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APPLICATION OF POLYMERS IN THE DESIGN OF IMAGING SYSTEMS

Nina Sultanova, Stefka Kasarova, lvan Nikolov, Radostin Kasarov
E-mail: sultanova@btu.bg

ABSTRACT

Optical characteristics of different polymers have been studied to facilitate designers in material
selection. Transmittance and refraction have been measured in the visible and near infrared spectra.
Essential dispersive parameters in lens design as Abbe numbers, relative partial and first order dis-
persions have been estimated in both spectral areas. Thermal sensitivity of polymers is evaluated by
their thermo-optic and expansion coefficients, thermal “glass” and thermo-optical constants. Design
examples of a hybrid glass-plastic and an all-plastic triplet are presented and aberrations are com-
pared. A remote imaging Maksutov type mirror-lens teleobjective is synthesized and computed geo-
metrical and wavefront aberrations illustrate the good image quality of polymer optics.

Key words: optical polymers, lens design, design parameters

INTRODUCTION

Selection of optical polymers (OPs) in lens
design is based on knowledge of their optical and
material properties. They have already success-
fully replaced glass not only in consumer but in
high quality optics [1, 2]. Injection moulding
technologies offer a low-cost alternative to glass
with some additional advantages such as reduced
weight, high impact resistance, greater range of
configuration possibilities and ability to integrate
proper optical and mechanical features. Howev-
er, some limitations in usage of OPs in lens de-
sign should be considered, such as restricted re-
fractive index range, low scratch resistance, high
hygroscopicity, ultraviolet degradation, etc. The
weakest area of OPs is their much higher tem-
perature sensitivity in comparison with glass.
Thermal instability of polymer components is a
result from the change of the refractive index
value and the consequent alteration of optical
power, as well as from the material thermal ex-
pansion. Reduction of thermal effects is possible
in hybrid glass-plastic optical systems and proper
choice of housing materials. Polymer films are
used for reproducing unique geometric surfaces
over glass components in high-performance im-
aging optics or in production of optical sensors,
fibers and waveguides.

We have investigated the optical and some
material properties of principal polymers such as
polymethyl methacrylate (PMMA), polystyrene
transmission decrease occurs beyond 2200 nm
due to the absorption of the material functional
groups.

(PS) and polycarbonate (PC), copolymers styrene
acrylonitrile (SAN) and methyl methacrylate
styrene (NAS), many trademarks, such as CTE-
Richardson, Zeonex, Optorez, NAS 21 Novacor,
Bayer, and some development materials pro-
duced by the USA Eastman Chemical Company
(ECC). Different measuring techniques were
used to obtain precise refractometric data of bulk
polymers and thin films in the visible (VIS) and
near-infrared (NIR) regions. Dispersive charac-
teristics used in lens design have been estimated.
Thermal sensitivity of OPs is analysed on the
basis of their thermo-optic and expansion coeffi-
cients, thermal “glass” and thermo-optical con-
stants.

The selection of appropriate OPs in lens de-
sign is illustrated on the basis of examples of all-
plastic and hybrid glass-plastic objectives. Com-
puting of geometrical and wave aberrations is
accomplished to ensure image quality of the de-
signed optical systems.

OPTICAL MATERIAL
CHARACTERISTICS OF POLYMERS

The most important optical material charac-
teristics in lens design are spectral transmission,
refractive index (RI) and dispersion. Measured
spectra of ECC thin polymer films show about
85 % transmittance in the range of 400 — 2000
nm [3]. There are some weak absorption bands
between 1660 and 1700 nm and a considerable



We have measured RIs of polymer bulk sam-
ples and thin films at 22 wavelengths in the in-
terval 406+1320 nm. Pulfrich refractometer with
an instrumental error of 2x10™ at spectral lines in
VIS light and a goniometric set-up with interfer-
ence filters up to 1052 nm and uncertainty of 3.6
x10™ have been used to obtain precise Rl data
[4]. Three- and four-wavelength laser microre-
fractometers have been applied to measure RIs of
thin ECC films with accuracy of 2x10°. The re-
sults show some differences in refraction of bulk
samples and polymer layers for the same materi-
al. RIs of bulk samples at six measuring wave-
lengths are included in Table 1. Designers select
OPs on the basis of RI values and Abbe numbers
in the desired spectral range. In VIS area refrac-
tion at Fraunhofer’s F-, d-, C-lines and vy are
presented and in NIR region RIs at measuring
wavelengths are considered with an Abbe num-
ber defined as: V379:(n379 - 1)/(n703 - n1052). Rela-
tive partial dispersions Py c and Ps; are calculated
to combine OPs in achromatic pairs. Absolute
values of first order dispersions dn/d\ at d-line
and 879 nm are computed for comparative analy-
sis of dispersive properties in VIS and NIR
wavelengths A.

by the relation R=(n-1)%/(n+1)°. In the VIS area
values are slightly higher in the decimal part of
R.

Thermo-optic coefficients (TOCs) dn/dT of
studied OPs are estimated on the basis of our RI
measurements in the range 10+50°C at increas-
ing temperature T by 5 °C. The results are of two
orders of magnitude higher than those of glasses
(see SCHOTT glass N-BK10 in the table), but
they are always negative. A variation of TOCs
with A is noticed and a slight change of disper-
sion is established. Linear o and volume (8 ther-
mal expansion coefficients of OPs are evaluated
on the basis of Lorentz-Lorenz equation since for
polymers B ~ 3a is always one or two orders of
magnitude larger than the temperature coefficient
of polarizability [4]. Thermal “glass* constant y
represents the normalized optical power ¢
change of a thin lens to unit ¢ and unit change of
T. vy = d¢/odT = (dn/dT)/(n-1) — o. The thermo-
optical constant G = a(n-1)+dn/dT is an approx-
imate measure of the sensitivity of the material to
radial gradients and quantifies the optical path
difference with T [5]. The results at d-line are
included in the table. Reduction of the thermal
effects is possible in hybrid glass-plastic systems

Table 1. Refractive indices, dispersive and additional optical parameters of optical polymers

Saprgrcna;ters PMMA %’égrez Eiggex SAN  PC Bayer PS  N-BK10
n. 14973 15163 15376 15783 1.5994 15998 1.6056 1.50296
n, 14914 15094 15309 1.5667 1.5849 15857 1.5917 1.49782
N 14890 15065 1.5282 1.5623 1.5793 15803 1.5862 1.49552
Nas 1.4843 15031 15234 15543 15703 15718 15775 1.49212
Neo 14835 15017 15224 15526 1.5683 1.5698 1.5756 1.49083
M oeo 14813 14984 15204 15496 15645 15660 1.5718 1.48837
v, 59.2 520 565 354 291 300 305  66.95
Ve 96.7 717 1005 666  54.6 548 559  83.2
Pac 0289 0296 0287 0275 0279 0277 0.284 0.3093
P, 0217 0306 0202 0175 0179 0.185 0.186 0.3224
‘dnd /d\ x105nm*  5.75 474 606 1013 1159 10.64 11.04 3.87
|dn g79/dA|, x105nm™ 0.97 187 107 170 237 253 242 160
R (879)% 3.8 4.0 4.3 4.7 4.9 4.9 5.0 3.9
dn, /dT, x10* K* 130 -1.20 -126 -110 -1.00 -1.20 -1.31 0.034
a, x10* K? 0.75 0.66  0.66 0.53 0.47 056 0.60  0.058
y, x10* K™* -3.39 -3.02 -303 -247 217 -261 -281 0.010
G, x10* K* -0.93 086 -091 -080 -0.73 -087 -0.95 0.063

For a higher power efficiency of polymer
components reflectance is calculated at 879 nm

and with a proper choice of housing materials.



OPTICAL DESIGN

The aim of optical design is to ensure object
imaging with the highest possible contrast and
negligible distortion. In Fig. la the layout and
geometrical aberrations of a hybrid 3x magnifier
for night-vision goggles with a back focal length
f’ =104 mm and numerical aperture NA = 0.24
are presented. It consists of a polymer doublet
built by PMMA and PS, and a convex-plane N-
BK10 glass lens. The selection of OPs in the
achromatic polymer pair is accomplished on the
basis of v4 and Py ¢ values (Table 1). For the syn-
thesis of a triplet, after calculation of the achro-
matic doublet, the scheme is determined by the

triplet’s achromatization condition. The PMMA
polymer and N-BK10 glass have similar disper-
sive characteristics and the obtained sphero-
chromatic correction is rather good but there is
some energy scatter for the out of axis views
because of the arising comma. The spot diagram
analysis and radial energy distribution are illus-
trated in Fig. 1b. The blur spot size is about
0.006 mm on the axis view. For a comparative
analysis, an all-plastic optimized triplet built by
PMMA-Bayer-PMMA has been calculated with
similar parameters f * = 100.2 mm and NA =
0.24. In VIS area the system has a blur spot of
0.019 mm on the axis and the maximal geomet-
rical spot size is 0.136 mm over the image field
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3 deg SPOT SIZE o A 2 A 2
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0.006412 5 02
3 * %% o1 02 03 04 05
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Fig. 1 Triplet design: a) VIS hybrid triplet layout and residual geometrical aberrations; b) spot dia-
gram analysis of PMMA-PS-BK10 triplet; ¢) geometrical spots under 0.1 mm of the all-
plastic NIR triplet PMMA-Bayer-PMMA, used for comparison



but its_coma correction is poorer. Spot diagrams
in NIR are presented in Fig. 1c. The dispersion
characteristics of OPs are different in this part of
the spectrum and it is difficult to minimize the
triplet’s sphero-chromatic aberrations.

The all-plastic 110 mm Maksutov type objec-
tive (Fig. 2), operating at a focal length of 300
mm and relative aperture 1:3, is intended for
remote sensing of ground areas contaminated
with biological agents. The optical system is
focused at a distance of 5 m and object height is
up to 5 mm. It consists of a PC primary mirror
sputtered with aluminum reflective layer and
silicon oxide anti-abrasive film and a PMMA
double-lens aberration and achromatic compen-

sator. The telescope may be used in a large spec-
tral area which is limited only by the PMMA
transmission. Objectives with excellent optical
characteristics and aberration correction in the
full field of view are required for remote sensing
devices. The Maksutov imaging objective gives
nearly diffraction-limited performance for all
wavelengths and fields as shown in Fig. 2D, c.

SUMMARY AND CONCLUSIONS

The selection of OPs in lens design is consid-
ered on the basis of their refractive, dispersive
and thermo-optical characteristics in VIS and
NIR region (Table 1). Presented Abbe numbers,

FULLFIELD -5mm ASTIGMATISM % DISTORTION LATERAL COLOR
DY;0.02 DX 0.02Q Sx T+ P+ Sx )
o 77N a
N FY ¥ «— FX
* : 4
0.7FIELD  -3.5mm I
DY,0.02 DX;0.02 -05 05 -5e05 _5e-05 -0.0001 |  0.0001
* m= N
: —FY¥ S FX B, L :
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TRy |
ON-AXIS 0omm (| £
DY;0.02 : DX;0.02 ‘ i =
4 \ , | ;
—FY — FX {1/ ‘f
. ‘ UNITS: mm [ ?
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g | g e
H o1
o
w08
= 06
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& G o02r,
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S 0 0.006 0 01%} 0.018 0.024 0.03
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aa¢ 0.7 FIELD ' A
0.008949 - = i > o
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0.0471 » " L 2 G
E -0.064 -0.032 .00 032 064
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Fig. 2 NIR mirror-lens remote imagining objective with a PC mirror and a PMMA double lens

aberration and achromatic compensator:

a) optical layout with aberration corrections; b)

point spread functions; ¢) spot diagram analysis

10



relative partial and first order dispersions are
used in the design of plastic and hybrid glass-
plastic objectives. TOCs, thermal expansion co-
efficients, thermal “glass” and thermo-optical
constants, reflectance are determined on the basis
of refractometric measurements. A comparison
with the properties of a crown type glass is pre-
sented. In VIS area OPs show greater dispersion
than glasses but in NIR region some polymers
such as PMMA, acrylic and polyacrylate of
ECC, as well as Zeonex E48R reveal lower dis-
persion according to their Abbe numbers and
first order dispersions at 879 nm. Therefore, OPs
are suitable materials for high-performance im-
aging optics in the NIR spectrum.

Incorporation of OPs and glasses in hybrid
systems integrates lower weight and manufactur-
ing cost, a broader service temperature range and
a better correction of aberrations (Fig. 1). The
proper selection of optical materials allows for
minimization of sphero-chromatism and residual
monochromatic aberrations in the developing
system. The obtained sphero-chromatic charts
and lateral colour corrections are rather good. A
comparison with an all-plastic PMMA-Bayer-
PMMA triplet is accomplished. The obtained
correction of aberrations is satisfactory. In Fig.
2a a Maksutov type mirror-lens all-plastic teleob-
jective is presented. Limited geometrical and

11

wave aberrations are obtained. The presented
examples of optical design confirm that the ap-
plication of OPs does not pose a restriction on
image quality of polymer optics and the arising
aberrations could be minimized.
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NUMERICAL STUDY OF A SUBRECURSIVE SEQUENCE CONVERGING TO THE
EULER-MASCHERONI CONSTANT

Ivan Georgiev, Dimitar Yanakiev
E-mail: ivandg@yahoo.com

ABSTRACT

In this paper we study the practical applications of a sequence converging to the Euler-
Mascheroni constant with subexponential convergence rate. Our main objective is to compute
as many decimal digits of the constant as we can by using this sequence with a careful selec-
tion of the parameter values. Using software with arbitrary precision arithmetic we have ob-
tained up to 118 correct decimal digits for relatively small values of these parameters.

Key words: Euler-Mascheroni constant, subrecursive class M?, computing decimal digits

INTRODUCTION

The subject of this paper is the estimation of
the complexity of real numbers and real func-
tions with respect to the narrow subrecursive
class M2 The tools for this purpose are built in
[7], where many significant real numbers are
shown to be M?-computable and also the com-
plexity of real functions is analysed by means of
the class of the M?-substitutional operators. The
first author has extended these tools to the class
of rudimentary operators in [1] and has also stud-
ied the uniform M>2-complexity of the generalised
mean in [4]. In this paper we are interested in the
complexity of the Euler-Mascheroni constant ,
which is defined by the equality
y = Iim(1+1+...+1—ln nj,

n—o 2 n
and its value is approximately 0.57721566...

It is well-known that the above representation
is not suitable for computing , since it has very
slow convergence rate. The method of Vacca
from [9] has M*computable general term, but
the convergence rate is not fast enough. The
method of Karatsuba in [5] has a proper conver-
gence rate, but its general term is not M*-
computable. To overcome these difficulties, the
first author has defined in [2] another fast con-
verging sequence, which is suitable to prove M
computability of y. He builds this sequence by
using results from [7] on the M2-computability of
the elementary functions of calculus, together
with the M?-analysis of integration in [3]. Our
current aim is to check how many decimal digits
of ¥ can be computed using this last M*-method.

12

For this purpose, we have used the Simulink
package of Matlab with arbitrary precision
arithmetic. The approximation process depends
on the values of three parameters, which must be
balanced appropriately to obtain the needed suf-
ficiently small error.

M’*-METHOD FOR y

The M?-method from [2] begins with the in-
tegral representation

y = —j: e " In x dx,

which is converted to the sum of two improper
integrals of the form

L” f (x)dx,

where f (x) is an analytic real function. For the
two integrals we apply the same steps of approx-
imation:

1. We replace the infinite bound by a finite
real number, which we denote as & +1.

2. We make a linear change of variables to
obtain an integral of the form

1
j_le(x,g) dx.
3. By the tanh-rule from [8, Section 14] (an-
other change of the variables), we produce
1
———dt
h

ro@(tanht,f) —dt.
- cosh t

4. We discretise the last integral by the trape-
zoidal quadrature rule with step h and we reach
the following two-way infinite series



oo 1
h d(tanh(kh),&) —————.
Zk:‘“’ (tanh(kn). <) cosh?(kh)
5. Finally we truncate this infinite series to its
n-th (two-way) partial sum

h> " o(tanh(kh),&) 1

cosh?(kh)
ESTIMATION OF THE ERROR

The error of the above method for computing
the constant y depends on the value of the three
parameters & h and n. It consists of three parts:
the chopping-off error after step 1, the discretisa-
tion error from step 2 and the truncation error
from step 3. Following [2, 3], the total chopping-
off error for both integrals is at most
2In(¢+1)+2

E+1

The total discretisation error is at most

2M

Za
e -1

where M =In(£+1)+3.5, a=0.257 and we

have factored out & after the linear change in

step 2 from the previous section. The total trun-
cation error is at most

4M
é: e2nh _1’
where M is as above.

It is clear that to minimise the sum of the
three errors, the three parameters must be chosen
in non-trivial dependence on one another. For
example, when h decreases, the discretisation
error also decreases, but the truncation error in-
creases (when n is fixed). This is why we will
choose h to depend on n in such a way so that the
two exponents in the denominator of the discreti-
sation and the truncation error are the same.
Solving for h we obtain

2ra V/d
—=2nh = h=—f4. (1)
h 2Jn
By summing the three terms above, we calcu-

late the total error to be at most
2In(E+1)+2 N E(n(E+D) +3.5) (27 +4)

E+1

as a function of £and n.

Let us note that the value of h in (1) gives a
better approximation than the value used in [2,
3], which is the reciprocal of the square root of n

(2
e _1
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(sufficient to prove M*-computability).

Now we want to balance the two summands
of the last expression for the error by choosing a
value for £as a function of n. We take
&= eZ% -1,
which is roughly the square root of the second
denominator. Since

s 1
em_1 egﬁ

+1
both denominators differ only by 1, which is
negligible for values of N>10000. The value

éze”’ﬁ—l gives practically no result, since
after cancellation the second summand of the
error is too big even for small values of n.

MAIN RESULTS

Based on the above observations we conduct-
ed our numerical experiment for calculating the
decimal digits of » by the M?-method for values
of £of the form
g=emh_1,
where « takes non-uniformly distributed values
in the interval (0, z]. The values of n are 10000,
20000 and 30000, presented in three separate
tables for each of these values. The value of h is
fixed in (1) as a function of n.

Next to each value of £we give the number of
correctly calculated digits of y and also the error
(2) from the last section, rounded to the nearest
negative integer power of 10.

Table 1. Results for n = 10000

Value of « | Correct digits | Rounded error
7110 11 10"
7l 8 15 10"
7l 6 20 102
7l 4 30 101
2715 52 102
7l 2 65 10
3715 78 101
37l 4 99 10
5716 111 107
7718 86 105
97/10 69 10
V/a 2 1




Table 2. Results for n = 20000

Value of « || Correct digits || Rounded error
7110 16 10"
7l 8 21 10%
7l 6 29 102
7l 4 45 10%
2715 74 10"
7l 2 93 10
3715 113 107
37l 4 115 10
5716 100 10%
7718 92 102
97/10 87 10"
T 2 1

Table 3. Results for n = 30000

Value of « | Correct digits | Rounded error
7110 21 104
7l 8 25 107
7l 6 37 107
7l 4 56 10°
2715 91 10 ™
7l 2 115 10 ™
3715 118 0%
3l 4 83 10
5716 64 10
7718 53 102
97/10 48 10"
Vi 2 1

The tables were created manually with Matlab
and the Simulink package using symbolic com-
putations and the command vpa for arbitrary pre-
cision arithmetic. We used [6] for reference with
the correct value of y.

SAMPLE MATLAB CODE

In this section we will present a sample
Matlab code, which can be used to obtain the
results in the three tables. By this particular ex-
ample, we computed the numbers in the seventh
row of the third table (n = 30000, o = 7/ 2).
symshxinktu
phi = "exp(-1/(t))*log(t)/(t)_2" ;
psi = "exp(-(t))*log(t)' ;
phil = subs(phi,'t',"(xi)*(u)/2+((xi)+2)/2";
psil = subs(psi,'t",'(xi)*(u)/2+((xi)+2)/2");
theta = (phil) - (psil);
front = "(xi)*(h)/2";
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summand = subs(theta,'u’,'tanh((k)*(h))") *
1/cosh((k)*(h))_2;

error = '2*(log(xi+1)+1)/(xi+1) +
xi*(log(xi+1)+7/2)*(2*pi+4)/
(exp(pi*sqrt(n))-1)*;

summandl = subs(summand,h,'pi/(2*sqrt(n))";
summandl =
subs(summandZ,xi,'exp(pi*sqrt(n)/2)-1');
frontl = subs(front,h,"pi/(2*sqrt(n))";

frontl = subs(frontl,xi,'exp(pi*sqrt(n)/2)-1";
summandl = subs(summand1,n,30000);
frontl = subs(frontl,n,30000);

csl = subs(summand1,k,[-30000:30000]);
digits(250);

vpa(frontl*sum(csl))

errorl = subs(error xi,'exp(pi*sqrt(n)/2)-1";
errorl = subs(errorl,n,30000);

vpa(errorl)

The output after executing the first vpa com-
mand above is
0.57721566490153286060651209008240243104
215933593992359880576723488486772677766
467093694706329174674951463144724980706
352195451880375657146900064956744714487
862927668351931710430259492974643647425
990479043928791451131609867439164586917
2054947873865762,
which is the correct value of » up to the 115th
digit (given in bold).

The output of the second vpa command is
0.00000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000023
466186528730485760138345737047178368442
454542549447212189519398835462381430309
987653120677174475930001518718949838101
155366065798958148433055521973392115954
174948062217279221412455535586011984400
066972192080718250168482065170762403167
62655736534954,
which gives 114 zeros in the rounded error.

FUTURE WORK

It is clear from the tables that for the values of
a in the interval (0, /2] the rounded error almost
always agrees with the number of correct digits.
What happens for « in (42, 7] is rather interest-
ing: the number of correct digits reaches a peak
somewhere in the interval and then begins to de-
crease. Moreover, the peak seems to move closer
to the threshold value /2 when n increases. The
rounded error in this interval becomes much
larger than the actual correct number of digits.
This shows that our error analysis is not very



satisfactory for « in (42, n]. Another approach
would be to optimize the values of the parame-
ters in some other order. For example, we could
optimize the value of h for each value of n sepa-
rately and not use the fixed dependence (1) of h
as a function of n.
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ABSTRACT

Noise is one of the main pollutants of the environment. It has a substantial effect on the quality of
execution of highly intellectual tasks carried out in universities, as well as on the health of students
and lecturers. In the present work, noise monitoring was performed in Ecology Laboratory 327 in the
Inorganic Chemistry Building of Prof. Dr Assen Zlatarov University, Burgas. Internal and external
noise sources were identified. Noise pollution from road traffic and the corridor was determined. A
noise level was detected during teaching a different number of students. It was established that stu-
dents and lecturers in Ecology Laboratory 327 were exposed to noise of 63-66 dB(4), which is 23-26
dB(A4) higher than the limit value defined in the regulations of the Republic of Bulgaria. Measures for
decreasing the noise pollution in the Inorganic Chemistry Building are suggested.

Key words: noise effect, intellectual labour, students and lecturers, annoyance

INTRODUCTION

The work of students and lecturers in higher
education is highly intellectual, sensory and with
a high emotional load. It requires focus, atten-
tion, high mental concentration and logical think-
ing [1-3]. The human mind processes every
sound coming from the surroundings. unwanted
sounds are considered as noise. When people are
exposed to noise they are distracted, and long
exposures to noise cause loss of concentration.
This is a normal human physiological response,
especially during intellectual activities. It is
harder for the inattentive students to understand
the matter taught or the assigned task, their cog-
nitive abilities are also reduced. Frequent lack of
concentration has a negative effect on students’
psyche — it causes annoyance and anxiety about
coping with the matter and demotivates them to
achieve better results [4 - 7].

Noise also has a negative effect on the lectur-
ers’ health: it obstructs their mental activity,
which results in a rapidly occurring fatigue and
headache. Furthermore, raising the voice to over-
come the noise causes extreme vocal exhaustion
while teaching, which can be potentially harmful
for the voice and throat. Noise can arouse a com-
plex of symptoms called “noise sickness”. In the
initial period of this sickness, a partial loss of
hearing occurs as well as a functional disorder in
the nervous and cardio-vascular systems, to re-
sult later in a complete loss of hearing and dys-
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function of the nervous system and other systems
and organs [8-10].

According to research of the World Health
Organization, noise is the second most hazardous
pollutant in the environment (after particulate
matter) causing health problems of the popula-
tion [11]. To reduce the unfavourable effects of
noise pollution, a number of regulatory docu-
ments have been adopted [12-14]. Order No 6
from 26.06.2006 [15] states that the highest per-
missible noise level in an auditorium in educa-
tional and scientific organizations is 40 dB(A).

Back in 1968 when the Inorganic Chemistry
Building was constructed in the outskirts of the
city, this permissible value could have been met.
In later decades, however, a number of changes
took place, e.g. increase of transport traffic, in-
crease of the number of students and technical
appliances and equipment used in education. At
present, the noise levels in many auditoria, la-
boratories and studies in the Inorganic Chemistry
Building of Prof. Dr Assen Zlatarov University,
Burgas is substantially higher than the allowable
limit. One of these rooms is 327, known among
students and lecturers as Ecology Laboratory 327
(EL 327). A major part of the lectures and labor-
atory practice of the students doing “Ecology and
preservation of the environment” and “Ecology
and ecological management” take part in it. Lec-
turers and students have a good reason to ask: are
the educational conditions in EL 327 ecological
enough?



On this basis, the following main aims of the
present work were formulated:

4 to identify the main sources of noise in EL
327 in the Inorganic Chemistry Building;

¢ to estimate the noise pollution caused by
these sources;

¢ to suggest measures for the reduction of
noise pollution.

MATERIALS AND METHODS

Materials

¢ EL 327 is a room 5.75x6.20 m, located on
the third floor of the Inorganic Chemistry Build-
ing of Prof. Dr Assen Zlatarov University, Bur-
gas. Its window panes are made of 4-chamber
PVC joinery with a double glass pack. There are
16 desks in it: 2 for the lecturers and 4 for the
students. The laboratory is equipped with a lap-
top and a projector to be used during the lectures.

¢ A sound level meter — two pieces of model
GM 1356 were simultaneously used. They have
been manufactured according to standards IEC
PUB651 TYPE2 & ANSI S1.4 TYPE2. Measur-
ing range: 30-130 dB A; precision +/-1.5dB A;
length of records: 1-250 seconds; memory: 4500
items. Connectivity: AC, PWM, USB. The USB
port allows to save both recorded and real time
measurement data for further processing and
analysis.

¢ Software: noise level meter GM 1356
comes with installation disk of “Sound Lab”
software. Using it, one can monitor the data col-
lection in real time and download the data saved
on the device, which can be further transformed
in tables for processing. The data taken by the
device are: number of the measurement, value
measured, time and date of the measurement.

¢ Tripod on which the sound level meter is
fixed.

Measurements

The sound level meter is fixed on the tripod
and positioned at a height of 120 cm correspond-
ing to the height of students’ ears. The measure-
ment parameters are set:

« sampling rate — 1 per second

« total duration — 59 min (3540 samples). The
experiment can be interrupted earlier than the
deadline set.

The sampling starts at the beginning of every
hour from 9:00 to 15:00 and lasts 59 min. The
sound level is recorded as L, dB(A). The data are
downloaded during the 1 min interval and this
usually takes less than a minute. After that, the
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memory of the device is erased and ready for the
next sampling. The file names are formed as
follows: date, number, start hour, number of
students. Besides, the date, hour, minute and
seconds are recorded for each sample.

All measurements were taken in May 2019.
Measurements without students were carried out
on two consecutive days (Monday and Tuesday)
without interruption. The sound level measure-
ments in the presence of students were taken
with interruptions according to the following
schedule: on Monday (from 9:00 to 12:00) and
Tuesday (13:00 to 16:00) with the same group of
students (7 3"-year and 14 4™-year students).

Computer processing of the results

Using the USB port of the device and the
software that comes with the sound meter, the
raw data were downloaded to a computer. The
software allows exporting the data in tabular
form which can be further processed using
spreadsheet programs such as MS Excel. The
obtained values were transformed in dimension
Leq, dB(A). It is possible to analyse different
time intervals, e.g. 45 min (duration of an aca-
demic hour) or 15 min (duration of the break
between the lectures).

RESULTS AND DISCUSSION

Determination of the monitoring points
(MP)

To determine the monitoring points, it is nec-
essary to find the noise sources. For EL 327 they
were:

esexternal sources: road traffic noise, air traf-
fic noise, noise from repair works outside the
building, noise from the corridor and adjacent
rooms resulting from talking and movement of
students and lecturers, technical equipment, etc;

¢ internal sources: intercourse between stu-
dents and lecturer, noise from notebooks and
other aids, movement of chairs and tables, lec-
turer’s voice, noise from the computer and pro-
jector, noise from luminaire.

Monitoring points were determined to ensure
the highest possible levels of noise pollution and
the highest risk for the health of students and
lecturers. Two measuring points were chosen,
MP 1 was placed at the first desk by the window
and MP 2 was placed at the third desk, nearest to
the door (Scheme 1).

Both MPs were outside the direct sound field
of the lecturer and located more than 1 m from
the nearest reflecting surface in the room. Be-



sides, MP 1 received the highest impact from the
noise coming from the computer and projector
(smaller distance), from the road and air traffic
and the repair works outside the building, be-
cause a window was often left open to air the
room. MP 2 received the highest impact from the
noise coming from the corridor (resulting from
speaking and movement of students and lectur-
ers) and repair works in the building.

Scheme 1. Monitoring points in EL 327

Evaluation of traffic noise

The main source of traffic noise was the road
transport on international road E871, whose sec-
tion behind the Inorganic Chemistry Building is
also part of European road E773. To determine
the exposition to traffic noise, the measurements
were taken in days without any repair works. The
time interval between 9:00 and 16:00 was select-
ed because the largest number of students and
lecturers are in the building and exposed to the
noise during this period.

To find the effect of the traffic noise, meas-
urements of sound levels L, dB(A) were taken
under the following conditions:

a) background noise with windows closed
(other conditions: door closed, no students or
lecturers and no working technical devices);

b) background noise with one open window
near MP 1 (other conditions: door closed, no
students or lecturers and no working technical
devices);
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¢) noise during a lecture with one window
open near MP 1 (other conditions: door closed,
one computer and one projector working).

From the results obtained, Leq, dB(A) was
calculated. The results were compared (Fig.1).
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Fig.1. Equivalent sound level at the monitoring
points 1 and 2 with closed windows (a)
and one open window (b).

It can be seen from Fig.1 that Leq (closed
windows and door) was between 44 and 47
dB(A) for MP 1 and between 43 and 47 for MP
2. These values are higher than the permissible
limit of 40 dB(A) for the noise level in auditoria
in educational organizations and scientific re-
search organizations. (Order No 6/6.06.2006).

After opening one window, the Leq in the
room increased to 56-59 dB(A). In both cases, a
slight tendency of increase was observed until
14:00 and a little lower noise level measured by
MP 2 which can be explained with its location
away from the window.

Hence, at lectures with closed windows Leq
was 57-60 dB(A), while with an open window,
despite that only 7 students were present, the
equivalent sound level reached 63-66 dB(A)
(Fig. 2).

Under these conditions, the students made an
effort to hear the lecturer and the lecturer tried to
overcome the noise and, at some moments, the
sound level L reached peak values of 85 dB(A).

For the purpose of the present work, sound
measurements were also taken with two open
windows and 14 students. The experiment was
discontinued after 15 min due to the abnormal
communication between the lecturer and the
students. The equivalent sound level measured
was 72 dB(A).
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Fig.2. Equivalent sound level at monitoring
points 1 and 2 during lectures with
closed windows (a) and with one open
window (b).

It can be concluded from the studies carried
out that the traffic on the international road
E871, which increases every year, is the main
source of noise pollution in EL 327. The values
measured were significantly higher than those
required by the regulatory documents of the Re-
public of Bulgaria.

Evaluation of noise from the corridors

For the present study, measurements of noise
levels were taken during the 15 min long breaks
under the following conditions:

a) door open, absence of students;

b) door closed, presence of 7 students;

¢) door open, presence of 7 students.

The equivalent noise levels were compared
(Fig. 3). Because of the small difference between
values registered by MP 1 and MP 2, the figure
shows only the results obtained at MP 2.

The rise of noise levels during a break can be
seen in Fig. 3. There was a small margin between
values registered by MP 1 and MP2, and for
convenience only results from MP 2 are showed.
It is easy to detect the difference between the
three studied cases:

a) Open door and absence of students — 54-57
dB(A);

b) Closed door and 7 students — 60-62 dB(A);

¢) Open door and 7 students — 64-65dB(A).

The highest increase was in the intervals
12:00-12:15 and 13:00-13:15, which can be ex-
plained by the more active movement related to
the lunch break. It can be seen that the students
were noisiest during the third and fourth breaks.
The conclusion drawn from these data was that
the noise from the corridors during the break
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increases the noise pollution by 3-6 dB (A) on
average.

70 a
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&.
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Fig.3. Equivalent noise levels at monitoring
point
2 with open door and absence of students
(@), closed door and 7 students (b)
and open door and 7 students (c).

Evaluation of internal noise

To estimate the internal noise, sound level
measurements were taken during lectures and
during examinations, with 7 or 14 students and
closed door and windows. Examinations usually
continue for 3 hours and, in our case, they were
of 3" year students from 9:00-12:00 and 4" year
students from 13:15 to 16:00 (Fig. 4). Both MPs
measured the same noise level.

As can be seen from Fig. 4, Leq was in the
range 48-50 dB(A) during an examination. The
quietest period was the second hour and the
highest sound levels were measured during the
third hour. During the whole period, the re-
quirements of Order No 6 and the Directives of
the World Health Organization on Noise in the
European Union were not met.

Sound levels were significantly higher during
lectures. The noise from the computer and pro-
jector, the noise from students (intercourse, noise
from rustling notebooks and other aids, move-
ment of chairs and tables) and lecturer’s speech
increased the noise level to 56-58 dB(A) in the
group of 7 students and to 59-62 dB(A) in the
group of 14 students (Fig. 4c). The higher num-
ber of students was, the sound levels was higher
and the lecturer had to raise his/her voice to
overcome the noise in the room.

The results obtained from the study showed
that the noise pollution generated by the tech-
nical devices, students and lecturer was about 10-
12 dB(A). For the purposes of the present study,
measurements were also taken with three open



windows in the presence of 14 students. The
experiment continued for 15 min only due to the
abnormal communication between the lecturer
and the students. The average noise pollution
measured was 74 dB(A).
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Fig. 4. Equivalent sound level during examina-
tion (a), lecture with 7 students (b) and
lecture with 14 students (c).

Possible measures to decrease noise pollu-
tion in EL 327

Taking into account the adverse effect of
noise on the physical and psychic state of the
students and lectures, it is necessary to take ur-
gent measures to limit the unfavourable effect of
noise sources.

To minimize the exposure to traffic noise, it is
necessary to create a green barrier between In-
ternational road E871 and the Inorganic Chemis-
try Building. For this purpose, sound blocking
plants (shrubs and trees) should be planted. To
lower the internal sound levels, students must be
aware of the effects of the noise pollution on the
human ability to perform intellectual work, re-
sults, examination marks, working capacity and
health. The installation of sound sensors to indi-
cate noise levels exceeding 55 dB(A) is also
necessary.

CONCLUSION

Students and lecturers of “Ecology and eco-
logical management” who use EL 327 are ex-
posed to noise levels of 63-66 dB(A). The high-
est noise pollution is generated by the traffic on
international road E871 (14-15 dB(A). The noise
from the corridors during breaks increases the
noise pollution by 4-6 dB (A) on average. The
sound level during lectures depends on the num-
ber of students and Leq was measured to be in
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the range of 62-64 dB(a) with 14 students and
closed windows. All measured values were high-
er than the permissible limits stated in both Order
No 6 for noise limits and the requirements of the
World Health Organization.

To minimize the unfavourable effects of noise
on the physical and psychic state of students and
lecturers, it is necessary to create a green barrier
of shrubs and trees between international road
E871 and the Inorganic Chemistry Building,
make students aware of the hazards and mount
sound sensors with indication for noise levels
exceeding the allowable values.
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ABSTRACT

This paper proposes a technology for the production of monolayer graphene (from 1 to 5 layers) by
an easy, accessible and non-toxic method. For the preparation of graphene, a combination of chemi-
cal and physical (ultrasonic) treatment of the original graphite precursor (>99%) was applied. Dur-
ing the treatment with dilute sulfuric acid, the Vandervaals bonds that bind graphene layers in graph-
ite were loosened due to the introduction of molecules and ions from the acid between them. After the
application of ultrasound, the Vandervaals bonds broke and the graphene monolayers became sepa-
rated. Our research is focused mainly in the field of nanotechnology in connection with energy storage
technologies, aiming to improve the electrical and capacitive characteristics of electrodes used in

electric batteries, capacitors and supercapacitors.

Key words: graphene, ultrasound, acoustic cavitation, electrical resistivity

INTRODUCTION

Graphene is a single layer (monolayer) of
carbon atoms, tightly bound in a hexagonal hon-
eycomb lattice. Graphene is a new material for
the synthesis of which the Nobel Prize in physics
was granted to the Russian scientists Novoselov
K.S. and Geim A.K. in 2010 after their publica-
tion in Science in 2004 [1].

Graphene belongs to the group of many topi-
cal present-day nanomaterials. Nanomaterials
and nanotechnology have been identified as key
enabling technologies in many technical applica-
tions, and are forecast to grow from a global
volume of € 200 billion in 2009 to more than € 2
trillion nowadays [2, 3].

The first review of earlier literature relevant
specifically to graphene was provided again by
Novoselov K.S. and Geim A.K. in their articles
[1, 4-5]. Graphene is an incredible material with
many potential applications that continues to
impress scientists around the world with its
structure and composition. Graphene, a two-
dimensional building carbon allotrope, shows
potential applications in a wide range, including:
touch panels, ultra-fast lasers, semiconductor
devices and energy storage. This is due to its
excellent physical and electrical properties, such
as high thermal conductivity and high electron
mobility [6, 7]. Some of the potential uses of
graphene are described in Fig. 1 [8, 9].
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Fig. 1. Industrial applications of graphene-based
materials [8, 9].

Graphene is an allotrope of carbon in the form
of a plane of sp2-bonded atoms. In graphite (Fig.
2), the carbon atoms are in sp® hybrid state,
which means that three of the four atom orbitals
have interacted between themselves to form three
new non-identical hybrid orbitals and one single
p orbital remained unchanged. Graphite has a
layered planar structure. It consists of stack
planes arranged one above the other, called gra-
phene planes, the carbon atoms of which are
arranged in a densely packed two-dimensional
hexagonal structure. The distance between the
atoms in the lattice is about 1.42 A and the dis-
tance between the planes is 3.35 A [10].
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Ideal SPM image

Fig. 2. Structure of graphite [10].

The carbon layers are held together in the di-
rection of the main crystallographic axis “c” by
weak Van der Waals forces, so they can easily be
detached one from another under mechanical
exfoliation.

EXPERIMENTAL

In the present work, a combination of chemi-
cal (using KOH or H,SO,) and physical impact
on the precursor of the original graphite was
applied to obtain graphene. Graphene production
studies have been performed eliminating one of
these stages, but the results are worse.

Theoretical background

An important role is played by the physical
impact with ultrasound. Sonochemistry uses
ultrasound to accelerate chemical reactions and
initiate new reaction channels to increase the
yield from chemical reactions and obtain new
products with totally new properties, such as
graphene. The main effect of the sonochemical
reaction is caused by the acoustic cavitation
which generates extreme physical conditions
such as high temperature, high pressure, and
shock waves accompanying the implosion of a
cavitation bubble. A special physicochemical
medium is created for the chemical reactions
which cannot occur under normal conditions [11,
12].

Due to the effects of ultrasound, complex
processes take place in the solutions, which leads
to the formation of superfine graphene. The phe-
nomena observed can be described as follows:

By application of ultrasound, a sound wave of
high enough intensity propagates through the
solution. A great number of cavitation bubbles is
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generated in low pressure zones. These zones
have variable geometry and complex dynamics
due to the complex nature of the movements of
the bubbles in the non-uniform pressure field.

Considering a single bubble which pulses
driven by the variable acoustic pressure p,=
pocosat, the change of bubble radius & is deter-
mined by the equation:

% o

= E§+k§=|:(t) @

m +b

For a bubble with average radius Ry in liquid
with density p, the effective mass is: m=4R%p,
the modulus of elasticity is k=12mRPy, and the
driving force is:

F(t)=-47R%pocoS et (2)

The resonance frequency is inversely propor-
tional to the average radius of the bubble:

k 1 [3P
a)o = _— = — _—
m Ry \ p

Important parameters of the medium are the
hydrostatic pressure P, and the coefficient of
non-linearity y of the gas within the bubble.

The larger bubbles go up to the surface at a
speed determined after the equalization of the lift
and the Stokes force of friction for sphere:

_2p R @
9

Smaller bubbles, in turn, can dissolve in the
liquid and disappear. The behaviour of a bubble
with radius R is stipulated by the pressures of the
gases and vapours py in the bubble, by the hydro-
static pressure py in the liquid and by the surface
tension o. The difference between the internal
and external pressures on the surface of the bub-
ble is given by the equation:

b~ py =2 ©)

Py = R

For unsaturated liquids, the pressure of the
dissolved gases is smaller than the hydrostatic
pressure (pg<pn). It can be seen from eq. (5) that
pr<pp. Therefore, the pressure of the gas in the
liquid is smaller than the gas pressure in the bub-
ble (pg<pn<ps), so a diffusion of gas from the
bubble to the liquid will be initiated, which will
cause the bubble to dissolve and disappear.

To start the cavitation process, the pressure of
gases and vapours in the bubble must be greater
than the local hydrostatic pressure plus the sur-
face tension forces, i.e.:

@)

Vv
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Py > Py + ©

When the radius of the growing bubble reach-
es the resonance value of Ry the energy of the
acoustic wave is absorbed very effectively due to
the coincidence of the frequencies of the acoustic
field and the bubble pulse. This results in a new
abrupt increase of bubble size which disturbs the
resonance and the energy influx becomes weak-
er. Without energy influx, the bubble becomes
unstable and spontaneously collapses. The walls
are torn, the liquid flows in and an implosion
occurs together with the characteristic high tem-
perature and pressure. The maximal local tem-
perature and pressure can be assessed by the
following formula:

; _TPG-D
max pb

o). %
P = P [—2—2]"

b
Here, py is the pressure within the bubble be-
fore the implosion, P=py+p, is the pressure in the
liquid and y=Cp/Cy is the coefficient of non-
linearity of the gas in the bubble.

Sample preparation

Chemical treatment. As a chemical solution
in ultrasound bath, KOH and H,SO, were used.
The precursor of graphite at samples G2 and G4
was put in KOH. In the second occasion, H,SO,
was used as a solution (samples G1 and G3).

The synthesized graphene samples were la-
belled GO, G1, G2, G3 and G4, respectively.

GO — pure graphite (precursor);

G1 - graphene flakes from cup surface (treat-
ed with 2n H,SO);

G2 - graphene flakes from the cup surface
(treated with KOH);

G3 - graphene from the cup bottom (treated

G4 - graphene from the cup bottom (treated
with KOH).

Fig. 3 shows a photograph of graphene on the
bottom (G3) and on the surface of the cup (G1).
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Fig. 3. Pictures fgraip‘éeto’r{the bottom (G3)
and on the surface of the cup (G1)

Physical treatment. Physical treatment was
performed using ultrasound with a process dura-
tion of 1 to 8 hours.

RESULTS AND DISCUSSION

Sieve analysis of precursor of graphite

As a precursor we have investigated two
types of graphite: commercial powder with a
purity below 99% (No 1) and graphite (No 2),
with a purity above 99%.

Using a sieving machine, 50.00g of each raw
material were sieved for 15 min until completely
passing through the sieves, and then the fractions
from the individual sieves were weighed and
their portion in the initial quantity was deter-
mined. The sizes of the openings of the sieves
selected are shown in Table 1 together with the
results obtained from the analysis.

Table 1. Sieve analysis of precursor of graphite,
mass %

pre-  Sieve with size of light opening, mm
cur- >0,40 0,40 0,20 0,09- <0,0
sor - - 0,063 63
0,20 0,09
graph 0 435 679 1505 127
ite 1
graph 0 115 804 1,85 6,2
ite 2 5

It is well known that the smaller the particle
size of the raw materials, the higher the graphene
yield. It can be seen from the data in Table 1 that
the fine fractions are predominant in the main
raw materials — sizes from 90 to 200 pm for the
present experiments, graphite 2 was selected.



Study of synthesized graphene X-ray analyses

The X-ray analyses were carried out by the
method of powder diffraction using X-ray appa-
ratus equipped D2 PHASER AXS- Bruker, with
Cu anode and K, emission, (CuKa, A=1.5406A).
The following operating regime was used during
the experiments: current 10 mA and voltage 30
kV.

Measurements of interplanar distances and
diffraction peak intensities were made with the
software package PowderCell v. 2.4. Phase anal-
ysis was performed using the PDF Powder Dif-
fraction File (ICDD) to uniquely identify the
present phases.

Table 2. X-ray analysis of samples GO, G1, G2,
G3, G4

Oreor » GO0 Gl G2 G3 G4
Int. Int. Int. Int. Int.
graph exp. exp. exp. exp. exp.
ite
3.38 5250 2500 2900 3400 4250
2.12 250 125 125 125 200
2.02 200 100 100 100 180
1.69 125 70 70 50 70
1.227 50 20 20 20 30

The results of X-ray analyses are presented in
Table 2. When graphene is a monolayer, it can-
not be determined using X-ray structural analysis
because there is no crystal lattice. This is also the
case in our experiment - only residual graphite
peaks are observed on the diffraction patterns of
the samples tested. There are no peaks of gra-
phene oxide, nor reduced graphene oxide. The
reference value of the most intense peak for
100% intensity appeared at dior =3.37 A. In our
diffractograms, the peak at d = 3,378 A belongs
to graphite — pure graphite (G0). For composition
G1, d appeared at 3.38 A, for composition G2
d=3.41A, for composition G3 d=3.41 A and for
composition G4 d = 3.399 A. The intensity of the
characteristic peak of graphite is highest for pure
graphite -0 (1=5250). The peak of G1 has the
lowest intensities. The sequence is as follows:
G1 (I = 2500) <G2 (I = 3000) <G3 (I = 3 750)
<G4 (I = 4 250).

Optical Microscopy
Using an optical Celestron 5 MP LCD Deluxe
Digital Microscope two samples with composi-
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tion G2 and G4 were examined in order to evalu-
ate the differences in the morphological charac-
teristics.

The microscopic analyses of graphene with
compositions G2 and G4 are presented in Fig. 4.
The graphene sample with composition G2 and
G4 was placed on a glass slide and examined
with light microscope.

_ 1 J% Bl _
Fig. 4. Optical image of graphene samples with
compositions G2 and G4
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The sample with composition G2 is a cluster
of graphene layers scattered on the glass plate,
while the sample with composition G4 is a multi-
tude of smaller clusters scattered on a glass slide.

Determination of electrical resistivity

In order to use the synthesized graphene for
the purposes of energy storage, its electrical
characteristics (electrical resistance, in particu-
lar) were examined. A series of graphene sam-
ples were prepared by the above described tech-
nology (S2, S4 and S6) as well as pure graphite
samples. The electrical resistance of graphene
samples was found to be several times lower than
that of pure graphite (precursor).

The results in Fig. 5 give reason to believe
that the graphene obtained according to the de-
scribed technology can find application for vari-
ous purposes, such as: electrodes for supercapac-



itors; integrated circuit component; graphene
sensors (gas, bio and light); an anode for lithium-
ion batteries, etc.
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Fig. 5. Determination of the electrical resistance
of graphene

CONCLUSIONS

Graphene was synthesized using pure graph-
ite as precursor (with purity >99%).

The combination of chemical and physical
(ultrasound) impacts on the precursor of the ini-
tial graphite was applied for the preparation of
graphene.

By the treatment with diluted sulfuric acid,
the van der Waals bonds which hold the gra-
phene layers in graphite are weakened due to the
introduction of molecules and ions from the acid
between them, and by application of ultrasound,
individual layers of graphene are separated, thus
avoiding its oxidation to graphene oxide which
worsens the electric conductivity of graphene.

Raman spectra proved the graphene synthe-
sized.

Profound studies were carried out on the pos-
sibility to improve the capacitive characteristics
of supercapacitors using graphene covering.
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ABSTRACT

Dielectric material is an important part of condenser components. The present work reports the
synthesis of high porosity dielectric ceramics with a main phase of mullite. Burned rice husk ash was
used as a pore-forming agent. y-AI203, technological waste from the petrochemical industry, was
used as the basic material. Additive of 3% TiO, was added to corundum powder in order to obtain a
solid solution and to reduce the synthesis temperature of the ceramics. The samples were studied

mainly by X-ray analysis, SEM, DTA, FT-IR, etc.

Key words: dielectric ceramics, alumina, pore-former, rice husk

INTRODUCTION

Porous ceramic materials are important for a
variety of applications, such as thermal insula-
tion [1, 2], filtration [3], biomedical, catalyst
substrates [4] and dielectric materials in capaci-
tor elements. Capacitors are passive electronic
components that can store electrical charge. The
capacitor consists of two conductors, between
which a different type of dielectric, including
ceramic, is placed. The application of these ce-
ramics is obviously determined by their unique
structure [5].

The required porosity in ceramics can be ob-
tained by the additives burning method. Organic
materials such as rice husk, which are a by-
product of the processing of rice, straw, sawdust,
etc., are used as burners. Annually, about 500
million tonnes of rice are processed to obtain 100
million tonnes of rice husk [6].

The aim of the present work is to develop po-
rous dielectric materials based on mullite ceram-
ics.

MATERIALS AND METHODS

Materials

The initial materials used for the synthesis of
porous ceramic materials were granules of pure
and waste y- AI203 (technological waste from
the oil refining industry), SiO,.nH,0, TiO,, and
the pore-former was ash from rice husk burnt in
air.
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Methods

The initial y-alumina and synthesized samples
were studied mainly by X-ray analysis, SEM,
infrared spectroscopy (FT-IR), differential ther-
mal analysis (DTA) and optical microscopy.

The X-ray analyses were carried out by the
method of powder diffraction using X-ray appa-
ratus equipped D2 PHASER AXS- Bruker, with
Cu anode and K, emission, (CuKa, A=1.5406A).
The following operating regime was used during
the experiments: current 10 mA and voltage 30
kV.

Measurements of interplanar distances and
diffraction peak intensities were made with the
software package PowderCell v. 2.4. Phase anal-
ysis was performed using the PDF Powder Dif-
fraction File (ICDD) to uniquely identify the
present phases.

SEM - The morphology and microstructure of
the rice husk were examined by scanning elec-
tron microscopy (SEM). The electron micro-
scope photographs were taken using a Philips
SEMS525M/EDAX9900 scanning electron micro-
scope with attached X-ray microanalyst. The
microphotographs were taken in a regime of
secondary electrons at acceleration of 20 kV.

FT-IR studies were performed on a Tensor 27
Fourier infrared spectrophotometer FTIR
(Bruker, Germany) in the interval 400 — 4000
cm™ at resolution of 1 cm™. Measurements were
carried out at room temperature. The sample (0.3
mg) was tableted with KBr (100 mg) at a pres-
sure of 2-4 atm.



DTA experiments were performed on an ap-
paratus for complex thermal analysis (STA 449
F3 Jupiter), NETZSCH, Germany by heating to
1100°C at a rate of 10°C min™'.

EXPERIMENT

The two ALO; powder materials were pre-
pared as follows: the pure and waste granules
were washed with running water on a metal sieve
to remove contamination and crude mechanical
particles. Then the granules were dried at 120°C
for 3 hours. The materials were ground by wet
grinding in a Retsch planetary mill with corun-
dum balls for 5 hours at a ratio of material : wa-
ter : milling balls = 1:1:2. The ground aluminium
oxide was dried at 120°C for 5 h.

As SiO, source, ash from oxidized rice husk
was used. The rice husks studied are technologi-
cal waste from the processing of Krasnodarsky
424 rice variety grown in Bulgaria [7]. The rice
husks separated during the processing are ark
shaped with the following approximate size:
length about 8 mm, width about 2-3 mm and
thickness about 0,10 — 0,15 mm. The husks stud-
ied contain mainly organic substances (cellulose,
hemicellulose and lignin) and an inorganic part
consisting of mostly SiO; (~20%) and 5.5% mix-
ture of the following oxides: CaO, Fe,O3;, MgO,
Al,O3, Na,O, K,0, MnO,, as well as traces of Cu
and Pb.

Fig. 1 (A, B) shows photographs of rice husk
burnt in air, at bigger (Fig. 1A) and smaller mag-
nification (Fig. 1B). It can be seen from the two
photographs that, after the separation of the or-
ganics, only the inorganic substances remain in

Table 1. Composition of the synthesized samples

the husk which forms the silicon-oxygen carcass.
The silicon-oxygen carcass (Si-O-Si) which
builds the burnt husk can be quite clearly seen in
Fig. 1B.

Composition of the blends

A number of blends were prepared for the
study and a series of samples were synthesized
under different conditions and combinations of
the initial components, including different con-
tent of the pore-forming agent. Some of the
blends are shown in Table 1.

No of the composition, mass. %

sample Al,Os- Al,O4 -
pure waste

MC 5 70 - 30

MC 6 70 - 30

MC 7 - 70 30

MC 8 - 70 30

Si0,

TiO, RHA
3 10
3 20
3 10
3 20

Formation and sintering of the samples

The initial materials (described in Table 1)
were weighed, mixed and homogenized. Then,
4% aqueous solution of PVA was added as plas-
ticizer and the mixture was semi-dry formed on a
manually operated hydraulic press. The samples
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obtained were dried in a desiccator under the
following conditions: 80°C — 1h, 120°C — 1h,
180°C — 1h, followed by high temperature sinter-
ing at 1350°C. The aim was to obtain porous
material with good mechanical characteristics at
comparatively low synthesis temperature. The



sintering itself was carried out with several iso-
thermal periods to prevent cracking of the sam-
ple by the burning of PVA and the pore-forming
additives: isothermal periods of 30 min at 200°C,
30 min at 300°C, 30 min at 400°C, 30 min at
500°C, 30 min at 700°C, 30 min at 900°C and 60
min at 1350°C.

RESULTS AND DISCUSSION

Study of the initial materials

Using a sieving device, 100.00 g of each in-
gredient were sieved for 15 min, then the frac-
tions on the individual sieves were weighed and
determined as % of the initial amount. The re-
sults obtained from the analysis are presented in
Table 2.

It can be seen from the data shown in Table 2
that the fractions with size between 125 and 315
um were predominant in the basic materials.

As a pore-former, ash from rice husks was
added, fraction 0.08 — 0.125 um. White ash from
rice husks obtained by burning raw husks in air
at 500°C was used. Burning was carried out in a
silit furnace at a heating rate of — 3°C/min. The
aim was that burning was as complete as possible
to obtain material of the highest quality. At this
temperature, SiO, is in amorphous form which
was proved by additional XRD analyses.

The experiments showed that the smaller the
raw material particles size, the finer and more
uniformly distributed porosity was produced in
the sintered ceramics.

Blends compositions and sintering of the sam-
ples

A number of blends obtained from pure and
waste oxide were prepared for the experiments
and 4 series of samples were formed under dif-
ferent conditions and different combinations of
the initial components, including content of pore-
forming agent of 10% and 20%. Some of the
blends are shown in Table 2, as selected accord-
ing to the suitability of the sintered samples for
the main goal of the study.

Table 2. Fractional analysis of initial materials,
mass%

type Sieve with the size of the light bore, mm
Raw > 0,315- 0,2 0,125- 0,08 <0,063
ma- 0.3 0,20 0- 0,08 -
terial 15 0,1 0,063
25
ALO 26, 28,70 39, 5,73 0 0
3- 48 09
pure
ALO 49, 25,55 23, 1,88 0 0
3- 12 45
waste
SiO, 22, 26,45 27, 23,89 0 0
34 32
TiO, 0 0 16. 10.18 0 3.54
28

DTA of initial y- AL,O;

Differential thermal analysis of the initial
ALO;, pure and waste, was carried out to find
out the processes taking place in them under
heating. The results obtained from the thermal
analysis are illustrated in Fig. 2. .
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Fig. 2. DTA of initial y-Al,O3: a) pure y-
A1203, b) waste "{-A1203
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The thermal method shows the individual
stages of weight loss occurring due to reactions
of dehydration (separation of the adsorbed water)
and the burning of the organics present in the
initial powder. It can be seen from the DTA
analysis of pure Al,O; (Fig. 2a) that a wide endo-
thermal effect was registered at about 110°C due
to the release of the physically bonded water,
which was accompanied by about 0.04% weight
loss. The crystallization water evaporated at
about 450°C, which was also indicated by an
endothermal effect.

The curve obtained from the analysis of waste
ALO; (Fig. 2b) has a wide endothermal effect at
about 120°C, which indicates the release of the
physically bonded water and the weight loss here
was about 4.72%.

During the heating of the two kinds of alu-
minium oxide, exothermal effects were regis-
tered at 284.6°C (Fig. 2a) for the pure Al,O; and
at 351.6° for the waste Al,O; (Fig. 2b). Both
exoeffects were accompanied by about 11 %
weight loss.

Study of the properties of the ceramics obtained
X- Ray analyses

The data are show in Fig. 3. All four samples
showed diffraction maxima for three phases pre-
sent at different contents: mullite (AlgxSis-
%010, X = 0.4), cristobalite (SiO;) and corun-
dum (Al,O3). The references used were taken
from the PDF ICDD library, as follows: mullite —
Powder Diffraction File #15-1776; cristobalite —
Powder Diffraction File #39-1425; corundum —
Powder Diffraction File #46-1212.

The predominant phase in the ceramics was
mullite accompanied by corundum and cris-
tobalite phases, which are due to non-reacted
A1203 and 8102

The lower sintering temperature of the ceram-
ics was achieved by adding 3 mass% of TiO; in
the initial blend. It forms a solid solution with
corundum, thus facilitating the formation of de-
fects in its lattice and, respectively, ease ceram-
ics sintering at lower temperature. A higher con-
tent of this additive would cause deterioration of
ceramics properties, namely poorer physico-
mechanical properties due to the processes of
recrystallization.
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Fig. 3. Powder diffractograms of samples MC 5
+ MCS8

Study of the ceramics surface

Fig. 4 shows photographs of surfaces of the
samples synthesized with addition of 20% pore
former (rice husks ash) to the initial pure or
waste corundum powder. The microscopic stud-
ies of the ceramic samples surface shown in Fig.
4 were carried out with light microscope.

Fig. 4 Surface image of ceramic samples with
20% rice husk: a) MC 6 and b) MC 8

The photographs show that the surface of the
samples made from pure oxide (MC6) was
rougher and more inhomogeneous.

L8]



Determination of basic physicochemical proper-
ties

Some of the important physicochemical prop-
erties of the samples were determined, namely:
water uptake (WU), apparent density (p,p,) and
apparent (open) porosity (P,,). The results ob-
tained are presented in Table 3.

Table 3. Basic physicochemical properties of the
samples

No of the Water up- P app, g/em® porosity ,,, %
sample take, %
MCS 41.20 1.28 52.85
MC 6 45.92 1.24 56.97
MC7 36.52 1.37 50.10
MCS8 39.73 1.34 53.32

As can be seen from Table 3, blends MC6
had the highest open porosity — 56.97%. In our
study, a comparatively high open porosity and
very good physicomechanical properties were
achieved due to the burning component added.
By burning the rice husks, the residual non-burnt
carbon in them burned down and releases carbon
oxides, which gave the necessary porosity.

CONCLUSIONS

Based on the results from the experiments,
the following conclusions were made:
Porous mullite ceramics were synthesized using
the burning additive method;
e The phase compositions of the synthesized
porous materials were investigated by X-ray
analysis;
e Besides mullite, synthesized ceramics con-
tain corundum and a-cristobalite;
e [t was found out that the composition based
on pure aluminum oxide containing 20% ash of
rice husk has the highest porosity;
e These materials are dielectrics and could be
used as part of capacitor elements.
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ABSTRACT

This study shows the possibility to synthesize Co-doped willemite ceramic pigments via solid-state
high temperature sintering. The starting materials used for the synthesis of pigments were CoO, ZnO,
Fe;0;, NiO, P,Os and amorphous Si;O.H,0. In the synthesized pigments ZnO was substituted partially
by CoO. The optimal parameters of the synthesis process were determined. The willemite ceramic
pigments were studied mainly by X-ray analysis, scanning electron microscopy (SEM) as well as by
the CIELab system of color measurement. It was found out that the synthesized pigments are suitable
and can be successfully applied in glaze tiles and sanitary ceramics.

Key words: willemite pigments, CIELab color measurement, oxide additives, solid-state sintering

INTRODUCTION

Ceramic pigments are inorganic colored
finely dispersed powders which, when added to
some medium, impart certain color and change
some of its properties. Beside their coloring abil-
ity, ceramic pigments are resistant to atmos-
pheric and chemical influences, high tempera-
tures, the decomposing activity of silicate melts
and the effects of light [1 - 5]. These colored
inorganic substances have a high coefficient of
light refraction, they are insoluble in water, or-
ganic solvents and binding materials, but possess
the ability to disperse in them and impart specific
color.

In recent years, researchers from many coun-
tries work on the synthesis, characterization and
properties of various kinds of willemite ceramic
pigments prepared from both natural and waste
materials [6, 7]. Willemite is a mineral, zinc
silicate (2Zn0.Si0,). It was discovered in the
form of small brown crystals and named after the
King of Holland Willem I (Willem Frederik) in
1830. Willemite can be green, yellow, brown,
red-brown, orange, and blue. It can be found in
nature as prismatic translucent and small needle
crystals. It is one of the few silicates with or-
thogonal syngony, which is more characteristic
of carbonates.

The ceramic pigments with structures of wil-
lemite 2Zn0.Si0, which crystalize in the trigo-
nal syngony have been known for some time.
Such is the widely wused cobalt silicate
2C00.Si0, with fine blue color. The color pal-
ette of willemite pigments today is quite large
[8]. If zinc oxide is substituted with nickel oxide,
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blue pigments which successfully compete with
the more expensive cobalt pigments can be ob-
tained. The introduction of FeO results in yellow
and brown pigments and MnO in pink, purple
and grey [8]. Attempts have been made to substi-
tute not only ZnO but also SiO, with other acidic
oxides such as SnO,, TiO,, ZrO, [9].

The aim of the present paper is to study the
possibilities to synthesize blue willemite ceramic
pigments from pure materials with respect to
their possible use as pigments in the silicate in-
dustry.

MATERIALS AND METHODS

1. Materials

The synthesis of pigments is carried out by a
solid state reaction using the following chemi-
cally pure initial materials: CoO, ZnO,
Si02.2H20, FeZO3, NIO, P205 n NaF. Amour-
phous Si,0.H,0 was used as a source of SiO,. In
these synthesized pigments ZnO could be par-
tially substituted by CoO.

The SiO, feedstock used in the system
Si0,.nH,O is considerably more reactive than
conventional quartz sand and has a particle size
in the range of 2-7 um. The mineralizer of NaF is
used to reduce the temperature of the synthesis
and accelerate the processes of formation of the
new phase.

2. Methods

The willemite ceramic pigments were studied
mainly by X-ray analysis, scanning electron mi-
croscopy (SEM) as well as by the CIELab sys-
tem of color measurement.



The X-ray analyses were carried out by the
method of powder diffraction using X-ray appa-
ratus equipped D2 PHASER AXS — Brueker,
with Cu anode and K, emission, (CuKa,
A=1.5406A). The following operating regime
was used during the experiments: current 10 mA
and voltage 30 kV.

The morphology and microstructure of the
piments were investigated by scanning electron
microscopy (SEM). The electron microscope
photographs were taken using a Philips
SEM525M/EDAX9900 scanning electron micro-
scope with attached X- ray microanalyst. The
microphotographs were taken in a regime of
secondary electrons at acceleration of 20 kV.

Color measurement. Color is one of the most
important indicators of pigment quality. Colored
substances absorb and convert light rays of a
certain wavelength into the visible portion of the
spectrum, due to their atomic structure. The
CIELab system defines colors not only of ceram-
ic pigments but also of other materials, which
indicates that this system is universal and widely
used. In the present paper the pigments color is
determined spectrally with a Lovibond Tintome-
ter RT 100 Color. The colour measurements
were performed using the CIELab method. This
method, which is the standard method in the
ceramic industry, especially for ceramic pig-
ments, allows to determine the whiteness and
color degree of tiles by measuring the three pa-
rameters: L*, a* and b*, where:

- L* (brightness), from absolute white L* = 100
to absolute black L* =0

-a* - green color (-)/red color ( +)

- b* - blue color (-) / yellow color ( +)

The color space of the CIELab system is
shown in Fig. 1 (A-C).

-d

- -I-_--a
+bli

-b1

A) brightness 25 %
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Fig. 1 (A, B, C) The colour space of CIELab
system

EXPERIMENT

In order to obtain willemite ceramic pigments
in the system Co00.Zn0.SiO, the composition of
the blends was calculated. The following pig-
ment compositions were prepared:
C00.Zn0.Si0,,C00.Zn0.Si0,0.1Fe,03,C00.Zn
0.Si0,0,INiO and C00.Zn0.0.5Si0, 0,5P,0s.
First, after calcination in a platinum crucible, the
SiO, and H,O content in SiO,.nH20 was deter-
mined, as follows: SiO, — 76.3% and H20 —
23.7%. Quantities of the starting oxides, such as
Zn0, CoO0, Fezo3, NIO, P205 and SlgOHgO in
the 100 g batch recipe were weighed to the near-
est 0.1 g, then mixed and homogenized in a
FRITCH PULVERIZETES planetary mill.

The composition of the samples is shown in
Table 1.



Table 1. Composition of the samples

No of Composition
sample
1 C00.2n0.SiO,
2 C00.Zn0.Si0, 0.1Fe,04
3 C00.Zn0.Si0,.0,1NiO
4 C00.Zn0.0.5Si0,0.5 P,0Os

The synthesis of pigments was carried out by
the method of solid state sintering. The sintering
of the initial blends was performed in a laborato-
ry muffle furnace at heating rate 6°C\min and 1 h
isothermal period at the final temperature. The
pigments were sintered at 900°C and 1000°C.
After sintering, additional homogenization was
carried out in a planetary mill PULVERIZETES,
a product of FRITCH Co.

RESULTS AND DISCUSSION

X —ray analysis of the pigments

Fig. 2 shows the results obtained from X-
ray phase analyses of the pigments. The X-ray
analyses carried out showed that cobalt — wil-
lemite ceramic pigments were synthesized in
the system x.C00.(2-x).Zn0O.SiO,, where x=
1,00.

It can be seen from the X-rays analyses that
the main phase was a willemite and reflexes of
the zinc silicate were also observed.

Color Measurement

One of the most characteristic properties of
pigments is their color. In this respect, one of the
most important studies of pigments is connected
with the determination of their color coordinates.
The coloring of pigment occurs due to the selec-
tive absorption of certain wavelengths of light by
its crystal lattice. As a result, the pigments are
colored in a color complementary to the ab-
sorbed one. Most often, the color carriers in the
pigments are the chromophores. These are atoms
and atomic agglomerates which have the ability
to impart one or another color to the substances
in which they are present.

Table 2 shows the results obtained for color
coordinates of the pigments synthesized, using
the CIELab colour system. All pigments are
blue, due to the cobalt ion. It can be seen from
the data presented that the best results were ob-
tained for Co-willemite  pigment k
C00.Zn0.Si0, synthesized at 1000°C-b*=-47.2.
Good results are also obtained for the same com-
position synthesized at 900°C, b*=-31.4. After
the introduction of additives such as FeO, NiO,
P,Os the blue color decreases, resp. parameter -
b* decreases, too. As the temperature of the syn-
thesis increases, the amount of blue color in-
creases (Table 2).

Table 2. Color measurement of pigments synthe-
sized at 900°C and 1000°C

Pigment Colour | L*

Fig. 2. XRD parents of Co — doped zinc silicate
synthesized at 1000°C in the system
C00.Zn0.Si02: 00-046-1316 - willemite —
(Zn, Co) ,Si0,: 00-037-1485 zinc silicate
Zn28i04
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C00.Z2n0.Si0z
1-800°C

287

Co0.Zn0.Si0:
1-1000°C

385| 84

C00.2n0.8102.0,1Fe0
2 -800°C

Co0.Z2n0.S102.0,1Fe0
2 -1000°C

235 -32

296 | 01 | 244

Co0.Zn0.8i0-.0,1NiO
3-800°C

Co0.Zn0.8i05.0,1NiO
3-1000°C

283113 | -226

416 39 | -375

Co0.Zn0 .0,55i0,.0,5P,05 -243

4-900°C

538 | 12,6

Co0.Zn0.0,5510,.0,5P,05
4-1000°C

623|105 | 268

SEM analysis

To determine the topography of the samples,
scanning electron spectroscopy was applied.
Scanning electron microscopy (SEM) is a meth-
od for direct study of the structure of the sam-
ples. Observations were combined with Energy



Distributed X-ray Spectroscopy conducted with a
Bruker detector. Fig. 3 (a, b) show micrographs
of willemite pigments.

The synthesized pigments were observed in
reflected electron mode at low (1500 times) and
high (3000 times) increases. SEM observations
at low magnifications were combined with a
mapping EPCP to monitor the distribution of the
elements in crystalline phase (Fig. 3b)

T .

Fig.3 (a, b) Micrographs of Co — willemite
pigment synthesized at 1000°C

The figure shows that the particles are opaque
to the electron beam. In this aspect from the pic-
tures taken, conclusions can only be drawn about
the shape and size of the crystals as well as their
tendency to aggregation. The crystal sizes were
from 3 to 5 um. In most cases, however, the ten-
dency for aggregation was quite strong and the
material began melting under the electron beam.

CONCLUSIONS

Willemite ceramic pigments were synthesized
via solid-state high temperature sintering.
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The optimal parameters for the process of
synthesis of all initial mixtures were established.

The starting materials used for the synthesis
were CoO, ZnO, CoO, Fe,O; NiO and
Si0,.H,0.

In the synthesized pigments ZnO was substi-
tuted partially by CoO.

It was found out that the pigment with com-
position Co0.Zn0.SiO, synthesized at 1000°C
had the most saturated color. At this composition
the amount of blue color measured by the system
CIELab was b* =-41.24.

The introduction of oxide additives, such as
FeO, NiO, P,0s, led to decrease of the intensity
of blue color: the parameter (-b *) had lower
values.

It was established that the synthesized pig-
ments could successfully be used in glazes for
wall tiles.
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ABSTRACT

The application of anaerobic digestion of livestock manure is a useful technology for reducing or-
ganic waste matter and simultaneously gaining energy in the form of biogas. Consumer economy en-
courages the consumption of a large amount of dairy and meat products and, as a result, livestock
farms increase their capacities and their waste. On the other hand, this kind of waste incorporates a
considerable amount of phosphorus. Phosphorus is a biogenic element needed by all living organisms
and it is a non-renewable resource mined from phosphate rocks. Our experimental work comprised a
process of anaerobic digestion batch of buffalo manure for 42 days in which the quantity of phos-
phates in soluble form as well as other required parameters were monitored.

Key words: phosphorus, soluble phosphates, anaerobic digestion, buffalo manure

INTRODUCTION

Anaerobic digestion (AD) is a commonly
used technology that generates biogas and breaks
down organic materials by anaerobic microbes.
The processes of AD are used in the treatment of
organic wastes, such as livestock manure, munic-
ipal waste, food and fruit/vegetable processing
waste, etc.

The advantages of AD technologies are: sub-
stantial odour reduction; reduction of greenhouse
gas (GHG) emissions; potential pathogen reduc-
tion; minimization of solid waste for disposal;
production of a renewable energy source (biogas)
and enhanced nutrient management [1].

Since the animal industry is growing to meet
the increasing consumption of more livestock
products as a result of the population growth,
changes in life habits and higher living standards
[2], animal wastes need more appropriate treat-
ment because of the quantity and quality of their
resources.

AD effluent contains a high level of phospho-
rus (P) that, when directly discharged, has a po-
tential to cause various environmental issues, for
instance eutrophication, which affects aquatic
biological systems. On the contrary, phosphorus
is a principal nutrient of concern to all living
organisms, it plays a vital role in plant and ani-
mal physiology and growth. It takes part in plant
photosynthesis. It is incorporated in the Adeno-
sine Tri-Phosphate (ATP) molecule that acts as
an energy carrier for cells. In natural ecosystems,
phosphorus is present in low concentrations in
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soils and, for the most part, found in the form of
compounds that are not available for plant up-
take. Due to its scarcity, ecosystems have
evolved to be very effective in the use of phos-
phorus. Also, phosphorus is applied in many
industries. In 2005, total external inputs to EU
cropland and livestock amounted to 1.8 Mt P,
comprising 1.4 Mt of mineral fertiliser P and 0.4
Mt P in feed imports [4]. The reason why special
attention is paid to this element is that phospho-
rus is considered a non-renewable resource on
the human time scale because the rock takes
about 10 to 15 million years to form. Having in
mind the demand for phosphorus, it is expected
that there will be a phosphorus deficiency [3]. In
the last decade, phosphorus recovery has been
the subject of intense research. With current
technology and incentives for implementing the
circular economy, the most promising three cate-
gories of substrate to work on are: sewage waste
and food chain waste especially slaughterhouse
waste. The potential volume of recovery of these
substrates are estimated to be ca. 2.5 Mt P annu-
ally [5].

P recovery from AD residues in the form of
struvite (MgNH4PO4.6H20), a high-quality
fertilizer, has been numerously proved as an
applicable technique in the literature [6-12].
Most of the studies in the literature support the
removal/recovery of the readily available nutri-
ents in the digestion [13-15]. However, the disso-
lution of phosphorus from the solid phase is crit-
ical for the recovery of phosphorus.



There is no doubt that pH is one of the most
important factors affecting P release [16], be-
cause sorption—adsorption, precipitation—
solubilisation and other chemical reactions relat-
ed to P speciation transformation are greatly pH
dependent.

One way to extract phosphorus from organic
matter is by acidification of the effluent and sep-
aration of the fluid from solid phase [17].

Also, sludge fermentation, during which P re-
lease is observed resulting from the degradation
of intracellular polyphosphate from polyphos-
phate-accumulating organisms (PAQS), is greatly
affected by pH [18]. In order to recycle P re-
sources as much as possible, it becomes very
important to release P from manure.

To optimise the crystallization of struvite
conditions such as high pH of the fluid (up to pH
9), an environment relatively clean from organic
matter, addition of seed material, etc are needed.

The aim of this study is the monitoring of the
concentration of soluble form of phosphates dur-
ing an AD of buffalo manure and assessment of
the potential of digestated effluent for crystalliza-
tion of struvite.

EXPERIMENT

The experiment was performed in a lab-scale
glass anaerobic reactor with working volume of
1200 ml (Fig. 1). The reactor was joined to a hot
plate and a thermal probe to maintenance tem-
perature of 35°C (mesophilic condition), and a
propeller agitator. The biogas produced ran
through an outlet pipe into a measuring cylinder,
where it was quantified.

One batch with substrate provided by the
Murra - 2002 OOD buffalo farm in Straldzha
was used. Manure samples were collected by
floor scrapings of the buffalo stables. The inocu-
lum volume was 10%. It came from the storage
tank in the farm and it was free from rough live-
stock waste such as straw and had a total solid
content of 4.4%. The substrate consisted of fresh
buffalo manure, blended in a mixer and diluted
with tap water to 4.4% total solids.

Sampling was done every two days and the
samples were tested in replicate for:

1) pH: potentiometric measurement

2) Dissolved phosphates (PO4): according

to ISO 6878:2004

3) Dissolved ammonium ions (NH4): spec-

trophotometric determination by Nessler.
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The samples were centrifuged at 3000 rpm for
5 min to separate the solids, and the supernatant
was used foe chemical analysis.

Fig. 1. Lab-scale anaerobic digestion reactor

For the purposes of the experiment the values
of the following parameters were analysed at the
beginning and the end of the process:

4) Total solids (TS): oven drying at 105°C
until constant weight.

Volatile solids (VS): drying in laboratory

muffle furnace at 600°C until constant

weight. VS represent the difference be-
tween TS and fixed solids (FS).

Inorganic solids (10S): they are equal to

FS after drying at 600°C.

Chemical oxygen demand (COD): cen-

trifugation and analysis of the supernatant

according to cuvette test (Hach) — LCK

514

Total nitrogen (TN): N-reduction and

Kjeldahl analysis. The N-content is quan-

tified titrimetrically.

Total phosphorus (TP): acid digestion

with concentrated sulphur acid and suc-

cessive analysis of phosphates according

to I1ISO 6878:2004.

10) Coliforms: Most probable number (MPN)
according to EPA Method 1681: Faecal
Coliforms in Sewage Sludge (Biosolids)
by Multiple-Tube Fermentation using A-1
medium (2006).

5)

6)

7)

8)

9

RESULTS AND DISCUSSION

Table 1 shows the characteristics of the sub-
strate before and after anaerobic digestion. With
the AD process the amounts of TS, VS and COD
were decreased by 29%, 27% and 37%, respec-
tively.



Table 1. Substrate characteristics before and
after anaerobic digestion

Parameter Before AD After AD

TS, % 4.40+0.05 3.11+0.02

VS, % 3.34+0.01 2.43+0.06
10S, % 1.05+0.04 0.69+0.04

pH 7.70+0.32 7.54+0

COD, mgO,I* 14,150+70.71  8,975+106.07
TN, % 0.12+0.002 0.07+0.01

TP, % 0.036+0.002 0.038+0.001
C:N:P 51.67:339:1 3598:1.75:1

Coliform bacteria, indicator organisms of mi-
crobiological contamination, were reduced to
5.22 MPNg™ in log with a 95% confidence inter-
val [4.22, 5.65], as the initial value was 7.32
MPNg™ in log with a 95% confidence interval
[6.78, 7.70].

The monitoring of soluble phosphates during
the AD process showed an initial rise of the PO4
until the sixth day of the experiment (Fig. 2) and
a subsequent decrease to values close to the orig-
inal ones. A study about the effect of AD on
manure characteristics for phosphorus precipita-
tion from swine waste resulted in 26% available
reactive phosphorus increase [17].

Also, it is noticeable that the pH value at the
beginning of the process varied between 6.7 and
6.9 (Fig. 3), and on the eleventh day of the ex-
periment the pH value had a stable position be-
tween 7.40 and 7.54. This could be explained by
the high development rate of volatile fatty acids
due to the degradation of organic matter. The
higher pH shows that the volatile fatty acids were
utilized due the methanization process and
caused the increase of alkalinity.
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The ammonium ions concentration during AD
has a stable state, as shown in Figure 4. Our ex-
perience in other AD experiments with livestock
manure from cattle had analogous results.
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Fig. 4. Monitoring of ammonium ions

CONCLUSION

During the AD process the monitoring of sol-
uble phosphates shows an initial rise of PO4 until
the sixth day of the experiment and a subsequent
decrease to values close to the original ones.
However, the soluble phosphates concentration is
reasonably high for undertaking successive
treatment steps of microfiltration and crystalliza-
tion of struvite by addition of a magnesium
source and increase of pH.
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INVESTIGATION OF THE BIOACTIVITY SCORE OF THIRD GENERATION RETINOIDS
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ABSTRACT

Retinoids comprise a family of polyisoprenoid lipids that include vitamin A and its various natural
and synthetic analogues. Due to the existence of different types of retinoid receptors, response ele-
ments and cofactors, retinoid physiology is mediated by multiple discrete pathways and is highly com-
plex. The aim of this work is to calculate the probable molecular physicochemical properties and bio-
activity score of third generation retinoids with Molinspiration software. The data analysis revealed
that some third generation retinoids have various molecular properties and structural features and
their bioactivity score is active and moderately active.

Key words: third generation retinoids, predict, bioactivity score, molecular properties

INTRODUCTION idly metabolized to an active free acid form taza-
rotenic acid, which is rapidly eliminated in ani-
Retinoids include both naturally occurring  mal species. Tazarotene selectively transactivates
molecules and synthetic compounds that have  RAR P and RAR v subtypes which are the pre-
specific biologic activities that resemble those of  dominant receptors in epidermis and is inactive
vitamin A. Vitamin A or retinol is a fat soluble  at retinoid X receptors (RXRs). It has low sys-
vitamin. Its esterified form, vitamin A palmitate,  temic absorption after topical administration.
is supplied in the diet by animal sources such as  Topical doses are neither teratogenic nor car-
fish oil, eggs, butter, fortified margarine and an-  cinogenic and are not sensitizing or photosensi-
imal liver. Vitamin A is also derived from carot-  tizing. The RAR nuclear receptor is the predomi-
enoid pigments, particularly p-carotene, which is  nant receptor in the epidermis for which taza-
found in many green and yellow vegetables [1]. rotenic acid has high affinity. Temarotene and
Third Generation: These are poly-aromatic ~ mofarotene are newer arotinoids awaiting FDA
retinoids called arotinoids, which include adapa-  approval. Temarotene shows no sign of hypervit-
lene, bexarotene, tazarotene, temarotene, mofaro-  aminosis A and is not teratogenic presumably
tene [2]. due to its lack of a polar group. This can be used
The discovery of retinoic acid receptors in the  clinically in the treatment of proliferative derma-
1980s allowed research directed towards receptor  tological diseases. Mofarotene can be used as an
specific, third generation retinoids with a safer  antineoplastic agent in lymphomas and breast
therapeutic index and a more selective action. In cancer [2].
the 1990s, researchers began devising molecules The aim of this work is to calculate the prob-
that would have greater conformational rigidity.  able molecular physicochemical properties and
As a result, adapalene, a derivative of naphthoic  bioactivity score of third generation retinoids
acid having comedolytic, antiproliferative and  with Molinspiration software. The data analysis
anti-inflammatory properties [3], was found. It  revealed that some third generation retinoids
has a similar efficacy to tretinoin but unlike tret-  have various molecular properties and structural
inoin, is stable in sunlight and tends to be less  features and their bioactivity score is active and
irritating. Bexarotene belongs to a subclass of  moderately active.
arotinoids called rexinoids, because they bind to

the retinoid X receptors which are responsible MATERIAL AND METHODS

for controlling cell division. It is a drug of choice

in CTCL (cutaneous T-cell lymphoma) [2]. Compound Data. Five compounds of third
Tazarotene is a novel, acetylenic retinoid, and  generation retinoids are presented in Table 1 [4].

is the first topical retinoid developed for the Molinspiration. Molinspiration supports the

treatment of psoriasis. It targets keratinocyte and  internet chemistry community for calculation of
modulates the major causes of psoriasis. It is rap-  important molecular properties (logP, polar sur-

40



face area, number of hydrogen bond donors and
acceptors and others), as well as prediction of
bioactivity score for the most important drug tar-
gets (GPCR ligands, kinase inhibitors, ion chan-
nel modulators, nuclear receptors) [5].

LogP (octanol/water partition coefficient).
LogP is calculated by the methodology devel-
oped by Molinspiration as a sum of fragment-
based contributions and correction factors. The
method is very robust and is able to process prac-
tically all organic and most organometallic mole-
cules.

Molecular Polar Surface Area TPSA. Molec-
ular Polar Surface Area is calculated based on
the methodology published by Ertl et al. [6] as a
sum of fragment contributions. O- and N- cen-
tered polar fragments are considered. PSA has
been shown to be a very good descriptor charac-
terizing drug absorption, including intestinal ab-
sorption, bioavailability, Caco-2 permeability,
and blood-brain barrier penetration.

Molecular Volume. The method for calcula-
tion of molecule volume developed at Molinspi-
ration is based on group contributions. These
have been obtained by the fitting sum of frag-
ment contributions to “real” 3D volume for a
training set of about twelve thousand, mostly
drug-like molecules. 3D molecular geometries
for a training set were fully optimized by the
semiempirical AM1 method.

"Rule of 5" Properties is a set of simple mo-
lecular descriptors used by Lipinski in formulat-
ing his "Rule of 5" [7]. The rule states that most
"drug-like" molecules have logP <=5, molecular
weight <= 500, number of hydrogen bond accep-
tors <= 10, and number of hydrogen bond donors
<= 5. Molecules violating more than one of these

rules may have problems with bioavailability.
The rule is called "Rule of 5" because the border
values are 5, 500, 2*5, and 5.

The number of Rotatable Bonds — nroth. This
simple topological parameter is a measure of mo-
lecular flexibility. It has been shown to be a very
good descriptor of oral bioavailability of drugs
[8]. Rotatable bond is defined as any single non-
ring bond, bounded to nonterminal heavy (i.e.,
non-hydrogen) atom. Amide C-N bonds are not
considered because of their high rotational ener-
gy barrier.

Bioactivity score. Bioactivity of the drug can
be checked by calculating the activity score of
GPCR ligand, ion channel modulator, nuclear
receptor legend, kinase inhibitor, protease inhibi-
tor, and enzyme inhibitor. The drug likeness
score of each compound was calculated and
compared with the specific activity of each com-
pound, and the results were compared with a
standard drug. For organic molecules the proba-
bility is: if the bioactivity scores (>0), then it is
active, if (-5.0-0.0) then moderately active, if (<-
5.0) then inactive [5].

RESULTS AND DISCUSSION

The Molinspiration software has been used
for identification of probable parameters: molec-
ular physicochemical properties (Table 1) and
bioactivity score (Table 2) of five compounds of
third generation retinoids.

The data from the calculation of molecular
physicochemical properties of the five retinoid
compounds of third generation are presented in
Table 1.

Table 1. Calculated data for molecular physicochemical properties of third generation retinoids.

Third generation retinoids A A,

Az Ay As  As Ay Ag Ay

Bexarotene
ﬁ'_'\
c?;CH, ?—j 681 3730
2
Adapalene 7.69  46.53

26 34849 2 1 1 3 342'7
31 41258 3 1 1 4 38726



OH

Foog -
i3

Tazarotene

405 39.20

cccccc

Temarotene

25 35147 3 0 0 3 325.29
23 30448 O 0 1 2 321.44
32 43364 3 0 1 6 442.17

*The following properties are available:

A:: LogP - octanol-water partition coefficient; A,: PSA - polar surface area; As: natoms - number
of nonhydrogen atoms; A;: MW - molecular weight; As: nON - number of hydrogen-bond acceptors
(O and N atoms); Ag: Nohnh - number of hydrogen-bond donors (OH and NH groups); A;: nviolations
- number of Rule of 5 violations; Ag: nrotb - number of rotatable bonds; Ag: volume - molecular vol-

ume

The data analysis in Table 1 shows that:

a) the five retinoid compounds have one value
(Tazarotene) less and four values larger (Bexaro-
tene, Adapalene, Temarotene and Mofarotene)
than five (log P has to be <=5); b) Molecular
weight has to be <= 500; for the retinoid tested
are less than 500; ¢) The parameter Polar Surface
Area is from 0 to 46.53 for the five retinoid
compounds, d) Number of hydrogen bond accep-
tors has to be <= 10 and has to be number of hy-
drogen bond donors <= 5; It is within limits for
the retinoid compounds; e) Number of Rule of 5
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violations — the values of compounds are be-
tween 0 and 1; f) The topological parameter
(number of rotatable bonds) is a measure of mo-
lecular flexibility. The value of the retinoid com-
pounds is between two and six; g) Molecular
volume. The values of the molecular volume of
the five retinoid compounds are from 321.44 to
442.17.

Calculated data of bioactivity score of retin-
oid compounds are present in Table 2.


https://www.molinspiration.com/services/logp.html
https://www.molinspiration.com/services/psa.html
https://www.molinspiration.com/services/volume.html
https://www.molinspiration.com/services/volume.html

Table 2. Calculated data for bioactivity score of the five retinoid compounds

Third generation retinoids Ay A, As As As As
Bexarotene
O\fOH
=
e, [\J 0.47 0.14 0.01 0.92 0.02 0.39
rﬁ“ .f.f:\\ /l\\
( /J “GHy
><U
Adapalene
) OO @ 0.11 -0.03 -0.04 0.39 0.04 0.17
)
[§a
Tazarotene
e @Aﬂm 0.21 -0.07  0.02 0.60 0.06 0.37
Temarotene
0.25 0.17 0.06 0.75 -0.12 0.28
0.21 0.07 0.10 0.59 -0.06 0.17

*The following properties are available:
A;: GPCR ligand; A: lon channel modulator; As: Kinase inhibitor; A4: Nuclear receptor ligand;
As: Protease inhibitor; As: Enzyme inhibitor;

The data show that for all calculated bioactiv-  activity values are greater than O and therefore
ity scores of bexarotene it is active because bio-  bexarotene is active. The Adapalene is active for
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the following bioactivity score (GPCR ligand,
Nuclear receptor ligand, Protease inhibitor and
Enzyme inhibitor) and is moderately active for
lon channel modulator and Kinase inhibitor. The
Tazarotene is active for the following bioactivity
score (GPCR ligand, Kinase inhibitor, Nuclear
receptor ligand, Protease inhibitor and Enzyme
inhibitor) and is moderately active for lon chan-
nel modulator. Both Temarotene and Mofarotene
are active for the following bioactivity score
(GPCR ligand, lon channel modulator, Kinase
inhibitor, Nuclear receptor ligand and Enzyme
inhibitor) and is moderately active for Protease
inhibitor.

The diversity of possible drug targets (of
which each requires a different combination of
matching molecular characteristics) is so enor-
mous that it is impossible to find a common de-
nominator for all of them and to express mole-
cule drug-likeness by a single "magic number".
Simple count criteria (like limits for molecular
weight, log P, or a number of hydrogen bond
donors or acceptors) have also a relatively lim-
ited applicability and are useful only to discard
obvious non-drugs [5].

CONCLUSIONS
The five retinoid compounds of third genera-

tion may be defined as a complex balance of var-
ious molecular properties and structural features.
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Their bioactivity score is active and moder-
ately active.
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ABSTRACT

Cyclododec-2-en-1-yl ethers are derived by the catalytic substitution reaction between isomeric cy-
clododec-2-en-1-yl acetates and primary aliphatic alcohols in the presence of Pd°[PPhs],s. Newly syn-
thesized chemicals such as the cyclododec-2-en-1-yl ethers need to be explored for molecular proper-
ties and bioactivity score to be introduced in the environment and living organisms. The aim of this
work is to calculate the probable molecular physicochemical properties and bioactivity score of cy-
clododec-2-en-1-yl ethers with Molinspiration software. The data analysis revealed that the newly
synthesized cyclododec-2-en-1-yl ethers have good performance for molecular properties and bioac-
tivity score is active for the lon channel modulator and Enzyme inhibitor and moderately active for
GPCR ligand, Kinase inhibitor, Nuclear receptor ligand and Protease inhibitor.

Key words: cyclododec-2-en-1-yl ethers, predict, bioactivity score, molecular properties

INTRODUCTION Among the numerous compounds used in the
perfume industry nowadays, methoxy- and eth-
Scientific and regulatory activity in environ-  oxycyclododecanes as well as (2-

mental (ecological) risk assessment continues to  methoxyethoxy)- and (2-ethoxyethoxy) cyclodo-
progress globally. In Europe, the REACH pro-  decanes hold an important position. The com-
gramme, together with the new requirements for  monly accepted procedures for the preparation of
the ERA of human pharmaceuticals, represent  these compounds are multi-stage, and some of
significant developments in regulatory ERA pro-  the reaction steps are associated with the for-
cedures for the industry. The Organisation for  mation of highly-toxic, explosive, or expensive
Economic Co-operation and Development chemicals. The cyclododec-2-en-1-yl ethers are
(OECD), for example, has been developing in  derived by the catalytic substitution reaction be-
vitro and in vivo mammalian and wildlife test  tween isomeric cyclododec-2-en-1-yl acetates [8]
guidelines for assessing the developmental and  and primary aliphatic alcohols in the presence of
reproductive effects of chemicals in the envi-  Pd’[PPhs], [9]. Newly synthesized chemicals
ronment [1, 2]. such as the cyclododec-2-en-1-yl ethers need to
It is evident that ecological risk assessment  be explored for molecular properties and bioac-
(ERA) of synthetic organic compounds can pro-  tivity score to be introduced in the environment
vide a safeguard against pollution [3]. ERA in-  and living organisms.
cludes three primary phases as defined by U.S. The aim of this work is to calculate the prob-
Environmental Protection Agency (US EPA): able molecular physicochemical properties and
problem formulation, analysis, and risk charac-  bioactivity scores of cyclododec-2-en-1-yl ethers
terization [4]. It is obvious that data on physico-  with Molinspiration software. The data analysis
chemical properties, environmental behaviour revealed that the newly synthesized cyclododec-
and ecotoxicology of organic compounds, are  2-en-1-yl ethers have good performance for mo-
indispensable for the ERA. However, the data  lecular properties and bioactivity score is active
have three aspects of problems: 1) Lack of the  for the lon channel modulator and Enzyme inhib-
data [5]; 2) Large expense of testing [6]; 3) Un-  itor and moderately active for GPCR ligand, Ki-
certainty in data [7]. nase inhibitor, Nuclear receptor ligand and Pro-
tease inhibitor.
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MATERIAL AND METHODS

Compound Data. Some newly synthesized
chemicals (cyclododec-2-en-1-yl ethers) are pre-
sented in Table 1 [9].

Molinspiration. Molinspiration supports the
internet chemistry community for calculation of
important molecular properties (logP, polar sur-
face area, number of hydrogen bond donors and
acceptors and others), as well as prediction of
bioactivity score for the most important drug tar-
gets (GPCR ligands, kinase inhibitors, ion chan-
nel modulators, nuclear receptors) [10].

LogP (octanol/water partition coefficient).
LogP is calculated by the methodology devel-
oped by Molinspiration as a sum of fragment-
based contributions and correction factors. The
method is very robust and is able to process prac-
tically all organic and most organometallic mole-
cules.

Molecular Polar Surface Area TPSA. Molec-
ular Polar Surface Area is calculated based on
the methodology published by Ertl et al. [11] as a
sum of fragment contributions. O- and N- cen-
tered polar fragments are considered. PSA has
been shown to be a very good descriptor charac-
terizing drug absorption, including intestinal ab-
sorption, bioavailability, Caco-2 permeability,
and blood-brain barrier penetration.

Molecular Volume. The method for calcula-
tion of molecule volume developed at Molinspi-
ration is based on group contributions. These
have been obtained by the fitting sum of frag-
ment contributions to "real” 3D volume for a
training set of about twelve thousand, mostly
drug-like molecules. 3D molecular geometries
for a training set were fully optimized by the
semiempirical AM1 method.

"Rule of 5" Properties is a set of simple mo-
lecular descriptors used by Lipinski in formulat-
ing his "Rule of 5" [12]. The rule states that most
"drug-like" molecules have logP <=5, molecular

weight <= 500, number of hydrogen bond accep-
tors <= 10, and number of hydrogen bond donors
<= 5. Molecules violating more than one of these
rules may have problems with bioavailability.
The rule is called "Rule of 5" because the border
values are 5, 500, 2*5, and 5.

The number of Rotatable Bonds — nroth. This
simple topological parameter is a measure of mo-
lecular flexibility. It has been shown to be a very
good descriptor of oral bioavailability of drugs
[13]. Rotatable bond is defined as any single
non-ring bond, bounded to nonterminal heavy
(i.e., non-hydrogen) atom. Amide C-N bonds are
not considered because of their high rotational
energy barrier.

Bioactivity score. Bioactivity of the drug can
be checked by calculating the activity score of
GPCR ligand, ion channel modulator, nuclear
receptor legend, kinase inhibitor, protease inhibi-
tor, enzyme inhibitor. The drug likeness score of
each compound was calculated and compared
with the specific activity of each compound, and
the results were compared with a standard drug.
For organic molecules the probability is: if the
bioactivity scores (>0), then it is active, if (-5.0-
0.0) then moderately active, if (<-5.0) then inac-
tive [10].

RESULTS AND DISCUSSIONS

In the present work, Molinspiration software
has been used to identify some probable parame-
ters, molecular physicochemical properties (Ta-
ble 1) and bioactivity score (Table 2), of newly
synthesized chemicals (cyclododec-2-en-1-yl
ethers).

Data from the calculation of molecular physi-
cochemical properties of newly synthesized cy-
clododec-2-en-1-yl ethers are presented in Table
1.

Table 1. Data from the calculation of molecular physicochemical properties of cyclododec-2-en-1-yl

ethers.

Cyclododec-2-en-1-yl
ethers

As Ay As  As A1 Ag Aq

R=-CH; 4,98 9.23

14 196.33 1 0 0 1 22280



R=-C;Hs 5.36 9.23
R= 'C2H4OCH3 5.15 9.23
R= 'C2H4OC2H5 5.53 9.23

15  210.36 1 0 1 2 239.60
16 224.39 1 0 1 3 256.40
17 238.41 1 0 1 4  273.20

*The following properties are available:

A;: LogP - octanol-water partition coefficient; A,: PSA - polar surface area; As: natoms - number
of nonhydrogen atoms; A,: MW - molecular weight; As: nON - number of hydrogen-bond acceptors
(O and N atoms); As: Nohnh - number of hydrogen-bond donors (OH and NH groups); A;: nviolations
- number of Rule of 5 violations; Ag: nrotb - number of rotatable bonds; Ag: volume - molecular vol-

ume

The data analysis in Table 1 shows that:

a) newly synthesized cyclododec-2-en-1-yl
ethers have one value less and three values larger
than five (log P has to be <=5); b) Molecular
weight has to be <= 500; for cyclododec-2-en-1-
yl ethers it is less than 500; ¢) The parameter
Polar Surface Area is 9.23 for all newly synthe-
sized cyclododec-2-en-1-yl ethers, d) Number of
hydrogen bond acceptors has to be <= 10 and has
to be number of hydrogen bond donors <= 5; It is
within limits for cyclododec-2-en-1-yl ethers; e)
Number of Rule of 5 violations — the values of

the cyclododec-2-en-1-yl ethers are between 0
and 1; f) The topological parameter (number of
rotatable bonds) is a measure of molecular flexi-
bility. The value of the cyclododec-2-en-1-yl
ethers are between one and four; g) Molecular
volume. The values of the molecular volume of
the cyclododec-2-en-1-yl ethers are from 222.80
to 273.20.

Data from the calculation of bioactivity score
of cyclododec-2-en-1-yl ethers are presented in
Table 2.

Table 2. Calculation of bioactivity score of cyclododec-2-en-1-yl ethers

Cyclododec-2-en-1-yl

ethers
OR A, A, As A, As A
R= -CH, 021 013 -053 041  -054 0.23
R= ot -0.24 008  -058 -028  -0.54 0.16
R= -C,H,OCH, -0.16 003  -040 -039  -0.34 0.06
011 006  -037 -026  -0.25 0.09

R= -CZH4OCZ H5

*The following properties are available:

A;: GPCR ligand; A,: lon channel modulator; As: Kinase inhibitor; A,: Nuclear receptor ligand;

As: Protease inhibitor; Ag: Enzyme inhibitor;

The newly synthesized organic chemicals
(cyclododec-2-en-1-yl ethers) are active for the
following bioactivity score (lon channel modula-
tor and Enzyme inhibitor) and are moderately
active for GPCR ligand, Kinase inhibitor, Nucle-
ar receptor ligand and Protease inhibitor.
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The newly synthesized organic chemicals
may be defined as a complex balance of various
molecular properties and structural features.
These properties, mainly hydrophobicity, elec-
tronic distribution, hydrogen bonding character-
istics, molecule size, flexibility and presence of


https://www.molinspiration.com/services/logp.html
https://www.molinspiration.com/services/psa.html
https://www.molinspiration.com/services/volume.html
https://www.molinspiration.com/services/volume.html

specific structural features influence the behav-
iour of the molecule in a living organism, includ-
ing bioavailability, transport properties, affinity
to proteins, reactivity, toxicity, metabolic stabil-
ity and many others.

CONCLUSION

Molecular physicochemical properties of
newly synthesized cyclododec-2-en-1-yl ethers
were selected and calculated for in silico predic-
tion with Molinspiration software. The molecular
properties showed that the molecules are active.
The newly synthesized organic chemicals (cy-
clododec-2-en-1-yl ethers) are active for the fol-
lowing bioactivity score (lon channel modulator
and Enzyme inhibitor) and are moderately active
for GPCR ligand, Kinase inhibitor, Nuclear re-
ceptor ligand and Protease inhibitor.
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DESIGN OF AIR CATHODES FOR APPLICATION IN MICROBIAL FUEL CELL
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ABSTRACT

The microbial fuel cell (MFC) with air cathode is a promising instrument for conversion of the
chemical energy of organic matter into electrical energy. An important factor for the better perfor-
mance efficiency of the cell is the design of the electrodes. Twelve air cathodes were manufactured
containing different amounts of catalyst (Vulcan) and a different number of layers. Electrochemical
screening of the different cathodes was carried out to determine their electrochemical potential. Better
results were obtained with cathode Teflon: Vulcan — 5: 0.3g with 4 layers on its surface, where the
currents measured were in the range from 2000uA to 3400uA. The application of this kind of air cath-
ode has many advantages, such as high surface area and good transfer of oxygen.

Key words: microbial fuel cell, air cathodes, waste water

INTRODUCTION

Microbial fuel cells (MFC) with air cathode
are a new and rapidly developing technology
combining two ecologically important aspects —
removal of organic and inorganic contaminants
from waste flows and generation of energy [1, 2].
The application of these bioelectrochemical sys-
tems offers a number of advantages compared to
the conventional methods for purification of
water. This new approach has gained popularity
in recent years with efforts devoted to improve-
ment of the design of the reactors. This is
achieved by various optimizations of the elec-
trodes by expansion of their area and increase of
their electrochemical activity. Teams of re-
searchers work on the deposition of different
types of catalysts, glues and conductive polymer-
ic materials to activate the processes of oxygen
transfer through the cathode [3].

Experiments of such kind were carried out by
Tatinclaux et al. [4, 5], who studied the effect of
cathodes with catalyst MnOx deposited onto a
carbon cloth in MFC, with substrate of waste
waters after the first precipitator. The researchers
established for MFC with air cathode with MnOXx
that the increase of the ratio between electrode
surface and reactor volume could help determine
the capacity and efficiency of the MFC by the
removal of substantial quantities of organic mat-
ter.

A schematic diagram of a microbial fuel cell
with air cathode is shown in Fig. 1.
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Fig. 1. Microbial fuel cell with air cathode [1]

A more detailed study of this matter can be
found in [7-12], who reported different modifica-
tions of cathodes with Vulcan and different al-
ternatives of the air cathode. Each modification
and new cathode design improve the perfor-
mance and the efficiency of the bioelectrochemi-
cal systems.

More profound and thorough research is nec-
essary regarding the electrochemical potential of
the cathode and the creation of new cathodes
with possible biotechnological application.
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Fig. 2. Design of an air cathode [3]

The deposition of several layers of catalyzing
materials is made to increase the specific area
and improve the diffusion through the cathode.

The aim of the present work is to study the
electrochemical potential of different air cath-
odes tested by cyclic voltammetry and use se-
lected cathodes in future experiments with MFC
on the basis of the results obtained.

PRESENTATION

For the present scientific research, 12 types of
air cathodes were manufactured. Based on our
previous experiments with metal matrix (stain-
less steel mesh with opening size 0.42 pm), dif-
ferent kinds of catalysts in combination with
Teflon (60% aqueous emulsion) were deposited
on it. The ratio of polymer to additive was
5:0.1g; 5:0.29; and 5:0.3g for better polymer
adhesion to the metal matrix. The cathode was
dried at room temperature for 24 h, after which
the electrochemical analyses were carried out.

The cathodes developed with catalyst Vulcan
and different number of layers had the following
compositions:

Teflon:Vulcan — 5:0.1g — 1 layer

Teflon:Vulcan — 5:0.1g — 2 layers
Teflon:Vulcan — 5:0.1g — 3 layers
Teflon:Vulcan — 5:0.1g — 4 layers
Teflon:Vulcan — 5:0.2g — 1 layer

Teflon:Vulcan — 5:0.29 — 2 layers
Teflon:Vulcan — 5:0.2g — 3 layers

Nook~wbdrE
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8. Teflon:Vulcan — 5:0.2g — 4 layers
Teflon:Vulcan — 5:0.3g — 1 layer

Teflon:Vulcan — 5:0.3g — 2 layers
Teflon:Vulcan — 5:0.3g — 3 layers

Teflon:Vulcan — 5:0.3g — 4 layers

10.
11.
12.

The electrochemical methods show the be-
haviour of the electric charges in the vicinity of
the boundary surface between two chemical
phases. In this case, one phase was electrolyte —
250 mM aqueous solution of NaCl, where the
charge transfer occurs through motion of ions.
The other phase was an electrode, which was the
phase through which the charge was transported
by the motion of electrons. The electrochemical
reactions of the modified air cathodes were ob-
served by cyclic voltammetry (Fig. 3).

Reference dectrede Carbon cloth

ey Working € ectrode
M

\

Fig. 3. Electrochemical test cell

The cyclic voltammetry curves of all the
modified air cathodes were registered at intervals
of 0.00244 and scanning speed 0.1 Vs™ at room
temperature (25 + 2°C) in 250 mM solution of
NaCl. The working electrode in this case was the
air electrode the half-reaction of which was stud-
ied. The reference electrode was the one on the
other side of the cell composed of phases with
constant compositions and standard constant
parameters. Carbon cloth was used aiming to
approximate the conditions of the real system for
which the cathodes were designed — a microbial
fuel cell. The reference electrode in its three-
component configuration was the saturated cal-



omel electrode — silver-silver chloride electrode:
Ag/AgCI/KCI (saturated aqueous solution) with
potential of 0.222V.

A test electrochemical cell was produced for
the experiments (Fig. 3).

The voltammograms obtained consisted of
two curves, the first of which corresponds to the
increase of the potential. The increase of the
potential was accompanied by decrease of the
surface concentration and reaching maximal
speed of the mass transfer which decreased later
due to the effect of exhaustion (because of the
slow diffusion). As a result, the current reached a
maximum and then started to decrease. After
reaching the maximal value of the current, the
potential was scanned in the opposite direction,
as this is indicated in the second part of the volt-
ammogram (Fig. 4).

WET L Current (4)

.0012 | ! i 1 1
16 44 2 ] 0.2 T
Polenfial applied (V)

Fig. 4. Voltammograms of cathodes 1 - 4

Fig.4 shows the voltammograms of cathodes
1-4 containing Teflon:Vulcan — 5: 0.1 g with 4
layers deposited on its surface. Values of 600uA
for the first cathode and 1000uA for the fourth
one were observed, which resulted from the in-
creased amount of Vulcan catalyst formed by the
deposition of 4 layers.

Similar results were observed for cathodes 5-
8 (Fig. 5) containing Teflon:Vulcan — 5: 0.2g and
4 layers deposited on their surfaces. The regis-
tered current values were from 700pA to
2000pA.

00005 —

WEDLCurrant ()

Potential applied (V)

Fig. 5. Voltammograms of cathodes 5-8
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Fig. 6 shows the voltammograms of cathodes
9-12 containing Teflon:Vulcan — 5: 0.3g with 4
layers deposited on their surfaces. The current
values were in the range from 2000pA to
3400pA.

WEL) Current (4)
T

<0 44 4z

2 b D2
Potendial applied (V)

Fig. 6. Voltammograms of cathodes 9-12

Based on the electrochemical analysis, better
results were obtained for the air cathodes con-
taining catalyst Vulcan in ratio Teflon:Vulcan —
5: 0.3g with 4 layers deposited on the surface.
These results are of preliminary nature and help
for fast selection of cathodes possessing electro-
active potential.

CONCLUSION

The creation of suitable design for the air
cathodes to be applied in MFC is a serious chal-
lenge for the researchers working in the field of
ecology and water purification.

It can be finally concluded that the cathode
Teflon:Vulcan — 5: 0.3g with 4 layers deposited
on its surface had better electrochemical stability
compared to the other modified air cathodes.

In this respect, the results obtained from the
present study are of certain originality and a
highly efficient cathode for future application in
MFC can be selected on their basis.
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ABSTRACT

Ultra-deep desulphurization of fuels, particularly of gasoil, has become a very important subject in
the global petroleum refining industry. The need for cleaner burning fuels has resulted in a continuing
worldwide effort to reduce sulphur levels in gasoil. We investigated the liquid-liquid extraction of
three gasoil blends with various polar solvents. Sulphur, arene content and polycyclic arenes were
measured. The most effective solvent was furfural, a less effective solvent was N-methyl pyrrolidone

and the least effective polar solvent was DEG.

Key words: sulphur, gasoil fraction, arene compounds, extraction

INTRODUCTION

Energy production is one of the most pressing
issues of modern times. Economic activity and
energy usage are intimately linked. The produc-
tion of useful goods and services requires energy,
and increased global economic output requires
more energy usage. World energy usage went up
by an average of 1.7% annually from 1980-2001,
to a total of 404 quadrillion BTUs [1]. Although
the percentage of energy obtained from fossil
fuels declined over the same period, the share of
world energy from fossil fuels is still over 82%,
half of which comes from petroleum [1]

Unfortunately, the predominant modern tech-
nique for producing energy, the burning of fossil
fuels, has a severe impact on the global environ-
ment. Part of this impact is the result of impure
fuels. Naturally occurring sulphur compounds
left in fuels lead to the emission of sulphur oxide
gases. These gases react with water in the atmos-
phere to form sulphates and acid rain, which
damages buildings, destroys automotive paint
finishes, and acidifies soil, ultimately leading to
loss of forests and other ecosystems [2]

Such utilities are not the only source of at-
mospheric sulphur. Automobiles are also ad-
versely affected by sulphur compounds. Sulphur
levels in automotive fuels have a profound effect
of the efficacy of catalytic converters. Sulphur
affects these emission control devices by strong-
ly adsorbing to the precious metal catalysts, pre-
venting the adsorption and reaction of hydrocar-
bons, nitrogen oxides, and carbon monoxide. The
EPA estimates [3] that reducing sulphur levels
from 400 ppm to 10 ppm reduces emissions of
hydrocarbons by 45.9%, NOx by 7.01%, and CO
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by 31.12% by reducing the poisoning effect of
sulphur. Obviously, emissions of SOx are also
reduced by an amount equivalent to the sulphur
reduction. The US national average sulphur level
in automotive fuel in 1997 was 339 ppm [4].

Producing energy in a clean and responsible
manner can be accomplished in a number of
ways. The use of non-fossil fuel energy sources
such as solar, wind, and nuclear power will even-
tually replace fossil fuels. However, many of
these technologies will take years to develop
before they can provide the amounts of energy
needed. In the near future, fossil fuel-based ener-
gy production will continue, and new technolo-
gies need to be developed in order to produce
clean fuels to power our societies.

There is a stringent need for new methods of
reducing sulphur content in fuel oils in order to
satisfy the upcoming legislation that will limit
the sulphur content more and more drastically.
Indeed, environmental regulations for on-road
diesel fuels planned in Europe call for a sulphur
content reduction from the current level of 350 to
50 ppm by 2005 [5] and to 10 ppm by 2009,
while in the US the actual level of 500 ppm will
have to be decreased to 15 ppm in 2006 [3]. Sim-
ilarly, Japan will impose a decrease from 500 to
50 ppm by the end of 2004 and is planning to
further lower this limit to 15 ppm in the
short/mid term. To achieve these new goals with
the current hydrodesulphurization (HDS) tech-
nology, the use of higher temperature, higher
pressure, larger reactor volume, and more active
catalysts is indispensable, but costly. Therefore,
new solutions were alternatively proposed;
among them, desulfurization (DS) appeared as
particularly promising. Indeed, DS can be con-



ducted at room temperature and under atmos-
pheric pressure, which allows a substantial cost
reduction. In such a process, DBTSs are converted
into sulphates that can be subsequently easily
removed by conventional separation operations
(e.g. distillation, solvent extraction, and adsorp-
tion) as their properties are significantly different
from those of the hydrocarbons that constitute
most of the fuel oils.

The aim of this paper is to study the desul-
phurization of gasoil fractions by extraction and
to evaluate the effectiveness and selectivity of
individual extraction systems.

EXPERIMENT

The extraction procedure is described in pre-
vious papers [6, 7].

It's known that the extraction process is gen-
erally represented as a heterophasic system be-
cause the mutual solubility at the selected exper-
imental temperatures between solvents and pe-
troleum products is negligible (below 0.001% by
weight). It is obvious that, under intense stirring
of the solvent-oil system at a certain number of
revolutions, it will become a nanosystem since
the size of the average diameter of the solvent
droplets and those of the petroleum product will
be below 100 nm. In intense stirring, a huge
range of different quantities of diameters of the
various droplets is obtained, which does not al-
low the use of conventional chemical Kinetics to
measure reaction rates. Apparently, in this case,
fractal analysis and fractal kinetics should be
applied, which requires special additional
equipment to measure the diameter of the drops
and their distribution by diameters. Since we did
not use this apparatus, we refrained from exam-
ining the system using the methods of classical
kinetics.

It must be noticed that the desulphurization of
gasoil fractions by extraction was carried out in
ambient temperature and atmospheric pressure.
The conditions of extraction processes were es-
tablished experimentally as follow: temperature
— 60 °C, duration — 1.5, 3.0, 4.5 and 6.0 hours,
and ratio gasoil blend: solvent = 1:1, 1:2.

It must be noticed that the extraction process
of the individual systems was carried out at a
constant stirring speed of 800 rpm.

In previous papers it has been established that
the most effective solvents to apply in the extrac-
tion process of fuels are N-methyl pyrrolidone
INMP/, furfural and diethylene glycol /DEG/.
Thus we used these organic polar solvents in

present investigations. The physical properties of
solvents, dielectric constants and dipole moments
are given in [5]. The dipole moment gives us
preliminary information on the selectivity of the
solvents, and the assessment of solvent solubility
with respect to the individual raw materials gives
us the critical dissolution temperature. As is
known, the relative dielectric permeability (die-
lectric constant) characterizes the polarity of the
solvents, and the extraction of sulphur com-
pounds and arene hydrocarbons depends to a
large extent on the nature of the solvent and es-
pecially on its polarity (p).

As raw material we used gasoil fractions pro-
duced in Bulgaria, the so-called B-1, B-2 and B-
3. The physicochemical properties of liquid frac-
tions are given in Tables 1 to 3.

The critical dissolution temperatures of inves-
tigated gasoil blends are presented in Table. 4.

The sulphur content in raffinates was meas-
ured according to BSS EN ISO 8754 and the
quantity of arene hydrocarbons were measured
according to BSS 1SO 2977.

The polycyclic arenes of the raffinates were
measured, too.

Table 1. Physicochemical properties of B-1

Parameters Value
1. Density at 20 °C, kg/m° 827.0
2. Distillation characteristics
i.p., °C 49
10 %., °C 112
20 %., °C 150
30 %., °C 205
40 %., °C 254
50 %., °C 297
60 %., °C 340
To 130 °C, % 15.0
To 150 °C, % 20.0
To 200 °C, % 28.0
To 360 °C, % 65.0
e.p., °C 360
Yield, % 70.0
Residue + losses, % 30.0
3. Asphaltene content, % 0.30
4.  Sulphur content, % 0.12

Table 2. Physicochemical properties of B-2

Ne Parameters Value
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1. Density at 20 °C, kg/m® 836.0



2. Distillation characteristics
i.p., °C
10 %., °C
20 %., °C
30 %., °C
40 %., °C
50 %., °C
60 %., °C
To 130 °C, %
To 150 °C, %
To 200 °C, %
To 360 °C, %
e.p., °C
Yield, %
Residue + losses, %
3. Asphaltene content, %
4, Sulphur content, %

58
100
156
225
272
315
355
13.0
17.0
26.0
62.0
360
67.0
33.0
0.36
0.15

RESULTS AND DISCUSSION

The obtained results from desulphurization
and dearomatization processes by extraction are
given in the following tables. The experimental
data presented in Tables from 5 to 7 confirmed
the literature data that the sulphur content de-
pends mainly on the composition of raw materi-
al. The experimental results proved the decrease
of sulphur and arene hydrocarbons at contact
time more than 4.5 hours.

Table 5. Results of sulphur and arene content in
raffinates from gasoil B-1

Ne  Sulphur con-  Polycyclic Arene

Table 3. Physicochemical properties of B-3

tent, ppm arenes, % content, %
1. 498.6 4.6 12.6
2 456.2 4.5 12.3
3. 405.3 4.4 11.7
4. 385.4 4.3 115
5. 356.1 4.1 11.4
6. 334.5 3.8 11.2
7. 298.9 3.6 11.0
8. 275.6 3.4 10.7

Neo Parameters Value
1.  Density at 20 °C, kg/m° 849.0
2. Distillation characteristics
i.p., °C 64
10 %., °C 137
20 %., °C 196
30 %., °C 260
40 %., °C 305
50 %., °C 345
60 %., °C -
To 130 °C, % 9.0
To 150 °C, % 13.0
To 200 °C, % 20.0
To 360 °C, % 55.0
e.p., °C -
Yield, % 65.0
Residue + losses, % 35.0
3. Asphaltene content, % 0.42
4. Sulphur content, % 0.17

initial sulphur content — 1200 ppm, polycyclic arenes — 5.6
%(m/m), arenes — 20.2%(m/m)

Table 6. Results of sulphur and arene content in
raffinates from gasoil B-2

Ne  Sulphur con-  Polycyclic Arene

tent, ppm arenes, % content, %
1. 488.5 3.9 11.7
2 436.6 3.6 115
3. 375.4 3.5 11.3
4, 355.6 3.4 11.1
5. 322.1 3.3 10.8
6. 287.3 3.2 10.7
7. 276.9 2.9 10.5
8 256.8 2.9 10.3

initial sulphur content — 1500 ppm, polycyclic arenes — 5.6
%(m/m), arenes — 20.2%(m/m)

Table 7. Results of sulphur and arene content in
raffinates from gasoil B-3

Table 4. Critical dissolution temperatures of

Ne  Sulphur con-  Polycyclic Arene

gasoil blends
Gasoil blends Critical dissolution tem-
perature, °C
NMP  furfural DEG
Gasoil blend B-1 68 65 76
Gasoil blend B-2 63 62 68
Gasoil blend B-3 65 64 67

tent, ppm arenes, % content, %
1. 475.6 4.2 11.6
2 421.2 4.0 114
3. 385.6 3.7 10.9
4, 352.3 3.5 10.7
5. 312.6 3.3 10.5
6. 289.6 3.2 10.2
7. 277.4 2.8 9.9
8. 269.5 2.7 9.7

initial sulphur content — 1700 ppm, polycyclic arenes — 5.6
%(m/m), arenes — 20.2%(m/m)



It can be seen from the tables that the selec-
tive solvents lead to the purification of sulphur
compounds to a large part. Furfural can be dis-
tinguished as the most selective solvent, N-
methylpyrrolidone is less selective, and the least
effective is the DEG.

The degree of decrease of arene hydrocarbons
during the time contact was calculated. The de-
gree of decrease of arene hydrocarbons in per-
centage terms from duration is presented in Fig-
ures 1 to 3.

As can be seen the extraction processes of the
investigated gasoil and its purification from
arene hydrocarbons are the best at duration of the
individual extraction systems of 6 hours, for 4.5
hours the degrees of decrease of arene hydrocar-
bons are about 30 %, respectively. The smallest
percentage of decrease of arene hydrocarbons is
obtained at 3.0 and 1.5 hours for all used polar
solvents and mixtures B-1, B-2 and B-3.

30%

20%

Fig. 1. Dependence of degree of decrease of
arene hydrocarbons on duration of the
extraction process with furfural of B-1

LS
[ K
E4s
s

42.86%

28.57%

14.29% 14.29%

Fig. 2 Dependence of degree of decrease of
arene hydrocarbons on duration of the
extraction process with DEG of B-2
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30%

20%

Fig. 3 Dependence of degree of decrease of
arene hydrocarbons on duration of the
extraction process with N-
methylpyrrolidone of B-3

CONCLUSION

The possibility of extraction with selective
solvents has been investigated to reduce the con-
tent of sulphur compounds and arenes hydrocar-
bons from gasoil mixtures produced in Bulgaria.
It has been found out that all selected and tested
by us selective solvents reduce, albeit to varying
degrees, the content of sulphur compounds. The
most polar solvents used by us are N-
methylpyrrolidone, furfural and diethylene gly-
col. The content of polycyclic hydrocarbons was
measured, too. The dependencies of the degree
of decrease on the duration the extraction pro-
cesses indicate that the best duration of extrac-
tion for all gasoil blends is 6.0 hours, better de-
crease of arene hydrocarbons is obtained at dura-
tion of 4.5 hours.
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ABSTRACT
This paper presents a microbiological and physicochemical study of raw cow milk to be used for

dairy products. This study was performed in the months April, May and June. The results were
referenced to the mandatory standards as per Regulation No. 2/27.02.2017. The resulting details

demonstrate satisfactory results for all samples of raw cow milk.
Key words: raw cow milk, freezing point, fat, total microbial count, somatic cells.

INTRODUCTION

In recent years, human nutritional demands
have been associated with balanced and healthy
food. Modern studies of milk and the related
dairy products are focused on improving their
biological sufficiency and health effects. Milk is
the product of living organisms subjected to a
continuous contact with the environment, and
changes occurring in the environment result in
changes of the properties of milk and its
components. Milk is a favourable environment
for microorganisms, which cause further and
more significant changes in milk. The quality of
dairy products is determined on the basis of both
milk quality and development of microbiological
and physicochemical processes in the milk
during processing [1]. Various factors influence
milk composition and properties: animal breed,
animal age and fat and protein content. The
highest percentage of fat can be seen with cows
aged approx. 4 years, during lactation period 5,
while the lowest content of fat in milk is found
during months 2 to 3 lactation period [1]. Prior to
the end of milk production (10-15 days) at the
end of the lactation period, the fat in milk
gradually increases. Further factors that influence
milk composition are the health condition of the
animal, diet, and in the case of prolonged
malnutrition, milk quality deteriorates,
decreasing the level of fat, proteins and dry
substance. Milk composition is associated with
environmental effects. High temperature and
high relative humidity result in decreased level
of fat in milk. The quality and quantity
compositions of micro flora of raw milk vary in
wide ranges. Even in milk produced in aseptic
conditions, it contains microorganisms and their
quantity may vary from a single cell to thousands
of cells per millilitre. Milk micro flora is

comprised mainly of lactic acid bacteria,
staphylococci, streptococci, and micrococci.
Ambient temperature in the range of 20 to 37°C
causes the development of mainly lactic acid
micro flora, and it leads to increased milk acidity
that stimulates coagulation. Such micro flora is
represented by streptococci, though endobacteria,
which are resistant to temperature variations,
may also develop. At 5-15°C, psychotrophic
micro flora of gram-negative bacteria will
develop, among numerous lipolytic and
protolithic species that will slowly, though
certainly impair the quality of milk [2]. The
addition of water to milk is the most frequent
counterfeit. It results in lower nutritional value;
lower production vyields, and potential
contamination with hazardous pathogenic micro
flora [1]. Mandatory norms related to the total
microbial burden of milk, as specified in
Regulation No. 2/ 2017, state that the total
microbial count for raw milk must not exceed
100 000 CFU/ml, while the total count of
somatic cells must be 400 000 count/ml.

The aim of this analysis is to study the quality
of raw cow milk for use in dairy production. In
order to achieve this goal, | have set the
following tasks: study of the physicochemical
parameters (fat and freezing point) and of the
microbiological condition of raw cow milk.

EXPERIMENT

Materials and methods

Materials

For determination of fat content in milk, use
is made of 3-methylbutanole and sulphuric acid
supplied by Sigma-Aldrich, Germany. Colony
counting is performed in solid nutrient media
(Skim Milk PCA), manufactured by HiMedia;
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and Maximum Recovery Diluent, supplied by
HiMedia.

Samples of raw cow milk to be analyzed were
collected during April, May and June in the
region of Burgas.

Methods

Determination of freezing point of raw cow
milk via a cryoscopy method using CryoStar I,
Funke Gerber as per BDS EN 1SO 5764 [3].

Samples are stored at temperatures in the
range of 0 to 5°C. The temperatures of the
standard solutions (Calibration Standard A —
0.000 £0.0005°C and Calibration Standard with -
0.557 +0.0005°C, made by Funke-Gerber), and
the milk samples temperature are identical. The
glass with the sample is turned upside down with
care and agitated via circular movements until
the contents have been homogenized. Then,
2.5ml of the milk sample is transferred in a
clean, dry glass container using a pipette. Then,
the tube containing the sample of milk is placed
in a cryoscope (CryoStar I, Funke Gerber).

Determination of fat content in raw cow
milk as per 1SO 2446 [6]

By using this method, we separate the fat
component from the milk with a butyrometer
(Funke Gerber - Berlin) using centrifugation,
following a protein reaction with sulphuric acid.
Fat separation is promoted by addition of 1 ml
(3-methylbutanole). To a portion of 10 ml
concentrated sulphuric acid, density 1,816 *0,04
kg/dm, we add 11 ml milk at the walls of the
butyrometer. Following complete destruction of
protein, we agitate well and add 1 ml 3-
methylbutanole. The sample is then tempered
and centrifuged. We read fat level as percentage
from the butyrometer scale.

Determination of total microbial count
(TMC) as per BDS EN I1SO 4833-1 [5]

Under sterile conditions using a well-
homogenized sample we take 1 ml milk and
transfer it into a portion of 9 ml diluent
(Maximum Recovery Diluent). On the inoculate
we pour approx. 15-18 ml melted and cooled fat
(down to 44 - 470°C from the solid nutrient
media (Skim Milk PCA). Plates are cultivated
bottoms up in a thermostat at temperature of
30°C for 72h. We determine the aerobe and
optional anaerobic microorganisms using a

colony counter, Conta colonie, 185, Astori,
where counting is applied for plates that contain
more than 15 and less than 300 colonies.

Determination of Total Somatic Cell Count
(TSCC) as per BDS EN 1SO 13366-1 [7]

From the test sample prepared by this
method, we spread milk using a micropipette;
amount 0, 01 ml, on the slide sized 1 cm?
Following sample drying, dye reagents are
applied, Newman - Lampert modification. We
make determination under a microscope (BM
180, Boeco) of cells equal to or greater than 8
pum diameter, with well visible nuclei.

REUSLTS AND DISCUSSION

The determination was performed with raw
cow milk used in dairy production by
physicochemical methods: fat content and
freezing point, and microbiological TMC and
TSCC. The samples of raw milk were tested in
the period April — June. The test results for raw
cow milk based on physicochemical parameters
are summarized in Table 1. The determination
showed that the quality of test samples for the
parameters of fat content and freezing point
comply with the requirements of Regulation No
2. Fat content in the test samples was in the
range of 3,5% to 3,8%, in conformity with the
standards for fat level in raw cow milk. The
determination showed that the fat level was the
lowest, 3,5%, in June. The fat content of all
samples was higher than 3,4%, corresponding to
the requirements of Regulation No 2. The
freezing point parameter was within the normal
range for cow milk, from -0,534 to -0,518°C." As
per the requirements of Regulation No2, the
freezing point parameter did not exceed -0,507.

Table 1. Physicochemical parameters of raw
cow milk (n=30)
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Parameters  Period Raw Statutory
cow requirements
milk of Regulation
Average 2

Fat, % April 3,8% Minimum or
+0,1 equal to

May 3,7% 2,6%
+0,1

June 3,5%
+0,1



Minus
0,507°C
Maximum

Minus
0,531°C
+ 0,006
Minus
0,529°C
+ 0,005
Minus
0,528°C
+ 0,004

Freezing
point, C°

April

May

June

The microbiological parameters of raw cow
milk are shown in Table 2. The determination
demonstrated that all 30-off test samples
analyzed are in the allowable range in terms of
total microbial count. The average TMC of the
samples of raw milk was 8,5x 10* CfU/mI™

Table 2. Microbiological parameters of raw cow

milk (n=30)
Period Somatic cells  Total microbial
Count /ml count CfU/ml,
(average count)
April 209 500 73 545
May 234 700 83 363
June 305 803 97 272

As found from the microbiological studies,
the various forms of mastitis in cows and goats
are due to bacteria from the group of
staphylococci, enterobacteria, mycoplasmas, etc.
[9]. Determination was made of the average
content of somatic cells for the entire study
period, from April: 209 500 count /ml; May
234700 count /ml, June 305 803 count /ml.
Regarding the total microbial count in raw cow
milk, the determination showed that all milk
types were within the specified range in
conformity with Regulation No 2. With reference
to the maximum allowable limit for total
microbial count, raw cow milk must not exceed
100 000. All test samples analyzed contained less
than 400000 count/ml x10° somatic cells, being

60

in conformity with the requirements of
Regulation No 2. This shows that such raw milk
can be used for processing, without having to
apply pasteurization. According to the maximum
allowable limits for dairy products, as specified
in Regulation No 2, avoiding thermal process, all
milk samples analyzed in the period April — June
have TMC below 100 000. This means that, in
terms of microbiological parameters, they were
conformant to the norms. Hygiene control of raw
cow milk process is of high importance for its
safety.
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BREAD YEAST - VITALITY AND VIABILITY, ENDURANCE AND STORAGE STABILITY
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ABSTRACT

The quality of Saccharomyces cerevisiae bread yeast is determined by many parameters, including
its viability and freezing resistance. Fresh yeast was frozen at a temperature of - 20°C and thawing
was carried out at room temperature. The storage stability of three different types of bread yeast,
fresh, dry and frozen, was also investigated. It was found out that, with increasing the time, viability
gradually decreased. As a result of continuous freezing and thawing there was a decline in the vitality
and viability of bread yeast. These results will help to ensure quality control of yeast and bread re-
spectively.

Key words: Saccharomyces cerevisiae, viability, freezing, stability, storage

INTRODUCTION ing yeast stability over time. The developed
method uses a new DNA fluorescent dye with a
The assessment of bread yeast cells is very  higher fluorescence yield that is not permeable to
important in many areas of industrial microbiol-  viable cells [1].
ogy. Controlling the total number, dead and liv- The ability of cells to survive freezing and
ing cells, as well as active yeast cells is crucial in  thawing is expected to depend on the physiologi-
the production of bread yeast. The most common  cal conditions experienced prior to freezing. Loss
method to determine cell number is related to  of viability was proportional to the freezing dura-
yeast staining with methylene blue and counting  tion, indicating that freezing is the main determi-
by microscopic examination on a glass slide.  nant of freeze-thaw damage. Yeast did not adapt
Methylene blue staining is a bright-field staining  to freeze-thaw stress following repeated freeze-
procedure in which dead or nonviable cells are  thaw treatment with or without a recovery period
stained blue, whereas viable cells are able to  between freeze-thaw cycles, nor could it adapt
exclude (or reduce) the dye and remain colour-  following pre-treatment by cold shock [2].
less. This method is simple, but must be used Freezing is used for many industrial, medical,
with caution, because the results can be influ- food technological, and scientific purposes, such
enced by the physical state of the cell membrane  as strain preservation, organ preservation, and
or the physiological state of individual cells, cryosurgery. The Saccharomyces cerevisiae
which vary depending upon their age, culturing  yeast is an appropriate eukaryotic organism to
conditions, and position in the cell cycle. study the physiological parameters that affect the
In this work we used a new fluorescence im-  cell ability to survive freeze-thaw injury. Moreo-
age cytometer, Easycounter YC (Milkotronic  ver, there is a range of available mutations af-
Ltd., Bulgaria), for determination of total cell  fecting cellular responses to various types of
number and viability of yeast cells. Introduction  stress that may be incurred during freeze-thaw
of automated devices for counting live and dead  injury which can be exploited to understand the
cells and determining their viability is very im-  nature of freeze-thaw injury and how to avoid it.
portant for the accuracy of the analysis because it Intracellular ice formation during freezing has
eliminates the human factor present in the micro-  been described for many cellular systems, and
scopic counting of cells. In addition, the re- the rate at which ice is formed determines the
placement of methylene blue with a fluorescent  type of freezing damage suffered by cells [3, 4].
dye allows for a more sensitive analysis to be  Cells can be injured during freezing by physical
made. The fluorescent dye binds to the DNA of  factors such as ice crystal formation and dehy-
dead cells and thus determines their number. dration. At high freezing rates, intracellular
This method is suitable for effective quality con-  freezing occurs, leading to cell damage mainly
trol of yeast production, as well as for monitor- by ice crystal formation. The freezing rate is
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determined by the characteristics of a cell, such
as shape, structure, surface area-to-volume ratio,
and membrane permeability. Therefore, each cell
has its own specific freezing rate for fast or slow
freezing. Cells can also undergo biochemical
damage, including oxidative stress from reactive
oxygen species formed during the thawing pro-
cess. Yeast cells show different degrees of toler-
ance, depending on their growth state, and indi-
cating that their physiological state determines
the stress resistance. Like other stress situations,
yeast cells can handle freezing and thawing by
the synthesis of stress proteins or metabolites
such as trehalose and glycerol, which are pro-
duced in large quantities in abnormal situations
[2].

Other authors study the effects of freezing
and frozen storage of bread dough and com-
pressed yeast on bread quality. Besides, the ef-
fects of compressed yeast freezing on cell viabil-
ity, gas production and release of substances by
the yeast cells are examined. Freezing and frozen
storage of dough made with fresh yeast have
more negative effects on baking quality than the
addition of frozen yeast to dough. When the
compressed yeast is frozen and stored at -18°C,
CO, production decreases, while the amount of
dead cells, the total protein, and the total reduc-
ing substances leached from the yeast increases
as the length of yeast frozen storage increases
[5].

In this work, the influence of freezing and
thawing on the viability and vitality of yeast cells
and endurance of yeast in time was studied. The
aim of this study was to determine the resistance
of bread yeast to frequent freezing and thawing
under the refrigeration conditions. The storage
stability of bread yeast depending on their vitali-
ty and viability was also investigated.

MATERIALS AND METHODS

1. Materials

Saccharomyces cerevisiae — fresh, dry and
frozen compressed yeast from various manufac-
turers was supplied from the market. A fluores-
cence image cytometer, Easycounter YC (Milko-
tronic Ltd., Bulgaria) for determination of total
cell count and viability of yeast cells was used. A

62

new fluorescent DNA dye POTEDM-1 with high
fluorescence quantum yield was employed.

2. Methods

Yeast freezing. The compressed yeast was
frozen at -20°C. The samples were evaluated at
the beginning and then frozen for a fixed period
(days). Viability and vitality of yeast cells were
determined based on the total number and the
number of dead cells after thawing for 30 min at
25°C.

Determination of cell viability: The fluores-
cence imaging cytometer has an innovative opti-
cal system based on tuneable thin-film optical
filters, Semrock’s VersaChrome filters. The ap-
paratus detects individual cells in suspension
using image-based technology.
EASYCOUNTER YC detects individual cells in
suspension by detecting fluorescent signals of
stained DNA in the cell nuclei. Fluorescent dye
SOFIA GREEN was used. This fluorescence dye
is not permeable to viable cells. It can only pene-
trate through a compromised cell membrane of
dead cells, allowing the cellular DNA to be
stained. For determination of the total number of
cells, it was necessary to mix the yeast cell sus-
pension with a lysis reagent and a fluorescent
dye, which had been dried in advance. The lysis
reagent permeates the yeast cell wall and the
membranes, allowing the cellular DNA to be
stained. 8ul of the final sample with all cells
stained was loaded into the Easycounter YC
counting chip. The second sample with stained
dead cells only was loaded into another
Easycounter YC counting chip, then imaged and
counted on the Easycounter YC cytometer. The
duration of the analysis depends on the number
of recorded fields.

Determination of cell vitality: The method is
based on measuring the activity of the esterase
enzyme using the esterase substrate 5-
carboxyfluorescein diacetate (CFDA). For the
purpose it was necessary to determine the total
number of cells by the method described above.
The CFDA penetrated the cell membrane of liv-
ing cells, diacetate groups were cleaved by non-
specific esterases, and a fluorescent charged sub-
strate (carboxyfluorescein) was formed. As a
result of this reaction, the cells were stained in
green.

A very important factor is the dilution of the
sample.



Viability, %=
total cell number - number of dead cells
total cell number

*100

Calculation of the coefficient of variation
(CV): The coefficient of variation (CV) is a
measure of relative variability. It is generally
accepted that a random event follows the Poisson
distribution, according to which the expected
standard deviation is equivalent to the square
root of the number of counted cells. Therefore
the CV is the ratio of the standard deviation to
the mean (average).

Coefficient of Variation =
(Standard Deviation / Mean) * 100.

RESULTS AND DISCUSSION
Vitality and viability of yeast cells (fresh, fro-

zen and dry) were determined using a fluores-
cence image cytometer, Easycounter YC.

120
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S 40
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dry yeast frozen  fresh yeast
(Germany) yeast (Turkey)
(Ukraine)
mviability, % mvitality, %

Fig. 1. Vitality and viability of yeast cells (fresh,
frozen and dry)

Figure 1 shows that viability and vitality were
the highest for fresh yeast compared to the other
two types. The results were confirmed by previ-
ous work [6]. The living cells in the three types
of yeast were in a large number compared with
the metabolically active cells.

The coefficient of variation (CV, %) was de-
termined. In most cases, when comparing fresh
and frozen yeast, the coefficient of variation of
fresh yeast was lower. Both yeast types had a
lower coefficient of variation in the range of
7,5.10* - 5.10°. The highest deviation resulted
after 1.10’.
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Fig. 2. Coefficient of variation for fresh and
frozen yeast at different dilution

The resistance of fresh yeast to freezing (-
20°C) and thawing (room temperature) was also
investigated.
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Fig. 3. Total number and dead cells of fresh
yeast during freezing and thawing

The total number and the dead cells number
of fresh yeast were determined during the pro-
cess of freezing and thawing and the results are
presented in Fig. 3. As could be seen, the number
of dead cells increased with time. This was evi-
denced by the microscopic images taken at the
initial stage and after 40 days.

Fig. 4. Images of samples of Saccharomyces
cerevisiae: a) dead cells number at the
initial stage b) dead cells number after
40 days;
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Vitality and viability of fresh yeast cells dur-
ing the freezing and thawing process were inves-
tigated.
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Fig. 5. Vitality and viability of fresh yeast cells
during the freezing and thawing process

The presented results show that the vitality of
the fresh yeast cells gradually decreased after
repeated freezing and thawing. Similar results
were observed for the viability of yeast cells, but
its values remained slightly higher.

The stability of the three types of bread yeast
stored at different temperatures was also meas-
ured: fresh yeast (temperature 4 - 8°C), frozen
yeast (temperature -20°C), dry yeast (tempera-

ture 20°C).
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Fig. 6. Viability and storage stability of the three
types of yeast (dry, fresh and frozen)

There was no significant difference in viabil-
ity between the three types of yeast in the first
two months after opening. In the third month the
fresh yeast was contaminated with mold, so it
was removed from the analysis. In the next four
months a slow decrease in the viability of dry
and frozen yeast was noticed.
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CONCLUSION

Viability and vitality of yeast cells (fresh, fro-
zen and dry) were measured with an
EasyCounter YC fluorescence counter. The
highest viability and vitality were determined for
the fresh yeast cells. The living cells in the three
types of bread yeast were in a large number
compared with the metabolically active cells.

The coefficient of variation of fresh yeast is
lower than the frozen yeast. The resistance of
fresh yeast to freezing and thawing was also
investigated. The results showed that the number
of dead cells increased over time.

The stability of the three types of bread yeast
stored at different temperatures was also meas-
ured and no significant difference in viability
was noticed in the first two months after open-

ing.
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ABSTRACT

The paper deals with the problem of optimal oriented approach to the sustainable biorefinery sup-
ply chain design. This is a key instrument for achieving sustainability. The document considers the
economic, environmental, social, political and technological influencing factors for sustainability. The
problem is formulated in terms of Multi-Objective Optimization. Compromise between five conflicting
criteria is achieved by non-domination of any other solution.

Key words: supply chain, biorefinery, optimization approach, sustainability

INTRODUCTION

Biorefineries have been popular as a sustain-
able alternative to fossil sources in the produc-
tion of energy, chemicals and materials. How-
ever, controversies related to the actual sustain-
ability effects of biorefineries have been raised in
recent years [1]. The sustainability of biorefiner-
ies is increasingly monitored and evaluated
through certification schemes that measure the
impact of bio production [2]. To address the
problem new Clean Energy for All Europeans
rules came into force in 2015 to reduce the risk
of indirect land use change — in both the Renew-
able Energy Directive 2009/28/EC and the Fuel
Quality Directive 2009/30/EC. As a result, sus-
tainability has become a central topic of study for
bio-refining systems.

According to the International Energy
Agency (IEA), "bio-refining is the sustainable
synergistic processing of biomass in a wide scale
of products (chemicals, materials) and energy
(fuels, heat)" [3]. Essentially, biorefineries in-
clude facilities only for biomass processing [4].
According to the feedstock used, biorefineries
can be classified into a few generations. First-
generation biorefineries use food crops such as
sunflower, sugar beet and others. Most of the
feedstock used in this process can be used as
food, too [5]. In this way they endanger the
safety of food supply. Second-generation biore-
fineries use non-food materials, such as agricul-
tural residues, wood and energy crops, usually
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having a high lignocellulose content [6]. Third
generation biorefineries use algae biomass [7].

The production from biorefineries necessi-
tates a flow of the biomass feedstock from the
supply centers to the demand centers. Along this
scheme, the biomass passes through some facili-
ties and undergoes various processes called sup-
ply chain for biorefinery. In addition, depending
on the type of biomass, final product, and the
conversion technology, it may be necessary to
introduce some pre-treatment, intermediate, and
blending sites in the supply chain. The striving
for higher economic results coupled with social
satisfaction, while respecting the environmental
requirements, can be met by building and manag-
ing an appropriate supply chain.

In this paper a new approach, called TBL p or
Triple Bottom Line Plus, is researched. This
approach differs from the typically used sustain-
ability criteria that include only economic, social
and environmental aspects. The sustainability
lines in the current paper also cover technologi-
cal and political factors [8]. An optimally ori-
ented approach to the sustainable supply chain
design for a biorefinery is presented. The aim is
to find solutions that achieve a compromise be-
tween several conflicting criteria. The problem is
formulated as a multi-objective problem.

PROBLEM DESCRIPTION

The solutions related to the sustainable supply
chain for a biorefinery are a hierarchical model
of 3 levels (Fig. 1):



Strategic
planning

Operational
planning

Fig. 1 The hierarchical model

Strategic planning is a forecast level. Tactical
planning aims to relate forecasts to specific user
requests. Operational planning solves tasks re-
lated to creating optimal schedules.

The problem of designing a sustainable sup-
ply chain (for biorefinery) is very extensive. In
general, strategic activities are formulated as a
search for the following solutions:

e target markets selection;
e target the plant location;
e capacity and production technology;
e Dbiomass selection type and location.

These decisions aim at the realization of a
sustainable supply chain for biorefineries, name-
ly by observing economic, social, environmental,
political, and technical aspects.

MATHEMATICAL MODEL

Biorefinery supply chain configuration related
to the strategical decision-making level is charac-
terized by a set of decision variables. They are
graphically presented in Fig. 2.

s @ =
;];nﬁ plants
ijc Rfuak.ﬂ
I | e Ry, SN
PP].LE “-k,tg
\-ﬁ
= 2
3 E
Client demand
Biobased production:
Buofuels
Bioenargy

Fig. 2 Biorefinery supply chain configuration
The presented mathematical model includes
five objective functions. A similar task was de-
veloped in [9]. This type of problems is known
as Multi-Objective Optimization Problems. In
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this case the objectives are often in conflict with
each other. Thus, the improvement of one objec-
tive may lead to the deterioration of another. An
optimal oriented solution is the one that is non-
dominated by any other solution.

The mathematical formulation is presented as
follows:

Indices:
a - Type of final product;
b - Type of intermediate product;
¢ - Production technology at pre-treatment;
d - Production technology at conversion plants;
f - Transformation capacity at pre-treatment;
g - Transformation capacity at conversion plant;
i - Location of supplier;
J - Location of pre-treatment;
k - Location of conversion plants;
[ - Location of final product demand;
m -Location of intermediate product demand;
n - Type of feedstock.

Binary variables:
Wi, -1 1f the main production plant is built in

location & with technology d and capacity g,

0 otherwise;
PP, , - 1 If the pre-treatment plant is built in

location j with technology ¢ and capacity [, 0
otherwise;

Continuous variables:
- Flow of raw materials type n from

N

in,j,c,f
the supplier located at ito pre-treatment located
at j to be processed with technology ¢ and pro-

cessing capacity f;
R, 4.4, - Flow of intermediate products type
b, from pre-treatment located at j to the main

production plant located at kto be processed
with technology d and processing capacity g ;

T

j.b.m
from pre-treatment located at jto the client lo-

- Flow of intermediate products type b

cated at m ;

P ., - Flow of final products type a from the
main production plant located at k to the client
located at /;

Rec, ;o - Reuse flow of intermediate products
type b at pre-treatment plant located at j and
processed by technology c;



Reu,; , - Reuse flow of final products type a

at the main production plant located at k& and
processed by technology d ;
IncP, - Amount of government incentives for

biorefinery plants installation at location j ;
IncW, - Amount of government incentives for

setting up a production plant at location k ;

InvTechw , - Amount invested by the govern-
ment in technology d ;
InvTechP ~ - Amount invested by the govern-

ment in technologyc;
GovinvE - Governmental investments constraint
for electric infrastructure.

Parameters:
TaxRed,,TaxRed,

per ton of sold bio product types a and b ;
DiscountRate - Value of discount rate for bio-
refinery projects;

y - Years for project evaluation;

- Tax exemption in euro

&€ - The soil deterioration rate.

Restrictions:

The restrictions apply to:

Raw materials to be consumed in biorefineries
are limited by its availability at each supplier
location;

Restrictions related to production capacity at
pre-treatment plants and principal plants re-
spectively;

Production capacity and technology by plant;
Maximum demand

Objective functions:
Economic optimization includes maximiza-
tion of the profit:

L, NetCashFlow,
“= (1+ DiscountRate)’ ~

Max

@)

Initiallnvestment + (z IncP/. + z Inc%]
J k

Environmental optimization includes minimi-
zation of the total amount of equivalent CO,
generated at the whole biorefinery supply chain:
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Social optimization includes minimization of
the locations selected in lands with conflicts:

L2222 Ninses
ConfLand -
z DI EPRIET:
z ConfLand /.Z Z(PP/,c,/') +
J c f

z ConfLand , z z Wiae)

&)

Min

Political optimization includes minimization
of the government expenditures:

Min{IncP+IncW + ZTaxRed,, Qo>

jom  jbm

GovInvE- ZT axRed, (ZZPM )+ Zlan echpPr Z]anech 1/
a ko0 ¢ d

)+

“)

Technological optimization includes minimi-
zation of the total amount of raw materials:

)

Mzn{z Z Z]: Z Zf: N... ,/}

This optimal oriented approach is used to
transform multicriteria problems in objective
optimization. The aim of the optimization is to
determine the values of variables that provide an
optimum of the objective functions according to
the restrictions. This problem is formulated as a
multi-objective problem.

CONCLUSIONS

The current dynamic market development re-
quires quick capacities regrouping of the bio-
processing industry. Therefore, the formation of



supply chains for biorefinery is essential in order
to achieve the desired flexibility in accordance
with a sustainable progress.

This paper presents an optimal oriented ap-
proach for the design of Supply Chain for biore-
finery using economic, environmental, social,
technological and political criteria. The presented
model allows foe maximization of the economic
profit, reduction of the harmful emissions re-
leased, minimization of social and political re-
quirements in the chain by making the necessary
compromises. The design of an optimal supply
chain for biorefinery can solve a wide range of
issues (includes strategic decisions), because this
area changes very fast.

The problem is formulated as a task of mixed
integer non-linear mathematical programming
(MINLP).
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PREPARATION AND STRUCTURE OF PAN/CLAY NANOCOMPOSITE MEMBRANES
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ABSTRACT

Nanomer 1.28E was used in different amounts as nanoparticles dispersed in 17 wt.% solution pol-
yacrylonitrile (PAN) with dimethylformamide (DMF) and dimethylsulfoxide (DMSO). From the re-
spective solutions nanocomposite membranes were formed by the phase inversion method. The com-
position and morphology of the fabricated membranes were analyzed by FT-IR, SEM. The permeabil-
ity and rejection of modified membranes were investigated using water and albumin as calibrants. At
the optimal concentration of 1.5 wt.%% in the polymer solution, the membrane rejection reaches 70%

at permeability 137 I/m2h.

Key words: polyacrylonitrile, nanoparticles, nanocomposite

INTRODUCTION

Membrane technology has an effective indus-
trial application in the food, chemical, textile,
and paper industries, ammunitions production,
etc [1-4]. Membrane processes are used both for
separation of target components from the product
mixtures and removal of organic and inorganic
contaminants. According to the type of mem-
brane process, a wide range of membrane mate-
rials are used: ceramic: silica, alumina, titania,
etc., polymeric: polyvinylidenfluoride (PVDF),
polyamide (PA), polyether sulfone (PES), poly-
sulfone (PSF), etc. and metallic: palladium, sil-
ver, etc. [5-7].

Polymer nanocomposite research, including
applications, has been carried out with a wide
range of nanofillers, such as layered silicates
(clays), carbon nanotubes/nanofibers, colloidal
oxides, double-layered hydroxides, quantum
dots, nanocrystalline metals and so on.

Polymeric nanocomposite membranes are
fabricated using technologies, such as phase
inversion, interfacial polymerization, physical
coating, electrospinning and cross-linking, self-
assembly, layer-by-layer assembly, and chemical
grafting [8-12].

This study aims to report the possibility of
obtaining a PAN/clay nanocomposite membrane
by phase inversion from a solution and character-
ization of the membrane structures formed.

The use of nanoparticles in polymer matrices,
thus creating a nanocomposite, can yield an
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optimal multi-functional material for different
applications.

The organic treatment of the clay makes the
normally hydrophilic montmorillonite organo-
philic, allowing it to the interface of many differ-
ent polymer matrices, remaining as micron-sized
particles and serving as a traditional filler. The
clay could enhance the surface morphology,
mechanical and barrier properties as well as keep
other properties intact.

EXPERIMENT

The membranes were formed by dry-wet
phase inversion technique from polymer solu-
tions in a water coagulation bath. Polymer solu-
tions of the following compositions: 17 wt%
PAN and 17 wt% PAN with added Nanomer
1.28E in concentrations of 1.0 - 2.5 wt. % dis-
solved in DMSO and DMF product of Fluka,
Germany. Polyacrylonitrile fibres obtained from
the ternary copolymer poly (acrylonitrile—
methylacrylate—2-acryloami-de—2-methylpropa-
nesulphonic acid) produced by LUKOIL
Neftochim Bourgas Co., Bulgaria. Nanomer
1.28E product of Sigma-Aldrich was montmoril-
lonite clay AL[(OH),|Si.O,].nH.O, surface that
was modified with 25 — 30 wt.% trimethyl stear-
yl ammonium >99%, < 80nm.

The PAN solution was prepared at room tem-
perature until full dissolution of the polymer. The
Nanomer 1.28E containing solutions was



prepared to obtain a homogeneous dispersion of
the necessary quantity at room temperature, then
PAN was added until full dissolution and ho-
mogenization of the solution obtained by stirring.
After filtering and deaeration, the polymer solu-
tion was cast on a calendered polyester matt at-
tached on a glass plate. The polyester matt brand
FO-2403, product of Velidon Filtren, Germany
had density of 100 £ 5 g/m2 and thickness 2 +
0.1 nm. About a minute after the deposition, the
solution was placed in a bath of distilled water at
temperature of 25+1°C to carry out the process
of phase inversion and formation of the mem-
brane structure. The membranes were left for
half an hour in the coagulation bath, then they
were thoroughly washed with water for total
removal of the solvent.

The rejection (R,%) and permeability (J,
I/m?.h) of the membranes towards albumin as
calibrant were measured on a laboratory module
Sartorius SM-165, England. The albumin con-
centration was determined on a spectrometer
UV/VIS UNICAM 8625, France at wavelength A
=280 nm.

Infrared spectroscopy of the solid samples of
membranes was carried out on a TENSOR 27 FT
- IR spectro-photometer (Bruker, Germany).

The scanning electron microscope observa-
tions were performed on JSM-5510 apparatus,
product of JEOL, Japan.

RESULTS AND DISCUSSION

The importance of Nanomer 1.28E for the
membranes was studied with polymer solutions
of constant PAN concentration and increasing
content of Nanomer 1.28E. It was found out that
nanoparticles can be used as an additive to the
polymer solution with a constant concentration
of PAN from 17 wt.%. This concentration was
chosen on the basis of preliminary experiments
carried out in the range 15 — 18 wt.% solution.

The PAN membrane and those formed from
solutions containing respectively 1.0, 1.5, 2.5
wt.% nanoclay particles were investigated with
SEM. The captured cross-sectional images of the
membranes are presented in Fig. 1. They enabled
us to find that all membranes have an asymmet-
rical structure. The presence of Nanomer 1.28E
in polymer solutions affected the morphology of
the asymmetric structure. As the nanoparticle
concentration increased, the height and density
of the selective layer decreased. This affected the
shape of the pore channels in this part of the
membrane structure.
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Fig. 1. SEM image of cut-off of asymmetric
membranes: A - 17% PAN, B - 17%
PAN/1.0%clay, C - 17% PAN/1.5%clay,
D - 17% PAN/2.5 %clay.

With the formation of the macro sublayer, the
pore channels are combined to varying degrees
and form different macro-voids, in proportion to



the increase in the concentration of nanoclay.
This is especially noticeable for membranes
formed from a solution containing 1.0 and 2.5
wt.% (Fig. 1 B, D).

The morphological differences in the struc-
ture are the result of the different conditions un-
der which the phase inversion takes place. These
differences-are caused-by the different amounts
of nano additive.

The retention of the nanoparticles in the struc-
ture of membranes and their participation in the
construction of the structure were studied and
proven by infrared spectroscopy. Solid samples
of the membranes under consideration were in-
vestigated and the corresponding spectra are pre-
sented in Fig. 2.

i

zs00 OO0 1500 {=l=l=}

2500 2000 1500 1000

1500

Fig. 2. FT-IR spectra of the membranes: a-17%
PAN, b-17% PAN/1% clay, c-17%
PAN/1.5% clay, d-17% PAN/2.5% clay

The spectral data from samples of membranes
containing Nanomer 1,28E (Fig. 2 b, ¢, d) re-
flected its presence by registering a characteristic
peak in the interval 1100-1000 cm™ correspond-
ing to v(Si-O-Si) [13]. In comparison, there was
no such peak in the spectral band of the PAN
membrane (Fig. 2 a). This difference identifies
the physical presence of the nanoclay in the
membranes and shows that it is not affected by
the non-solvent in the phase inversion process. It
is also clear from the spectral analysis that this
presence influenced v(C=N) at 2244cm™ in PAN.,

The results obtained from the study of the
permeability and selectivity of the polymer
membranes carried out at 0.3 MPa immediately
after their formation and preparation for the ex-
periments are shown in Table 1 and Fig. 3.

The membranes had permeabilities in a wide
range, with permeability for water from 68 1/m?.h
at the PAN membrane to 137 I/m®h at the
PAN/clay membrane. Different amounts of Na-
nomer 1.28E are integrated differently in the
respective structures and this affects the values of
water permeability.

Table 1. Permeability of membranes measured at
0.3 MPa

Membranes Jioo, IIm?h - Iy, I/mPh
17% PAN 68 43
17% PAN/1%clay 75 30
17% PAN/1.5% clay 137 40
17% PAN/2.5% clay 99 37




With the increase of nanoparticle concentra-
tion from 1.0 wt.% to 1.5 wt.% the permeability
values increase, for water from 75 I/m*h to 137
I/m*h and for albumin from 30 I/m’h to 40
I/m?.h., but at a concentration of 2.5 wt.% de-
crease for water to 99 I/m2.h and for albumin to
37 1/m2.h. Different amounts of Nanomer 1.28E
are integrated to a varying degree into the respec-
tive structures and this affects permeability val-
ues. The explanation of these changes is that the
concentration of 2.5 wt.% is the limit value com-
patible with the concentration of the polymer to
obtain an effective membrane structure.-We as-
sume that this reduces the homogeneous disper-
sion of the nanoparticles during the phase inver-
sion. These results are fully consistent with the
structural features shown in Fig. 2.

The values of rejection are influenced simi-
larly by the structure of the membranes contain-
ing Nanomer 1.28E. For membranes containing
1.0 wt.% and 2.5 wt.%, respectively, retention is
reduced to 55% and 57% compared to the PAN
membrane (Fig. 3).

17%PAN/1%  17%PAN/1.5% 17%PAN/2.5%
17%PAN clay clay clay
100
0
Q'.
€ 80
60 -
- -
40 -
— -
— —

Fig. 3. Rejection of the membranes at 0.3MPa

The changes in structural morphology result-
ing from nanoparticle distribution are optimal at
a concentration of 1.5 wt.% as membrane reten-
tion reaches 70% at permeability 137 I/m’h.

CONCLUSIONS

Nanomer 1.28E is available in all membranes

as a participant in the building of
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polyacrylonitrile nanocomposite.

Nanomer 1.28E influences the structure of the
membranes and the modifying effect on the
membranes morphological characteristics is in
accordance with the amount of the nanoparticles,
and the optimal amount found is 1.5 wt.%.

PAN/clay nanocomposite membranes were
found to have optimal permeability of 137 I/m*.h
and rejection of 70% at participation of 1.5 wt.%
Nanomer 1.28E in the polymer solution.
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ABSTRACT

The study presents the application of an interactive method for assessment and analysis of radioac-
tive activity and the radioactive situation, which is developed for the case of explosion in a nuclear
power station. The interactive model is developed with MATLAB software and presents the inhaled
dose of radioactivity and the dose from the external radioactivity for the time of stay in the radioac-

tively contaminated zone.
Key words: radioactive situation

INTRODUCTION

The assessment of a radiation situation is of
great importance when planning methods and
tools for crisis management in the case of an
accident in a nuclear power plant. This process
involves solving a number of problems, analys-
ing the results and choosing an action and a be-
haviour mode that guarantees minimal losses.
Due to the seriousness of this situation,
knowledge of its nature and mastery are part of
the training of students studying "Technical safe-
ty and disaster protection”.

EXPERIMENTAL

Training for determination of the radiation
situation as a result of an accident in a nuclear
power plant (NPP) involves the extent of radio-
active contamination by radioactive substances
in the area and the atmosphere, which have a
negative impact on human health and the sus-
tainable operation on the sites. The shape of the
radioactive contamination zones (extremely dan-
gerous and dangerous ones) is represented by
isosceles triangles. Depending on the incorpo-
rated dose values, two radioactive contamination
zones are distinguished and presented on a map
[1].

The contamination zones are determined after
choosing their length L and width B. The radia-
tion situation also includes: estimation of the
time for the radiation cloud to reach the object at
a distance x;, as well determination of the radio-
active doses received through inhalation and
from external exposure when residing in a radio-
nuclide-contaminated area. For the determination

73

of these doses an interactive model is used, de-
veloped with MATLAB software, based on the
methodology used for modelling a passive sys-
tem of a car [2]. The model is applied as part of a
practical exercise in the Technical safety and
disaster protection course taken by fourth- and
third-year students from the Faculty of Techno-
logical Sciences of Prof. Dr Asen Zlatarov Uni-
versity, Burgas.

RESULTS AND DISCUSSION

1. Contamination zones determination

|
|

30 bex

B,

| L

—

Fig.1 Hazardous radioactive contamination zone

The radioactive contamination zones are de-
termined in accordance with the incorporated
radioactivity in a living organism, measured in
“ber”, which is the biological equivalent of the R
(roentgen) unit. In the hazardous radioactive
contamination zone, the inside dose is 250 ber
and at the inside border it is 30 ber, while in the
extremely hazardous zone , the inside dose is

1000 ber, and along the outside border it is 250
ber, as shown in Fig. 1.



2. Evaluation and analysis of the radiation
situation

For the evaluation and analyses of the radia-
tion situation, students use the following data
taken from the experimental data of a hypothet-
ical NPP located in a map area:

2.1. Type and capacity of reactor. The type of
the reactors is usually WWEP —Water energy
reactor, with capacity (power — P) 1000 MW and
440 MW.

2.2. The beginning of the accident - time of
the day and month. These data are very im-
portant for developing an evacuation strategy.

2.3. Coordinates of the scene of the accident —
x and y, longitude and latitude, which are taken
from the experiment map.

2.4. Distance of an industrial unit, marked
with x;, and measured in kilometres, to the reac-
tor.

2.5. Coefficient of the reactor — Cr (1). When
the power of the reactor is 1000 MW, Cr is 1
and, when 440 MW, it is 0.44.

I
1000 M
2.6. Coefficient of protection Cp (2)
z
Cp=2¢ ¥

2.7 Resistance to atmospheric conditions.
This includes horizontal stability, with a) wind
speed v in m/s and b) wind direction in azimuth.
This information is needed for determination of
the direction where the radioactive cloud could
start to move taken by the wind. For determina-
tion of this direction a coordinate system with
degrees and directions is used (Fig. 2).

360°north g°

90° east

o

west 2707

1 11

4

180° gouth

Fig. 2. Coordinate system for wind direction

The coordination system describes four quad-
rants. If the wind direction is at the 0-90 geo-
graphical degrees range, it has northeast direc-
tion, at the 90-180 geographical degrees range, it
has southeast direction, at the 180-270 geograph-
ical degrees range, it has southwest direction and
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at the 270-360 geographical degrees range, a
northwest direction.

Vertical stability is described with two tem-
peratures: t; — measured at 50 cm. from the
ground and t, — measured at 200 cm. from the
ground. If the two temperatures are equal, t1 = t2
— isothermy, and if they are different t1>t2 —
convection and tl <t2 — inversion. The worst
case scenario is usually considered, when the
vertical stability of the atmosphere is inversion.
This situation is static and because of the lack of
air movement, the contamination from the radio-
active contaminants can last longer.

3. Practical assessment of the radiation sit-
uation

For determination of L; and L, (lengths) and
B ; and B, (widths), as shown in Fig. 2, a special
nomogram developed in the methodology is used
[1]. From this nomogram it can be seen that for
an incorporated zone D iy = 30 ber, L; = 134 km,
and for an incorporated zone, D ;. =250 ber, L,
= 80 km. Knowing the square of the triangular
shapes of the zones, S; = 680 km? and , = 190
km? and using formula (3), the two widths B,
and B, are determined.

5o B
L

km 3)

4. Determining the time when the radiation
cloud will reach the object at distance X;.

The formula needs the distance x and the
wind velocity in km/h (4)

(4)

5. Determination of doses of radioactive
contamination.

For determination of the Inhalation zone D i,
formula (5) is used, and an interactive MATLAB
model for its assessment, based on D estimated
(estimated dose of radiation, which corresponds
to a distance) from the nomogram used above
and the coefficient of the reactor — Cr, is devel-
oped.

Cr

Dest.
® ber

2,1

The MATLAB interactive model allows stu-
dents to determine the inhalation dose, giving
different values for the estimated dose, corre-
sponding to a distance from the reactor (in km)

Dinh. (5)



and for the coefficient of the reactor. In Fig. 3,
the inhalation dose is determined for Cr =1 (Kp
in the figure). In Fig. 4, the inhalation dose is
determined for Cr =0.44. Both estimated doses
are 1500 ber, because they are determined for an
object which is located at a distance of 30 km
from the reactor.

_1

Fig. 3 Inhalation zone for Cr=1

] er]

I o

Zex

Fig. 4 Inhalation zone for Cr=0,44

It can be seen from the figures that people
staying in a place which is located at a distance
of 30 km from the reactor, with estimated dose of
1500 ber of the environment, would receive seri-
ous doses of radiation from inhalation of the
contaminated air. If the problematic reactor has a
capacity of 1000 MW, and Cr=1 (Fig. 3), the
dose would lead to the development of the most
severe form of radiation sickness having a value
of 555, 556 bers. This is why, in the coloured
code it is shown in the red, highly dangerous
zone. The people located on the same site at the
same distance from a less powerful reactor 440
MW, with Cr=0.44, would receive a dose from
the inhalation of contaminated air which is of
average danger and, that is why, it falls in the
orange zone, the one of danger. It is important to
mention, that in the case of accident, the person
reactive radioactive contamination received in all
three ways forms the so-called incorporated
dose: the contamination coming from the pene-
trating (external) radiation (point 6) in the radio-
active area; the contamination from the inhaled
air; and the radiation received from the use of
contaminated water and food.
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6. Determination of the absorbed dose of
external radiation when residing in a radionu-
clide-contaminated area.

The used formula for the development of the
MATLAB model includes data for:

Pst.- the exposure power of the area at the
beginning (start) of the radiation accident, R\h
(P in the picture);

P end - exposure power at the end of expo-
sure, R\h (Pxp in the picture);

Cp - coefficient of protection (K in the pic-
ture);

t - duration of exposure, h.

Pst + Pend
2Cp

As can be seen from Fig. 5 and 6, for an acci-
dent with a reactor with 440 MW capacity and
coefficient of reactor 0.44, we have described
two situations.

D .t .Cr

(6)

r

B Ocerke

Fig. 5. Absorbed dose from ext. radiation, for
Kp=20

-

Fig. 6. Absorbed dose from ext. radiation, for
Kp=150
In Fig. 5, the people staying at the same dis-
tance of 30 km from the crushed reactor in a
shelter (a light structure building, such as a shed,
with quite low coefficient of protection 20), for 5
hours since the accident would receive 225 R of
radiation, which is an average danger dose, lead-
ing to a second degree of radiation sickness,
which is curable.
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CRISIS MANAGEMENT AND ITS RELATION WITH THE ANXIETY STATE OF PEOPLE
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ABSTRACT

The study presents the results of the anxiety level as one of the pillars of emotional resilience, cru-
cial for crisis management in the chemical industry. As a complex activity, crisis management com-
bines diverse actions: identification of the risk, a characterization of possible consequences, coordina-
tion and organization of the necessary crisis response forces. In dealing with the prevention and man-
agement of the actions of crisis management, people have to plan their activities on the basis of their
knowledge and skills, but their emotional resilience will be decisive for their right and proper way of

application.
Key words: crisis management, anxiety level

INTRODUCTION

Anxiety is a major indicator of emotional re-
silience as a feeling associated with experiencing
insecurity, helplessness and unbalance, accom-
panied by negative emotions caused by the ina-
bility to satisfy a subject's need. Its measurement
is particularly important as it is largely determi-
nant of the subject's behaviour in a given situa-
tion, especially in the chemical industry, where
the risk zones are specific and the probability and
severity of the critical events have high values.
In this industry a crisis event requires diverse
actions and serious work: identification of the
risk, a characterization of the possible conse-
guences, and coordination and organization of
the necessary crisis response forces. In dealing
with the prevention and management of crisis
management actions, people have to plan their
activities, based on their knowledge and skills,
but their emotional resilience will be decisive for
their right and proper way of application.

EXPERIMENT

The following study shows the application of
the State-Trait anxiety inventory (STAI), a test
developed by Charles Spielberg, R. L. Gorsuch
and R. E. Lushene as a list of questions used for
assessment of the two major types of anxiety:
state anxiety and trait anxiety. State anxiety (S-
anxiety) can be defined as fear, nervousness,
discomfort, etc. and the arousal of the autonomic
nervous system induced by different situations
that are perceived as dangerous. This type of
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anxiety refers more to how a person is feeling at
the time of a perceived threat and is considered
temporary. Trait anxiety (T-anxiety) can be de-
fined as feelings of stress, worry, discomfort, etc.
that one experiences on a day-to-day basis. This
is usually perceived as how people feel across
typical situations that everyone experiences on a
daily basis [1]. The situational (state) anxiety is a
dynamic mental state, which is accompanied by a
subjective experience of emotions, arises in a
particular situation and responds quickly as soon
as the cause is resolved. The state of situational
anxiety arises as an emotional response to a
stressful situation and can vary in intensity and
dynamics over time. It is associated with nerv-
ousness, tension and feelings of undetermined
threat, danger and frustration. Personal anxiety is
an individual characteristic that reflects a per-
son's degree of predisposition to anxiety, or to
emotional negative reactions to different life
situations which carry threats to his/her self. As a
predisposition, personal anxiety is activated to
perceive certain incentives which are assessed by
the person as dangerous and related to specific
situations of threat to his/her prestige and self-
esteem.

STAI is applied to three groups of responders,
who self-assessed themselves. The first group is
university students taking a course related to the
chemical industry, the second group is people
actively involved in the process of management
of risk and crisis situations in the chemical indus-
tries as workers, and the third group is people
also working in the chemical industry, but in the
administrative sector. The difference between the
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three groups of people is in the level of their
engagement in the process of solving problems
as part of the crisis management process. The
second and the third groups are chosen because
they work in the chemical industry, but have
different tasks and responsibilities in case of
crisis and the implementation of crisis manage-
ment action. Despite their different level of en-
gagement, these two groups feel that anxiety is a
key factor in making decisions in their everyday
activity. The choice of the people in the first
group is related to the thesis that education af-
fects the indicators: positive daily functioning;
positive self-esteem and positive expectations for
the future. Individuals with good school (univer-
sity) performance are more likely to replace neg-
ative thoughts with positive ones than those with
average and poor one performance [2]. This
principle in perception of the reality would be of
help in their future realization in the chemical
industry, where they will have to take active part
in the process of crisis management.

Spielberger's self-rating scale includes 40
judgment questions, 20 of which are designed to
assess the level of situational anxiety (while an-
swering the question “How do | feel at this mo-
ment?’) and 20 to assess the level of personal
anxiety (while answering the question “How do I
feel usually?”). For S-anxiety or assessing the
current situation the following answers are used:
not at all; somewhat; moderately so, and very
much so. For assessing T-Anxiety or how the
responder feels in general, the following answers
are used: almost never, sometimes, often, and
almost always.

Each STAI item is given a weighted score of
1 to 4. A rating of 4 (maximum rate) for each
question indicates the presence of a high level of
anxiety for ten S-Anxiety items and eleven T-
Anxiety items (e.g., “I feel frightened,” “I feel
upset”). A high rating indicates the absence of
anxiety for the remaining ten S-Anxiety items
and nine T-Anxiety items (e.g., “I feel calm,” “I
feel relaxed”). The scoring weights for the anxie-
ty-present items are the same as the blackened
numbers on the test form. The scoring weights
for the anxiety-absent items are reversed, i.e.,
responses marked 1, 2, 3, or 4 are scored 4, 3, 2,
or 1, respectively. The anxiety-absent items for
which the scoring weights are reversed on the S-
Anxiety and T-Anxiety scales are: S-Anxiety: 1,
2,5,8,10, 11, 15, 16, 19, 20 and T-Anxiety: 21,
23, 26, 27, 30, 33, 34, 36 and 39. To obtain
scores for the S-Anxiety and T-Anxiety scales,
the weighted scores for the twenty items that
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make up each scale are added, taking into ac-
count the fact that the scores are reversed for the
above items. Scores for both the S-Anxiety and
the T-Anxiety scales can vary from a minimum
of 20 to a maximum of 80 [3].

RESULTS AND DISCUSSION

The three groups of people are asked to assess
themselves by answering the 40 items of the
STAI test, choosing from four types of answers.
Following the answering score algorithm, the
score for T and S anxiety is obtained, after which
each result is divided by 20. In assessing the
obtained results the following list of points is
used:

Points range: Level of anxiety
3.5 - 4.0 points - very high anxiety
3.0 - 3.4 points - high anxiety

2.0 - 2.9 points - average anxiety
1.5 - 1.9 points - low anxiety

0.0 - 1.4 points - very low anxiety

The results (presented in Fig. 1 and Table 1)
in assessing the Situational anxiety (S-anxiety)
show that 67% of the responders have low levels
of this type of anxiety, which makes them people
who perceive the current situation in a reasona-
ble and calm manner and are internally stable as
a behavioural response to certain life situations.

Situational anxiety - S anxiety

Fig. 1. Scores of Situational anxiety (S anxie-
ty)

These 67% are the people from the first and
the second group of responders, students and
employees actively involved in the activities
related to the chemical industry. For the first
group of people, with scores 1.5 and 1.9 these
results can be explained by the fact that they are
still  not practically implementing their
knowledge and they do not have so many oppor-
tunities for using it in real situations. This might



also be related to their lack of practical experi-
ence, but presence of theoretical one. The low
level of S-anxiety in the group of people working
actively in the chemical industry can be ex-
plained by their professional experience and the
skills they have gained at work, which make
them feel safe and confident while dealing with
their everyday tasks. An interesting fact is that
both groups are in the age range of 20 to 30, that
is relatively young people, which can be another
reason for their low level of anxiety provoked by
a situation, because they might not feel engaged
enough or motivated enough to take active part
in dealing with a situation. The administrative
workers have average levels of S-anxiety. They
are people aged 45-47 on average, which means
that they have relatively long experience in a
field where their duties often require following
time schedules and dealing with deadlines in a
high stressful environment, such as the chemical
industry.

Table 1. S-anxiety results, information

Initials Occupation Age,gender  Result
D.M Worker 30,male 1,9-low
S.D Worker 30, male 1,5 -low
K.D  Adm.wor. 45 female 2,2 -aver.
L.D Admwor. 47, female 2,7 -aver.
.G Student 20, female 1,8 —low
SY Student 20, female 1,8-low

The scores for Personal anxiety are listed in
Table 2 and are shown in Fig. 2, from which can
be seen that all respondents have average levels
of personal anxiety. In general, this can be inter-
preted as an average disposition to emotional
negative reactions in different situations which
carry a threat. These scores describe rather con-
fident people, who respond to stressful and hectic
situations of everyday life in a normal way.

As an individual characteristic, this reflects a
person's degree of predisposition to anxiety or to
emotionally negative reactions to different life
situations carrying some threat. Personal anxiety
is related to the way of perceiving certain stimuli
which are assessed by the person as dangerous.
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Fig. 2. Scores of Personal anxiety (T anxiety)

Table 2. T-anxiety results, information

Initials  Occupa- Age Result
tion
D.M Worker 30,male 2,2- aver.
S.D Worker 30, male 2,1 - aver.
K.D Adm.wor. 45 female 2,0 -aver.
L.D Adm.wor. 47, female 2,3 -aver.
.G Student 20, female 2,3 aver.
SY Student 20, female 2,2-aver.

CONCLUSIONS

Anxiety is a major indicator of emotional re-
silience as a feeling associated with experiencing
insecurity and helplessness, a state of inner anxi-
ety and unbalance accompanied by negative
emotions caused by the inability to satisfy a sub-
ject's need. This condition is particularly im-
portant especially in the case of crisis manage-
ment in the chemical industry, as it is largely
determinative of the subject's behaviour in a
critical situation. In case of these situations, the
behaviour is a result of signals coming from the
environment (temperature, air pressure, humidi-
ty, odour, presence of chemicals and materials,
etc.), which are assessed by the knowledge and
skills that the person has, and signals coming
from the person (inner signals) related to his
personal characteristics. The proper anxiety lev-
el, both personal and state, is of high importance
for the right perception and interpretation of the
two type of signals to be used in the process of
planning, organizing and carrying out of crisis
management activities.
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ABSTRACT

In the current investigation the healthcare topic is discussed. The medical and regional information
is selected from websites and healthcare databases are studied. Intercriteria analysis is applied to the
healthcare rankings to present the behaviour of the healthcare systems in the selected countries. The
obtained results can classify the countries according to the consumer service provided by their

healthcare systems.

Key words: intercriteria analysis, healthcare, rankings

INTRODUCTION

Healthcare is an extensive research section
that includes a variety of closely specialized
fields. The literature on healthcare assessment
such as healthcare ratings and statistical
measures is studied. In the current research work
the Euro Health Consumer Indexes are investi-
gated. The aim of healthcare rankings is to make
a comparison between the European health care
systems according to waiting times, outcomes
and generosity. The Euro Health Consumer In-
dex 2018 ranks the performance of the healthcare
service from a consumer viewpoint. Therefore,
the Index presents only the consumer infor-
mation, and not medically or individually sensi-
tive information. The quality of the data is im-
perfect because it depends on the way of gather-
ing and storing. The Euro Health Consumer In-
dex 2018 uses different types of information
sources for healthcare systems in the countries.
The Europe healthcare rankings contain a small
number of indicators in a definite number of
evaluation fields. The received combination pre-
sents how the healthcare consumer is served by
the respective systems. In 2018 the Euro Health
Consumer Indexes evaluate the health systems of
35 countries according 6 sub-disciplines. The
countries are the following: Norway, Denmark,
Belgium, Finland, Luxembourg, Sweden, Aus-
tria, Iceland, France, Germany, Portugal, Czech
Republic, Estonia, United Kingdom, Slovakia,
Serbia, Spain, Italy, Slovenia, Ireland, Montene-
gro, Croatia, North Macedonia, Cyprus, Malta,
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Lithuania, Greece, Latvia, Bulgaria, Poland,
Hungary, Romania, Albania [9]. The sub-
disciplines in the Euro Health Consumer Index
are:

Patient rights and information;

Accessibility (waiting times for treatment);
Outcomes;

Range and reach of services;

Prevention;

Pharmaceuticals.

Each sub-discipline is calculated from several
indicators. The sub-disciplines weighted scores
are calculated using the mix of selected indica-
tors. In the Euro Health Consumer Index 46
healthcare indicators are selected and then struc-
tured in six sub-disciplines. These indicators are
evaluated using a three-grade scale for each indi-
cator. The scale contains green, amber and red
scores, meaning respectively good, so-so and
not-so-good. The scores are evaluated in the
following way: green score earns 3 points, amber
score is 2 points and red score or a “not availa-
ble” is 1 point. For each of the sub-disciplines,
the country’s score is calculated as a percentage
of the maximum possible. Thereafter, the sub-
discipline scores were multiplied by the weight
coefficients (Table 1) and added up to receive the
final country score. Therefore, an “All Green”
score on the 46 indicators would yield 1000
points. “All Red” scores would give 333 points
[9]. The weight coefficients used for sub-
disciplines indicators calculation have the fol-
lowing form:


https://en.wikipedia.org/wiki/North_Macedonia

Table 1. Sub-discipline weights

Points for a
L Relative | green score
Sl weight | in each sub-
discipline
1. Patient rights,
information and e- 125 125
Health
2. Accessibility 225 37.5
3. Outcomes 300 33.33
4. Range and 125 15.62
search of services
5. Prevention 125 17.85
6. Pharmaceuticals 100 16.67
Total_ sum. of 1000
weights:

INTERCRITERIA ANALYSIS APPLIED TO
HEALTHCARE RANKINGS

The InterCriteria analysis (ICA) theory is in-
troduced in [5. 7]. The ICA method is based on
the theories of intuitionistic fuzzy sets [2, 4, 6]
and index matrices [3]. It is a useful tool for de-
termining the degrees of dependence and non-
dependence between selected objects depending
on the appropriate criteria. The procedure in-
cludes comparing the pairs of values of two col-
umns in two rows and calculating the values
according to the received relations. The InterCri-
teria analysis produces three main categories of
relationships: negative consonance, dissonance
and positive consonance. On the other hand,
these three categories are divided into three sub-
categories: negative consonance-weak negative
consonance, negative consonance and strong
negative consonance, dissonance-weak disso-
nance, dissonance and strong dissonance, posi-
tive consonance-weak positive consonance, posi-
tive consonance and strong positive consonance.
The InterCriteria analysis is applied successfully
in the datasets of many scientific fields, such as
evaluation of university rankings [13, 14, 19],
neural networks preprocessing procedure [18],
genetic algorithms [11, 17], the global competi-
tiveness reports [8], chemical investigations [21,
22], etc. In [23] an application of the ICA ap-
proach to data connected with health-related
quality of life is presented. Health-related quality
of life has been used in medicine and public
health as a reliable outcome measure and
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a needs assessment frame [1, 10, 24]. In [20] the
ICA method is applied for studying some statis-
tical data for registered patients with oncological
diseases for 2018 in Burgas. The same approach
can be applied to data connected to metastatic
melanoma [15, 16], diabetic foot [26, 27] and
colorectal cancer [25, 28].

Table 2. InterCriteria analysis applied to
healthcare rankings

Type of consonance Number of pairs
Dissonance (D) 6
[0,33; 0,43)
Strong Dissonance 1
(SD) [0,43; 0,57)
Dissonance (D) 9
[0,57; 0,67)
Weak Dissonance 80
(WD) [0,67; 0,75)
Weak Positive Con- 108
sonance (WPC)
[0,75; 0,85)
Positive Consonance 993
(PC) [0,85; 0,95)
Strong Positive Con- 65
sonance (SPC)
[0,95; 1]

In the current research InterCriteria analysis is
applied over the healthcare ranking using
ICraData software [12]. The relationships be-
tween the 35 countries according to 6 sub-
disciplines are investigated. The results from the
application of ICA over the healthcare rankings
have the following form: 21 pairs of countries in
strong dissonance, 15 pairs of countries in disso-
nance, 80 pairs of countries in weak dissonance,
108 pairs of countries in weak positive conso-
nance, 293 pairs of countries in positive conso-
nance and 65 pairs of countries in strong positive
consonance (Table 2).

The obtained results of the InterCritaria anal-
ysis over the healthcare rankings are presented in
the intuitionistic fuzzy triangle in Fig. 1. Two
groups of data points are visualized with differ-
ent colours. The green data points represent the
pairs of countries with dependencies in their
healthcare systems functioning in the way of
providing services to consumers. The pink data
points are the pairs of counties whose healthcare
systems have no dependencies.
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RESULTS

The results from the application of InterCrite-
ria analysis over healthcare rankings have been
studied. A comparison between the countries has
been made. The following outcomes have been
obtained:

The pairs of countries in weak positive con-
sonance have similar behaviour according to
the investigated sub-disciplines. These pairs
of countries have similarities in the function-
ing of their healthcare systems.

The pairs of countries in positive consonance
have close similarities according to the inves-
tigated sub-disciplines. These pairs of coun-
tries have identical manner of functioning of
their healthcare systems.

The pairs of countries in strong positive con-
sonance have dependencies according to the
investigated sub-disciplines. The identical
manner of functioning of the healthcare sys-
tems and the same consumer service are de-
termined.

The pairs of countries in weak dissonance,
dissonance or strong dissonance are inde-
pendent. The healthcare systems and consum-
er service of these pairs of courtiers are inde-
pendent of each other.

The results received from the application of
ICA over healthcare rankings presents the groups
of courtiers with similar functioning of their
healthcare systems. The total number of pairs of
countries having similar performance of provid-
ing consumer service is 466. These pairs of
countries have different degrees of dependence
according to the obtained results. The conducted
investigation provides the information for 116
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pairs of counties that have independent behav-
iour of functioning of their healthcare systems.
According to the results of the InterCriteria
application for the healthcare system of Bulgaria,
the following outcomes are obtained:
Dissonance: Ireland-Bulgaria;
Weak dissonance: Sweden-Bulgaria, France-
Bulgaria, United Kingdom-Bulgaria, Malta-
Bulgaria;
Weak positive consonance:
Bulgaria, Belgium-Bulgaria,
Bulgaria, Luxembourg-Bulgaria,
Bulgaria, Montenegro-Bulgaria;
Positive consonance: Switzerland-Bulgaria,
Norway-Bulgaria, Denmark-Bulgaria, Aus-
tria-Bulgaria, Iceland-Bulgaria, Germany-
Bulgaria, Portugal-Bulgaria, Czech Republic-
Bulgaria, Estonia-Bulgaria, Slovakia-
Bulgaria, Serbia-Bulgaria, Spain-Bulgaria, It-
aly-Bulgaria,  Croatia-Bulgaria,  Cyprus-
Bulgaria, Lithuania-Bulgaria, Greece-
Bulgaria, Latvia-Bulgaria, Bulgaria-Hungary;
Strong positive consonance: North Macedo-
nia-Bulgaria, Bulgaria-Romania.
The consumer service of the healthcare sys-
tem of Bulgaria is similar to the consumer ser-
vice of the healthcare systems of North Macedo-
nia and Romania. The InterCriteria analysis re-
sults presented strong dependencies between the
healthcare systems of Bulgaria, Romania and
North Macedonia. The obtained results present
dependencies of the consumer service of the
healthcare system of Bulgaria and the consumer
service of healthcare systems of Switzerland,
Norway, Denmark, Austria, Iceland, Germany,
Portugal, Czech Republic, Estonia, Slovakia,
Serbia, Spain, ltaly, Croatia, Cyprus, Lithuania,
Greece, Latvia and Hungary. These healthcare
systems have similar trends of work. Weak de-
pendencies are determined for the consumer
service of the healthcare systems of Bulgaria and
Netherlands, Belgium, Finland, Luxembourg,
Slovenia and Montenegro. The processes of
these healthcare systems are similar but their
functioning is not the same. The countries whose
healthcare systems are independent with regards
to the consumer service of the healthcare system
of Bulgaria are Ireland, Sweden, France, United
Kingdom and Malta.

Netherlands-
Finland-
Slovenia-

CONCLUSION

In the current research work the authors have
used ICA to reveal some hidden patterns in



healthcare rankings. The InterCriteria analysis is
applied to the Euro Health Consumer Index to
discover possible dependencies between the
healthcare systems of the countries in Europe. In
future research the authors aim to trace the cur-
rent tendency by analyzing the healthcare rank-
ing for the past five years (2014-2018). InterCri-
teria analysis will be applied to the healthcare
rankings to determine the possible relationships
between the indicators of the sub-disciplines.
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ABSTRACT

The Expectation-Maximization (EM) algorithm is a way to find maximum-likelihood estimates for
model parameters when the data is incomplete, has missing data points, or has unobserved (hidden)
latent variables. A variation (Stochastic Expectation-Maximization algorithm — SEM) of the above-
stated algorithm is presented in the current research with the usage of Generalized nets apparatus.
The constructed Generalized net can be used for describing and monitoring the parallel processes in

the SEM algorithm.

Keywords: Stochastic Expectation-Maximization algorithm, Generalized nets.

INTRODUCTION

Expectation—-Maximization is successfully
applied in data mining as an iterative method that
attempts to find the maximum likelihood estima-
tor of a parameter 9 of a parametric probability
distribution. The aim is to maximize the Q-
function which is the result of subtraction be-
tween the target value and initial estimate of 6.

The standard EM auxiliary function is the
best estimate of the complete-data log-likelihood
in the sense of the conditional mean squared
error [9]. The idea underlying the Stochastic
Expectation-Maximization algorithm, like other
stochastic EM variants, is that there might be no
need to ask for such a “good” estimate. There-
fore, SEM replaces the standard auxiliary func-

tion with: Q(0|¢)=1log p(z'|¥), where 7’ is a
random sample drawn from the posterior distri-
bution of the unobserved variable®, p(z]y,6).
This leads to the following modified iteration;
given a current estimate 6, [13]:

Simulation step: compute p(z|y,8,)and
draw an unobserved sample z, from p(z|y,8,);
Maximization step: find:

0n+1 = arg mglx p(zn | 9) '

Various schemes can be used to derive a
pointwise limit, such as averaging the estimates
over iterations once stationarity has been
reached. It was established in some specific cases
that the
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stationary parametric density function concen-
trates around the likelihood maximizer with a
variance inversely proportional to the sample
size.

GENERALIZED NET MODEL OF THE
STOCHASTIC EXPECTATION-
MAXIMIZATION ALGORITHM

The concept of Generalized nets (GNS) is in-
troduced in [2-4]. Examples of constructed Gen-
eralized nets for data mining processes are pre-
sented in [1, 6-8, 11, 12, 14, 15].

In the current research, the GN of the Sto-
chastic  Expectation-Maximization  algorithm
contains 8 transitions and 23 places (Fig. 1). The
Generalized net consists of the following set of
transitions:

A =42y, Zy, Z3, L4, Zs, Zs, Z3, Zs},
where:
Z, - “choosing random observed variable (y)”;
Z, - “choosing latent variable (z)”;
Z3 - “formulating the parametric density of y
and parametric density of z”;
Z, - “formulating the aggregate parametric
density of y and z, p(z| y,6) ”;

Zs - “computing p(z|y,6,)”s

Zg - “extracting an unobserved sample (z,)
from p(z|y,6,)

Z; - “forming the replacement function
Q(616,);
Zg - “finding

0

n+1

=argmax p(z,]6);
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Fig. 1. GN model of SEM algorithm

o-token enters the GN viaplaceL; The token
has initial characteristic = “observed vari-
ables . The token entering L3 does not obtain any
new characteristic. After the activation of transi-
tionZ,, the a-token moves to placel,and obtains
the following characteristic “chosen observed
variable”.

Transition Z; has the following form:

Zy=({Ly, L3}, {Ls, L3}, Ry, v(Ly, L3)),

where:

Ll LoL
"L | false true
Ly | W, true

and
W3, = “the observed variable is chosen”.

f-token enters the GN via placeL, with initial
characteristic “latent variables”. The token enter-
ing L¢ does not obtain any new characteristic.
After the activation of transitionZ,, thef—token
moves to placeLs and obtains the following char-
acteristic “chosen latent variable”.

Transition Z, has the following form:

Zy=({L4, L6}, {Ls, Le}, Ra, V(La, Le)),

where:

R = | L L
> L, | false true
Ly | Wes true

and
Ws,s = “the latent variable is chosen”.

y-token enters the GN via placel; with initial
characteristic “parameter to estimate”. The to-

kens entering Ly do not obtain any new charac-
teristic. After the activation of transitionZ;, the
tokens from placesl,, Ls and L;merge into two
tokens (o and f;) in placesLg and Lo with charac-
teristics, respectively, “formed parametric den-
sity of the observed variable” and “‘formed pa-
rametric density of the latent variable”.
Transition Z; has the following form:
Z3=({Ls, Ls L7, Lo}, {Lg, Lo Lo}, R3, V(A (L,
Ls L), Lo)),

where:
R — LS L9 LIO
L, | false false true
L, | false false true
L, | false false true
Ly | Wi Wy true
and
Wiys = “the parametric density p(y/8)is
formed”;
Wy = “the parametric density p(z/8@)is
formed”

After the activation of transition Z,, the to-
kens in placesLs and Ly merge into onea,-token
in placeL; with characteristic “formed aggregate
parametric density, p(z| y,6) ~.The tokens enter-
ing L;do not obtain any new characteristic.

Transition Z, has the following form:

Zy= ({Ls, Lo L3}, {L11, L3}, Ra, V(A (Ls,

L9,)3 L13)>3
where:
L L
R, = | 11 13
L, | false true
L, | false true
Ll3 W;?y,l] lrue
and

W51 = “the aggregate parametric density of y
and zis formed, p(z|y,0) .

o-token enters the GN via position L, with
initial characteristic “current estimation”. At the
first activation of theZs transition, the tokens
form placesL;; andLmerge into a new y;-token
in placeL4 with characteristics “parametric den-
sity of current estimation, p(z|y,0,) .

At the second activation of the transition, the
tokens form placesL,, L, and L,; merge into a
new y,-token with characteristic “parametric
density of next estimation, p(z|y,6,,,) " . The

tokens entering L,sdo not obtain any new charac-
teristic.



Transition Zs has the following form:
Zs = ({L11, Lo, Lis Lo}, {Laa, Lis}, Rs, v(A
(I—lla L12 L15,)’ I—21)>,

where:
A VR o
° L, | false true
L, | false true
L15 W15,l4 true
L, | false true
and

Wis14 = “the current estimation of p(z|y,8,)is

made” (at the first activation of the transition);
Wis14 = “the next estimation of p(z|y,9,.,) is

made” (at the second activation of the transition);
After the activation of transition Zs, the ;-
token form place L, moves to place L;s and ob-
tains the following characteristic “drawn unob-
served sample, z,”. The token entering L, does
not obtain any new characteristic.
Transition Zg has the following form:

Zs = ({Lu4, L1z}, {L1s, L1z}, Re, V(Las, La7)),

where:
| Ly Ly
® L, | false true
L17 Wl7,16 true
and
Wi7.16 = “an unobserved sample is extracted from
p(z | yl en) ”'

After the activation of transition Z; the token
from L;s moves to place L;g with the following

characteristic “formed Q(0/ 6,) "

Transition Z; has the following form:
Z7 = ({Las, Lo}, {L1s, L1}, Rz, v(Lis, L1g)),

where:
_ | Ls Ly
"L, | false true
L19 W19,18 true
and

Wig 15 = “the replacement Q(@ 16,) is formed”.
e-token enters the GN via place Ly with ini-
tial characteristic “criterion for maximization,
argmax p(z, | @) ~. After the activation of tran-
4

sition Zg, the tokens form places Lig and Ly
move to place L,; or L,, depending on whether
the criterion is met with characteristics respec-

tively “g,,,=arg max p(z,|6)” for Ly and

n+1
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“g,., =arg max p(z,|6)” for L. The tokens

entering Lys do not obtain any new characteristic.
Transition Zg has the following form:
Zg = ({Lis, Lo, Loa}, {La1, Log Las}, Re, V(A
(L1s, L2o), L23)),

where:
R8: | Ly L, Ly,
L, | false false true
L, | false false true
L23 W23,21 W23,22 true
and

W3 01 = “the n-th estimate of 4 is increased by 17;
W3 2, = “a parameter & which maximizes the Q-
function 1s found”

CONCLUSION

The EM algorithm and its variants are regu-
larly used to solve a broad range of today’s esti-
mation problems, from the multiple EM for mo-
tif-finding in DNA sequences [5], to fitting mix-
ture models to disambiguate targets from clutter
in radar [16]. The GN model presented in the
current research shows how the Stochastic Ex-
pectation-Maximization algorithm works by
splitting its two main steps into smaller ones and
describing them in detail.
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ABSTRACT

Thermoelectric energy converters have become very popular in recent years. This is due to the con-
tinuous improvement of the materials used for their manufacturing and the increase of their efficiency.
They can work as thermoelectric refrigerators or heaters (depending on the polarity of the power sup-
ply) or as thermoelectric generators of electromotive voltage. This wide spectrum of their application
is based on the different physical effects which this type of converters uses in their operation. The pur-
pose of this article is to present the specific features and parameters of thermoelectric energy convert-

ers and their other operation modes.

Key words: thermoelectric energy converters, Peltier-Seebeck effect, TEC, TEG

INTRODUCTION

Thermoelectric energy converters can be gen-
erally classified into three groups depending on
the effect employed:

- Thermoelectric generators;
- Thermoelectric refrigerators;
- Thermoelectric heaters.

Thermoelectric generators use the Seebeck ef-
fect in their operation, while thermoelectric re-
frigerators use the Peltier effect. The effect of
Thomson is another thermoelectric effect.

The Seebeck effect is conversion of the heat
gradients existing in nature or resulting from
human activities AT directly into electric power
[1]. This effect was discovered accidentally for
the first time by the German-Estonian physicist
Thomas Johan Seebeck in 1821. He found that
electric voltage is generated between the two
ends of a metal rod when there is temperature
difference AT in it. He also established that the
magnetic needle of the compass deflects if
placed near a closed circuit built of two different
metal wires if there is temperature difference
between the points of their connection (place of
measurement).

The Seebeck effect is described as follows: if
in an open electric circuit consisting of two dif-
ferent conductors (Fig. 1) and one contact is kept
at temperature 71 while the other at 7,, then if
T1>T,, thermal electromotive force (thermal
EMF) is generated at the ends of the circuit
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[2].When the circuit is closed, an electric current
passes through it.

19¢
X
Fig. 1. Thermoelectric element consisting of two
dissimilar materials: A, B, with different
coefficients of thermal EMF

The Peltier effect is the conversion of elec-
tric energy into temperature difference AT [3, 4].
If an electric current is passed through a ther-
moelectric element consisting of two semicon-
ductors with a different kind of conductivity,
then a certain amount of heat is absorbed or
emitted at the joints (depending on the current
direction).

The Peltier effect is explained by simplified
band diagram at the juncture N-type semiconduc-
tor — Metal — P-type semiconductor (Fig. 2).
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Fig. 2. Band diagram at the juncture N-type
semiconductor — Metal — P-type
semiconductor

When a current | is driven in the direction
shown, the electrons passing from P-type to N-
type semiconductor at the joint must go to higher
energy levels, thus absorbing thermal energy
from the crystal lattice of the metal and the semi-
conductor, thereby cooling them down. In re-
verse direction of the current, the electrons de-
scend to lower energy levels, give off heat at the
joints and they are heated.

The Thompson effect is also a thermoelec-
tric effect. It explains the fact that ,if a current is
driven through a conductor or semiconductor
where there a is temperature gradient, a certain
amount of heat is absorbed or generated in addi-
tion to the Joule heat, depending on the current
direction [5, 6].

Due to the exhaustion of the conventional
sources of energy, alternative sources are becom-
ing increasingly popular: thermoelectric genera-
tors, photovoltaic systems, fuel cells [7-10], etc.

THESIS

A. Thermal electromotive force generation
mode.

A schematic diagram of a thermoelectric unit
operating in generator mode is presented in
Fig.3. If the junctures between the two materials
have different temperatures, T, and T,, then there
will be a thermoelectric current in the circuit [2,
11, 12]. In an open circuit, thermal electromotive
force E will be observed:

E = [ e (T) — a, (TY1GT .

where a,,a, - coefficients of thermal EMF

for materials 1 and 2. If ¢, a, dependence on
temperature is negligible, then:

E=(a-a)T-T,) (2)

If the thermoelectric circle is built from sev-
eral thermocouples connected in series, then the
total EMF is defined as the sum of the individual
EMF of all thermocouples.

For thermoelectric units the branches of
which are built from semiconductors of different
type of conductivity connected at one end with
metal bridge (Fig. 3), the metal junctures 1, 2 and
3 placed under the same temperature conditions
will not affect the total EMF generated [2].

2
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Fig. 3. Thermoelectric unit- Q', Q" - incoming

heat flows, Q,, Q) - outgoing heat

flows, Ty, T, — temperatures of the hot
and cold side, respectively, | — branch
height, s;, s, — areas of the cross-sections
of the branches.

The efficiency coefficient of the thermoelec-
tric unit # is determined by the law of conserva-
tion of energy by taking into account the heat
flow through the thermoelectric unit and the
electric current | flowing through external load
R. In this case,

Q+Q'-Q-Q, =I'R (3)

And for the efficiency we obtain:

_Q+Q'-Q-Q
Q+Q

n (4)

The numerator is the electric power over the
load R and the denominator is the dissipated heat
power.



In the absence of an electric current I (without
load R), the heat flow is determined only by the
heat conductivity of the material:

T1
_de_TZEJ‘de,
I3

dx

()

where k is the coefficient of heat conductivity.

With load R connected to the circuit, the ef-
fects of both heats of Joule and Thompson must
be taken into account.

Q I2jpdx,

) =—
S0

(6)

% (7)
Q =1 #dT,
T2
where Q, and Q; are the heats of Joule and
Thompson, respectively, p - specific resistance,
7, - coefficient of Thompson.

It is well known that half of the heat powers
of Joule and Thompson dissipated in the thermo-
electric unit is driven to the hot side and the other
half is absorbed by the cold side.

For a rough estimation of the efficiency (dif-
fering by no more than 10% from the one made
with more precise methods), the following ex-
pression can be used:

1T -T
=— 1T 2Z,T, (8)
where:
. LT,
T'= > 9)
Z,= o 10
" (W) + (Jlom ) (o)

Z, - quality factor of the thermoelectric unit;
a=a,—a,; k,k, - coefficients of heat con-
ductivity of the two branches of the unit; p,, p,

- specific resistances of the materials.

For a more precise calculation of the efficien-
cy, one should take into account not only the
internal resistance of the N and P semiconductors
r but also the resistance at the junctures with the
metal plates. Approximately, the effective elec-
tric resistance at the switching plates can be de-
termined by the equation [11]:

2a
) G

late — ’
P s

R (11)
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where: p - specific resistance of the plate mate-

rial; s - area of its cross-section; b - plate
length; a - width of thermoelectric unit branch-
es.

The efficiency of thermoelectric devices can
be increased by both, using materials of higher
quality factor Z, and increasing AT . The quali-

ty factor is usually increased by the so-called
“cascading”, where several thermoelectric units
are placed one over the other to form a heat chain
connected in series. In this case, the materials
and the temperature interval ensure the highest
possible Z,.

B. Cooling mode

Refrigeration using the Peltier effect was in-
vestigated by the German scientist Edmund Al-
tenkirch back in 1911 [13]. For his studies, he
used a thermocouple of metal conductors. The
analysis of the results obtained led him to the
conclusion that this method of refrigeration has
no perspective. Only after the researches of the
Russian scientist Abram Yoffe and his associ-
ates, the perspectives for the use of this method
with the application of semiconductors was clari-
fied in the 1950-ies and theoretical studies aimed
at the practical implementation of semiconductor
thermoelectric units began.

T, 1
2 ) .«)____ /l_.___ I
.-f"'f 5 f"/ 83
— L | __
371,
1 T

Fig. 4. Thermoelectric refrigerator: 1 — switching
plates; 2, 3— N and P type semiconduc-
tors

Thermoelectric converters using the Peltier
effect are called thermoelectric refrigerators
(TER). TERs contain two branches of different
types of semiconductor — N and P, with cross-

sections s;,S,and length | (Fig. 4) [2].
If electric current | is driven through such a

thermoelectric unit from N to P semiconductor at
normal constant temperature, it can be observed



after a short period (several seconds) that the
upper end has cooled to temperature T, - lower
than the ambient, while the lower end has been
heated to temperature T - higher than the ambi-

ent. The analysis of the thermoelectric unit takes
into account the dissipated Joule heat but ne-
glects the Thompson effect. In this case, it is
assumed that half of the Joule heat is transferred
to the cold side while the other half is transferred
to the hot side [2, 14]

The heat power absorbed by the cold side is:

Q

where: TT - Peltier coefficient, r — resistance of
the thermoelectric unit, | - the current through it.

The cold end absorbs the heat Q, dissipated

by the object to be cooled or from the environ-
ment contacting with it, as well as the heat trans-
ferred through the branches (due to heat conduc-
tivity) from the hot to the cold end.

Three modes of operation are known for the
thermoelectric refrigerator:
1) Maximal refrigeration mode — for maximal
temperature difference AT ;
2) Maximal refrigeration production mode;
3) Maximal saving mode.

Maximal refrigeration mode is achieved un-

der conditions of Q, = 0(no heat load). In this

case, the heat balance equation for the cold end
becomes:

—T1l + 0.5r12, (12)

K,AT =-TII + 0.5r1%, (13)

where k|, - coefficient of heat conductivity of the

branches.
It follows from (12) and (13) that:

IT
Iopt = T (14)
H2
max o~ (15)
Q 2r
The maximal temperature difference is:
HZ
AT = , 16
where:
1 1 1
r=I [— +—j, K, ==(ks, +k,S,) (17)
0,5 0,5, I
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o,, o, - coefficients of electric conductivity of

the branches; k;, k, - coefficients of heat con-
ductivity.
Expression (16) can be written as:

AT, =0,5Z,T7, (18)

where:
2

Z, = _ AT (19)
Koy [k
0, 0,

a,, a, - coefficients of thermal EMF of the two

branches. The minimal temperature of the cold
side is determined by the expression:

Jl+ 2T,Z, -1
Z0

Maximal refrigeration production mode is

achieved under condition Q, =Q, , i.e. in the

presence of maximal heat load. Then, the heat
balance equation is:

(20)

1min

(o, — )T, —0.5r1° —k, AT =Q, (21)
The temperature difference in the maximal re-
frigeration production is:

AT = AT, - fo

T (22)
0

For description of the maximal saving mode,

refrigeration coefficient ¢ is introduced as fol-

lows:

Q
&E=—, 23
W 23)
where
W=rl?+ (o, —,))ATI (24)

W - electric power consumed by the thermoelec-
tric unit.

The optimization by current,
wheree = ¢, IS:
I, = (o —,)AT
TR 05Z,T+T) -1 (29)



T, J1+0,5Z,(Ty +T,)-T, /T,
AT (1+0,5Z,(T,+T,)+1
While the optimal voltage supply of the ther-

moelectric unit should be:

(o —a,)AT
Uopt =
J1+0,5Z,(T,+T,) -1
It follows from (26) that the refrigeration co-
efficient ¢ depends not only on the quality fac-

tor Z, but also on the average temperature and
the temperature difference AT . At AT - AT,
&£ —>0. This is normal as long as AT, is
reached at Q, = 0.

AtAT -0, &, inCreases.

(26

max

(27)

C. Heating mode — thermoelectric heaters

Thermoelectric units are less frequently used
as heaters. Their wider use is as sources of EMF
and thermoelectric refrigerators. For this pur-
pose, some of the main dependencies and param-
eters of this mode of operation will be presented
in this paper rather than a detailed review.

The model presented in Fig. 4 can be used for
the description of the thermoelectric unit, assum-
ing that the cold side is thermostatted at tempera-
ture 7, and the hot side dissipates heat power Q,
at temperature T3. Current direction is opposite to
that in refrigeration mode. In this case, the heat
power dissipated at the hot end is [2]:

1

055,

QW=(051—012).T1.I+0,5|2,|[LJr j_
0.8, 28)

Tl - TO

(klsl + kzsz)

The efficiency of the thermoelectric heating is
determined by the coefficient of conversion Kj,;

(29)

The optimization by the voltage supply is ob-

tained from the condition: % =0and itis:

(q—a,)(T,-T,)

U

(30)

o M-1
where:

M =1+0,5Z(T, +T,) (31)
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CONCLUSIONS

The following conclusions can be made on
the basis of the discussion above:

The thermoelectric units depending on the ef-
fect employed can be used as generators of ther-
moelectric EMF, thermoelectric refrigerators or
heaters.

The thermoelectric efficiency of a particular
thermoelectric device depends entirely on the
materials from which it is made and the tempera-
ture gradient applied.

The future development of technologies and
the expected improvement of the efficiency of
the thermoelectric devices is aimed mainly at the
development of new materials with higher effi-
ciency.
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SURVEY OF THE IMPACT OF SEASONS OVER THE EFFECTIVENESS OF SOLAR
PANELS

Vasil Ivanov, Ivailo Belovski
E-mail: vasil bi@abv.bg

ABSTRACT

The purpose of the study is the monitoring of solar panels (Solar PV) in a solar network (Solar PV
array) in real working conditions to analyse their output during the seasons. The monitoring results
are related to external factors (air temperature, temperature of the solar panels and intensity of solar
radiation) and internal parameters (voltage, current and power). The analysis of the power output
from the solar network proves the higher efficiency of transformation during the transitional seasons,
spring and autumn, for large-scale practical application.

Key words: solar PV array, monitoring, internal parameters

INTRODUCTION

According to the National Institute of Mete-
orology and Hydrology, sunshine in Bulgaria
reaches 2200-2500 h annually. In the summer
months, the sunshine cycle is over 10 hours in
over 1/3 of the days, with the average solar radia-
tion intensity higher than 650 [W/m”] for the
time from 8 am to 4 pm. It has been reported that
a solar system would work efficiently for over
200 days in the southern regions and 170-180
days in the rest of Bulgaria.

The intensity of solar radiation per square me-
ter G[W/m’] is the main characteristic of the
solar power Ppy. The solar energy produced is
given with the power for the sunshine period,
and in practice for Bulgaria the average period is
greater than 6.5 hours per day with a solar radia-
tion intensity greater than 410[W/m”]. This al-
lows the efficient use of solar power systems in
Bulgaria [1-2].

SOLAR PANELS ARRANGED IN A
STRING (STRING PV)

Solar panels represent a system of geometri-
cally arranged solar cells connected in a grid and
enclosed in a housing to achieve a higher me-
chanical resistance.

The connection in the form of a string (Fig. 1)
is of 18 solar modules 18 times raise UPV1.

The external factors impacting the size and
stability of the generated power PPV are defined
as follows: geographic location, topography and
climate of the environment, total area orientation
angle of solar panels, daytime temperature range,
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temperature, humidity and dustiness of the envi-
ronment and cloudy weather.

The power PPV obtained from the solar pan-
els under standard test conditions (STC) is the
maximum and is defined as “peak” power Wp.

PV17  PV18
lir Is
u17 u1s
Bl
“TDwr ¥'Die
Usum = Ut+U2+, , +U17+U18 * ]

Fig. 1. Solar photovoltaics connected in string
(PV string) for higher voltage Ugpn,

The nominal mode of the solar panels is cal-
culated at the maximum power point Pmpp of the
V-A characteristic. It is fixed by converters
(DC/DC) with tracking algorithms at the maxi-
mum power point (Maximum Power Point
Tracker). The converters connect with their input
to the solar panel and the output is towards the
energy consumer. In this way, a connection is
made towards a solar generator architecture with
stabilized electrical parameters.

The active power Ppy is calculated from the
voltage Upy, [V] and current Ipy[A] generated by
the solar panels:

Peyv=Upv*lpy,[W]. (D



The peak power Py, [Wp] is calculated from
the voltage Uy, [V] and current I, [A] values
in the maximum power point:
Pmpp=Umpp.Impp, [Wp] . (2)

Standard test conditions define the maximum
efficiency factor [lpy ma, stated by the solar pan-
el manufacturers. For polycrystalline silicon
solar panels, the efficiency ratio [Jpy reaches a
maximum value of up to 20%.

It is calculated by the formula:

Upv=Ppvout/Ppvin®100%. 3)
Pyyin=G*Spy. (4),
where:

P, in is the input power expressed with solar
radiation G falling over the total S, area of PV.

The application of the beneficial power Ppy
produced from the solar generator is defined by
the type of consumer for constant or variable
load. The voltage inverter (DC/AC) as a load
converts the constant power to the AC power.
For the effective transfer of active power Ppy the
impedances of the generator and the consumer
are harmonized. This improves the efficiency
and working period of the devices in the system

[3].

ARCHITECTURE OF A SOLAR
INSTALLATION

The schematic diagram (Fig. 2) includes the
main elements for generating electrical energy.

Fig. 2. Structure of a solar system connected to
the public electricity network
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Fig. 3. Solar array (Solar PV array) connected to
a DC/AC voltage inverter.

The main units of the solar system in Fig. 2
and Fig. 3 are as follows:

1. Solar PV panels connected in strings of 18
pieces in row and 15 pieces in parallel;

2. Collecting boxes integrating the arrays of
solar modules;

3.5 = 4062.24m’ is the total area of the so-
lar field built with 2232 solar panels;

4. DC/AC - Three phase voltage inverter;

5. Transformer is a networking transformer in
a star/triangle shape to increase voltage;

6. Grid line is a three-wire line for connection
to a high voltage network.

ARCHITECTURE OF THE MONITORING
SYSTEM

The architecture of the monitoring system in-
cludes tracking devices connected to sensors for
temperature and intensity of solar radiation. Oth-
er elements of the system record the input/output
parameters Upy and Ipy in the collection boxes.
They bring together the strings of individual
solar panels into a grid (Solar PV array).

CONCLUSIONS AND ANALYSES

1. The measurement results obtained are re-
ported for monthly periods of time plotted for G,
Ppyouts Ppvin» t[°C] and W [kWh], with the tabular
data used in the computation part.

2. The calculations are for the mean monthly
values for the non-electric values t[°C], G[W/m?]
and the electrical Pyyou, Ppvin parameters. A com-
parative analysis of solar panel performance is
made during the four seasons of the year.

3. Analysing the results, the months with the
highest values of [lpy, Ppin » Ppouw are deter-
mined. They are decisive for the optimal per-
formance of the system required for large-scale
practical application.
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ABSTRACT

As a result of research data, measures are proposed to improve the energy efficiency of street light-
ing by introducing new LED lighting and a modern lighting management system.
Key words: street lighting, lighting classification, LED luminaires

INTRODUCTION

The improvement of lighting and energy per-
formance of LED lighting creates conditions for
achieving high energy efficiency of street light-
ing systems compared to conventional technolo-
gies. The new BS EN13201: 2016 standard [1]
has been introduced and is in force in Bulgaria
for the classification of streets and normalization
of quantitative and qualitative lighting indicators.
This paper presents the main results of a 2014
analysis of the state of the street lighting system
in Meden Rudnik residential district of Burgas.
The impact of its modernization with the intro-
duction of new energy-efficient lighting and a
control system to increase the energy perfor-
mance and characteristics of street lighting has
been evaluated. The assessment was made on the
basis of an analysis of the existing state of the
street lighting system.

ELECTRICAL ENERGY RESEARCH

The electric energy research of the existing
street lighting in Meden Rudnik residential dis-
trict was carried out in 2014 and includes the
following steps and activities:

- research of the existing street lighting sys-
tem;

- preparation of lighting classification of the
streets;

- analysis of the energy consumption of the
street lighting system;

- digital mapping of the street lighting system.

A study was made of the current state, num-
ber and type of street poles and lighting powered
by street panel boards (PB). The location of the
PB and the type of their control system were
examined. All elements of the street lighting
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system were mapped and marked on a digital
model of the cadastral plan of the residential
district made with AutoCAD software.

As a result of an energy audit of street light-
ing, it was found out that 100% of the existing
high-pressure sodium lamps (HDLs) were in-
stalled over 20 years ago. The condition of the
existing luminaires was relatively good, but they
were at the end of their technical and operational
lifecycle (Fig. 1). This had led to deterioration of
their light and electrical performance and to an
increased risk of damage to the luminaires.

Fig. 1. Existing lighting system

The existing light poles were in relatively
good condition. They were of three types: trol-
ley, metal and concrete. The research found that
there were places where the lighting fixtures
were in areas with high vegetation, which im-
paired the lighting performance on the roadway.

A considerable part of the luminaires had a
wide boom angle, from 30° to 60°, which was
unsuitable for the width of the roadways, reduced
the realized luminance of the roadway and at the
same time increased the dazzling effect. These
angles were unsuitable for modern LED street
lights with optimal boom angles from 0° to 10°.

On the basis of a summary of information on
existing street lighting in the residential district,



where a total of 1390 luminaires were installed,
Table 2 presents data on the type of lighting, the
type of light source, the number and the power of
the lighting fixtures. The total installed capacity
of the existing street lighting was 94 700W.

Table 1. Type, number and power of existing
street luminaires

Luminaires Power, W Number
Wi Hprs %0 5
“WihHple TS 2
Wi Hpls 100 i
“ihHols 190 ®

The power supply came from 66 lighting PB,
which are indicated in the cadastral plan.

Most of these PB are in very poor technical
condition. There is no control system for the road
lighting system. The control of the luminaires is
carried out with individual clocks mounted in a
PB (Fig. 2).

A relatively large number of PB were estab-
lished, a total of 66. Practice shows that up to
200 luminaires can be controlled through one
PB, but due to the specifics of the layout of the
streets in the residential district, this number

Table 2. Condition of street lighting by averages

could not be achieved [1]. However, given the
continued expansion of the district and the con-
struction of new buildings on empty plots, a way
to increase the number of illuminators supplied
by a PB can be found.

Fig. 2. Street lighting panel board

On the basis of a detailed research of the con-
dition of the lighting fixtures, the type of the
lighting poles, the power lines and the power
supply PB, a graphical digital model of the exist-
ing state of the street lighting in the residential
district was developed (Table 2). Appropriate
graphic symbols indicate the different types of
luminaires, the type of poles and the location of
the PB.

Road Poles ar-

Roadway Sidewalk

Pole Light Boom Power Luminaire

Ne width width  distance Centre high angle
Category  rangement 5
m m m m W

A Main two — sided 16 2,5 35 12 30 150 HDLs
A Regional two — sided 14 2,5 30 9 30 150 HDLs
B  Regional one - sided 17,5 3 30 12 30 100 HDLs
A Assembly one — sided 14 3 30 9 30 100 HDLs
B Assembly one —sided 7 2,5 25 12 30 75 HDLs
C Assembly one —sided 7 2,5 25 9 30 75 HDLs
A Service one—sided 10 2,5 35 9 30 75 HDLs
B  Service one-sided 6 2,5 30 9 30 50 HDLs
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Fig. 3 shows part of the digital model with
graphical and textual information.
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9 > | g __yn’ 10 g |
il ya. 11 b I'I I'I jy
== = _ 6n 434 6n .485
| 6n.485 |
| = !
1 b I|

Fig. 3. Part of a digital model with locations of
street lights and panel boards

Table 3. Normal indicators for different road classes

As a result of the analysis of the electric ener-
gy research of street lighting, measures are pro-
posed to improve energy efficiency. The first
step is to prepare a lighting technical classifica-
tion of the street network according to the new
standard BS EN13201: 2016 [5].

Traffic on the streets is mainly by motor ve-
hicles. Table 3 presents the light-technical cate-
gorization of streets. The classification of the
streets in the residential district divides them into
the following lighting classes: M3 - main streets
(1 pc); M4 - regional arteries (9 pcs); M5 - local
streets (16 pcs) and M6 - service streets (56 pcs).

Energy efficiency measures include the intro-
duction of LED lights to replace existing street
lamps with 150W, 100W, 70W and 50W LVLs,
or in places with existing pillars but missing
luminaires, new ones to be installed.

Road Illuminance Indicators
categorization class Lep, cd/m2 Uo(min) Ul (min) TI,% SR (min)
Main streets M3 1 0.4 0.6 15 0.3
Regional arteries M4 0.75 0.4 0.6 15 0.3
Local streets M5 0.5 0.35 0.4 15 0.3
Service streets M6 0.3 0.35 0.4 20 0.3
RESULTS AND DISCUSSION
\\
Lighting calculations were performed for the
different street categories, further divided by the
road width, poles arrangement, and pole distance
in view of the existing conditions.
The calculations were performed with street
LEDs with an asymmetric light distribution
curve (Fig. 4). Table 4 shows the parameters of Fig. 4. LED street luminaire
the LED luminaires. o
Table 4. LED luminaires
Power, W  Color temperature, K Luminous, Lm Ra (CRI) Curve,® Voltage,V IP
19,6 3000/4000 3038 >70 67 160260 65
26,6 3000/4000 4123 >70 67 160260 65
39,6 3000/4000 6138 >70 67 160260 65
54 3000/4000 8370 >70 67 160260 65
80 3000/4000 12403 >70 67 160260 65

The calculation results are shown in Table 5,
in compliance with BS EN13201: 2016.
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Table 6 shows the types of LED lights, their
parameters and how they are installed for the
different street classes.



Table 5. Indicators for different street classes implemented with new street LED luminaires

N . Indicators
Street Illuminance
category class  Lep, cd/m2  Uo, (min) (erjqilﬁ) TI,% SR, (min)
A Main streets M3 1.26 0.85 0.84 9 0.53
A Regional arteries M4 0.76 0.43 0.84 8 0.53
B  Regional arteries M4 0.91 0.79 0.88 8 0.51
A Local streets M5 0.57 0.44 0.90 6 0.53
B Local streets M5 0.64 0.74 0.85 5 0.76
C Local streets M5 0.54 0.66 0.86 6 0.62
A Service streets M6 0.33 0.47 0.76 8 0.44
B Service streets M6 0.34 0.67 0.92 7 0.7
Table 6. LED street lighting by averages
Road Poles ar- Roa_dway Sidgwalk _Pole Light_ Boom Power, Luminaire
Ne width width  distance Centre high angle
Category rangement
m m m m ° W
A Main two - sided 16 2,5 35 12 0 80 LED
A Regional one — sided 14 2,5 30 9 0 80 LED
B Regional two-sided 17,5 3 30 12 0 54 LED
A Local one—sided 14 3 30 9 0 54 LED
B  Local one-sided 7 2,5 25 12 0 39,6 LED
C Local one-sided 7 2,5 25 9 0 26,6 LED
A Service one - sided 10 25 35 9 0 26,6 LED
B Service one - sided 6 2,5 30 9 0 19,6 LED

Table 7. Type, number and power of new lumi-

naires
Luminaires Povv\v/er, Number
LED road luminaire 19,6 530
LED road luminaire 26,6 269
LED road luminaire 39,6 96
LED road luminaire 54 181
LED road luminaire 80 314

Jiruwen 'I

The summarized number, type and capacity
of the proposal for upgrading street lighting are
presented in Table 7.

On the basis of the cadastral plan of the exist-
ing lighting system, a new one was developed,
detailing the type of the grid, power lines and
feeders. Appropriate graphic symbols indicate
the different types of LED luminaires, the type of
poles and the location of street PB.

~4C

6n.25

Fig. 4. Part of the new digital model with locations of street LEDs
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The second major energy saving measure is
the introduction of an intelligent street lighting
control and management system. The construc-
tion of such a system increases the quality and
reliability of street lighting and reduces the ongo-
ing costs of electricity and maintenance. Widely
used in the city of Burgas is a system with au-
tonomous programmable controllers type AMC
190 (G) with built-in GSM GPRS modem for
communication and a server in a central control
room for monitoring and control. One or more
“Matrix” meters are connected to each controller
to measure the parameters of the electrical net-
work.

The controllers can autonomously control the
street lighting according to a predetermined task
taking into account environmental factors. They
allow the MA to be controlled by: pre-schedule,
sunrise and sunset at the current date, by illumi-
nation using an analog light sensor or an external
clock. They also allow for manual control of the
CDD system. The proven system has a relatively
low initial capital investment and is easy to
maintain.

For the implementation of the system in dif-
ferent variants of management, it is necessary to
choose luminaires with the necessary functionali-
ty for control (dimming), which also depends on
the initial investment for the reconstruction of all
MA cassettes in the residential district and con-
necting them to the already built such system in
parts of Burgas.

The presented energy efficiency research of
the studied street lighting system is an example
of the transition from conventional lighting to
LED lighting.

The total installed power of the existing light-
ing system is 263kW. For an average annual
usage of 4000 hours, this equals 1055 417kWh
of electricity consumed.
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The total power of the LED luminaires is
51kW. For 4000 hours average annual usage this
equals 204 000kwWh of electricity consumed.
This is five times less power with LED lighting
and five times less power consumption.

The technical results correspond to the current
regulations in Bulgaria and represent an up-to
date technical solution for the modernization of
street lighting in order to improve the energy its
efficiency of street lighting.
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ABSTRACT

A laboratory model for reactive power compensation was made. The benefits of reactive power
compensation were examined. The possible occurrence of resonance phenomena was investigated.
Key words: reactive power compensation, resonance.

INTRODUCTION

Reactive power is used to generate electro-
magnetic fields in electrical machines. Its trans-
mission through the electricity network is associ-
ated with a number of negative consequences,
such as increased losses via the transmission
facilities. Reactive power is a reason for un-
derutilization of synchronous generators as it
overloads them. Its circulation through the ele-
ments of the electricity system causes losses of
active power. The huge amounts of inductive
loads on the network have enormous jet power
that circulates between generators and consumers
without doing any useful work.

Reactive power compensation (RPC) has a di-
rect effect on the quality of electricity and the
improvement of the efficiency of the electricity
supply systems. This requires technical and or-
ganizational measures to be taken.

Transformers, asynchronous motors (AM),
induction furnaces and other devices, which may
be called "inductive loads", are the main con-
sumers of reactive energy and degrade coso [1].

THEORETICAL

The following quantities are used to quantify
the relationship between active and reactive
power [2, 3]:

Instantaneous value of cos:

© P(t) P(t) 6
cos@(t) = =
SO P20+ 20
Average value of coso for time interval T:
o
COSQ, = ; tgPey. = W (2)

2

S5

1+ ()
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Natural coso is the value of cose for a group
of consumers without considering the perfor-
mance of the compensation devices:

P

—_— 3

Actual coso is when the reactive power of the
consumers and of the compensation systems
(CS) are taken into account:

coS@, = coSs (arctg %) =

cos@ = cos (arctg ¢ _PQK) 4)
Rate of reactive power compensation [1]:
Qk
Cx =— 5
K= )

Power supply system (PSS) saturation with
compensating capacities takes into account the
need for compensating power:

_ 0

H =
Py

(6)

Adverse situations of low cos@ are expressed
in:

- The useful active power “P” of the genera-
tors is reduced;

- The throughput of the transformers is re-
duced;

- Additional losses of active power and ener-
gy occur in the power supply system;

- Reducing coso results in an increase in the
current in the grids;

- Increased voltage losses at low coso;

This can be disadvantageous for many con-
sumers, such as asynchronous motors, light
sources, induction furnaces, welding units etc.

The aforementioned disadvantages of low
cos( require measures to be taken regarding the



power supply system of the facilities to improve
it. These activities are carried out in two direc-
tions: improvement of cosg without compensat-
ing devices (natural modes) and use of CS (arti-
ficial modes).

The improvement of cos¢ without compensat-
ing devices is accomplished in the following
ways:

- The right choice of electrical equipment
during design;

- Arrangement of the technological process in
order to improve the energy regime of the facili-
ties;

- Using synchronous motors (SM) instead of
asynchronous motors of the same power when
the technological process allows and is economi-
cally feasible;

- Replacement of low load asynchronous mo-
tors with lower power engines;

- Reducing the voltage;

- Limiting the idle time of electric motors;

- Quality repair of electric motors;

- Reduction of reactive power consumption of
transformers.

In most cases it is not possible to achieve the
desired increase in cos by the "natural" methods
described above. It may then be technically and
economically feasible to use compensation de-
vices to improve cos@, namely:

- Static compensation devices: power capaci-
tors, reactors and thyristor-controlled capacitors
and reactors;

- Dynamically compensating devices: syn-
chronous motors, synchronized asynchronous
motors, compensating converters, synchronous
(AC) and asynchronous (AC) compensators, etc.;

- Modern solutions for reactive power com-
pensation based on flexible DC systems (Fig. 1).

HeTHHeeH
ToBap

Ad

U,

Fig. 1. Active filter for reactive power
compensation

The determination of the required compensat-
ing power is carried out in accordance with the
vector diagram in Fig. 2. and formula (7):
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Qx = k.Pcp. (tg 9 — tg @) (7)
S 0 Fy
O
A
A
. Q=0-Q
P l
P APy
P+AP), J
Fig. 2. Vector diagram of active, reactive and
total power

Compensating power management is regulat-
ed in view of:

- improving the quality of the voltage;

- management of reactive loads in the elec-
tricity system and reduction of power and energy
losses;

- optimized utilization of installed compensat-
ing powers;

- reducing the current load of power system
elements of the facilities.

With the continuous increase in the capacity
of installed capacitors in industrial plants, it is
becoming more and more urgent and necessary
to regulate their capacity. Compensation power
regulation can be manual, dispatcher or automat-
ic.

- Manual regulation is performed by the duty
staff.

- Dispatching regulation is carried out by a
dispatching point.

- Automatic regulation.

The reactive power compensation effect can
increase the efficiency of the transformer power,
reduce the losses in the power lines and improve
the quality of the voltage, which leads to in-
creased economic and social benefits. A particu-
larly great effect is achieved through the imple-
mentation of an automatic reactive power com-
pensation, which leads to optimization of the
compensating power control scheme, reduction
of the time for switching the compensating pow-
er on and off, precise control of the compensat-
ing power and, accordingly, maintaining the
desired cosp more precisely [4].

Controllers used for automatic power com-
pensation make a direct analysis of current and



voltage harmonics up to the 19th harmonic. The
maximum value is stored in their memory, the
total coefficients of harmonic current and voltage
distortions are calculated. If the distortion is
greater than the predetermined current, all stages
of the capacitor battery are disconnected from
the controller and an alarm is activated.

The use of a quality controller with good
software that also performs protective functions
can significantly extend the life of capacitors.
The controller effectively protects them from
rising and falling mains voltage, frequent starts
and even against resonance [5].

RESEARCH

A laboratory model for automatic reactive
power compensation based on transverse com-
pensation has been implemented. It can visually
simulate the benefits of implementing transverse
compensation in an electrical system and capture

electrical parameters (current, voltage and coso)
before and after compensation (Fig. 3).

Fig. 3. Laboratory model

Fig. 4 shows the circuit diagram of the labora-
tory model.
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Fig. 4. Circuit diagram of the laboratory model

Description of the laboratory model:

- Ls; L, and L are throttles for high pressure
sodium lamps with nominal data: U, = 220VAC,;
L =230mH; f =50Hz; I, = 1A;

- C, is a capacitor with nominal data: C, =
0,4uF; U, = 220VAC;

- C, and C; are capacitors with nominal data:
C,=2,5uF; U, = 220VAC,;

- C4 and Cs are capacitors with nominal data:
C,=2uF; U, = 450VAC;

Ces and C; are capacitors with nominal data:
C.=0,5uF; U, = 450VAC;

- Q is circuit breaker: number of poles = 2; I,
6A;
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- JKL is a controller for reactive power com-
pensation;

- HL1 and HL2 are light bulbs: P, = 100W;
U, = 220VAC,;

The Reactive power compensation controller
(Fig. 5) is a standalone device for automat-
ic/manual control of capacitor batteries in single-
phase and three-phase networks. It has installed
filters for harmonic components of voltage and
current, which is why it is characterized by high
precision and precision of reactive power con-
trol.
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COSgU

Fig. 5. Reactive power compensation controller

Reactive power compensation controller pa-
rameters:

- Sensitivity: 100mA,;

- Nominal frequency: 50Hz + 5%,

- Nominal current: (0 + 5)A;

- Automatic or manual analysis function;

- Adjustment of desires cosp: from 0,8 to
0,99, with step 0,01;

- Nominal voltage: 220VAC
380VAC + 10%;

Fig. 6 shows the wiring diagram of a reactive
power compensation controller.

+ 10% /

ZOW>»
ZOo@m>»

Lelsl2lsia]sie]7 [alafm)

J11[u12]

[UaJubfucfun]ia] b [ic[in[£]11]12]

Fig. 6. Wiring diagram of a reactive power
compensation controller
The parameters of the throttles (L), the capac-
itors (C) and the resistance of the light bulbs
were measured using HM8018 laboratory LCR
meter (Fig. 7) at a frequency of 1kHz before the

B Ao
| A AL EEEE
R I T T T IRNE '

'
LCR METER HM8018 HFARVELE O |

Fig. 7. LCR meter HM8018

Working with the layout involves defining the
parameters of the laboratory model in modes
without and with reactive power compensation.

Defining the parameters of the laboratory
model in the mode without reactive power com-
pensation includes several steps:

- The voltage and current flowing through the
circuit are recorded on the screen of the reactive
power compensation controller.

- The active, reactive and total power of the
system are determined by formulas 8, 9 and 10:
P =1U.l.cosp (8)

Q =U.lLsing 9

S =P?*+(Q)? (10)
The required capacitive power of the compen-
sation system is determined according to formula
11:
Qkp = P. (tgp — 1g0x) (11),
where the desired tge (d) corresponds to desired
coso (d).
- The required, total capacitance Cy, of the
capacitors realizing the required Q,. is deter-
mined according to formula 12:

laboratory model was switched on. Qxp = @.C. U2 (VAT); Cyp = &UZ (12)
w.
Table 1. Parameters of the electrical circuit before reactive power compensation
LA UV PW QVAr S VA cosp cosp(d) tgp sing Qgp,VAr Ckp, UF
0,66 235 82,2 131,5 1551 0,53 0,92 1,6 0,85 96,5 5,57

- The following capacitors are installed to
achieve the required reactive power:

- one capacitor with capacity 0,4uF;

- two capacitors with capacity 0,5uF;

- two capacitors with capacity 2pF;

- two capacitors with capacity 2,5uF .

Defining the parameters of the laboratory
model in the mode with reactive power compen-
sation includes several steps:

- The voltage and current flowing through the
circuit and cose are recorded on the screen of
reactive power compensation controller;
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- Coso must be equal to coso (d);
- Determination of the capacitive power in-
cluded by the controller (formula 13):

Qip = @.Cp. U? (13)

- Determination of the power supply system
saturation with compensating capacities (formula
13):

H=%% (14)

Determination of the rate of reactive power
compensation:

!

= % % (15)
Determining the economic impact of reactive
power compensation:

- Reported current in the circuit after the re-
active power compensation is I" = 0,39mA;

- Reactive power after compensation is de-
fined by formula (16):

Ck

Q' =U.I'.sing (k) (16),
where sing (d) = 0,392 according to coso (d) =
0,92.

- The active “P” and full “S” powers in circuit
diagram after compensation are defined by for-
mulas 14 and 18:

P'=U.I'.coso (k) a7
§' =P+ (Q)? (18)

- The amount of compensated total power “S”
in the electrical circuit after the compensation is:

AS =S-S5 (19)

Table 2 shows the individual steps of the con-

troller work during compensation and Table 3
shows the final results of the study.

Table 2. Circuit parameters during automatic reactive power compensation

I',A Ckps MF Step number  cos¢’ I',A Ckps MF CTbnku N cos@’
0,66 0 0,53 0,37 6,5 8 0,96
0,64 0,4 2 0,55 0,45 4 9 0,78
0,51 2,9 3 0,69 0,43 4,5 10 0,82
0,4 5,4 4 0,88 0,41 5 11 0,86
0,35 7,4 5 0,98 0,4 5,4 12 0,89
0,37 7 6 0,97 0,36 7,9 13 0,99
0,43 4,5 7 0,82 0,39 5,9 14 0,92

Table 3. Circuit parameters after reactive power compensation

I'A UV Cg, uF P,W Qu,VAr Q,VAr S, VA AS,VA cos¢’ H,% Ck,%

0,39 235 5,9 82,2 102,3 35,9 89,7 65,4 0,92 1245 77,8

In electrical circuits containing L and C ele-
ments, resonance phenomena can occur when
equalizing the inductive X, and capacitive Xc
resistances in the circuit. For the circuit in Fig. 8,
there are conditions for a consistent resonance
between the equivalent inductance L. and
equivalent capacity Ce; -

L1

° J

L

L2 .;

ot o2 |2 e [os |os o7 Q¢ [H JHL2
DENVAC S o o o o = — ] ®

Lag

?

o 1

Fig. 8. Resonance L, - Ce, Circuit

The equivalent inductance measured with the
LCR meter is L,q = 1,34H. The value of the ca-
pacitance at which a resonance can occur are
determined by formula 20:

XL=XC;

wl=wC; C= (20)

w?%. Leg

1

C=——->F+———=76UuF
3142.1,337 3
The test shows that values of C, = 7,6uF,
should be avoided due to conditions for the oc-
currence of consistent resonance and a sharp
increase of current in the electrical circuit.
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The diagram in Fig. 9 shows alteration of:
Cip 315 cos@’ = (N)

2 < = 0 11 12

RESULTS AND DISCUSSION

The work of an automatic reactive power
compensator was investigated.

After applying a transverse reactive power
compensation, cos¢ increased from 0,53 to 0,92.
This measure leads to unloading the electrical
circuit from the transfer of reactive power “Q”.

As coso increases to the value of 0,92, the to-
tal current in the circuit decreases 1,7 times, the
total power “S”’decreases 2,37 times and the re-
active power “Q” decreases 3,66 times.

The reduction of the current in the circuit
makes it possible to choose electrical equipment
Fig. 9.Cyp,; I' 5 cos’ = (N)

with fewer parameters, cables/wires with smaller
sections, which is cost-effective. It also leads to a
decrease of active energy consumption due to a
reduction in active losses in wires and equip-
ment.
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ABSTRACT

Combined transport is a highly-efficient technology aimed to optimally use different types of trans-
port. The peculiarity of combined transport is the combination of the advantages of the different kinds
of transport participating in haulage and their complementarities. The present paper describes the
process of Ro-La traffic. A model for the transportation of vehicles with railway transport from

Plovdiv intermodal terminal has been developed.

Key words: road transport, rail transport; combined transport.

INTRODUCTION
As is known, combined goods transport is a
highly-efficient technology aimed to optimally
use different types of transport. The organization
of work at the terminals and vehicle-carrying
ferries is the major factor influencing the effi-
ciency of the whole transport process [1].

Combined transport allows increasing the ef-
ficiency of goods transportation. The peculiarity
of combined transport is the combination of the
advantages of all kinds of transport participating
in haulage and their complementarities. In this
way the infrastructure is used optimally and a
high quality of offering transport product is
achieved [2].

In [1] the process of the ferry traffic is pre-
sented. The evaluations corresponding to the
ferry traffic make use of the theory of intuitionis-
tic fuzzy sets. Ferry transport is the transport of
vehicles, persons and goods across a river, lake
or sea. This is a combined technology with hori-
zontal transfer of transport. In this case the stan-
dard combined unit is a vehicle.

The characteristics of this combined transport
result from the fact that the vehicles move in
shorter intervals. This is due to the fact that there
are a lot of means of transport.

In [2] the process of Ro-Ro traffic is de-
scribed. Ro-Ro is a combined technology with a
horizontal transfer of transport. In this case the
standard combined unit is a vehicle: a lorry with
a trailer or only trailers. The ships have two or
more decks. Vehicles are driven on and off the
ship on their own wheels and cabins are available
for the drivers. Ro-Ro combined technology is
not being developed in Bulgaria these days.

Combined road and railway transport is the
loading and railroading of vehicles (lorries with
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trailers or only trailers) by trains. In practice they
are called Ro-La trains. In this case the major
advantages of railway transport, such as ecology,
safety and big haulage capacity, are used.

This kind of combined transport to a great
degree combines the efficiency of railway trans-
port in haulage of the mass goods on a long dis-
tance with the indisputable priority of road trans-
port on short distances and potentiality for direct
delivery of goods to customers. The development
of combined transport has and continues looking
for new possibilities to solve transport problems,
such as traffic congestion, road accidents, pollu-
tion, etc.

Regular connections with such trains exist be-
tween different countries in Europe. There are
such connections between Hungary and Austria,
Romania and Austria, Slovenia and Austria, the
Czech Republic and Germany, etc.

Nowadays, trains run on fixed schedules, e.g.
fixed day of the week and departure time. The
requirements for lorries are: to have a reservation
in advance, to arrive at the terminal by the speci-
fied time before departure and to meet technical
standards (weight and overall dimensions) [3].

EXPERIMENTAL

In Bulgaria there are a lot of conditions for
the development of combined road and railway
transport. These are good transit car traffic and
good advanced combined transport. Unfortu-
nately, only this technology is being developed
in Bulgaria now, and only as the internal technol-
ogy transport of a private company.

The Bulgarian government granted a 27-year-
long concession to the Terminali Company for
the intermodal terminal in Plovdiv in the South



Central Planning Region of Bulgaria. Terminali
is solely owned by PIMK, the country’s largest
carrier company. The company, together with
DB Schenker, transports goods from Rousse.
Recently, it has invested in its own railway com-
pany, PIMK Rail and is licensed as a rail carrier.

Now the company transports trailers by train
between Plovdiv (BG) and Cherkezkoy (TR).
The train has a capacity of 34 carriages. The
initial schedule is the following (Fig. 1):

BG (Friday) >————TR(Saturday)
TR(Saturday)—— ——— BG(Sunday)

Fig. 1

The train will start every Friday from the in-
termodal terminal near Plovdiv. On Saturday, the
train will be unloaded in Turkey. On the same
day the train will go back to Bulgaria and on
Sunday it will be back at the terminal in Plovdiv.

There is a timetable for trains to move be-
tween Bulgaria and Turkey twice a week. In this
way, they will also carry trailers to other carriers,
most often Turkish (Option II).

In [3] the model describing the process of Ro-
La floats is presented. The Generalized Net mod-
el described in [3] is a possible model for the
process of Ro-La traffic. In this case, the actual
process is easier to describe.

RESULTS AND DISCUSSION

Based on these, a model about a specific
timetable has been designed by the author. This
model has a limit based on the number of car-
riages in every train. The number of carriages is
equal to the number of vehicles.

In this case it is possible to optimize the train
timetable. The aim is to ensure the transport of
more trailers. This improves the ability to trans-
port trailers owned by other carriers (Option III).
In this case, the timetable is as shown in Fig. 2.

BG (Friday) >————TR(Saturday)
TR(Saturday)—— ——— BG(Sunday)

BG (Sunday) —————TR(Monday)
TR(Monday)—— ——— BG(Thursday)

BG (Thursday) —————TR(Wednesday)
TR(Wednesday)—— ——— BG(Thursday)

Fig. 2
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The number of vehicles in this case is shown
in Fig. 3.

Vehicles
120

100
80
60
40

20

Option|

Optionll

Optionlll

Fig. 3

This allows for up to 68 vehicles/trailers (Op-
tion II) or 102 vehicles/trailers (Option III) to be
carried between Bulgaria and Turkey in every
direction every week.

In general, this means 204 trucks fewer on the
roads between Bulgaria and Turkey every week.

The future plans of the company envisage the
launch of another train from the intermodal ter-
minal in Plovdiv to Austria. The difference is
that it can be up to 30 carriages long, because it
will pass through Serbia, where there are limita-
tions on the length of the train. The journey will
be about three days for each direction or about a
week to complete the entire turnover.

This means 60 trucks fewer on the roads be-
tween Bulgaria and Austria and transit countries
every week and decreased costs for carriers in
the future.

CONCLUSIONS

The presented results can be used to create a
methodology for future plans of the company to
envisage the launch of another train from Plov-
div to Austria.

Thus, the major advantages of the railway
transport, such as ecology, safety and big haul-
age capacity, appear in practice.

Most of the model parameters can also be re-
garded as characteristics of tokens from an addi-
tional contour, thus achieving optimization with
respect to our given aim.

Statistical information needs to be collected
in order to monitor the development of the proc-
ess.
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ABSTRACT

This article presents a method for modeling of transient processes in linear electrical circuits of the
second order with generalized nets. During the analysis we applied not only the Om and Kirchhoff’s
laws but also generalized methods. For modeling and describing the apparatus of generalized nets is
used, including the whole algorithm of the realization of every single step of the algorithm and there
are also foreseen possible exits and rules for making decisions. Generalized nets are one of the best-
known techniques for describing processes in a formal and abstract way.

Key words: linear electrical circuits, second order, generalized nets, algorithm, Om, Kirchhoff

INTRODUCTION

When a circuit containing coils and capacitors
passes from one mode to another, transitional
processes occur (Fig.1). The event triggering this
process is called commutation, and the moment
when it happens is assumed to be 0. The transi-
tion process does not take place instantly because
there is an electromagnetic energy stored in the
circuit. Theoretically, this process continues in-
definitely, but, practically, it happens very quick-
ly. The analysis of these processes follows a cer-
tain algorithm that can be modeled using general-
ized networks.

-
4 ECE &
Rl L R
| | Y I 1
| S

Fig. 1. Electrical circuit

Generalized networks use a formal algorithm
description and they are a technique for describ-
ing processes using a high degree of abstraction
and intuitiveness [3 - 6]. Such an approach allows
to exclude the ambiguity in the semantics of the
individual instances representing separate seman-
tic units in the presented model. The result of this
type of modeling is generating an abstract gener-
alized network, giving the opportunity for unim-
peded implementation in program environments.
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The article examines the general structure for
describing the classical method for the analysis
of transitional processes through the generalized
network model for the following diagram (Fig.
2). The methodology for building generalized
networks involves constructing the static struc-
ture of the modeling process, reflecting the dy-
namics of the model process, describing the
functioning of the modeling process over time,
identifying the data that are of interest to the
modeling process.
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Fig. 2 Generalized network model

GENERALIZED NET MODEL

A generalized network model has been devel-
oped with an entered multitude of transitions A
which:

A ={Z1,Z2,Z3,Z4,Z5} ,
where the transitions describe the following proc-
esses:



Z,="Building a circuit";

Z,="Independent initial conditions (before

commutation)";
Z,="Linear differential equation system (after

commutation)";
Z,="System of equations with state variables";

Z,="Determination of transition values".

A) Transition Z,
Transition Z, has the following description:

Zl :<{ll’12713514’15’16’1731’]/4}’{lxiLlA}’rl’v(ll’12313314’15’16517’[’1/4)>
where:

] ly Ly
n=1 | false true
Iy | false true
A false true
l, | false true
I false true
le | false true
I, | false true
L, | Wys true
W, 4 5= "all entrance levels are available"

Transition Z, consists of seven entrances
L0501,

kernels from positions /,,1,,1,,1,,1,l,l, come

and one exit 18. Entranced

with the following initial features [6]:
[, = <EC1, 1, 2, "DC voltage", U>,

l,= (EC2, 2, 3, "Resistive", R1),

I, = (EC3, 3, 4, "Inductive", L),

[, = <EC4, 4, 5, "Resistive", R>,

I, = (EC5, 4, 5, "Switch", K),

ly= <EC6, 5, 1, "Capacitive", C>,

[, = <EC7, 5, 1, "Resistive", R2>.

After transition Z,, the entered kernels from
l,1,,1,1,,15,1,1, are united into the exit kernel

[, to subsequently simulate the process. After the

transition, kernel [, receives the feature "de-

signed modeling scheme".

B) Transition Z,

Transition Z, has the following description:

Z,= <{187L2A}7{1105L2A}5r2’v(18’L2A )>

where:

| Ly L,
r,= l, | false true
L, VVZA,IO frue

W, 1,0 = "there are independent initial condi-

tions before commutation"
The entrance kernel of position /, receives a

characteristic: "modeling pattern" in L, ,, after

the Z, transition, kernel /,, receives a new char-
acteristic "independent startup".

C) Transition Z,

Transition Z, has the following description:

A :<{l9’L3A}’{lllaL3A}”§’V(l9aL3A)>

where:

| I Lsy
ry= 1y | false true
Ly, | W, 4 lrue
W= "a system of differential equations is
available".

Transition Z, consists of one entrance /, and
one exit /,, . The entrance kernel from position /;

enters with the "initial data" characteristic in

L, ,; after the transition Z,, kernel [, receives a
characteristic "a system of differential equations".

D) Transition Z,

Transition Z, has the following description:

Z4 = <{ZIO’III’L4A}’{112’L4A}’r4’v(110’lll’L2A )>

where:
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| o Ly
Lo | false true

7y =
Ly, | false true
Lyg | Wyqno true

W,,,,= "a system of equations with state vari-
ables is available"
Transition Z, consists of two entrances /,,,/,,

and one exit /,. Entered kernel of position

l,,,1, enter with the characteristic "independent
initial conditions" and "systems of differential
equation" in L, ,, after the transition kernel

[,, emerging from position L, , receives a charac-

teristic: "status equation system".

E) Transition Z

Transition Z; has the following description:

Zs= <{112’L5A} ’{1137L5A} 973’V(112aL5A )>

where:

| hy  Lsy
rs =1, | false true
Lsy | Wsyy3 true

W ,.3= "there are transitional variables that are
not variables of the state"

Transition Z; consists of one entry /, and
one exit /,. The entry kernel from position /,,, is
provided with the characteristic "system of state
equation" in L, ,, after the transition, the kernel
[,, emerging from position L, receives the char-
acteristic "transitional magnitude".

SIMULATION RESULTS

The Graphical User Interfaces (GUI) graphic
editor, which is part of the MATLAB base sys-
tem, is used to process the experimental data and
graphical interpretation of the obtained results [1,
2]. The simulation is done using the following
entrance data:
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Fig. 3 Simulations of transitional quantities

(a)i® — the current through the coil dur-
ing pseudo-periodic mode; (b)“® — the
voltage of the condenser in the aperiodic
mode (c) “®) — the current through the
capacitor under aperiodic mode



CONCLUSIONS

The model allows to examine different stages
of the process of modeling transition processes,
as well as its simulation and behavior. The transi-
tion process study program includes monitoring
the change of transitional quantity over time,
examining the impact of chain parameters on the
character and speed of the transitional process,
and also the ability to determine some parameters
of the chain based on received images.

The created mathematical model aims to show
a different approach for laboratory practice. The
results obtained from the simulation can be com-
pared with the results obtained in a laboratory
environment with actually connected chain. Their
implementation supports the development of
logical and algorithmic thinking, enables mastery
of the basic methods of research and analysis of
assigned tasks, and self-improvement of technical
knowledge and finding rational solutions.
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NOVEL MG-CONTAINING GLASS-CERAMICS IN THE SiO,-CaO SYSTEM AND THEIR
IN VITRO BIOACTIVITY: XRD, FTIR, SEM AND ICP-AES ANALYSIS
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ABSTRACT

Novel Mg-containing glass ceramics in SiO,-CaO system were prepared via sol-gel method. The
obtained dried gels were thermally treated at different temperatures. The structure of the samples
obtained were characterized by XRD and FTIR, and the concentrations of Ca’", Mg’", Si'" and P’*
after in vitro test in SBF were studied by ICP-AES technique. XRD of the thermally treated samples
proved the presence of the main phase of merwinite accompanied with akermanite or akermanite and
bredigite. FTIR of the thermal treated samples confirmed XRD results. FTIR of the samples after in
vitro test in SBF solution revealed that CO;HA was formed on the soaked samples in static conditions.
The obtained FTIR results are in a good agreement with XRD. ICP-AES showed that the precipitation
was similar for the two prepared glass ceramics. SEM revealed the presence of HA on the soaked
surface. Based on these results, it can be concluded that the Mg-containing glass ceramics in the SiO,-
CaO system are in vitro bioactive.

Key words: merwinite, akermanite, bredigite, glass ceramics, in vitro bioactivity

INTRODUCTION

Hydroxyapatite (Ca;o(PO4)s(OH),, HA) and In recent decades, pure and multiphase glass-
B-tricalciumphosphate (B-Ca;PO4, B-TCP) have  ceramics in CaO-SiO,-MgO system have been of
been considered the most promising materials for ~ particular interest for biomedical applications.
both dental and orthopaedic applications because =~ Pure crystalline phases, such as akermanite
of their chemical similarity to that of human hard  (Ca,MgSi,0;, Ak) [10-14], diopside (CaM-
tissue [1]. It is known that their applications are ~ gSi,OQ¢, Di) [15-19], merwinite (Caz;MgSi,Osg,
limited due to some disadvantages. For example, = Merw) [20], and bredigite (Ca;MgSi;O16, Bred)
HA shows a limited ability to stimulate the de- [15, 21-23] have been thoroughly investigated,
velopment of new bone tissue and does not sig-  respectively, showing that they possess good
nificantly degrade over time [2]. biological properties. Furthermore, all authors

On the other hand, biological HA structures  have reported that calcification temperature is an
and their properties, such as bioactivity, biocom-  important factor for obtaining glass-ceramics.
patibility, solubility, and absorption, can be im- A brief summary of previous studies of the
proved by modifying their composition by ionic  polycrystalline Mg-containing glass-ceramics,
substitution processes, as described by W. including the composition of the gels, prepara-
Suchanek et al. [3]. Small quantities of cations  tion methods, and crystalline phases observed,
(i.e. K', Mg®", Sr*, AI’") and/or anions (i.e. F~  are given in Table 1, where W is wollastonite,
Si0, and CO5™ ) in the HA- structure can play a  PsW is pseudowollastonite, Cryst is crystoballite,
pivotal role in their overall biological perform-  Lar is larnite (dicalcium silicate), and Per is peri-
ance, as can be seen in several studies [1, 2, 4-6]. clase.

Magnesium (Mg) is one of the most important The characteristics of the crystallization pro-
mineral elements in the human body. Some stud-  cess in the CaO-MgO-SiO, system provide the
ies have indicated that Mg”" has a key role in  synthesis of materials of an identical chemical
bone remodelling and skeletal development [7,  but of a various phase composition and structure.
8]. A brilliant review on Mg-containing sol-gel =~ The chemical composition corresponding to the
glasses and glass-ceramics was published by M.  stoichiometry of merwinite 3Ca0.Mg0O.2Si0, is
Diba and co-workers [9]. chosen. Merwinite ceramics have recently drawn

attention, since they show not only mechanical
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properties comparable to those of cortical bone,
but also apatite forming ability in vitro and good
in vivo biological properties [9].

This study is a continuation of our studies
[34, 35], which described bioactive ceramics
containing merwinite in the amount of 29% and
85%, respectively. It would be interesting to
determine the effect of the phase composition on
the in vitro bioactivity of the glass-ceramics. The

glass-ceramics studied have the same chemical
composition but different phase composition due
to different synthetic conditions. The objective of
the present study is to determine the in vitro bio-
activity of two glass ceramics of the CaO - MgO
- Si0, system containing merwinite as the main
crystal phase in the amount of 92% and 63%,
respectively, and different additional phases.

Table 1. Summary of previous studies on the synthesis of Mg-containing glass-ceramics in CaO-SiO,-

MgO system with (or without) other components

Authors Composition of the gel Method Temperature,’C Phases Ref.
D-M.Liu 54.5Ca0-32.8Si0,-6.1P,05-6.0MgO-  Melting 930-1150 Ak, W, HA [24]
0.6CaF, (mol.%)
R.  Choud- akermanite Sol-gel 900 Ak, Mer,Di [25]
hary 1000 Ak, Di
1200 Ak, Mer
J.Ma 28Ca0-58S10,-10MgO-4P,0; Sol-gel 900 PsW, W, Ak [26]
(mol.%) 1200 Ak, Cryst
J.Ma (38-x)Ca0-xMg0-4P,05-58Si0,, Sol-gel 1200 Ak, Cryst [27]
where x=5,10,20 mol.% MgO
J. Ma (38-x)Ca0O-xMgO-4P,0s- Sol-gel 1200 Ak, Cryst [28]
58Si10,,where x=5,10,20 mol.% MgO
E. Bernardo Akermanite with micro- and nanofill- Oxidation decomposi- 900 Ak [29]
ers of CaCO;, MgO and Mg(OH), tion of resins 1000 Ak, Mer, W
X. Chen Ak on Ti-6Al-4V alloy Sol-gel, plasma spray- 650-800 W, Lar, Ak [30]
ing
X. Chen 40.18Ca0-46.43Si0,-13.39Mg0O Sol-gel 1350 W, Ak, Lar [31]
(mol.%) Sol-gel 1320
43.30Ca0-45.98Si0,-10.72Mg0O Sol-gel 1300
(mol. %)
45.98Ca0-45.54Si0,-8.48MgO (mol.
%)
M. Zhang 49.13Ca0-49.13 Si0,-7.68MgO (wt.  Sol-gel 1300 Ak, W, Lar [32]
%)
O.-M. Gou- 70Si0,-20Ca0O-10MgO Sol-gel 810 amorphous [33]
douri 850 Di
1050 Di
70Si0,-10Ca0-20MgO Sol-gel 800 amorphous
840 Di
1050 Di
60S10,-30Ca0-10MgO Sol-gel 810 amorphous
850
1050 Di, W, PsW
50Si0,-30Ca0-20MgO Sol-gel 780 Lar
820 Lar, Di
1050 Di, Ak, Mer
I.Michailova  51.2 CaO-12.3Mg0-35.5S8i0, (wt. %)  Sol-gel 1100 Lar, Mer. Ak, [34]
50.0 Ca0-16.7Mg0-33.3Si0, (mol. Per.
%)
I.Michailova  51.2 Ca0-12.3Mg0-35.5Si0, (wt. %)  Sol-gel 1300 Mer, Ak [35]
50.0 Ca0O-16.7Mg0-33.3Si0, (mol.
%)
L. Radev 46.7Ca0-34.2810,-15.9P,05-2.9Mg0O  Sol-gel 1200 Ak, HA [36]

(wt.%)
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EXPERIMENTAL PART

1. Synthesis of the glass-ceramics

The two investigated sol-gel glass-ceramics
were synthesized by the sol-gel technique as
reported in [35].

Glass ceramics were prepared by the sol-gel
method using tetraethyl orthosilicate
((C,H50)4Si1, TEOS), magnesium nitrate hexahy-
drate (Mg(NO3),.6H,0) and calcium nitrate tet-
rahydrate (Ca(NOs),.4H,O) as raw materials.
Nitric acid (HNOs, 2N) was used to catalyze
the hydrolysis of TEOS. The TEOS was mixed
with absolute ethanol, water and 2N HNO; (mo-
lar ratio: TEOS/H,O/HNO3=1:8:0.16) and hydro-
lyzed for one hour under stirring. Then, the solu-
tions of Ca(NO;),.4H,O and Mg(NOs),.6H,O
were added into the mixture (molar ratio:
TEOS/Mg(NO;),.6H,0/Ca(NOs),.4H,0 = 2:1:3),
and the reactants were stirred for 6 hours at room
temperature. After mixing, the solution was dried
at 100°C for 2 days to obtain the dry gel. The
dried gel was calcined at 600°C for 2 hours. Fi-
nally, the powders were thermally treated. The
sample obtained after thermal treatment at
1250°C for 2 hours was denoted as 738. The
other sample, obtained after thermal treatment at
1350°C for 2 hours, was denoted as 709.

2. Structural characterization

The crystal structure of the synthesized
glass-ceramic materials after heat treatment was
evaluated by Fourier Transform Infrared Spec-
troscopy (FTIR) and X-Ray Diffraction (XRD).
FTIR transmittance spectra were obtained using
an FTIR spectrometer (Nicollet, USA) in the
region 4000-400 cm-1 with a resolution of 4 cm-
1 by the KBr pellet technique. The XRD meas-
urements were carried out using a D8 Brucker
ADVANCE X-Ray diffractometer, equipped
with a VANTEC-1 detector. The XRD spectra
were recorded in the 2 Theta (2 0) range using
CuKao radiation in the range 0-100°.

3. In vitro apatite forming ability

The apatite forming ability of the synthe-
sized glass-ceramics was assessed by immersion
of the pellets for 3, 9 and 15 days in Simulated
Body Fluid (SBF), prepared as described by Ko-
kubo et al. [37]. When the samples were re-
moved from the SBF solution they were rinsed
with ethanol and distilled water, dried and stored
in containers. After immersion in SBF, all spec-
imens were characterized by FTIR and XRD.
The ionic concentrations of Ca, P, Si, and Mg of
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these solutions were determined by Inductively
Coupled Plasma Atomic Emission Spectroscopy
(ICP-AES), Iris 1000, Thermo Elemental, USA.

RESULTS AND DISCUSSION

X-ray diffraction analysis of the synthesized
samples is given in Fig. 1

4
+ Merwinite Q
¢ = Akemenite N
o Bredigite 3
[ ] ¢+
4
[ ] *
5 ' =
®©
- 'Y : N
> [ N ¢
= s =) 9
2 plls b0 MR Mmﬂd&mx_;
g 709
= o
u o ¢
¢ e
° 4 .
'
h’d"-\“"m.- I’IMHQAIW‘N &‘!&. (X 738
T T T T T T T T d
20 40 60 80
20, degree

Figure 1. XRD patterns of the 709 and 738 sam-
ples, after thermal treatment at 1350°C and
1250°C for 2 hours

The XRD diffractograms of prepared and
thermally treated samples are different. In sam-
ple 709, XRD detects the presence of merwinite
(PDF card35-0591) as the main crystalline phase
and akermanite (PDF card 35-0592). In the case
of sample 738, XRD proved the presence of
merwinite (PDF card 35-0591), akermanite (PDF
card 35-0592) and bredigite (PDF card 36-0399).
Similar results were published by R. Choudhary
et al. [25], who prepared akermanite by the sol-
gel combustion method using eggshell waste as a
calcium source.

The FTIR spectra of the prepared glass-
ceramics after annealing at 1350°C and 1250°C
for 2 hours are shown in Fig. 2.

The peaks posited at 1023, 997, 970, 940,
903 884, 863 (867), 587 (589), 535, 515 (513),
435 (437) and 407 (408) cm™ confirmed the
presence of merwinite [35, 38, 39].

The absorption bands centered at 970, 903,
847, 701, 684 (682), 638, 631, 587 (589), and
407 (408) cm™ could be related to akermanite
[25, 38, 40, 41]. The bands at 610, 470, 460, 428,
and 417 cm™ could be related to bredigite [23,
25, 40, 42]. The presented FTIR results are in
good agreement with the XRD results.



Fig. 3 shows the XRD patterns of the two
glass-ceramics after soaking in SBF solution for
15 days in static conditions.

709_after 15 days in SBF

+ - Merwinite
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v - Carbonate-hydroxylapatite
s - Calcite
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Figure 3. XRD patterns of the prepared and
thermally treated at different temperatures 709
and 738 glass-ceramics, after soaking in SBF
solution for 15 days in static conditions

From the data in Fig. 3 it is obvious that the
peaks of bredigite completely disappeared [15,
21, 22] and the characteristic peaks of CO;HA
(PDF card96-900-3553) appeared after soaking
for 15 days. On the other hand, the peak of cal-
cite (PDF card 5-0586) was also detected.

FTIR spectra of the synthesized Mg-
containing glass-ceramics after soaking in SBF
solution for 3, 9, and 15 days are presented in
Fig. 4.

Theoretically, four vibrational modes are
visible for the PO, ions in HA structure: v3 PO,’
at 1190-980 cm™, v; PO, at 960-965 cm™, v,
PO, at 660-520 cm’', and v, PO, at 460 cm’
[43]. Furthermore, from the presented in Fig. 6 it
is visible that in the FTIR spectra v; CO32' and v,

CO,” are also detectable [44, 45]. It is well
known that carbonate containing HA structure
(CO3;HA) depends on its chemical composition.
There are two types of substitution in HA lattice:
CO;” can replace PO,> ions (B-type) and CO;*
can replace OH’ ions (A-type) [46-48].

IR frequencies for the synthesized glass-
ceramics, after soaking in SBF solution for 3, 9
and 15 days are given in Table 2.
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Figure 4. FTIR of the prepared glass-ceramics
(sample 709, a, and sample 738, b), after immer-
sion in SBF solution in static conditions

On the basis of the results obtained, we can con-
clude that:

e v, PO,® at 960 cm™! shifts to lower wave
numbers (963-967 cm™) due to the CO5>
substitution [49];

e B-type CO;HA is preferentially observed
on the surface of the soaking glass-
ceramics [4, 45, 51, 55-61];
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e A-type CO;HA was also detected [46,
51, 55].

Table 2. Vibration modes for the samples after
soaking in SBF solution for 3, 9 and 15 days and
corresponding frequencies (cm '), where A and
B are A-type COsHA or B-type COsHA, respec-

tively

Vibra Sample 709 Sample 738 As-

tional signe

mode d

ac-
cord-
ing to
3 9 15 3 9 15
days days days days days days

V3 1022 1024 1026 1023 1024 1022 [44]

PO, 1044 1045 1040 1052 1044 1050 [44]

stretc

hing

2 963, 965, 967, 960, 964, 963, [49]

PO, B B B B B B

stretc

hing

vy 538 540 538 540 530 525 [20,

PO, 567 567 565 565 563 565 50]
stretc 575 570 575 574 575 581 [31,

hing 609 618 611 610 614 613 38,
638 640 635 641 649 642 43]
722 720 720 719 720 720 [25]
765 765 763 763 [34]
[51]
[51]
[52]
V) 441 448 [20,
PO, 456 451 454 456 458 458 49]
stretc [53,
hing 54]
V3 1543, 1540, 1540, 1538, 1539, 1542, [55]
CO; A A A A A A [46]
stretc 1521, 1521, 1521, 1517, 1518, 1522, [51]
hing A A A A A A [51,
1508 1504, 1509, 1503, 1504, 1505, 56]
1489, | A A A A A [55,
B 1489, 1489, 1487, 1488, 1490, 57]
1473, | B B B B B [45,
B 1473, 1473, 1473, 1470, 1474, 58,
1458, | B B B B B 59]
B 1457, 1457, 1457, 1453, 1458, [59,
1434, | B B B B B 60]
B 1436, 1436, 1440, 1433, 1436, [61]
1416, | B B B B B [5]
B 1418, 1418, 1415, 1415, 1419,
1396, | B B B B B
B 1397, 1397, 1400, 1394, 1397,
B B B B B
V) 867 866 864 865 867 867 [44]
CO;
bend-
ing
Ca- 710 710 712 710 712 714 [62]
CO;

cal-
cite

Briefly, we can summarize that the prepared
glass-ceramics are in vitro bioactive.

From the data presented in Fig. 5, it can be
seen that the Ca®" concentration slightly in-
creased for all soaked samples, compared with
the Ca*" concentration (64 mg/l) in the initial
SBF solution. On the other hand, the concentra-
tion of Si*" slightly decreased with increasing the
soaking times from 80 mg/l (for 709-3) to 26
mg/l (for 709-15), and for 63 mg/l (for 738-3) to

20 mg/l (for 738-15). From the data obtained, it
can be concluded that the silicon containing
CO;3;HA may be formed on the soaked surface of
the thermally treated samples. The concentration
of Mg*" in SBF solutions shows the same trends.
For all studied samples, the concentration of
Mg®" in SBF solution (31 mg/l) increased to 99
mg/l (for 703-9) and to 83 mg/l (for 738-3 and
then slightly decreased to 26 mg/l (for 709-15)
and to 20 mg/l (for 738-15). It is very likely that
Mg®* is also included in COs;HA, which is
formed on the soaked surface. Finally, the P>
concentration slightly decreased from 29 mg/l
(for the initial SBF solution) to 0 mg/l (for all
samples) regardless of the soaking time

Si*" slightly decreased with increasing the
soaking times from 80 mg/l (for 709-3) to 26
mg/l (for 709-15), and for 63 mg/l (for 738-3) to
20 mg/1 (for 738-15). From the data obtained, it
can be concluded that the silicon containing
CO;HA may be formed on the soaked surface of
the thermally treated samples. The concentration
of Mg”" in SBF solutions shows the same trends.
For all studied samples, the concentration of
Mg”" in SBF solution (31 mg/l) increased to 99
mg/l (for 703-9) and to 83 mg/l (for 738-3 and
then slightly decreased to 26 mg/l (for 709-15)
and to 20 mg/1 (for 738-15). It is very likely that
Mg> is also included in COs;HA, which is
formed on the soaked surface. Finally, the P>
concentration slightly decreased from 29 mg/l
(for the initial SBF solution) to 0 mg/l (for all
samples) regardless of the soaking time.

Concerjtration, mgfl

Fig. 5. Changes in Ca, Si, Mg and P con-
centrations for the SBF solutions (sample SBF)
and for samples 709 and 738, after in vitro test in
SBF solutions for 3, 9 and 15 days in static con-
ditions



The obtained ICP-AES data indicate that the
Si*" and Mg*" containing COsHA may be formed
on the soaked surface. Furthermore, the pres-
ences of the bands of PO,” in FTIR spectra in
the in vitro test suggest that the prepared samples
are in vitro bioactive. The presented ICP-AES
data are in agreement with XRD and FTIR data
analysis for the soaked samples.

SEM of the samples after soaking in SBF
solution for 15 days in static conditions are pre-
sented in Fig. 6.
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Figure 6. SEM for the soaking in SBF
solution 709 (a) and 738 (b) samples for 15 days
in static conditions.

The presented SEM results show that on the
surface of the soaked samples HA were formed,
i. e. the obtained glass-ceramics are in vitro bio-
active. Spherical aggregates of a diameter of 1.5
um - 2 pum, consisting of smaller particles (of a
typical size of 0.2 um), are observed (Fig. 6 a, b).
This microstructure is typical of apatite. The

obtained results are in full agreement with XRD,
FTIR and ICP-AES results.

CONCLUSIONS

Novel Mg-containing glass ceramics were
synthesized via sol-gel method. The obtained
dried gels were thermally treated at 1350°C and
1250°C. XRD of these samples proved that in the
sample annealed at 1350°C merwinite crystal-
lized as a main phase accompanied with aker-
manite. When the sample was treated at 1250°C
merwinite was also present in the main phase,
accompanied by the two additional crystalline
phases: akermanite and bredigite. FTIR of the
samples after in vitro tests in SBF solution for
different times in static conditions revealed that
B-type carbonate apatite (B-COsHA) is preferen-
tially observed on the surface of the soaked sam-
ples. ICP-AES results showed that Mg® and Si**
containing CO;HA may be formed on the surface
after immersion in SBF solutions for 3, 9 and 15
days of soaking.
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