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Table 1 shows the data of granulated activated 
carbon obtained by adding rice waste, oil sludge 
and gelatin in a ratio of 10:1, 9:1:1.1, 9:1:1.25, and 
9:1:2. Granulated activated carbon from rice husk: 
oil sludge: gelatin in a ratio of 9: 1:2 showed the 
highest values for the following indicators: 
adsorption activity for iodine – 89.72%, total pore 
volume for water-0.56 cm3/g, bulk density-433.99 
g/dm3 and adsorption activity for methylene blue-
356.01 mg/g. 

According to the results of the research, it was 
found that the optimal ratio for the production of 
granular activated carbon is the ratio of rice husk: 
oil sludge: gelatin = 9:1:2. At the optimal ratio, 
granulated activated carbon corresponds to the 
BAU – MF brand. Figure 1 shows the granulated 
activated carbon obtained at the ratio of 9:1:2 rice 
husk: oil sludge: gelatin. 

Figure 1. Granulated activated carbon obtained from 
rice husk, oil sludge and gelatin at a ratio of 9: 1: 2. 

CONCLUSIONS 

In conclusion, granular activated carbon was 
obtained with the addition of gelatin at various 
ratios to rice and oil waste. The physicochemical 
properties of the granular activated carbons were 
investigated and their optimal ratio was determined. 
Based on the adsorption activity of activated carbon 
at the optimal ratio, the resulting adsorbent allows 
water purification from inorganic and organic 
impurities. 
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perform the planned systematic comparative study. 
The preliminary surface treatment was performed by 
etching in a NaOH solution (50 g dm-3) for 2 minutes 
at 60 °C and subsequent activation in dilute nitric 
acid (HNO3:H2O - 1:1) for 2 minutes at room 
temperature, followed by a final vigorous washing 
with both tap and double-distilled water.  

The specimens were then anodized in a 15 wt.% 
solution of H2SO4 under galvanostatic conditions (15 
mA cm-2) for 50 min at room temperature. The 
formed porous AAO layers were electrochemically 
modified by incorporation of Cu and/or Ni. This 
process was performed at the following conditions: 
AC-polarization at a constant voltage of 20 V and 
applied frequency of 60 Hz, for 15 min at 20 °C. 
Both Cu- and Ni-containing electrolytes were 
composed by CuSO4 or NiSO4 (0.4 mol dm-3), 
respectively. The combined Cu/Ni electrolyte was 
prepared by mixing these solutions in a volume ratio 
of 1:1. Each of these deposition electrolytes 
contained also (NH4)2SO4 (30 g dm-3) and H3BO3 (50 
g dm-3). 

As a result, a set of: (i) reference AAO, (ii) AAO 
with incorporated Cu, (iii) AAO with incorporated 
Ni and (iv) AAO with incorporated Cu and Ni was 
prepared. In order to assess the repeatability of the 
results, each of these types of coatings was 
represented by two samples. 

Electrochemical characterization of the obtained 
films 

All samples were subjected to comparative 
electrochemical measurements after 168 hours of 
exposure to the model corrosive medium (MCM), 
which is essentially a 3.5 % aqueous NaCl solution. 
The electrochemical film characterizations were 
performed using an Autolab PGStat 30 
potentiostat/galvanostat of “Metrohm” 
(Netherlands), equipped with FRA-2 frequency 
response analyzer. The measurements were 
performed in a standard, three-electrode “flat” cell 
(ISO 16773-2), equipped with a cylindrical platinum 
mesh as a counter-electrode and an Ag/AgCl/3M 
KCl reference electrode. Test areas of 2 cm2 from the 
specimens served as working electrodes. The 
measurements included electrochemical impedance 
spectroscopy (EIS) and linear sweep voltammetry 
(LSV). The EIS spectra were acquired in the 
frequency range from 10 kHz to 0.01 Hz, distributed 
in 50 measurement points. The amplitude of the 
excitation signal was up to 35 mV in relation to the 
open circuit  potential  (OCP),  in  order  to  acquire 
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readable spectra. The linear sweep voltammetry 
(LSV) curve acquisitions were performed in the 
potential range from -150 to + 550 mV. OCP, at a 
sweep rate of 10 mV s−1. 

RESULTS AND DISCUSSION 

EIS data acquisition 

The electrochemical impedance spectra were 
acquired from all samples after 168 hours of 
exposure to the model corrosive medium, in order to 
obtain comparable results for all specimens. Figure 
1 presents averaged EIS spectra plotted in Bode (a) 
and Nyquist (b) coordinates. The spectra resemble 
this of a capacitor, due to the excellent insulation 
properties of the elaborated AAO layers on the 
metallic surfaces. Only the phase shift of the 
reference AAO layers can be distinguished from 
those of the modified ones. Consequently, their 
modification by means of incorporation of Cu and/or 
Ni obviously results in further improvement of the 
formed AAO layers.  

Fig. 1. Averaged EIS spectra of the investigated 
specimens, acquired after 168 hours of exposure to the 
3.5% NaCl model corrosive medium. 
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Table 1.  Results of the numerical analysis of the EIS spectra  

Group Sample RMCM
Ω.cm2

CEDL+OXY
µF.cm-2 

RCT
kΩ.cm2 

CPEdiff
(10-7)sn Ω−1 cm−2 n 

G 1 – Ref 
S1 90.40 ± 28.02 0.12 ± 0.01 6.590 ± 0.66 12.20 ± 0.63 0.88 ± 0.01 

S2 34.90 ± 8.49 0.36 ± 0.01 1.820 ± 0.22 11.56 ± 0.30 0.91 ± 0.01 

G2 – Cu 
S1 8.87 ± 1.40 1.22 ± 0.07 0.297 ± 0.030 5.53 ± 0.02 0.91 ± 0.01 
S2 5.79 ± 1.33 9.07 ± 1.27 0.219 ± 0.035 5.47 ± 0.01 0.93 ± 0.01 

G3 – Ni 
S1 8.73 ± 1.00 4.73 ± 0.46 275.184 ± 33.732 7.36 ± 0.05 0.91 ± 0.01 
S2 7.38 ± 1.05 3.47 ± 0.26 260.900 ± 37.332 6.73 ± 0.08 0.93 ± 0.01 

G4 – Cu/Ni S1 8.21 ± 0.85 7.65 ± 0.13 23.79 ± 6.13 6.47 ± 0.03 0.92 ± 0.01 
9.68 ± 0.58 5.02 ± 0.43 33.90 ± 10.70 6.08 ± 0.02 0.91 ± 0.01 

The obtained spectra were further submitted to 
analysis using a suitable model equivalent circuit 
(MEC), illustrated in Fig. 1a. It is composed of 
resistance of the model corrosive medium RMCM, 
connected to the capacitance of the electric double 
layer and the oxide film CEDL+OXY and the charge 
transfer resistance Rct. Finally, a constant phase 
element CPEdiff was required in order to describe the 
diffusion of the electrolyte inside the pores of the 
AAO.   

The results of the numerical analysis of the EIS 
spectra with the used MEC are presented in Table 1. 

The comparative analysis of the data in Table 1 
has revealed several obvious trends. The values of 
RMCM, for the reference AAO layers are by entire 
order of magnitude higher than those of the modified 
layers. At the same time, there are no obvious 
differences between the RMCM values of the AAO 
layers modified with incorporation of Cu and/or Ni. 
The capacitance CEDL+OXY of the reference samples is 
also lower than this of the modified layers by at least 
one order of magnitude. The biggest differences are 
in the charge transfer resistance Rct. The 
electrochemical modification with Cu has led to a 
decrease by an entire order of magnitude, compared 
to the Rct of the reference AAO layers. In contrast, 
the incorporation of Ni resulted in a sharp rise of Rct 

by three orders of magnitude. 
In the case of the AAO layer modified with both 

Cu and Ni, the Rct values are with an entire order of 
magnitude higher than those of the reference AAO 
layers. Consequently, the beneficial effect of the Ni-
incorporation is compensated by the weak 
detrimental effect of the Cu deposition. Both these 
effects are probable, because on one hand, the Cu 
and/or Ni incorporation enhances the barrier 
properties of the AAO layer by sealing the pore walls 
and bottoms. However, on the other hand, the AC-
polarization during the electrochemical Cu and/or Ni 
incorporation results in pore widening, due to the 
cathodic dissolution commented elsewhere [26]. 

An additional analysis of the EIS spectra was 
performed, following the general concepts of 
Zheludkevich et al. [27]. It was performed by 
determination of the log|Z| values, acquired at 0.01 
Hz (i.e., the last impedance data points). The 
corresponding values of the impedance modulus |Z| 
(Table 2) should approximate those of the 
polarization resistance (Rp), commented in the next 
paragraph.  

According to this parameter (i.e., |Z|), the AAO 
layers modified with Cu possess similar barrier 
properties to the reference ones. However, the other 
two trends commented above, regarding the obvious 
beneficial effect of the modification of the AAO 
layer with Ni and the weakening of this effect, are 
confirmed by the values of |Z| presented in Table 2. 
Indeed, these values, estimated for the AAO layers 
with incorporated Ni are about three times higher, 
whereas the AAO modified with Cu and Ni have 
almost the same |Z|-values as those of the other 
groups. 

A rather interesting fact is that the |Z|-values are 
by more than three orders of magnitude higher than 
those of Rct. The discrepancy between the values of 
these parameters is a result of the fact that the value 
of |Z| comprises the capacitive reactance, unlike Rct. 

Analysis of the data acquired by linear sweep 
voltammetry (LSV) 

The EIS spectra, commented in the previous 
paragraph, were followed by recording of LSV 
curves, under the conditions described in the 
experimental section. The averaged LSV curves are 
presented in Fig. 2.  

The anodic branches of all LSV curves are almost 
horizontal, revealing the lack of any corrosion 
processes. Consequently, the formation of the AAO 
layer results in efficient passivation of the surfaces 
of the AA1050 samples and serves as efficient 
barrier against access of corrosive species to the 
metallic surface. 
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N. A. Ispulov et al.: On matrices of coefficients of electromagnetic and elastic waves propagating in anisotropic media 

;0=Bdiv


 ;0=Ddiv


 

The dependence of D


 and B


 on E


 and H


 in 
presence of magnetoelectric effect has the following 
form: 
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where: 0ε , 0µ - absolute dielectric permeability

of vacuum; ijε , ijµ  - components of relative
dielectric and magnetic permeability of medium. 

ijα  - components of the tensor that describe the
influence of the magnetoelectric effect. 

In general, the matrix of B coefficients has the 
following structure: 
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For the antiferromagnetic Cr2O3 that is being 
considered in this article tensor α̂  has the following 
form: 
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CONCLUSION 

This paper is devoted to the research of 
thermoelastic wave propagation in anisotropic 
media of hexagonal systems in the case of a second-
order axis symmetry and heterogeneity along the Х 
axis. Differential equations system of the first order 
with variable coefficients that are made by means of 
the variable separation method are obtained 
(solution is presented as a plane harmonic wave). 
Coefficients matrices for anisotropic medium of a 
hexagonal system for three-, two-, and one-
dimensional cases were obtained. The structures of 
the matrices of the coefficients of the constitutive 
equations and the structure of the matrix for waves 
of an elastic and electromagnetic coupled field in 
thermoelastic, piezoelectric, piezomagnetic and 
magnetoelectric anisotropic media are presented. 
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R. K. Kasarov et al.: Material and optomechanical characteristics of polymers in optical design 

of Pulfrich refractometric measurements in 
the range 0÷50 °C with a step of 2 degrees below 
10 °C and 5 degrees at higher temperatures 
at the wavelengths of the spectral lamps 
of the instrument. The measuring accuracy 
was ±2×10-5. Thin polymer films were measured 
by means of a three- and four-
wavelength laser microrefractometer. 
RI values of films differ in respect to layer 
thickness and bulk sample results. 

Ultrasonic measurements 

Velocities of longitudinal and shear waves 
with magnitudes higher than 1000 m/s were 
determined by means of a Krautkramer flaw 
detector USM 35XS. For lower values of 
velocities, a Panametrics apparatus was used. A 
pulse-echo contact method with a Krautkramer 
CLF5 transducer (10 MHz) for longitudinal waves 
and a specially designed sensor Sonic (5 MHz) 
for shear waves was applied. Thicknesses of 
the samples were measured by a Mitutoyo 
caliper with an accuracy of ±0.01 mm. Single or 
multiple reflected echoes were registered to 
determine time propagation of sound waves and 
then velocities were automatically calculated. 
The receiver filtering was adjusted to pass 
the broadband frequency range and the attenuation 
was adjusted to produce a non-saturating signal 
on the A-scan display. Different values of input 
electrical impedance and pulse power were used 
to increase the resolution.    

RESULTS AND DISCUSSION 

Optical characteristics 

Selection of polymeric materials (PMs) in 
lens design is based on knowledge of their 
optical and material properties. Most 
important optical characteristics are spectral 
transmission, refractive index and dispersion. We 
have measured spectra of many thin 
thermoplastic polymer films and the results 
show transmittance better than 85 % in the range 
400 – 2000 nm [7]. Some weak absorption 
bands between 1660 and 1700 nm have 
been registered and a considerable transmission 
decrease has been found beyond 2200 nm 
due to the absorption of the functional groups. 

Obtained refractive data are substantial. 
Refractive indices of polymer bulk samples and 
thin films were measured at 22 wavelengths in the 
interval of 406 ÷ 1320 nm. Usually RIs at the d-line 
of the helium source (λd = 587.6 nm) at standard 
temperature of 22 ºC according to the USA 
standard are reported and RI values at the mercury 
e-line (λe = 546.1 nm) at 20 ºC are used in the
continental European standard. Many laser
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emission wavelengths have been used not only in 
VIS but in NIR range, too. Abbe number is another 
important input parameter in lens design which 
characterises dispersion properties of optical 
materials in the applied spectral range. In Table 1 
RIs and Abbe numbers of several polymers at d-
line in VIS and the middle wavelength 879 nm of 
the measuring NIR range are presented. Values of 
ν879 are determined by the equation: 

1052703

879
879

1
nn

n
−
−

=ν (1) 

and are used in case of the goniometric RI 
measurements of bulk samples. When laser 
microrefractometers were applied to measure thin 
polymer films the Abbe number at mean value of 
1010 nm for the measuring range from 700 to 1320 
nm was calculated as: ν1010=(n1010 – 1)/(n700 – n1320). 
Random RIs at any wavelength can be computed by 
means of the Cauchy-Schott approximation [2]. 

Table 1. Refractive indices and Abbe numbers of 
PMs. 

Polymer nd n879 νd ν879 
PMMA 1.4914 1.4835 59.2 96.7 
PS 1.5917 1.5756 30.5 55.9 
PC 1.5849 1.5683 29.1 54.6 
SAN 1.5667 1.5526 35.4 66.6 
Zeonex E48R 1.5309 1.5224 56.5 100.5 
Optorez 1330 1.5094 1.5017 52.0 71.7 
Bayer 1.5857 1.5698 30.0 54.8 

As seen, low-refractive polymers have higher 
values of Abbe numbers. Dispersion in NIR 
spectrum is not essential in comparison to VIS 
light. Relative partial dispersions are maximal in 
the short-range diapason [6].  

RIs for all of the studied polymers decrease with 
increasing temperature which is opposite to the 
behaviour of most glass types. Our results show 
nearly linear dependence n(T) in the regarded 
interval 0 ÷ 50 ° C. There are some slight variations 
in respect to the wavelength and the measuring 
temperature. On base of our refractometric results, 
the thermo-optic coefficient dn/dT (TOC) for each 
polymer was determined at the respective 
wavelength. TOCs at d-line for some of the PMs 
are included in Table 2. As seen, polycarbonate 
materials as PC of ECC and Bayer show highest 
thermal stability in respect to the values of TOC 
and linear thermal expansion coefficient α. 
Thermo-optic coefficients are related to the thermal 
linear expansion coefficients by the Lorentz-Lorenz 
equation and α values in the second column of 
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Table 2 are determined on base of measured RIs by 
the equation: 

dT
dn

nn
n

)2)(1(
2

22 +−
≈α . (2) 

Thermal linear coefficient α is related to the 
volume expansion coefficient as β≈3α which plays 
an important role for the dimensional stability of 
optical elements. 

Table 2. Thermal parameters of PMs. 

Polymer dn/dT,
×10-4 K-1 

α, 
×10-4 K-1 

αlit, 
×10-4 K-1 

S,
×10-4 K-1 

PMMA -1.2 0.7 0.5÷0.9 -0.86
PS -1.3 0.6 0.6÷0.8 -0.95
PC -1.0 0.5 0.6÷0.7 -0.73
SAN -1.1 0.5 0.65÷0.67 -0.80
Zeonex 
E48R -1.2 0.6 0.6 -0.87

Optorez 
1330 -1.1 0.6 0.7 -0.79

Bayer -1.1 0.5 0.65 -0.80

Calculated expansion coefficients are compared 
in the table to literature data αlit [1, 8]. Good 
coincidence can be established. Slight variations are 
noticed for each thermoplastic brand which may be 
due not only to measuring accuracy but to 
polymerization and moulding conditions, additives 
as plasticisers, mould release agents, etc. The 
expansion coefficients α of optical glasses for the 
internationally used temperature range for 
comparison purposes (-20 °C; 300 °C) are rather 
small and vary from 4 to 16×10-6 K-1 [9]. This fact 
explicitly confirms that temperature aberrations 
arising from geometrical alteration of plastic 
elements is a significant problem in the design. 
Hybrid glass-plastic optics should be applied to 
increase temperature stability of the systems [7]. 

Another thermal parameter is the thermo-optical 
constant defined as:  

dT
dnnS +−α= )1(     (3)

in case of a plane-parallel plate which is an 
approximate measure of the sensitivity of the 
material to radial gradients and quantifies the 
optical path difference with temperature. Negative 
values of S show the same tendency as TOCs. In 
comparison to most glass types [9], TOCs of 
polymer materials are negative and their absolute 
values are with about two orders of magnitude 
larger. Thus, maintaining focus over a large range 
of temperature is a significant problem in plastic 
optics.  

Acoustic and optomechanical characteristics 

Low weight of polymer elements is a great 
priority in comparison to optical glass types. In 
Table 3 results for obtained densities ρ of studied 
polymers measured by the hydrostatic weighing 
method are presented. Density values are from 2 to 
6 times smaller than those of glasses. 

As known, dynamic elastic moduli of materials 
are related to sound velocities in solid bodies. In 
Table 3 measured values of velocities of 
longitudinal cl, and transverse ct waves are given. A 
comparison to velocities published by other sources 
[5] is presented. As seen, there can be significant
differences for one and the same named material in
respect to the measuring method, as well as to the
processing conditions of the polymeric brand.
Literature data were found only for basic polymer
types. Velocities of shear waves are difficult to be
measured and are rarely cited. Results show that
longitudinal waves travel faster than shear waves
and velocities of longitudinal waves are
approximately twice the value of shear waves.
Given values of densities and velocities of
longitudinal waves determine the material acoustic
impedance which is defined as the product of both
quantities. Knowledge of material impedances
enables the study of propagation of sound waves
and phenomena at sample interfaces.

Table 3. Densities and ultrasound velocities of PMs. 

Polymer 
ρ, 
kg/m3 

cl , m/s ct , m/s 
meas. lit. meas. lit. 

PMMA 1187 2745 2724 
2730 

1356 1377 
1430 

PS 1040 2388 2346 
2340 

1152 1157 
1143 

PC 1195 2234 2250 
2268 

906 948 

SAN 1160 2561 – 1176 –
Zeonex 
E48R 

1007 2535 – 1035 –

Optorez 
1330 

1202 2648 – 1209 –

Bayer 1204 2221 – 824 – 

Propagation of sound waves in isotropic solid 
bodies is determined by the material elasticity 
moduli. In case of samples which transverse 
dimensions are much greater than the sound 
wavelength, there are simple relations between 
sound velocities and the material elastic 
parameters:  

)21)(1(
)1(
µ−µ+ρ

µ−
=

Ecl (4)
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Table 5. Optomechanical parameters of PMs. 

Polymer ρ/E,×10-7

kg/(N.m) 
ρ3/E 
kg3/(N.m7) 

(E/ρ)1/2

×103 m/s 
σ, 
MPA 

PMMA 2.0 0.3 2.2 30.9 
PS 2.8 0.3 1.9 17.1 
PC 4.3 0.6 1.5 11.5 
SAN 2.6 0.4 2.0 17.3 
Zeonex 
E48R 3.3 0.3 1.7 15.1 

Optorez 
1330 2.5 0.4 2.0 22.8 

Bayer 5.2 0.7 1.4 10.0 

For most applications, the resonant frequency of 
the optical element is an important figure of merit 
and is characterised by (E/ρ)1/2 since natural 
frequency is proportional to the square root of the 
specific stiffness. High values of this parameter are 
appropriate for large plastic optical components 
with protruding parts, in order to get high resonant 
frequencies [8].  

Thermal stress σ is another quantity used in 
polymer optics which combines mechanical and 
thermal properties of materials. This is the internal 
stress generated in a plastic piece due to a specified 
temperature difference ∆T. It can be estimated in 
first approximation using the following formula:  

µ−
∆α

=σ
1

TE
. (9) 

The values in Table 5 represent the thermal  stress 
factor, indicating stress over a temperature change 
∆T of 50 °C which corresponds to usual variations 
of service temperatures in respect to environmental 
conditions. Results for PC and Bayer confirm their 
greatest stability in respect to temperature. 
Polycarbonate materials also have broadest service 
interval from –137 to +130 °C and possess more 
stable thermo-mechanical and physical-chemical 
properties in the limits from –30 °С to +125 °С [6]. 
The Japanese brand Zeonex E48R is a thermally 
stable polymer, too. Most of PMs, have much lower 
service temperature limits, in some cases no higher 
than about 60 °C. The maximal limit may 
approach 250 °C for some of the fluoropolymers.

As seen from Eq. (9), thermal stress is 
proportional to Young's modulus and to the 
coefficient of thermal expansion and reciprocal to 
the Poisson's ratio. Therefore, materials with a large 
thermal expansion coefficient and Young's modulus 
value are very sensitive to thermal shock and have 
to be processed very carefully. In comparison to 
glass, thermal stresses in PMs are lower because of 
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the small values of Young's modulus and higher 
Poisson's ratios though thermal expansion 
coefficient is larger [9]. Generally, the ability of 
plastics to withstand rapid changes of temperature 
is better than that of glasses. Thermoplastics allow 
variation of temperature below melting point 
without loss of optical quality. All of studied PMs 
in this report are thermoplastic. 

Thermal stress is especially useful in coating of 
PMs with inorganic layers to compensate their 
imperfections as low abrasion or chemical 
resistance, hygroscopicity, etc. Since the 
temperature rises gradually during film deposition, 
large differences between the stress levels at the 
interface between the coating and the polymer 
occur and generated stress may be as high as 5–20 
MPa/K [8].  

CONCLUSION 

Refractometric and ultrasonic measurements 
were accomplished to reveal material and 
optomechanical characteristics of PMs which are 
important in lens design. Though polymers have 
excellent transmission in VIS and NIR region, they 
have a much more restricted range of refractive 
index values between 1.49 and 1.59 at d-line (Table 
1). There are some PMs with RIs of 1.47 (e.g. 
cellulose) and high refractive polymers of HOYA 
company and MITSUI Chemicals, etc. with nd > 1.7 
[6]. Results of RIs and Abbe numbers in NIR 
region are useful for the design of night vision 
optical systems. Presented values show lower 
dispersion of PMs in comparison to glasses in this 
part of the spectrum. 

Thermal properties of PMs are studied on base 
of RI measurements in the interval between 0 and 
50 °C. Temperature instability of refractive and 
dispersive properties of polymers should be 
regarded in the design of optical elements and 
devices. The large thermo-optic coefficients, linear 
and volume expansion coefficients and thermo-
optical constants (Table 2) as well as thermal stress 
values (Table 5) result in arising of significant 
thermo-optical aberrations which should be 
minimised in the final construction by proper 
selection of optical glass-plastic and housing 
materials. On the other hand, thermal sensitivity of 
PMs may favour their utilization for dynamic 
control of refractive index in active waveguide 
components of photonic devices [7]. 

Dynamic elastic moduli and optomechanical 
characteristics of PMs are estimated on base of 
measured velocities of longitudinal and transverse 
ultrasonic waves. Comparison to literature data 
shows differences due to measuring method and 
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technology specifications of the polymer brands. In 
many cases published values are merely indicative 
for a given polymer in respect to the sample shape. 
Material parameters as moduli of elasticity, 
Poisson's ratio (Table 4), as well as parameters as 
resonant frequency, deflection at constant 
thickness, deflection at constant mass and mass at 
constant deflection which are responsible for 
structural stability (Table 5) are presented. 
Comparison to glasses gives higher values for 
factors of deflection at constant thickness and 
constant mass of PMs and lower values for the 
resonant frequency which result in lower structural 
stability of plastic components. PMs are suitable for 
optical fiber fabrication, because of their higher 
flexibility.   

REFERENCES 

1. J. Lytle, in: Handbook of Optics, M. Bass, E. W.
Van Stryland, D. R. Williams, W. L. Wolfe (eds.),
vol. II, McGraw-Hill, New York, 1995, p. 34.1.

2. N. G. Sultanova, C. D. Ivanov, I. D. Nikolov, Opt.
Quant. Electron., 35, 21 (2003).

3. N. G. Sultanova, S. N. Kasarova, I. D. Nikolov, J.
Phys. Conf. Ser., 356, 0120409 (2012).

4. S. N. Kasarova, N. G. Sultanova, R. K. Kasarov, I.
D. Nikolov, Proc. SPIE, 11047, 10471I (2019).

5. E. Ginzel, B. Turnbull, NDT.net Journal, 12 (2016).
6. N. G. Sultanova, C. D. Ivanov, I. D. Nikolov,

Refractive Index Metrology of Optical Polymers,
Lap Lambert Academic Publishing, Saarbrücken,
2014.

7. N. G. Sultanova, S. N. Kasarova, I. D. Nikolov, Opt.
Quant. Electron., 45, 221 (2013).

8. M. Pfeffer, in: Handbook of Plastic Optics, S.
Bӓumer (ed.), Wiley-VCH Verlag GmbH & Co.
KGaA, Weinheim, 2005, p.7.

9. SCHOTT AG, http://www.schott.com.
10. D. W. Van Krevelen, Properties of Polymers,

Elsevier, Amsterdam, 1972, p. 151. 
11. R. A. Paquin, Materials for Optical Systems, in:

Handbook of Optomechanical Engineering, A.
Ahmad (ed.), CRC Press, Boca Raton, Chapter 3,
1999.

http://en.wikipedia.org/wiki/Saarbr%C3%BCcken
http://www.us.schott.com/




S. Milenkova et al.:  Milk protein-based formulations as controlled delivery systems for tolfenamic acid

will prevent the irritation of GIT. 
In the present study the features of a drug delivery 

system for tolfenamic acid on the basis of casein 
were examined. The effect of the concentrations of 
the protein, the crosslinker and the active compound 
on the carrier surface morphology, loading 
efficiency and release rate were investigated. 

EXPERIMENTAL 

Used material 

Sodium caseinate (casein sodium salt from 
bovine milk) was delivered by Sigma Aldrich. 
Tolfenamic acid was bought from Cayman 
Chemical. Calcium dichloride, ethanol and sodium 
hydroxide used were with analytical grade. Ultra-
pure water was obtained with the system Adrona 
Crystal B30 Bio with conductivity 0.055 µS/cm. 

Preparation of casein particles loaded with 
tolfenamic acid  

The casein gels are formulated as a result of the 
electrostatic interactions between the negatively 
charged parts of the casein micelles and the positive 
divalent counter-ions of calcium chloride.  

The studied systems in the current research were 
prepared according to the following procedure. 
Stock solution of sodium caseinate with 2% w/v 
concentration was prepared. The pH of the stock was 
adjusted to 11 with 1M NaOH and it was kept the 
same throughout the whole preparative process. This 
stock was diluted in a manner that the final 
concentrations of casein at the end of the mixing 
process were 0.5% and 1%. Tolfenamic acid was 
dissolved in pure ethanol at two different 
concentrations – 8 mg/ml and 4 mg/ml. 1 ml of this 
solution was added to each 4 ml of casein solution 
and the protocol was followed for both 
concentrations of each solution. The resultant 
mixture was stirred for 30 min at room temperature 
and after that time the crosslinker was added. 5% 
w/v CaCl2 solution in three different ratios with 
respect to the concentration of the casein, namely 
3:1, 5:1 and 10:1 was used as a crosslinker. The 
crosslinking process was left to be done for 2 hours. 
Then the reacting solutions were centrifuged for 15 
min at 14000 rpm. The precipitate was washed twice 
and the obtained particles were freeze-dried and 
stored for further use. The samples were named as 
follows: Cas concentration (0.5% or 1%), Cas:CaCl2 
ratio (3:1; 5:1 or 10:1), amount of TA (20 mg or 40 
mg). 

Characterization of non-loaded and loaded casein 
particles 

The size and the size distribution of the particles 
were examined using a NANOTRAC WAVE 
Particle Size, Zeta Potential, and Molecular Weight 
Analyzer (Microtrac). The hydrodynamic diameter 
of the particles was presented as the z-average size. 

The shape, size and aggregation phenomena of 
both loaded and non-loaded particles were 
investigated by atomic force microscopy (AFM) 
AFM NANOSURF FLEX AFM (SWITZERLAND) 
and scanning electron microscopy (SEM) PRISMA 
E SEM, Thermo Scientific (USA). The particles, 
examined by AFM, were redissolved in distilled 
water and the sample suspension was deposited on a 
freshly cleaned microscopic glass. One minute after 
the deposition the surface was rinsed with distilled 
water. The sample was left to dry for 24 hours. The 
images were collected in tapping mode of the AFM 
using standard cantilever Tap190Al-G with 10 nm 
tip radius. The resultant picture showed 2.5 µm × 2.5 
µm area from the sample surface with viewing field 
of 256 × 256 pixels collected for 1 s scan time. The 
samples for SEM were deposited onto double-face 
adhesive carbon tape and left to dry at room 
temperature (25°C). The SEM images of both non-
loaded and loaded particles were obtained at 15 kV 
and 20 kV acceleration voltage.  

In order to confirm both the crosslinking and the 
encapsulation processes, ATR-FTIR spectra were 
taken. A comparison between native and crosslinked 
casein, as well as between empty particles and 
loaded particles was done. The equipment for this 
experiment was Nicolet iS 10 FTIR spectrometer 
(Thermo Fisher Scientific, Pittsburgh, PA, USA), 
equipped with a diamond attenuated total reflection 
(ATR) accessory. The operating range for the 
spectra collection was 600 cm−1 to 4000 cm−1 with a 
resolution of 4 nm and 64 scans. The obtained 
spectra were analyzed with OMNIC® software 
package.  

Determination of the yield of the gelation process 

Тhe yield of the gelation process was estimated 
as the ratio between the dry mass of the particles 
(after the freeze-drying) and the total dry mass in the 
formulation. The calculation was done according to 
the equation presented below:  

  (1) 
𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 (%) =  

𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑑𝑑𝑑𝑑𝑑𝑑 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖𝑖𝑖 𝑡𝑡ℎ𝑒𝑒 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓

∙ 100 
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Calculation of the loading efficiency of casein 
particles  

To establish the encapsulated amount of 
tolfenamic acid into the casein structures, their 
loading efficiency was calculated. After the particle 
formation process, they were centrifuged at 14000 
rpm for 15 min and the resultant supernatant was 
measured at 287 nm with UV-VIS 
spectrophotometer. The encapsulated amount of TA 
was calculated by the following equation: 

Е% =
(𝑐𝑐0 − 𝑐𝑐)

𝑐𝑐0
. 100 (2) 

where 𝑐𝑐0 is the total amount of tolfenamic acid and 
𝑐𝑐 is the non-loaded tolfenamic acid. 

Investigation of the release kinetics of tolfenamic 
acid from casein particles 

The release kinetics of the active compound from 
the resultant casein structures was examined on the 
base of the diffusion method in a dialysis bag. A 
certain amount of loaded particles (equivalent to 10 
mg of tolfenamic acid) was suspended in 1 ml of 
PBS (pH = 7.4) and placed in a dialysis membrane. 
Then, the membranes were placed in 25 ml of release 
medium. For the first two hours the pH of the 
medium was 1.5 (hydrochloric acid buffer), for the 
next two pH = 4 (acetate buffer) and for the next time 
period the pH was kept at 7.4 (PBS). During the 
whole process the temperature was kept 37° C and 
the stirring speed was 100 rpm. For the 
spectrophotometric analysis, samples at each hour 
for a consecutive 8-hour period were taken and an 
aliquot amount of the same buffer was added back to 
the solution. All the samples were examined in 
triplicate. The samples were analyzed at 287 nm. 

Investigation of the tolfenamic acid physical state 

The TA phase state was examined by the method 
of differential scanning calorimetry. It was 
performed on a TA Discovery 250 (TA instruments, 
New Castle, DE, USA) at a heating rate of 10 °C/min 
for a temperature ranging from 25 to 350 °C in an 
argon environment with a purging rate of 30 
mL/min. Aluminum T-zero containers were used to 
seal the samples. The onset temperature, peak 
temperature and normalized enthalpy (calibrated 
against indium melting enthalpy standard) were 
analyzed by TA TRIOS software 5.1.1.46572. 

RESULTS AND DISCUSSION 

In the present research, structures of casein 
micelles crosslinked with calcium chloride were 
successfully formulated at different concentrations 
of the polymer and the crosslinker by the method of 

ionotropic gelation. Their size and size distribution 
were investigated by dynamic light scattering 
technique. The average sizes of the structures are 
presented on Figure 1. No sizes were detected for the 
sample with 0.5% casein concentration and 
polymer:crosslinker ratio 10:1, possibly due to the 
low yield and concentrations. In the process of 
examination, a bimodal distribution was observed 
for all detected samples. About 70% of the particles 
possessed sizes in the nano-range - between 140 nm 
and 370 nm depending on the casein concentration 
and Cas:CaCl2 ratio. The other structures were in the 
µm range and were most likely aggregates of 
nanoparticles. 

Fig. 1. Medium diameter of the formed casein 
structures with different concentrations of the polymer 
and the crosslinker. 

The particle sizes strongly depend on both 
polymer and crosslinker concentrations. They are 
140 nm (Cas:CaCl2=3:1) and 150 nm 
(Cas:CaCl2=5:1) when 0.5% casein solution is used, 
and grow to 296 nm (Cas:CaCl2=3:1), 368 nm 
(Cas:CaCl2=5:1) and 370 nm (Cas:CaCl2=10:1) at 
polymer concentration of 1.0%. As it is shown on the 
graph, for the same concentrations of casein, smaller 
sized particles are formed with the highest amount 
of CaCl2. This result is a consequence of the 
mechanism of micelle crosslinking – the higher the 
concentration of the crosslinker, the denser micelle 
structure is formed. 

It could be concluded, based on the size 
examination, that the concentration of casein 
influences more significantly the size distribution of 
the particles than the crosslinker concentration.  

Couple characteristics of the particles like shape, 
size, morphology and aggregation were examined 
with AFM and SEM techniques. A microphotograph 
of empty casein particles and their cross-section 
profile is presented on Fig. 2. As can be seen from 
the figure, some of the particles are stuck together, 
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resulting in bigger aggregates. This fact, together 
with the cross-section image, confirms the results 
from the DLS. The particle’s shape is not quite 
spherical, but closer to irregular oval one. Possible 
reason for this could be the result of the internal 
characteristic distances reported from a SAXS 
experiment. Similar images were observed by other 
authors [6]. The formed structures are uniformly 
distributed in the investigated area, suggesting that 
the particles’ solution is homogenous.  

Similar irregular oval shape of the empty 
particles is also observed in the SEM images, which 

are shown on Fig. 3. After the encapsulation of 
tolfenamic acid, there is a variation of the 
morphology. Probably, as a result of the entrapment 
of the drug and its crystallinity state, the appearance 
of the micelles changed from oval to elongated rod-
like shape. In addition to this, loaded particles also 
aggregated into branch-like islands of particles. This 
turns out to be a common behavior of casein micelles 
loaded with crystalline drug [7, 8]. 

(a) (b) 
Fig. 2. AFM image of empty casein particles (a) and cross-section (b) 

(a) (b) 
Fig. 3. SEM images of non-loaded (a) and loaded (b) casein particles 

Fig. 4. Characteristic ATR-FTIR spectra of casein (blue line), empty casein particles (purple line) and casein particles, 
loaded with tolfenamic acid (red line). 
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Table 1. Particle yields (%) and encapsulation efficiencies (%) of all model samples 

Sample name Yield, % Loading 
efficiency, % Sample name Yield, % Loading 

efficiency, % 
0.5%, 3:1, 20 mg 28.39 52.78 1%, 3:1, 20 mg 45.76 71.63 
0.5%, 5:1, 20 mg 22.00 52.11 1%, 5:1, 20 mg 44.50 68.55 

0.5%, 10:1, 20 mg 6.41 34.22 1%, 10:1, 20 mg 24.54 48.96 
0.5%, 3:1, 40 mg 69.92 73.58 1%, 3:1, 40 mg 66.19 86.43 
0.5%, 5:1, 40 mg 64.15 83.21 1%, 5:1, 40 mg 59.02 83.41 

0.5%, 10:1, 40 mg 8.73 51.48 1%, 10:1, 40 mg 29.20 56.57 

The processes of crosslinking of casein micelles 
by Ca2+ ions and the loading of tolfenamic acid into 
the casein particles are confirmed by ATR-FTIR 
analysis. 

As it is shown in Fig. 4, the characteristic band of 
amide I at 1645 cm-1 (C=O stretching vibration 
coupled with the bending vibration of NH) [9] 
changes its shape and transforms from doublet to 
triplet demonstrating that the carbonyl group might 
be involved in interaction with calcium. The new 
band at 1455 cm-1 that occurs in the particle’s 
spectrum can be associated with the formation of a 
complex between the carboxylate ion and calcium 
[10]. A second new band occurs at 1049 cm-1, 
suggesting that the phosphate group might involve in 
the calcium binding [9]. These results therefore 
demonstrated that Ca2+ binding to the casein most 
likely occurred through interaction with the carbonyl 
group and the phosphate group, and the presence of 
calcium might induce the conformational change. 

The FTIR spectrum of casein particles 
formulated in the presence of tolfenamic acid in the 
reacting solution is characterized with two new 
bands appearing at 1286 cm-1 (C-H stretch 
deformation) and at 750 cm-1 (C-N stretch 
deformation). They indicate that the tolfenamic acid 
is loaded to the casein particles without а presence 
of chemical interactions [11]. 

To characterize the potential of casein gels loaded 
with tolfenamic acid as drug delivery systems, both 
yield and loading efficiency of all variations of the 
system were examined (Table 1). The models with 
the highest loading efficiency and yield are those 
with casein:crosslinker ratio 3:1. This is a result of 
the densest packed micelle due to the stabilizing 
properties of CaCl2 towards the casein micelles [12]. 
These two factors correlate with each other, because 
the increased casein concentration results in higher 
micelle concentration, which contributes to more 
hydrophobic interactions. Thus, they have better 
loading efficiency and inflated yield [13]. 

The phase state of the drugs (crystal versus 
amorphous) is one of the most important physical 
parameters which influence their bioavailability. 
The thermal behavior of TA in pure and in loaded 
state was studied by the method of DSC (Fig. 5). The 
melting peak of crystalline TA was observed at 
∼214°C, which is close to the values cited in the
literature [14]. No peak is observed for the casein
particles with loaded TA except for the sample with
0.5% casein concentration, casein:CaCl2 ratio 3:1
and 40 mg loaded TA, suggesting the conversion of
crystalline TA into amorphous form. The TA loaded
in the sample 0.5%. 3:1, 40 mg is partially crystal
with degree of crystallinity 12 %. In this case, as far
as the TA concentration is high, it might migrate to
the surface of the nanoparticles and form small
irregular crystals, which melt at lower temperature
than the crystal of neat TA.

Fig. 5. DSC thermograms of TA (blue line), empty 
casein particles (red line) and casein particles loaded with 
TA (green line). 
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superconductor [17]. 
The aim of this study is, therefore, to synthesize 

and characterize DyBCO ceramic with a nano-
Fe3O4 additive in terms of identifying the phase and 
elemental composition, the microstructure and the 
superconducting transition temperature and follow 
any changes in the material’s properties.  

Experimental procedure 

A bulk ceramic composite Dy123 was 
synthesized by a solid-state reaction with a starting 
stoichiometry of 1:2:3 (Dy:Ba:Cu). The reagents 
were Dy2O3, BaCO3 and CuO with analytical grade 
purity mixed by grinding in an agate mortar. The 
resulting mixture was calcined at 900 oC in a 
flowing oxygen atmosphere for 21 h. The calcined 
powder was reground and sintered again at 940 oC 
for 21 h with additional annealing at 450 oC in an 
oxygen atmosphere for 2 h. Further, the obtained 
powder was reground, mixed with 2 wt.% of Fe3O4 
nanopowder obtained by the microemulsion 
technique [19], homogenized and then pressed into 
tablets at 4 MPa. The bulk sample was sintered at 
930 oC in a flowing oxygen atmosphere for 24 h 
and annealed at 450 oC in an oxygen atmosphere 
for 4 h.  

Experimental methods 

The X-ray diffraction patterns of the 
superconducting powder sample were obtained 
within the range 5.3 – 80°2θ at a constant step of 
0.02°2θ on a Bruker D8 Advance diffractometer 
with Cu Kα radiation and a LynxEye detector. The 
phase identification was performed by the 
Diffracplus EVA program using the ICDD-PDF2 
(2014) database. The mean crystallite size was 
determined by the Topas-4.2 software package 
using the fundamental parameters peak-shape 
description including appropriate corrections for the 
instrumental broadening and diffractometer 
geometry.  

The microstructure of the samples was studied 
by means of a Zeiss EVO MA-15 scanning electron 

microscope (SEM) with a LaB6 cathode on the 
polished cross-section of the samples. The chemical 
composition was determined by X-ray 
microanalysis using energy dispersive spectroscopy 
(EDS) on an Oxford Instruments INCA Energy 
system. The qualitative and quantitative analyses 
were carried out at an accelerating voltage of 
20 kV.  

RESULTS AND DISCUSSION 

Fig. 1 shows the XRD patterns of pure Dy123 
and Dy123+Fe3O4 samples. The high-intensity 
peaks are assigned to the respective samples. The 
XRD analysis was conducted on the whole sample 
surface and did not detect phases with an amount 
under 4%. Adding such a small amount of Fe3O4 

nanoparticles does not affect the cell parameters, as 
the Fe3O4 does not enter the DyBCO crystal 
structure. For the same reason, no peaks are 
detected assigned to pure nano Fe3O4 in the XRD 
patterns. 

The XRD analysis showed that the pure Dy123 
and the Dy123 with Fe3O4 have the same 
DyBa2Cu3O7 phase with orthorhombic structure and 
lattice parameters a = 3.887 Å, b = 3.825 Å and 
c = 11.686 Å, as well as the same cell volume (V) 
of 173.745 Å3. The addition of 2 wt. % of nano-
Fe3O4 to the ceramic sample does not affect the cell 
lattice parameters. The results thus obtained for the 
lattice parameters of pure Dy123 correspond to the 
ones obtained by other authors [13]. 

To calculate the oxygen content in the 
investigated HTSC ceramics, we used an equation 
establishing a correlation between the c lattice 
parameter and the oxygen coefficient (y) in the 
ReBa2Cu3Oy ceramic [21]. The results quoted in 
Table 2 show that the oxygen content in the sample 
with Fe3O4 is the same as in the pure one. We, 
therefore, assume that adding 2 wt.% of Fe3O4 
nanopowder to the DyBCO ceramic investigated 
did not influence the amount of oxygen, the latter 
being important for its superconducting properties.  

Table 1. Lattice parameters of pure Dy123 and Dy123 + Fe3O4 samples obtained by XRD analysis 

Phase Type 
Lattice parameter V 

[Å3] a [Å] b [Å] c [Å] 
Sample Dy123 

DyBa2Cu3O7 Orthorhombic 3.887 3.825 11.686 173.745 
Sample Dy123 + Fe3O4 

DyBa2Cu3O7 Orthorhombic 3.887 3.825 11.686 173.745 
Sample Dy123 [20] 

DyBa2Cu3O7 Orthorhombic 3.839 3.889 11.687 174.485 
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Fig. 1. XRD patterns of pure Dy123 (left) and Dy123 synthesized + Fe3O4 (right) 

Table 2. Calculation of the oxygen content in the samples studied 

Sample Lattice parameter 
c [Å] 

Equation 
y = f(c) Calculated oxygen 

Dy23 11.686 y = 74.843 – 5.814 c 6.901 
Dy123 + Fe3O4 11.686 6.901 

Table 3. Elemental composition of the Dy123 + Fe3O4 sample obtained by EDX analysis 

Spectrum 

Element 
Series 

1 
Atom. C. 
[at. %] 

2 
Atom. C. 
[at. %] 

3 
Atom. C. 
[at. %] 

4 
Atom. C. 
[at. %] 

5 
Atom. C. 
[at. %] 

6 
Atom. C. 
[at. %] 

Dysprosium L 11.65 0.28 0 4.68 4.71 4.30 
Barium L 9.04 0.26 12.59 9.34 9.39 8.52 
Copper K 11.13 44.99 17.70 13.25 13.22 14.61 
Oxygen K 68.19 54.47 57.07 71.57 71.40 71.13 
Chlorine K 0 0 12.33 0 0 0.42 
Iron K 0 0 0.32 1.16 1.29 1.02 

Phase DyBaCu CuO BaCuO2+ Fe Dy123+ Fe Dy123+ Fe Dy123+ Fe 

Fig. 2. SEM of Dy123 with Fe3O4 

Fig. 2 shows a SEM micrograph of the 
sample Dy123 with Fe3O4 exhibiting a 
multiphase structure. The prevailing Dy123 
phase has a typical surface with elongated grains 
and an average grain size of ~ 3.74 μm.

  Table 3 summarizes the EDX results. They 
indicate that the ceramic has a non-monophasic 
composition. In the Dy123 with Fe3O4 sample, the 
Dy-123, BaCuO2 and CuO phases are detected. 
The amount of Fe in the sample is found to be 
very small located around the main phases.  

The EDX mapping analysis of the Dy123 with 
Fe3O4 sample (Fig. 3) confirms the presence of the 
main elements of the DyBCO ceramic, as well as 
the presence of Fe from the doping and small 
quantities of chlorine. We assume that the chlorine 
originates from the epoxy resin used to hold the 
sample during the test. Whole crystals of CuO and 
BaCuO2 are visible on the surface, with small 
quantities of Fe also detected scattered around the 
Dy123, CuO and BaCuO2 crystals. We believe that 
Fe does not react with the other elements and does 
not form phases of its own.  
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Fig. 3. EDX mapping analysis of Dy123 with Fe3O4

Fig. 4. EDX spectra of the Dy123 sample with Fe3O4

The EDX spectra of the Dy123 sample with 
Fe3O4 (Fig. 4) exhibit lines for Dy (red), Ba (light 
green), Cu (yellow), O (dark yellow), Fe (green) 
and Cl (dark blue), which correspond to the 
literature table values for X-ray emission lines [25] 

of those elements. Respectively, Lα1 = 6.50 keV, 
Lα2 = 6.46 keV, Lβ1 = 7.25 keV, Lβ2 = 7.64 keV, 
Lϒ1 = 8.42 keV and Mα1 = 1.29 keV for Dy; 
Lα1 = 4.47 keV, Lα2 = 4.45 keV, Lβ1 = 4.83 keV, 
Lβ2 = 5.16 keV, Lϒ1 = 5.53 keV for Ba; 
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Environmentalization of the education system is 
a description of the process of penetration of 
environmental ideas, concepts, principles into other 
disciplines, as well as the training of 
environmentally literate professionals of various 
profiles [10]. 

Currently, there are three main models of 
environmental education: 

- multidisciplinary model - assumes the greening
of disciplines; 

- introduction of one-subject - general ecological
education; 

- combined - in each subject and as a whole -
individual disciplines in terms of environmental 
issues. 

Table 1. Conceptual aspects of greening the course of 
physics in interaction with the system of environmental 
education in accordance with the concept of environmental 
education 

Substantive ways to 
consider environmental 
concepts from a physical 
point of view 

Elements of physical 
knowledge in the 
interpretation of 
environmental concepts 

Global megaecology. 
Object: biosphere. 
Physical features of 
construction, life and 
evolution. The relationship 
between the biosphere and 
geosphere, the biosphere 
and the planet around the 
world. 
Physics of biosphere 
phenomena and processes. 
Physical pollution of the 
biosphere. 

Planets and their cosmic 
environment. Day-to-day 
communications. Outside the 
planets: atmosphere, 
hydrosphere, lithosphere, 
and magnetosphere. 
Metabolism: geological, 
biogenic. Energy flow in the 
biosphere. Heat balance of 
the atmosphere and the 
earth's surface. 
Transformation of energy by 
living matter in the 
biosphere. Thermal, 
electromagnetic, radioactive, 
pollution. Equilibrium of the 
biosphere. Targeted values 
of physical effects on the 
biosphere and its elements. 

Geographical ecology. 
Object: landscapes. 
Physical features of 
landscape formation. 
Physical bases of climatic 
processes. Physical 
parameters of geosys+tem 
resilience: physical norms 
of anthropogenic load on 
different types of 
landscapes. 

Erosion of mountain seeds 
and land. Mechanical, 
thermal, electromagnetic, 
acoustic, radiation 
characteristics of the area 
(local geosystem). Climate is 
like physical influences. 
(natural and anthropogenic). 
Equilibrium of 
geoecosystems. Load on 
geoecosystems, load  values. 

Classical bioecology. 
Object: Ecosystem 
(organism level). 
The influence of physical 
factors of the environment 
on the nutrition of the 
union, the vital activity of 
various organisms and 
their ability to adapt. 
Evolution of physical 
factors of organisms and 
the environment. Influence 
of physical factors of 
environment on succession 
rate and characteristics. 

Physical factors of the 
region: light, 
electromagnetic waves, 
spectrum, EMV, 
temperature, humidity, 
ionizing radiation, field 
characteristics, etc. 
(gravitational, 
electromagnetic) Adaptation 
of the organism. Heat 
exchange, heat balance. 
Metabolism (water and gas 
exchange). The impact of 
physical pollution on 
population health. 

Human ecology. 
Human is a 
psychobiological system 
that interacts with the 
natural and socio-cultural 
environment. Physical 
factors of the environment 
and the human body in 
different climatic 
conditions. Human 
adaptation. Ecology of 
urban population: the 
impact of urban 
environmental factors on 
human health (noise, 
lighting, air ionization, 
ionizing radiation, etc.). 
Radio ecology: radiation 
as an anthropogenic factor 
of the environment, its 
impact on the gene pool 
and population of 
individuals. 

Human adaptation. Influence 
of physical factors of the 
region on the gene pool. 
Human health. Physically 
stable living conditions. 

Social ecology. 
The principles of physical 
cognition 
(methodological), as the 
basis of the scientific 
paradigm, were translated 
into the general cultural 
environment. Improving 
the means of production 
and research aimed at 
engineering and technical 
optimization of society 
and nature. Finding an 
optimal economic and 
environmental approach, a 
rational technical and 
engineering solution to 
meet the needs of society 
and man. 

The experience of physical 
recognition of natural 
systems seems to be a key 
part of the scientific 
approach. The physical basis 
for the improvement of 
existing technologies and the 
invention of new 
technologies. 
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education. In this case, the material is collected to 
demonstrate the capabilities of the physical aspect 
in the formation of a set of environmental 
knowledge. Systematization of knowledge should 
be based on the structural elements of physical 
knowledge, taking into account the logic of 
scientific knowledge (scientific facts, the main 
components of systems considered from an 
ecological point of view, as well as the main 
components of the apparatus of understanding 
physics; laws; basic laws and theoretical principles. 
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The OX axis is directed along the beam along the 
projection of the primary track. The OZ axis is 
perpendicular to the plane of the emulsion and is 
directed from the glass on which the emulsion is 
fixed to the surface. The OY axis is directed so that 
a right-handed coordinate system is obtained. In 
this coordinate system, it is possible to determine 
the coordinates of points, both of the track of the 
primary particle and the tracks of fragments. The 
coordinate method is based on the measurement of 
three coordinates (x, y, z) of the track point in the 
emulsion, on the basis of which the track angles are 
calculated. The transition to the system associated 
with the primary particle uses the angular 
measurement of the primary track. 

Angular measurements were performed only for 
α fragments in 6 events with the formation of target 
fragments. Two of them are 28Si → 5α + ..., 

1- 28Si → 6α + ..., 1- 28Si → 4α + ... and 2 - 28Si →
3α + ... The track point coordinates were measured
sequentially in one direction (from left to right and
from the layer surface to) along the beam starting
from the primary track and further for all tracks of
fragments simultaneously. To measure the angles of
fragments with a narrow angular cone of
fragmentation, it was necessary to shift the
measurement from the center of the event at a
distance > 200 μm, since the fragments cannot be
distinguished. The offset for each event was
selected individually. For all tracks, 10 triplets (x,
y, z) of coordinates of points were measured with a
step of 100 μm, with a total track length used for
measurement of 1 mm. In one event, 15 triplets (x,
y, z) with a step of 100 μm were measured for the
secondary tracks (Fig. 5). Below are the primary
results of angular measurements.

10 triplets (x, y, z) of coordinates of points with a step of 100 μm 

15 triplets (x, y, z) of coordinates of points with a step of 100 μm 

Fig. 5. Examples of observed triplets (x, y, z) of coordinates of points with a step of 100 μm. The left-side pictures 
are projections of tracks to the XOZ plane, on the right side – to the XOY plane. Dots are the measured points, lines – 
approximated directions of tracks.  
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The choice of technique depends on the specific 
task and the resources available. 
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analog and digital sensors) and controlled devices 
are called actuators (switch digital or analog signals- 
electrical switches, electrical dimmers, motor 
control, electrical display, thermostats controls) [13-
16].  

The software used to perform the computer 
simulations for the current investigation is as follows 

− AutoCAD - CAD (computer-aided design) 
software that architects, engineers, and construction 
professionals rely on to create precise 2D and 3D 
drawings. It was used for designing and drawing the 
electrical installation of the building [18]. 

− DIALux evo - a software for professional 
lighting design and it was used for computer 
modeling of the interior, the lighting and 3D 
visualization of the home [19].  

−  Cisco Packet Tracer was used for network 
design by connecting different devices to allow for 
various troubleshooting tests, connectivity and 
communication testing [20]. 

The electrical installation interior in the house is 
designed in AutoCAD which includes electrical 
wirings details with earthling wire details. 
Basement, first floor, second floor, attic level, and 
house plan details are also included in the drawing. 
It also shows the dimension and circuit flow diagram 
(Fig. 2) [21]. 2D design of the home automation of 
the LAN and TV cable in AutoCAD is presented in 
Fig. 3.  

The home automation system consists of three 
main components: 1) software application through 
which the user can control the system by computer, 
smartphone or tablet; 2) transmitter device that 
connects the software to other devices and 3) 
peripherals used to execute specified commands. 
The sensors used in the automation of the building 
are the most intelligent way to catch all the action 
happening in the home in real-time. The devices 
monitor movements, track ambient lighting, keep a 
tab on indoor temperature and humidity, listen for 
seismic activity, and protect the home from UV 
lighting. 

Fig. 2. Design and installation of the current systems of the building realized by AutoCAD. 
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Fig. 3. Design and installation of low-current systems of the building realized by AutoCAD. 

Fig. 4. 3D Design of the building realized on DIAlux Evo and Cisco Packet Tracer.

They can be configured to work with the Z-wave 
controller to receive real-time updates and 
notifications of building activity. The installed 
sensors make it possible to monitor home activities 
in real-time. 

3D visualization and lighting design of the 
building realized on the DIAlux Evo program are 
presented in Fig. 4. 

Smart sensors are designed to provide an 
integrated solution for staying connected with the 
home, even while we are at work or on a vacation. 

The new generations of sensor devices used in 
home automation have some significant 
improvements, with sensors now transmitting 
signals faster and farther. 

Motion sensors can be successfully applied in 
building an intelligent security system. The new 
sensors feature a range of 5 meters and a field of 
view of 120°. They capture traffic data and 
intelligently track every activity in the home. These 
sensors are used to increase security in the home and 
to monitor movements, even when we are away from 
home. They make our home automation system 
more powerful and smarter. 

Z-wave is successfully used to maintain the room
temperature, including control of motorized curtains 
and windows, fans and thermostats. The sensors 
connected to the Z-wave smart gateway can 
intelligently control the heating in the home. 
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Fig. 1. Types of biological databases. 

Today, most protein sequences that can be found 
in this databases are the product of conceptual 
translation of genes and genomes determined by 
DNA sequencing. They contain experimental data 
such as nucleotide sequences, protein sequences or 
macromolecular structures, which are submitted 
directly to the database by the researchers [12]. 
Examples of the primary databases are the 
following: GenBank (Genetic Sequence Databank) 
[13], ENA (European Nucleotide Archive) [14, 15], 
and DDBJ (DNA Data Bank of Japan) [16], 
ArrayExpress (Archive of Functional Genomics 
Data) [17], GEO (Gene Expression Omnibus) [18], 
PDB (Protein Data Bank) [19]. The nucleotide 
database was divided into three databases at NCBI: 
Core Nucleotide database, Expressed Sequence Tag 
(EST) and Genome Survey Sequence (GSS). 

Primary Nucleotide Sequence Database 

GenBank (Genetic Sequence Databank) [13]. 
The GenBank is one of the fastest growing 
repositories of known nucleotide sequences. The 
files from it contain data for sequence, access 
numbers, gene names, phylogenetic classifications, 
references to published literature, etc. It is developed 
and maintained at the NCBI. GenBank is a part of 
International Sequence Database Collaboration 
(INSDC) which includes ENA database [14], DDBJ 

database, and GenBank at NCBI. These 
organizations exchange data on a daily basis.  

EMBL (European Molecular Biology 
Laboratory) [20]. The EMBL database of DNA and 
RNA sequences was established in 1980. It contains 
a collection of scientific literature, which is provided 
directly by researchers. EMBL is supported by EBI 
(European Institute of Bioinformatics) and is in close 
collaboration with GeneBank and DDBJ (Fig. 2). 

Primary Protein Sequence Databases 

There are a large number of protein sequence 
databases, from simple sequence stores to expertly 
selected universal databases.  The databases that 
include protein sequences are GenPept, RefSeq, 
Swiss-Prot, PIR, PRF, and PDB. 

SWISS-PROT (Swiss Institute of Bioinforma-
tics, Geneva) [21] - a protein sequence and 
knowledge database established in 1986. It is a part 
of UniProt consortium and provides information 
about the functions of a protein, domain structure 
and post translational modifications, etc. It is 
characterized by a minimal level of excess and a high 
level of integration with other databases.  

TrEMBL (translation of EMBL nucleotide 
sequence database) [22] consists of computer 
annotated entries derived from the translation of all 
coding sequences in the nucleotide databases. In this 
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database, the records are automatically annotated 
and unreviewed. It is a supplement of Swiss-Port 
database and contains all translations of EMBL 
nucleotide sequence entries which are not yet 
integrated in Swiss-Port. 

Fig. 2. Nucleotide Sequence Database linkage. 

PIR (Protein Information Resource) [23] is a 
public bioinformatics resource to support genomic 
and proteomic research and scientific studies. It was 
established in 1984 by NBRF (National Biomedical 
Research Foundation) in USA. The database offers a 
variety of resources to support the distribution and 
consistency of protein annotations such as PIRSF, 
ProClass, and ProLINK. 

PRF (Protein Research Foundation) [24] is the 
source of information related to amino acids, 
peptides and proteins. The information on synthetic 
compounds, protein sequence data, molecular 
aspects of proteins, and articles from scientific 
journals are available in this site.  

Secondary Protein Structure Databases 

PDB (Protein Data Bank) [19] is the main 
primary database for 3D structures of biological 
macromolecules determined by X-ray, 
crystallography and NMR. It was established in 
1971 at Brookhaven National Laboratories. Since 
1998 it is now supported by the RCSB (Research 
Collaboratory for Structural Bioinformatics) [25]. 
PDB provides tools and resources for studying the 
structures of biological macromolecules and their 
relationships and functions with other sequences. It 
accepts experimental data used to determine the 
structures and homology models [26, 27].   

MSD/EMD (Macromolecular Structure 
Database) [28]. It is a European project for 
collection, management and distribution of 
macromolecular structures integrating current 
database and IT with a solid core of expertise in 
structural biology. It works closely with RCSB in the 
USA and PDBj in Japan [29].  

EMD (Electron Microscopy Data Base) [30] is 
part of MSD database [3]. MSD manages, organizes 
and disseminates data on the structures of biological 
macromolecules solved by 3D electron microscopy. 

MMDB (Molecular Modeling DataBase) [31] 
is a structural database of NCBI, containing 
experimentally determined 3D biomolecular 
structures. The database contains information on the 
biological function, the mechanisms associated with 
the function, and the evolutionary history of 
macromolecules and their relationships [32]. 

Secondary Domain Motif Database 

The Domain Motif Database stores protein 
sequence motif data which are a set of preserved 
amino acid residues - important for protein function 
and located at a certain distance from each other. 

PROSITE database [33] stores documentation 
describing protein domains, families and functional 
sites, related models and profiles for their 
identification [34]. Biologically significant sites, 
models and profiles can be found in it, which will 
allow the identification of the new sequence to 
which family of proteins it belongs. 

PRINTS [35] is a database for protein 
fingerprints which are a group of conserved motifs 
used to characterize a protein family. They can 
encode protein folds and functionalities more 
flexibly and powerfully than single motifs [36]. 

ProDom [37] is a protein domain database 
automatically generated from the Swiss-Port and 
TrEMBL sequence database [38,39]. It contains 
automatic clustering of homologous domains, which 
is a rational way of organizing protein sequence data. 

BLOCKS [40] is a server for sequence analysis 
at the Fred Hutchinson Cancer Research Center in 
Seattle, USA. The Blocks Database is a collection of 
blocks with known protein families that can be used 
to compare a protein or DNA sequence with 
documented protein families.  

COGs (Clusters of Orthologous Groups of 
proteins COG) [41,42] is a tool for genome-scale 
analysis of protein functions and evolution. It is 
designed to classify proteins from fully sequenced 
genomes based on the concept of orthology. 

3D Structure Databases 

SCOP (Structural Classification of Protein 
database) [43] classifies protein 3D structures in a 
hierarchical scheme of structure classes. This 
database contains detailed information on the 
structural and evolutionary relationships of the 
proteins from PDB [44].  
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Technologies for a Single Digital Market in Science, 
Education and Security (ICTinSES)", financed by 
the Ministry of Education and Science. 
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this ould help in planning the next sites. The 
applications below are a visual aspect of the project 
implementation, as they guide the team in the 
implementation of their work and help to reduce 
errors in the implementation [2, 3]. 

RESULTS AND DISCUSSION 

As an example of optimization in the 
implementation of the site is considered the 

construction of an excavation of a 9-storey 
residential building divided into 5 blocks with a food 
supermarket on the ground floor. There are 2 
underground levels, the elevation of the bottom 
excavation is -7.20 m. The dimensions of the 
excavation are 28 m × 95 m. 

The initial project envisages the strengthening of 
the entire excavation to be completed with the so-
called  "Berlin wall" (shown in Fig. 1). 

Fig. 2. Leveling of the piles. 

Fig. 3. Execution of the trench cladding. 

Fig. 1. Excavation plan and strengthening before optimization. 
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Fig. 4. Excavation plan and strengthening after optimization. 

In geotechnical practice, "Berlin walls" are 
understood as fortifications made of metal profiles 
with wooden cladding between them. In the general 
case they are found in two variants: drilling and 
driving. In the case of drilling walls, a round drilling 
is prepared in advance, most often with a diameter d 
= 300 mm. A metal profile is placed in the borehole 
and concrete is filled to the elevation of the trench. 
In its second variant, this type of walls is made by 
nailing the metal profiles. This is done either 
dynamically by vibrating hammers or by static 
pressure, for example with an excavator. After the 
installation of the metal profiles, the excavation 
begins, and as it progresses, wooden planks are also 
placed.  

In this example, the initial excavation is up to -
0.5 m, the depth required for leveling the piles. The 
excavation is then carried out to the level of the 
pilot's anchor. Subsequently, the site team decided to 
reinforce the north wall with shotcreting. (shown in 
Fig. 4).   

Shotcreting is a layering process by spraying a 
cement mixture, aggregates, water and high pressure 
additives on various surfaces. Such surfaces can be 
horizontal, vertical or ceiling areas. (shown in Fig. 
5). This decision was accepted because the relief 
allows the excavation to be filled with a slope on this 
side. A reinforced mesh ϕ6.5 is laid, Fig. 5. 

A new plan is drawn up, which  after passing the 
approval procedures, is implemented on the spot. 

In the second option, shotcrete is applied - 
concrete of 350 sq. m. Its application is more 
economical. The result is:  

 Saving 280 sq.m. of "Berlin wall";
 Saving 25 938 kilograms of structural steel

profile IPE220; 
 Concreting 55 piles less.

The total value of the saved funds after the 
optimizations amounts to about BGN 22 000.  

Fig. 5. Strengthening by shotcreting. 
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Fig. 6. Final view of the strengthening of the northern side. 

Fig. 7. Diagram of cash flow 

Other factors affecting the optimization of 
performance 

The cash flow chart presents the intensity of 
financial investment in construction. It is a 
consequence of the payment schedule and the 
completed stages of the project, having a direct 
impact on the human and material resources that can 
be invested in the site for specific periods of time. 
Drawing up a rational diagram for investing funds 
will allow the investor to draw up a rational plan for 
financing and construction of the construction site. 

The workforce diagram is compiled on the basis 
of a calendar plan and is a differential diagram that 
shows the number of workers needed to complete the 
project at certain intervals. It is the main factor on 
which the situation of the site should be created 
under part of Plan of safety and health, as it is 
necessary to provide a sufficient area for rest, first 
aid and storage of accessories for all workers. It is 
also a major factor in the distribution of human 
resources in an organization and its possible 
optimization leads to the implementation of the 
specific site in a shorter time. It is desirable for the 
labor diagram to be uniform - to increase gradually 
with the development of construction, to have a 
relatively constant level during the period of the 
most intensive construction and to gradually 
decrease with the completion of construction. 

The diagram of the necessary mechanization for 
the construction period is a very important attribute 
in the management of the mechanization of a given 
organization. Based on the examination of the 
diagrams of all sites of the organization it can be 
understood whether the necessary mechanization of 
the site can be provided without hiring external and 
if necessary rent of external mechanization - what 
will be its exact quantity and for what period of time. 
It is possible to rearrange the individual stages of the 
implementation of the site so that the respective 
construction and installation works can enter the 
time limit in which the organization has its own 
equipment available. The presence of this type of 
diagram allows to optimize the use of machines 
according to certain criteria and on the basis of the 
diagram to compile route schedules when necessary. 
The cash flow chart presents the intensity of 
financial investment in construction. It is a 
consequence of the payment schedule and the 
completed stages of the project, having a direct 
impact on the human and material resources that can 
be invested in the site for specific periods of time. 
Drawing up a rational diagram for investing funds 
will allow the investor to draw up a rational plan for 
financing and construction of the construction site. 
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Fig. 8. Workforce diagram 

Fig. 9. Diagram of mecanizations 

CONCLUSION 

When choosing a particular technology, it is 
necessary to make an in-depth analysis of the 
technical and economic indicators for the different 
options. The quantity-value account is the economic 
indicator for the choice of a given variant. The 
choice of technology is determined by several 
indicators such as lead time, choice of equipment, 
maximum number of workers and others. 
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