jor phase of Cu/Sn, and the impure phase of
Cu,0 (Fig. 2-c). The presence of carbon phase is
also improved. The X-ray diffraction pattern of
the nanocomposites based on Cu-Sn
nanoparticles and graphite as a support has
proven the existence of three phases: the major
phases of Cu.Sn, and Cu,,Sn, and a little impure
phase of Cu,0, as shown in the Fig. 2-d. A car-
bon phase is also indicated.

In Fig. 2(a-d) SEM images of Cu-Sn
nanoparticles synthesized through a chemical re-
duction and their carbon (C)-based composites at
a different magnification are shown.
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On the SEM images of nanosized Cu-Sn pow-
der and their C-based composites, shown in Fig.
2, it can be seen that the morphology of the
samples have some differences. The Cu-Sn
nanoparticles synthesized through a borohydride
reduction in water solutions (Fig. 1-a) are too
small to be identified and aggregate to large
aggregations randomly. It could be contributed to
that the strong reducing agent NaBH, in combi-
nation with an intense stirring during the
reductive process creates a large number of nu-
clei, which limited the growth of graines. Small
particles with a high surface energy tend to ag-

tained nanocomposite materials based on C-
foam and Cu-Sn nanoparticles as anodes in
Li-ion batteries

The charge/discharge curves of the initial cy-
cle for Cu,,Sn; alloy and C/Cu-Sn composites are
shown in Fig. 3. A higher initial discharge/charge
capacity has the Cu/Sn. alloy (740 mAh.g'1 and
480 mAh.g™, respectively) and a lower capacity
- the C-Cu,Sn. composite (580 mAh.g™ and290
mAh.g™, respectively). The reversible capacity at
the 30" cycle is higher for the C-Cu,Sn, compos-
ite (322 mAh.g'1), while for the Cu/Sn, alloy it is
lower (230 mAh.g™") (Fig. 4).
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Fig. 3. Initial charge/dis-
charge curves of Li/Cu,Sn,
alloy and Li/C-Cu,Sn, com-

posite cells

gregate spontaneously to decreasing their en-
ergy. In the case of C-foam matrix (Fig. 1-b) it
can be seen that the nanoparticles also exhibit a
tendency to aggregate as a result of a high
developed surface due to the particle
nanosize.When C-powder is used as a matrix for
the nanoparticle template synthesis, smaller par-
ticles and bigger ones are grown on the C-grain
surface (Fig. 1-c). On the SEM images of Cu-Sn
nanoparticles synthesized using the graphite (C-
F) support shown in Fig. 1-d, graphite grains ir-
regular and flake in form are observed. Aggre-
gated Cu-Sn particles obtained together with and
between the graphite flakes can be detected.
The Cu-Sn particle size according to the SEM
images is 40 to 60 nm. The Fig. 1-d demonstrates
microparticles in size of 50-60 pm due to the
aggregation of nanoparticles together with the
C-flakes in the case of graphite support. Plates
of Sn in size of 5.5x1.5x10 pm are also observed
(the small picture in the right corner in Fig. 1-d).

2. Cycling electrochemical tests of the ob-

Number of cyeles
Fig.4. Cycling performance of
Cu,Sn, alloy and C-Cu,Sn,
composite electrodes

Cyele number
Fig. 5. Coulombic efficien-
cies vs. number of cycles
for the Cu.Sn, alloy and C-
Cu,Sn, composite electrodes

Different electrochemical behavior of the
both electrodes is due to their different phase
composition and microstructure. In the case of
the CuSn. alloy conditions of the destruction of
the active material and loss of contact between
separate particles which leads to the capacity
loss are created during the initial lithation.

The higher reversible capacity in the case of
the C-Cu/Sn, composite is due to the forming of
the stable microstructure of the active material
using inactive carbon foam, which prevents de-
struction of the material during the cycling proc-
ess and minimizes losses of the contact between
the particles.

The dependence of the efficiency vs. the cy-
cle number for the both electrodes is presented
in Fig. 5. The initial efficiency of the electrodes
based on Cu/Sn; alloy is 87%, while for the elec-
trodes based on C-Cu,Sn, composites it is 50%.
During the cycle process the efficiency increases
till 98% for the alloy and 99% for the compos-
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ite.

The Cu,Sn. alloy deposited on the modified
commercial C-foam exhibits a cyclability im-
proved with 40% on the 30 cycle. The choice of
a suitable matrix (modified C-foam) and optimi-
zation of the conditions for the Cu/Sn. alloy syn-
thesis could bring to essential improvement of its
electrochemical behavior. These porous
nanocomposite materials are potential anode
material and could be used as alternative mate-
rial to the graphite electrodes in Li-ion batteries.
They are expected to have improved their capac-
ity.

3. Electrochemical behaviour of the ob-
tained composite materials based on C-foam
and metallic (Cu, Sn)/intermetallic (Cu-Sn)
nanoparticles carried out with Gamry
Insruments in a Dr. Bob's cell

Obtained composite materials based on C-

foam and metallic (Cu, Sn)/intermetallic (Cu-Sn)
nanoparticles were investigated by the method
of cyclic voltammetry, carried out with Gamry
Instruments in a Dr. Bob’s cell, where model con-
ditions in a liquid electrolyte - 1M LiCl with a
concentration of Li'" ions equivalence to those
in 1M LiPF, in Li-ion battery are created in or-
der to be electrochemically studied as anodes.
Cycling voltammograms (CVA) are performed at
room temperature at potential range from 0.0
to 2.0 V at the scan rate of 10 mVs™. The cy-
cling voltammograms on the investigated samples
- C-foam and composites on its basis with Cu, Sn
and Cu-Sn nanoparticles in different electrolytes
(1M LiCl, TM KOH) are shown in Figs. 6-9.

Figure 8 (figure 6 is a part of this figure)
shows the recoded curves, obtained in the solu-
tion of 1M LiCl. Curve 1 shows the results ob-

0,020 - 1M LiCl

00154

0,010+

0,005+

J, Acm?

0,000+

-0,005 4

-0,0104

T T

0.0 0.5 1.0 15 2.0
E, V vs Hg/Hg,Cly

1M KOH
0,008 -

0,007 4
0.006 4
0,005+
0,004
0,003 4
0.002+4
0.001+
0,000+

-0.0M T . . T T T T T T
0200 02 04 06 08 10 12 14 16

J, Aem?

E, V vs Hg/Hg,Cly

Fig. 6. Cycling voltammograms in 1M LiCl on: 1-
C-foam, 2-C-foam/Cu-Sn nanoparticles
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Fig. 8. Cycling voltammograms in 1M LiCl on: 1-
C-foam, 2-C-foam/Cu-Sn nanopar-ticles, 3-C-
foama/Cu nanoparticles, 4-C-foam/Sn

Fig. 7. Cycling voltammograms in 1M KOH on:
1-C-foam, 2-C- foam/Cu-Sn nanoparticles
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Fig. 9. Cycling voltammograms in 1M KOH on: 1-
C-foam, 2-C-foam/Cu-Sn nano-particles, 3-C-
foama/Cu nanoparticles, 4-C-foam/Sn
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tained onto C-foam. The oxidation process starts
at the 1.2 V and at the reversive scan a cathodic
peak (negative current) around 300 mV is de-
tected. This process most probably is connected
with some chemical changing of the chloride or
oxides formed at the scanning of potentials from
0 to 2 V. The behavior onto the covered by Cu-
Sn nanoparticles carbon foam shows the suppres-
sion of the above mentioned processes — oxida-
tion as well as the reduction process. The sam-
ple doped with the Cu (curve 3) nanoparticles
indicates very aggressive process of oxidation as
well the same could be detected with doped only
by Sn nanoparticles (curve 4). Taking a look onto
the curves obtained in the KOH (Figure 7 and 9),
it should be noted that the main difference is an
absence of a cathodic peak. It is obvious that it
happens due to the reduction of passive layers,
formed during oxidation process in the solution
of LiCl. It may be concluded that the reaction
rate of the oxidation process is the smallest in
the case of sample doped with Cu-Sn
nanoparticles.

Conclusion

Intermetallic Cu-Sn nanoparticles with a car-
bon-based support are synthesized through a
borohydride reduction with NaBH, in an aqueous
solution of the corresponding chloride salts at a
mass ratio Cu:Sn=2:3 at room temperature and
atmospheric pressure. The used “template” tech-
nique for the synthesis of the nanoparticles is an
effective way for a direct preparation of
nanocomposites type carbon-based matrix/
nanoparticles. Citric acid used as a complex
agent is important for the formation of
nanoparticles on C-grains surface or in the pores
between the C-grains. Electron microscopic stud-
ies indicate that the resulting composite material
(intermetallic alloy powder) has a morphology
which is typical of alloy materials. The particles
have irregular shape and tend to aggregate,
which is typical of the nanostructured state. The
nanoparticles have a size of 40 to 80 nm, while
the aggregates of the nanoparticles have a size
in the range of 200-300 mm. The used supports
(C-powder, graphite, C-foam) slightly affect the
morphology of the particles during their forma-
tion. In relation to the dispersion of the

nanoparticles, graphite is the most suitable sup-
port. XRD analysis proves the formation of
phases of Cu, Sn, Cu.Sn,, Cu,,Sn,, and carbon.
The mass ratio Cu:Sn=2:3 set in the synthesis of
intermetallic nanoparticles does not affect the
shape and morphology of the particles, but it is
determining for the phase formation. The ob-
tained phases are in accordance with the phase
diagram of the binary Cu-Sn system.

The influence of the active ingredient on the
specific capacity and the cyclic performance of
the synthesized nanocomposite materials are fol-
lowed by charge-discharge curves. The Cu/Sn.
alloy deposited on a modified commercial C-foam
exhibits an improved cyclability with 40% of the
30th cycle. While being electrochemically tested,
it is found out that the obtained Cu-Sn
intermetallic nanoparticles and the composites
based on them are suitable composite materials
for preparation of electrodes in advanced
electrochemical power sources.
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BbrNEPOAHO-BA3VPAHU HAHOKOMMNO3UTU C
MHTEPMETAJIHN Cu-Sn, HAHOPA3MEPHU
YACTULN KATO AHOOAHWN MATEPUAJIN B Li-
MOHHW BATEPUN

MBaHa MapkoBa, Bnapucnasa CredaHoBa, Onu-
Bue Lllose*, Tuxomup lMetpos, BaneHtnHa Mu-
naHoBa, UBaH JleHeB, CHeXaHKa Y3yHoBa
XVMUKO-TEXHOMOMMYEH 1 MeTanypruyeH yHMBepcuTeT
byn. "Kn. Oxpunckn” 8, Cocduns 1756, bbnrapus
*MIHCTUTYT no MaTepuanu, Haut, ®paHuns

Peszrome

[lpencrasenu ca pes3ysrary Oor BTOpus erarn Ha
npoekta ,llopectyi HaHOKOMIIO3IUTHU eeKTpoau 34
HOBO [10KO/IEHME E/IEKTPOXUMMYHUN UITOYHULM HA TOK
Ha 6a3ara Ha BbITIEPOAHA 19HA Y METANIHU HaHOYac-
Tiyn”, @QuHaHcmpar ot @oHAg ,Hay4Hu 13cneqsaqHma”
KM MUHNCTEPCTBOTO Ha 0OPA3OBAHMNETO, MIIGAEXTA
W HayKara. CUHTe3npaHu ca nHTepmerTanHn Cu-Sn Ha-
HOPAa3MEPHU HaCTULM Ype3 bopXuapuaHa pPeqykuyms
¢ NaBH, B cmec OT BOAHM pa3TBoOpu CbOTBETHO Ha
CuCl,.2H,0 v SnCl,.2H,0 rpu otHoweHme Cu:Sn=2:3.
VIHTepMETaNIHN HAHOPAIMEPHMN HaCTULM Ca CUHTE3U-
paHmu n 4Ypes “template” rexHuka ¢ nomouyra Ha Ho-
cuten (BbriepoaHa nsHa, Bbr/iepofeH pax, rpa-
@UT), rpu KOero ca nosyYeHu BbIIepPoaHO-b6a3mpa-
HU HAHOKOMIIO3UTHU Matepuany. [lpoBeseHmn ca mu3c-
NI€ABAHUSA CbC CKAHMPALYE eeKTPOHHA MUKPOCKOAS
(SEM 1 peHTreHo-gugpakuymorer (XRD) aHanus, 3a
Aa Ce U3y49n BIIVAHNETO HA Pa3MYHUTE BBINIEPOLHM
HOCUTENTN BBPXY MOP@OIOrvaTa, CTpyKTypara v ¢a-
30BuSl CbCTAB Ha Te3u KOMMIO3UTHU Marepuasu. [1o-
JIydern ca @azn Ha CuSn. u Cu,,Sn, KOMTO Ca B Ch-
OTBETCTBUE C ANATPAMUTE HA CbCTOAHME Ha OUHAapP-
Hara Cu-5n cucrema. Ha rosy4eHu nopecty HaHo-
KOMIMO3UTHN Matepuasn, NpegcrasiaBalyy MarpuLa
or C-rigHa v Cu-5n HaHOPa3MepHU 4actuyu, ca rnpo-
BeLEeHU eIeKTPOXUMMUYHN TECTOBE YPEe3 LMKITNYHA
BOJITAMIIEPOMETPUA B ENIeKTPOAT Ha TM LiCl v 1M
KOH ¢ anapatypa Gamry raaBaHoCTar-rnoreHymnocrar
B TPUENEKTPOAHA KNeTKa Ha Dr. Bob’s. Ha HaHokom-
[1O3UTHU MATEPUAEIIN C PA3TTMYHA BbITIEPO[HE MATPM -
ya - BbI71epO[Ha MaHa v Cu-5n HaHOPa3MepHU 4ac-
ALY, Ca TPOBE[EHU EJIEKTPOXUMUYHA UIMTUTAHUA
Kkaro aHoau B Li-uoHHu 6atepun. M3cneqsaHo e Biu-
SAHNETO Ha BbIIEPOAHATE MATPULA BbPXY E€/IeKTPOXM -
MUWYHOTO MOBEAEHNE HA Te3u KOMMIo3uTH. [Tpu o1/1a-
raHe Ha CugSng CriiaB BbpXy BbITIEPOAHA 1AHA Ce 10~
L[06pIBa LMKIIMPYEMOCTTa Ha CriaBTa ¢ 40% Ha 30-u
UMKDBA. [TDOBEAEHUAT ENEKTPOXUMUYEH TECT MOKA3BA,
Ye 1071y4eHNTe KOMIMIO3IUTHU MATeprani C Bbr/iiepos-
Ha marpuya v Cu-5n HaHOPaIMepHu 4actuyu ca
rOAXOLALUMN 3@ aHOLHU MaTepuan, aarepHarnsa Ha

rpaguTa B IMTUEBO-MIOHHM BaTepUu.
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Prof. ANDRIANA ANTONOVA NEYKOVA, PhD

Faculty of History, Department Archives and Applied Historical Studies,
Sofia University “St. Kliment Ohridski”
Phone: +359 2 8502 101, Fax: +359 2 9463 022, F-mail: adi_n@abv.bg

Professor of Archi-
val Science and Docu-
mentaries at the Fac-
ulty of History at Sofia
University. Author of
the monograph “Ar-
chives and the Society”
and a number of re-
search papers in the
area of archival sci-
ence, archeography
and history and development of the Bulgarian
university archival science as a professional edu-
cational model.

Professor Andriana Neykova is a successor
and continuer of the best traditions and achieve-
ments of the Bulgarian historical and archival
school. She is an innovator and generator of
ideas, which assigns her a deserved place among
the most prominent representatives of the con-
temporary archival thought. She has a leading
role for the establishment, consolidation and
modernization of the subject “Archival Science
and Documentaries” at Sofia University “St.
Kliment Ohridski”

Education and career

Prof. Andriana Neykova, PhD was born on
14" February 1949 in Sofia. In 1973 she gradu-
ated with excellent marks from Sofia University
“St. Kliment Ohridski” majoring in history and
immediately after that she started working at
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the Central State Historical Archives, now Cen-
tral State Archives. In 1974 she was taken on the
staff as a full-time post-graduate student at the
Department of Archival Science and Auxiliary
Historical Subjects of the Faculty of History at
Sofia University. In 1980 she defended her dis-
sertation paper on the following topic:
“Archeographic Problems of the Documentary
Heritage of the Bulgarian National Revival (1878-
1978)". Within the period 1977-1979 she was an
assistant in Archival Science at the Faculty of
History of Sofia University. Having won a com-
petition, she started working as a research
scholar in the Scientific research laboratory of
archival science and documentaries SRLASD es-
tablished in 1979 as part of the former Chief
Department of Archives at the Council of Minis-
ters, presently Archives State Agency. During
that period she took part in the development of
important methodological regulations and stand-
ards of the archival science and documentaries.
In 1984 she was appointed head of SRLASD. In
1986 she won the competition for assistant in
archival science at the Faculty of History of So-
fia University. In 1992 she attained the academic
rank of associate professor with her paper
“Ideas and programs for tracing and publishing of
written sources of Bulgarian history”. She is a
member of the editorial staff of the Bulletin of
state archives (1993-1996). Since 2001 she has
been an expert at the National Education and
Accreditation Agency. Within the period 2003 —
2006 she was a member of the specialized sci-
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entific council of the new and newest history. In
2012 she occupied the academic position of pro-
fessor at the Faculty of History at Sofia Univer-
sity.

Areas of teaching and research experience

The main areas of teaching and research are
fundamental and topical issues of archival
theory, history of archives, archeography, docu-
mentary and archival management, history and
development of the Bulgarian university archival
science as a professional educational model, Eu-
ropean information professional archival stand-
ards of description.

Publications

Prof. Neykova published in 2007 the mono-
graph “Archives and the Society”. She has pub-
lished over 80 research papers in specialized sci-
entific journals. Her works are part of the con-
temporary Bulgarian specialized literature and
contribute to the clarification of the specifica-
tion in the development of our archival knowl-
edge and the national archival system within the
context of the general historical process and
compared with the long-lasting traditions and the
level of the leading foreign archival schools and
practices.

Teaching and research projects

Within the period 1986-2002 the academic
career of Prof. Neykova at the Faculty of His-
tory at Sofia University was connected with the
educational process carried out within the
framework of specialization in Archival science
at the Department of Archival science. During
those years she worked hard for implementation
of her idea for establishment of the university
subject Archival science and documentaries.
In 2003 this project was officially accredited in
the three stages of our higher education,
namely: Bachelor, Master and PhD degrees. The

past 12 years since the launching of the subject
Archival science and documentaries have
been inextricably bound up with the research
and lecturing activities of Prof. Neykova. It is a
well-known fact that during that period she
read the main profiled lectures for the Bach-
elor’s and Master’s programs of the subjects
Archival science and documentaries and His-
tory not only at Sofia University but also in
other higher educational establishments which
have educational courses in archival science,
even though in separate subjects for now. Her
general lecturing activity shows that she partici-
pates seriously in all stages of the higher edu-
cation, which assigns her a leading role in the
teaching of archival science in our country. She
was a director of studies of more than 160
graduates and post-graduate students, as well
as PhD students, including foreigners. These
achievements are a categorical testimonial of
the formation of an entire school of students
and successors of the ideas and efforts of Prof.
Neykova to ensure high quality professional uni-
versity education and qualification in archival
science. She is a scientific advisor of the one of
its kind departmental Electronic library of ar-
chival science and documentaries. The name
of professor Neykova is associated with the
first University archival readings, the begin-
ning of which was marked on 18" April 2005.
Under her leadership within the period 2005-
2013 seven scientific conferences dedicated to
topical problems of theoretical archival science,
archival institutions, the profession of “archival
scientist” and the university archival science
were held. In the period of 1991-1993, Prof.
Neykova participated in the international TEM-
PUS project for implementation of information
technology in professional training of
Archivistics.
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Prof. LYUDMIL YORDANOV SPASOV, PhD, DSc

Faculty of History and Phylosophy, Department of History and Archaeology,

“Paisii Hilendarski” Plovdiv University
Phone: +359 32 261 268, E-mail: lyspasov@abv.bg

Born May 8, 1949,
in the village of Yaki-
movo, district of Mon-
tana, Republic of Bul-
garia. In 1971 gradu-
ates in History from
the “St. Cyril and St.
Methodius” University
of \Veliko Tarnovo.
Works on issues of
modern history of Bul-
garia, Russia and the Balkans. Author of more
than 10 monographies, 8 textbooks and over 130
papers. Reqular member of the Union of the
Scientists in Bulgaria.

Academic career:

1974 — Assistant; 1978 — Senior Assistant;
1981 — Chief Assistant; 1985 — Associate Profes-
sor; 2008 — Professor.

In 1980 received PhD in History of Bulgaria
with dissertation entitled “The Government of
the Bulgarian Agrarian National Union and the
Russian Beloemigranti, 1921 — 1923".

In 2007 received scientific degree Doctor of
Historical Sciences with thesis entitled “Bulgaria
and the USSR, 1917 — 1944 (Politico-Diplomatic
Relations)".

Teaching experience:

1974 — 1987 “St. Cyril and St. Methodius”
University of Veliko Tarnovo, Associate Professor
in Modern and Contemporary History of Bul-
garia;

1988 — 1989 University of Forestry, Sofia;

1989 — 1995 Technical University, Sofia;

1995 — 1998 Institute of Military History to
the Headquarters of the Bulgarian Army;

From 1998 to nowadays — Professor in the
"Paisii Hilendarski” University of Plovdiv.

Read lectures at the Universities of Plovdiv
and Veliko Tarnovo in the following disciplines:
“History of Bulgarian Revival”, “History of Bul-
garia, 1878 — 1944", "History of the Bulgarian
Diplomacy, 1878 — 1944" (these lectures are also
read at the “lvan Franko” L'viv University), “His-
tory of the Bulgarian Political Life, 1878 —
2013", "Ethnic Groups in the Balkans”.

Specializations in the USSR (1976), Yugoslavia
(1979/1980, 1985) and Greece (1987).

Administrative experience:

1983 — 1987 Deputy dean of the Historical
faculty ("St. Cyril and St. Methodius” University
of Veliko Tarnovo);

1990 — 1991 Director of Center for Education
and Science (Technical University of Sofia);

2004 — 2012 Director of the “Lyuben
Karavelov” Branch of the Plovdiv University.
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n nskycteso, 1987, 205 p.; ,bvarapusa, Bennkn-
Te cunu n BankaHcknTe abpxasn 1933—1939 r.”,
C., W3n. ,rabm—91", 1993, 185 p.; ,BpaHreno-
BaTa apMus B bbnrapua 1919—1923 r.”, C., YHus.
n3g. ,Ce. KnumeHt Oxpuackn”, 1999, 243 p.;
JMcTopunsa Ha ObnrapuTte. T. 4. BbnrapckaTa oun-
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Studies and articles: Certain New Aspects
of the Preparations for the April 1876 Uprising
(The Role Played in Them by Oton Ivanov). — B
u | g. hist. rev., 1976, N 4, 74-77; Bulgarian
Participation in the 1877-1878 Russo-Turkish War
of Liberation - Southeastern Europe. — L'Eur o
p e duSud-Est, 6, Pt. 2, 1979, 154p170, cbaBT.:
M. F'opaHoB; La Sebie et la question de Danube
a la Conférence de Londres de 1871. —E t. balk.,
1980, Ne 4, 74-85; Neoprn bBeHKOBCKM 1 Bb3C-
TAaHOBSIBAHETO Ha Obarapckarta AbpPXKaBHOCT. — U
c 7. npern., 1982, Ne 1, 21-29; Projets de pacte
de la mer Noire a la veille de la Deuxinme guerre
mondiale. — E t. balk., 1982, L'URSS et les rela-
tions bulgaro-turques a I'époque de 1934 a 1938.
- E t. balk., 1983, Ne 3, 58-76; JenHocTTa Ha
ObnrapckuTe NPaBUTENCTBA 3a BbOPbXKAaBaHe Ha
BouckaTta 1919-1939r. —BoeHHoO U CT. CO.,

1984, Ne 6, 43-69; CCCP v 6onrapo-TypeLkme
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(janvier — ao(t 1913). — E t. balk., 1987, Pyc-
CKMe y4yeHble - 0enosmurpaHTel B bonrapum
(1920-1930 rogbl). =B u | g. hist. rev., 1992, Ne
4, 107-112; La Conférence a Montreux de 1936
et les pays balkaniques. - E t. balk., 1993, Ne 1,
3-19; bbarapo-orociaBCKUAT NakT 3a HepyLwum
MWUP U BEYHO NPUATENCTBO OT 24 aHyapu 1937 r.
- 3 B. BUHA, 61, 1998, 145-183, co-author:
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AWARDS

PYTHAGORAS AWARDS ‘2013 FOR SIGNIFICANT CONTRIBUTIONS TO SCIENCE

The fifth annual ceremony for handing the
Pythagoras awards for science took place in So-
fia on May 21, 2013. The ceremony was hosted
by Corresponding Member Professor Nikolay
Miloshev, Minister of education, youth and sci-
ence. Welcome address was given by Mr. Rosen
Plevneliev, President of the Republic of Bulgaria.

Pythagoras awards for science have gained
recognition as a prestigious annual event distin-
guishing best Bulgarian researchers. This year a
number of 12 researchers were rewarded with
prizes in 10 categories.

The Grand Pythagoras Prize for young sci-
entist was shared between two chemists: As-
sistant Professor Dr. Nikolay Georgiev from
the University of Chemical Technology and Met-
allurgy and Assistant Professor Dr. Petko
Denev from the Institute of Organic Chemistry
with Centre of Phytochemistry at the Bulgarian
Academy of Sciences. Both received Pythagoras
statuette and money prize of 5 000 BGN. They
prizes were presented by the President, Mr.
Rosen Plevneliev.
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Minister Miloshev as host of the event pre-
sented the Grand Prize for successful manager
of international projects, Pythagoras statuette
and 10 000 BGN money prize to Corresponding
Member Professor DSc Toni Spasov from the
Faculty of Chemistry and Pharmacy at the “St.
Clement of Ohrid” Sofia University.

There were four prizes for established re-
searchers in the various areas of science. They
were given as follows: Prize for established
researcher in the field of technical sciences
to Corresponding Member Professor DSc
Krasimir Atanasov from the Institute of Bio-
physics and Biomedical Engineering at the Bul-
garian Academy of Sciences; Prize for estab-
lished researcher in the field of biomedical
sciences to Professor DSc Lyudmila
Georgieva from the Department of Medical
Microbiology at the Medical University of Sofia;
Prize for established researcher in the field
of natural and mathematical sciences to
Professor DSc Georgi Vaisilov from the Fac-
ulty of Chemistry and Pharmacy at the “St.
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Clement of Ohrid” Sofia University; Prize for
established researcher in the field of social
and humanitarian sciences to Professor DSc
Sava Grozdev from the Institute of Mathemat-
ics and Informatics at the Bulgarian Academy of
Sciences.

Honors for research team with imple-
mented developments in business were
awarded to Associate Professor Dr. Pavlinka
Dolashka from the Institute of Organic Chemis-
try with Centre of Phytochemistry at the Bulgar-
ian Academy of Sciences.

A special award for outstanding contribu-
tion to science was presented to Academic
Professor DSc Dechko Dechkov from the Insti-
tute of Electrochemistry and Energy Systems at
the Bulgarian Academy of Sciences.

Each of the listed winners received crystal Py-
thagoras plaquettes and 5 000 BGN prize
money.

Special awards for outstanding contribu-
tion to natural sciences were given to Associ-
ate Professor Dr. Leander Litov from the Fac-
ulty of Physics of the “St. Clement of Ohrid” So-
fia University and to Professor Dr. Vladimir
Genchev from the Institute for Nuclear Research
and Nuclear Energy at the Bulgarian Academy of
Sciences.

Prize of the Bulgarian Science Fund was
handed to Professor Dr. Hristo Beloev from the
“Angel Kanchev” University of Ruse.

Each of the last scientists received crystal Py-
thagoras plaquettes and 2 500 BGN prize
money.
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Zones of interculturality and linguistic identity: tales of Ladino by
Sephardic Jews in Bulgaria
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24-40.

'"The Manchester Institute of Education, The University of Manchester,
Manchester, UK

’AHA Moments, Centre of Intercultural Learning, Education and Research,
Sofia, Bulgaria
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Colloidal origin of colloform-banded textures in the Paleogene
low-sulfidation Khan Krum gold deposit, SEBulgaria

Marinova, I.', Ganev, V.!, Titorenkova, R.'

Mineralium Deposita. Vol. 49, Issue 1, (Jan.2014), 49-74

"Institute of Mineralogy and Crystallography, Bulgarian Academy of
Sciences, Acad. G. Bonchev Str., Bl. 107 1113 Sofia, Bulgaria
0026-4598

Morphological variation, genetic diversity and genome size of
critically endangered Haberlea (Gesneriaceae) populations in Bulgaria
do not support the recognition of two different species

Petrova, G.', Dzhambazova, T.", Moyankova, D.", Georgieva, D.,

Michova, A.”, Djilianov, D.", Méller, M.

Plant Systematics & Evolution. Vol. 300, Issue 1, (Jan. 2014), 29-41
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Hospital for Active Treatment of Haematological Diseases, Sofia, Bulgaria
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The state of public affairs in Bulgaria

Mihova, M.

Journal of Public Affairs (14723891). Vol. 14, Issue 1, (Feb. 2014), 76-83
1EPPA SA
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Characterization of the chemical composition of archaeological glass
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2013), 1605-1619



Authors:

Source:

Author Affiliations:

Authors:
Source:

Author Affiliations:

Authors:

Source:

Author Affiliations:

sity
ISSN:

Equal in European Research Area

’

"Faculty of Chemistry and Pharmacy, University of Sofia, 1 ‘James Bourchier
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Sofia, Bulgaria

0236-5731

Three-point observation in the troposphere over Sofia-Plana
Mountain, Bulgaria

Evgenieva, T.!, Wiman, B.”, Kolev, N.!, Savov, P.?, Donev, E.%, Ivanov, D.*,
Danchovski, V., Kaprielov, B.!, Grigorieva, V.', lliev, 1.°, Kolev, 1.’
International Journal of Remote Sensing. Vol. 32, Issue 24, (20 Dec. 2011),
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"Institute of Electronics, Laser Radars Laboratory, Bulgarian Academy of
Sciences, Bulgaria

“Environmental Science and Technology Section, Linnaeus University, Sweden
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Sciences, Bulgaria

0143-1161

Out-of-pocket payments for health care services in Bulgaria: financial
burden and barrier to access
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European Journal of Public Health. Vol. 23, Issue 6, (Dec. 2013), 916-922
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First detection of OXA-24 carbapenemase-producing Acinetobacter
baumannii isolates in Bulgaria

Todorova, B., Velinov, T.!, Ivanov, I.!, Dobreva, E.', Kantardjiev, T."
World Journal of Microbiology & Biotechnology. Vol. 30, Issue 4, (Apr.
2014), 1427-1430

'National Center of Infectious and Parasitic Diseases (NCIPD), 26, Yanko
Sakazov Blvd 1504 Sofia, Bulgaria
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Paleoenvironmental application of Taxodium macrofossil biomarkers
from the Bobov dol coal formation, Bulgaria

Stefanova, M., Ivanov, D.%, Simoneit, B.

International Journal of Coal Geology. Vol. 120, (Dec. 2013), 102-110
"Institute of Organic Chemistry, Bulgarian Academy of Sciences, Acad. G.
Bonchev Str., bldg. 9, BG-1113 Sofia, Bulgaria

“Institute of Biodiversity and Ecosystem Research, Bulgarian Academy of
Sciences, Acad. G. Bonchev Str., bldg. 23, BG-1113 Sofia, Bulgaria
3Department of Chemistry, Oregon State University, Corvallis, OR 97331,
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Essential and toxic microelement profile of walnut (Juglans regia L.)
cultivars grown in industrially contaminated area — Evaluation for
human nutrition and health

Arpadjan, s.", Momchilova, S.%, Elenkova, D.', Blagoeva, e’

Journal of Food & Nutrition Research. Vol. 52, Issue 2, (2013), 121-127



EVENTS

THIRD INTERNATIONAL CONGRESS OF BULGARIAN STUDIES

Between 23" and 26™ of May 2013 at “St.
Clement of Ohrid” Sofia University take place
the Third International Congress of Bulgarian
Studies. It was attended by 475 scientists, which
represented more than 130 universities, research
institutions and centers from 45 countries of the
world. Having in mind that it's impossible for
such an event to be sufficiently summarized, in
the following lines are outlined only the main
groups of activities.

The scientific program of the Congress was
divided in plenary reports per sections, four main
sections (each of them with several subsections)
and four round tables.

Plenary reports were presented by Acad.
Prof. Vasil Gjuzelev (“The Last Quarter of a
Century in Bulgarian Medieval Studies”), Assist.
Prof. Alberto Alberti ("Tarnovo Gospels in the
14" century and Byzantine Text: So Close, So Far
Away"”), Assoc. Prof. Veselin Tepavicharov
("Problems of the Transition in Bulgaria after
1989: Ethnopolitical Projections”), Assoc. Prof.
Eero Suvilehto ("Krali Marko and Kalevala: Ep-
ics as Part of National Identity”), Prof. Mihail
Nedelchev et alii ("The New Bulgarian Studies”),
Prof. Celina Juda ("People’s Republic of Bulgaria
as a Palimpsest: «Alternative» Literature for
Memory and Identification in the Experience of
Authors Working outside of Bulgaria”), Prof.

Habil. Ruselina Nitsolova (“Some Results from
the Grammaticalization in Bulgarian Morphol-
ogy"), Dr. Johanes Reinhart (“Old Bulgarian and
the Reconstruction of Proto-Slavic Verb").

The Sections and their subsections were as
follows: History and Archaeology (“Bulgarian
Lands in Antiquity”, “Bulgarians in the Middle
Ages”, “Bulgarian Lands and the Bulgarians in the
15" — 19" Century”, “New Bulgarian History”,
"Contemporary Bulgarian History”, MEconomics”),
Culture and Society (“Anthropology, Sociology,
Culturology”, “Bulgarian Diaspora”, “Comparative
Ethnology”, "Bulgarian Ethnology”), Bulgarian
Literature (“History of Bulgarian Literature”,
“Bulgarian Literature in European and World
Context”, “Modern Bulgarian Literature”) and
Bulgarian Language ("History of Bulgarian Lan-
guage”, “Modern Bulgarian Language: Compara-
tive and Contrastive Studies”, "Dialectology”,
“Modern Bulgarian Language: Phonetics and
Grammar”, “Modern Bulgarian Language: Norm,
Communications, Mentality”, “Bulgarian Studies
Abroad: Translation and Bulgarian Language
Teaching”, “Bulgarian Language: Lexicology and
Lexicography”).

The round tables were organized around the
topics of: “Cyril and Methodius Studies”, “Bulgar-
ian Studies”, "Digitalization” and “The Golden

Age of Tsar Simeon: Policy, Religion, Culture”.
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24 - 26 May 2014

28 - 31 May 2014

5 -9 June 2014

8 - 12 June 2014

11 - 15 June 2014
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UPCOMING CONFERENCES

10th Energy Efficiency and Renewable Energy Congress and
Exhibition for South-East Europe

Inter Expo Center, Sofia, Bulgaria

Web site: http.//via-expo.com/en/pages/ee-re-congress

4th World Congress of

Total Intravenous Anaesthesia and Target Controlled Infusion
Sofia, Bulgaria

Web site: http.//tiva-tcicongress.com

21st European Congress on Obesity
National Palace of Culture, Sofia, Bulgaria
E-mail: eco2014@easo.org

Web site: http://eco2014.easo.org

2nd International Conference

Agriculture and Food 2014

Elenite Holiday Village, Burgas, Bulgaria

E-mail: agriculture@sciencebg.net

Web site: http.//www.sciencebg.net/en/conferences,/agriculture-
and-food

23rd International Conference

Ecology and Safety 2014

Elenite Holiday Village, Burgas, Bulgaria

E-mail: ecology@sciencebg.net

Web site: http.//www.sciencebg.net/en,/conferences,/ecology-and-
satety

16th International Conference

Materials, Methods and Technologies 2014

Elenite Holiday Village, Burgas, Bulgaria

E-mail: mmt@sciencebg.net

Web site: http.//www.sciencebg.net/en/conferences,/materials-
methods-and-technologies

14th International Multidisciplinary Scientific

GeoConference & EXPO SGEM 2014

Flamingo Grand Congress Center, Albena Resort & SPA, Bulgaria
Phone: (+359) 2 975 3982

Fax: (+359) 2 874 1088

Skype Name: SGEM _Office

E-mail: sgem@sgem.org

Web site: http.//www.sgem.org



19 - 22 June 2014 25th World Congress on
Videourology & Advances in Clinical Urology
Sofia, Bulgaria
E-mail: info@videourology2014.com
Web site: http.://www.videourology2074.com,/welcome. htm/

26 - 28 June 2014 8th National Conference on Chemistry
Chemistry for Sustainable Development
University of Chemical Technology and Metallurgy, Sofia
Phone: (+359) 2 870 20 88
Fax: (+359) 2 870 75 23
E-mail: bioreac@bas.bg
Web site: http.//8ncc.unionchem.org/index.php

27 - 28 June 2014 International Conference on
Computer Systems and Technologies
Ruse, Bulgaria
E-mail: JKalmukov@gmail.com
Web site: http.://www.compsystech.org

1 -5 September 2014 13th International Conference
Economy and Business 2014
Elenite Holiday Village, Burgas, Bulgaria
E-mail: economy@sciencebg.net
Web site: http.//www.sciencebg.net/en/conferences,/economy-and-
business
2 - 7 September 2014 International Multidisciplinary Scientific Conferences on
Social Sciences and Arts
Albena, Bulgaria
Phone: (+359) 2 975 3982
Fax: (+359) 2 874 1088
E-mail: sgem@sgemsocial.org
Web site: http://sgemsocial.org

4 - 8 September 2014 5th International Conference
Education, Research and Development 2014
Elenite Holiday Village, Burgas, Bulgaria
E-mail: erd@sciencebg.net
Web site: http.//www.sciencebg.net/en /conferences,/education-
research-and-development

7 — 11 September 2014  8th International Conference
Language, Individual and Society 2014
Elenite Holiday Village, Burgas, Bulgaria
E-mail: lis@sciencebg.net
Web site: http.//www.sciencebg.net/en,/conferences/language-
individual-and-society
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8 — 11 September 2014  16th international conference on
Harmonisation within Atmospheric Dispersion Modelling for
Regulatory Purposes
Riviera Holiday Club, Varna, Bulgaria
Phone: (+359) 2 980 17 95; (+359) 896 700 949
E-mail: dani@cim.bg
Web site: http://www.harmoié.org

10 - 14 September 2014 3rd International Conference
Media and Mass Communication 2014
Elenite Holiday Village, Burgas, Bulgaria
E-mail: media@sciencebg.net
Web site: http://www.sciencebg.net/en /conferences,/media-and-
mass-communication

2 - 5 October 2014 X1V National Congress of
Cardiology
Golden Sands Resort, Varna, Bulgaria
Phone: (+359) 2 988 80 35; (+359) 895 737 820
Fax: (+359) 980 60 74
E-mail: denitza@cim.bg
Web site: http.//en.14cardiocongress.com

30 - 31 October 2014
Scientific Conference
Geography and Regional Science
Pazardzhik, Bulgaria
Phone: (+359) 2 979 3943; (+359) 2 979 3304
E-mail: bulgeo2074@gmail.com, bulgeo20i4@abv.bg



