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Abstract: In this paper is performed energy evaluation of steam turbine from the solar-based combined cycle power plant which includes
analysis of each cylinder and the whole turbine. Steam turbine has three cylinders – high, intermediate and low pressure cylinders (HPC,
IPC and LPC). Observed turbine is interesting because it possesses steam cooling before its expansion through the last cylinder (LPC). Due
to unknown steam mass flow rates through each cylinder, for the evaluation are used specific variables. The highest specific work is obtained
in LPC, while the lowest specific work is obtained in IPC. The highest loss of a specific work is obtained in LPC (29.8 kJ/kg), followed by
HPC (24.5 kJ/kg), while the lowest loss of a specific work is obtained for the IPC (19.5 kJ/kg). Regardless of higher loss in specific work,
HPC has higher energy efficiency in comparison to IPC (95.08% in comparison to 95.02%), while the lowest energy efficiency of all
cylinders has LPC (94.92%). For the whole observed steam turbine loss of a specific work is equal to 73.8 kJ/kg, while the energy efficiency
of the whole turbine is 95.00%.
KEYWORDS: STEAM TURBINE, ENERGY EVALUATION, LOSS, EFFICIENCY, SOLAR-BASED COMBINED CYCLE
to mixing chamber in which is mixed with additional steam of
lower temperature. Steam of lower temperature (operating point a,
Fig. 1) is delivered to mixing chamber from low pressure part of the
HRSG. After steam cooling in mixing chamber while remaining the
same steam pressure (in mixing chamber all steam streams –
operating points 4, 5 and a, have the same pressure), steam is
prepared for expansion in LPC (operating point 5, Fig. 1). In
comparison to other cylinders which did not possess steam
extractions, LPC has one steam extraction used for deaerator heat
supply. After expansion in LPC, steam is finally delivered to steam
condenser [13].
It should be highlighted that steam mass flow rates through any
turbine cylinder are not known, therefore the whole analysis will be
performed by using specific variables (variables which result with
operating parameters per unit of steam mass). All additional losses
in each cylinder of the observed turbine (losses through the gland
seals, heat losses, mechanical losses, etc.) [14, 15] were not taken
into consideration in this analysis.

1. Introduction
In a variety of power plants in which can be found steam turbines
[1-4], especially interesting are combined cycle power plants due to
its many advantages [5, 6]. The most important advantage of
combined cycle power plants is its high overall efficiency, much
higher in comparison to all the other power plants [7]. In such
power plants, heat in exhaust gasses of gas turbine is used for water
heating and preparing of superheated steam for expansion in the
steam turbine [8]. Therefore, in combined cycle power plants steam
part of the cycle did not use (or use a little amount) of conventional
fuel, which is the most expensive element during any power plant
operation. Steam part of a combined cycle instead of conventional
fuel uses a heat source which will be completely lost if the gas
turbine operates as a stand-alone device. In many power plants and
systems worldwide, not only in combined cycle power plants, the
intention is to use a gas turbine along with other elements with a
goal to improve overall plant efficiency [9, 10].
Combined cycle power plants have also various disadvantages in
comparison to other power plants. They are complex and consist of
at least two different turbines (gas and steam turbine), maintenance
of such plant is usually very complex, regulation systems are
expensive and it involves many elements related to both turbines
and their processes to ensure optimal operation of the entire plant
[11]. However, all the disadvantages are usually overcome with a
high overall efficiency of such plants.
In this paper is performed energy evaluation of a steam turbine
from the solar-based combined cycle power plant. Energy
evaluation of such turbine involves performance evaluation of each
cylinder and the whole turbine. The main goal of this analysis was
to detect the cylinder which shows the worst performance from the
energy point of view. Detection of such cylinder will be a baseline
for further research related to this steam turbine and the entire
combined cycle power plant.

Fig. 1. Scheme of the analyzed steam turbine from combined-cycle
power plant along with operating points required for the analysis
The analysis in this paper is performed by comparing real
(polytropic) and ideal (isentropic) steam expansion processes inside
each cylinder and consequentially for the whole turbine. The
presentation of both ideal and real expansion processes for each
cylinder of the observed turbine, according to steam operating
parameters measured in the power plant and calculated by using
NIST REFPROP 9.0 software [16] (Table 1 and Table 2) are shown
in Fig. 2 (h-s diagram). In Fig. 2 are presented only expansion
processes inside each cylinder, it is not presented steam reheating
(between operating points 2 and 3) or steam cooling in the mixing
chamber before LPC (between operating points 4 and 5).
Real (polytropic) steam expansion process in each cylinder is
characterized by an increase in steam specific entropy. Ideal
(isentropic) steam expansion process in each cylinder is the process
between the same pressures as in the real expansion process, but
assuming always the same steam specific entropy. Therefore, the
ideal (isentropic) steam expansion process in each cylinder of the
observed turbine represents the best possible expansion process
which did not take into consideration any losses [17]. In the ideal

2. Description of the analyzed steam turbine
Scheme of the analyzed steam turbine, along with operating
points required for the analysis is presented in Fig. 1. Analyzed
steam turbine consist of three cylinders – High Pressure Cylinder
(HPC), Intermediate Pressure Cylinder (IPC) and Low Pressure
Cylinder (LPC). All the cylinders are connected to the same shaft
which drives an Electrical Generator (EG). Analyzed steam turbine
operates in a solar-based combined cycle power plant [12].
Steam with the highest pressure and temperature is delivered
from Heat Recovery Steam Generator (HRSG) firstly to the HPC.
HPC did not possess any steam extraction. After expansion in HPC,
steam is delivered to reheater which is mounted inside HRSG.
Reheater increases steam temperature and after reheater steam is
delivered to IPC. As HPC, IPC also did not possess any steam
extraction. After expansion in IPC (operating point 4, Fig. 1), steam
has high temperature and high specific entropy. To reduce such
high temperature and specific entropy, after IPC steam is delivered
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expansion process, each steam turbine cylinder will develop the
highest possible specific work.

𝑤RE ,HPC = ℎ1 − ℎ2 ,

(5)

𝑤ID ,HPC = ℎ1 − ℎ2is .

(6)

- Loss of specific work:
𝑤LOSS ,HPC = 𝑤ID ,HPC − 𝑤RE ,HPC .

(7)

- Energy efficiency:
𝜂EN ,HPC =

𝑤 RE ,HPC
𝑤 ID ,HPC

.

(8)

Intermediate Pressure Cylinder (IPC)
- Real (polytropic) and ideal (isentropic) specific work:

Fig. 2. Real (polytropic) and ideal (isentropic) steam expansion
processes of all cylinders from the observed turbine in h-s diagram,
performed by using [16]

𝜂EN ,IPC =

𝑤 RE ,IPC
𝑤 ID ,IPC

.

(12)

- Real (polytropic) and ideal (isentropic) specific work:

(1)

𝑤RE ,LPC = (ℎ5 − ℎ6 ) + (ℎ6 − ℎ7 ),

(13)

𝑤ID ,LPC = (ℎ5 − ℎ6is ) + (ℎ6is − ℎ7is ).

(14)

- Loss of specific work:

𝐸 𝑛 = 𝑚 ∙ ℎ.

𝑤LOSS ,LPC = 𝑤ID ,LPC − 𝑤RE ,LPC .

𝜂EN ,LPC =

𝑤 ID ,LPC

.

(16)

- Real (polytropic) and ideal (isentropic) specific work:

(3)

𝑤RE ,WT = 𝑤RE ,HPC + 𝑤RE ,IPC + 𝑤RE ,LPC ,

(17)

𝑤ID ,WT = 𝑤ID ,HPC + 𝑤ID ,IPC + 𝑤ID ,LPC .

(18)

- Loss of specific work:
𝑤LOSS ,WT = 𝑤ID ,WT − 𝑤RE ,WT .

However, it should be highlighted that energy efficiency of any
control volume or a system can be significantly different from the
presented one, what depends on the type and operating
characteristics of control volume or a system.

(19)

- Energy efficiency:
𝜂EN ,WT =

3.2. Equations for the analysis of the whole observed steam
turbine and each cylinder

𝑤 RE ,WT
𝑤 ID ,WT

.

(20)

4. Steam parameters required for the analysis

Markings in all the equations presented in this section will be
related to operating points from Fig. 1 and Fig. 2. As the steam
mass flow rates in any operating point from Fig. 1 and Fig. 2 are not
known, all the equations related to the analyzed turbine and its
cylinders will be defined through specific variables.
Basically, energy evaluation of any steam turbine and its
cylinders is based on the comparison of real (polytropic) and ideal
(isentropic) steam expansion processes, Fig. 2. Both processes for
any cylinder and the whole turbine will be presented through
specific work. Mathematical definition of a specific work is that it is
equal to the operating fluid specific enthalpy difference:
𝑤 = Δℎ,

𝑤 RE ,LPC

Whole Turbine (WT)

(2)

.

(15)

- Energy efficiency:

In Eq. (2), 𝑚 is the fluid mass flow rate in (kg/s) and h is fluid
specific enthalpy in (kJ/kg). The general definition of any control
volume or a system energy efficiency is [25]:
CUMULATIVE ENERGY INLET

(11)

Low Pressure Cylinder (LPC)

In the base energy balance equation, Eq. (1), it should be
highlighted that potential and kinetic energies are disregarded, due
to its low, almost negligible influence on the entire balance [22, 23].
In Eq. (1), P is used or produced mechanical power in (kW) and 𝑄
is an energy transfer by heat in (kW). 𝐸 𝑛 is a total energy power of
fluid flow in (kW), which is defined according to [24] as:

CUMULATIVE ENERGY OUTLET

(10)

- Energy efficiency:

Energy evaluation of any control volume or a system is based on
the first law of thermodynamics [18]. Energy evaluation is
independent of the ambient in which control volume or a system
operates [19]. The base energy balance equation, valid for any
control volume or a system can be written as proposed in [20, 21]
as:

𝜂EN =

𝑤ID ,IPC = ℎ3 − ℎ4is .

𝑤LOSS ,IPC = 𝑤ID ,IPC − 𝑤RE ,IPC .

3.1. General balances and equations

𝐸𝑛INLET = 𝑄OUTLET + 𝑃OUTLET +

(9)

- Loss of specific work:

3. Equations for energy evaluation

𝑄INLET + 𝑃INLET +
𝐸𝑛OUTLET .

𝑤RE ,IPC = ℎ3 − ℎ4 ,

Steam parameters in each operating point from Fig. 1 (steam
temperature, steam pressure, steam specific enthalpy and steam
specific entropy) are found in [12] and presented in Table 1. Steam
quality in each operating point of Fig. 1, is calculated from the other
parameters presented in Table 1, by using NIST REFPROP 9.0
software [16]. Steam parameters presented in Table 1 are related to
real (polytropic) steam expansion process of each turbine cylinder.
Ideal (isentropic) steam expansion process is the process between
the same pressures as the real (polytropic) expansion, by assuming
always the same steam specific entropy throughout each cylinder,
Fig. 2. Steam pressure, isentropic steam specific entropy and
isentropic steam specific enthalpy, in ideal (isentropic) steam
expansion process of each cylinder are calculated also by using
NIST REFPROP 9.0 software [16] and presented in Table 2.
By using steam specific enthalpies in real and ideal steam
expansion processes throughout each cylinder can be performed
energy evaluation of each cylinder and the whole analyzed steam
turbine.

(4)

where w is specific work in (kJ/kg).
High Pressure Cylinder (HPC)
- Real (polytropic) and ideal (isentropic) specific work:
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Table 1. Steam operating parameters for real (polytropic)
expansion processes [12]
Specific Specific
Temperature Pressure
O.P.*
enthalpy entropy
Quality
(K)
(kPa)
(kJ/kg) (kJ/kg∙K)
833.13
8000
3546
6.9091 Superheated
1
590.00
1600
3073
6.9510 Superheated
2
832.79
1600
3604
7.7046 Superheated
3
653.86
500
3232
7.7347 Superheated
4
552.57
500
3022
7.3858 Superheated
5
493.24
300
2907
7.3982 Superheated
6
333.21
20
2465
7.4753
0.939
7
453.00
500
2812
6.9670 Superheated
a
* O.P. = Operating Point (according to Fig. 1)

When observing all turbine cylinders, the highest loss of specific
work can be seen in LPC (29.8 kJ/kg), followed by HPC (24.5
kJ/kg), while the lowest loss of a specific work is calculated for the
IPC (19.5 kJ/kg), Fig. 4. From these results related to all cylinders,
it can be concluded that in LPC real (polytropic) steam expansion
process notably differs in comparison to ideal (isentropic) steam
expansion process, while the difference between ideal and real
expansion processes is the lowest for IPC. The same conclusion can
be confirmed by direct comparison of expansion processes for each
cylinder from Fig. 2. For the whole observed steam turbine, loss of
a specific work is equal to 73.8 kJ/kg, obtained by using Eq. (19).

Table 2. Steam operating parameters for ideal (isentropic)
expansion processes, calculated by using [16]
Isentropic
Isentropic
Pressure
specific
specific
O.P.*
(kPa)
entropy
enthalpy
(kJ/kg∙K)
(kJ/kg)
8000
6.9091
3546.0
1
1600
6.9091
3048.5
2is
1600
7.7046
3604.0
3
500
7.7046
3212.5
4is
500
7.3858
3022.0
5
300
7.3858
2900.9
6is
20
7.3858
2435.2
7is
* O.P. = Operating Point (according to Fig. 2)

Fig. 4. Loss of the specific work in relation to ideal process for the
whole analyzed steam turbine and each cylinder
Using of specific variables in energy evaluation of the analyzed
steam turbine and its cylinders also enables calculation of energy
efficiencies. Energy efficiencies of each cylinder and the whole
turbine are presented in Fig. 5.
While observing turbine cylinders, it can be seen that HPC has
the highest energy efficiency (95.08%), while IPC has slightly
lower energy efficiency (95.02%) regardless of lower loss in a
specific work, Fig. 4. The lowest energy efficiency of all cylinders
has LPC (94.92%), which simultaneously has the highest loss in
specific work in comparison to the other cylinders. The energy
efficiency of the whole analyzed steam turbine is equal to 95.00%,
Fig. 5.
Finally, it can be concluded that the analyzed steam turbine and
all of its cylinders have very high energy efficiencies (around 95%)
what proves a good balance and proper performance of each
cylinder and the whole turbine. However, there exists a possibility
for improvement of the observed steam turbine and its cylinders.

5. Results and discussion
Specific work of the whole turbine and each cylinder for real
(polytropic) and ideal (isentropic) steam expansion processes are
presented in Fig. 3. Ideal specific work of each cylinder and the
whole turbine shows the maximum work potential which can be
obtained in the ideal situation. Therefore, ideal specific work of
each cylinder and the whole turbine will be higher in any situation
in comparison to real specific work, Fig. 3.
By comparing turbine cylinders, it can be observed that the
highest specific work (ideal or real) is obtained in LPC, followed by
HPC, while the lowest specific work is obtained in IPC. Real
(polytropic) specific work of LPC, HPC and IPC is equal to 557
kJ/kg, 473 kJ/kg and 372 kJ/kg, while ideal (isentropic) specific
work of the same components is equal to 586.8 kJ/kg, 497.5 kJ/kg
and 391.5 kJ/kg, respectively. Real or ideal specific work of the
whole turbine is the sum of specific work obtained in all cylinders,
Eq. (17) and Eq. (18). Therefore, real (polytropic) specific work of
the whole turbine is 1402 kJ/kg, while ideal (isentropic) specific
work of the whole turbine is equal to 1475.8 kJ/kg.

Fig. 5. Energy efficiency for the whole analyzed steam turbine and
all of its cylinders
Further research, analysis and possible optimization of the
observed steam turbine will be performed by using real assumptions
and with involving various artificial intelligence and optimization
methods [26-29]. LPC which has the highest loss of specific work
and the lowest energy efficiency will be a baseline of any possible
improvement.

6. Conclusions
This paper presents an energy evaluation of a steam turbine from
the solar-based combined cycle power plant. Such evaluation
involves energy analysis of each cylinder and the whole turbine.
Due to unknown steam mass flow rates through any of the observed
cylinders, evaluation is performed by using specific variables. The
most important conclusions from the performed evaluation are:
- In comparison to steam turbines from other power plants found in
the literature, analyzed steam turbine has steam cooling in a mixing

Fig. 3. Real (polytropic) and ideal (isentropic) specific work for the
whole analyzed steam turbine and all of its cylinders
Loss of specific work for the whole turbine and each cylinder is
the difference between real (polytropic) and ideal (isentropic)
specific work, Fig. 4.
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chamber before LPC with an aim to reduce steam temperature (and
consequentially steam specific entropy).
- Comparison of all turbine cylinders shows that the highest specific
work is obtained in LPC (557 kJ/kg for real expansion process and
586.8 kJ/kg for ideal expansion process), while the lowest specific
work is obtained in IPC (372 kJ/kg for real expansion process and
391.5 kJ/kg for ideal expansion process). The whole steam turbine
has real (polytropic) specific work equal to 1402 kJ/kg, while ideal
(isentropic) specific work of the whole turbine is 1475.8 kJ/kg.
- When observing turbine cylinders, the highest loss of a specific
work is obtained in LPC (29.8 kJ/kg), followed by HPC (24.5
kJ/kg), while the lowest loss of a specific work is obtained for the
IPC (19.5 kJ/kg). Loss of specific work for the whole observed
steam turbine is equal to 73.8 kJ/kg.
- Regardless of higher loss in specific work, HPC has higher energy
efficiency in comparison to IPC (95.08% in comparison to 95.02%).
The lowest energy efficiency of all cylinders has LPC (94.92%),
while energy efficiency of the whole observed turbine is 95.00%.
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On pressure drop and airflow directivity ability of air vents on automobile cabinets
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Abstract: In this study, airflow directivity ability and pressure drop values of air vents where placed on the front console of automobile
cabinet were investigated with computational fluid dynamics analysis. One of the aims of these studies is the airflow performance impact of
design changes on air vents. Therefore, parametric studies were conducted with diffuser structures having 3, 4, 5 blades and 16mm, 20mm,
24mm blade width and 3mm, 4mm blade thickness. These variations were created to determine the effects of the number of blades, blade
width and blade thickness on air flow and pressure drop performances of automobile diffusers. The impact of automobile diffusers on
thermal comfort inside of the cabinet has been detected—correlations which give pressure drop and airflow angle were obtained according
to analysis results. Thus, equations giving airflow direction angle and pressure drop within specific parameters were obtained without
computational fluid dynamics analysis. In this way, a faster approach was provided to reach related performance values on automobile
diffuser design.
Keywords: COMPUTATIONAL FLUID DYNAMICS, DIFFUSER, AUTOMOBILE, AIR FLOW, BLADE, PRESSURE

1. Introduction
A parameter shows blade width, B parameter shows blade
thickness. Also, the effect of different blade quantities having 3, 4,
and 5 blades on diffuser performance was investigated. The angle of
blades with the horizontal plane is kept constant 30° for each case.

Nowadays, Diffuser types are used on thermal conditioning
systems of automobile cabinet as circular, conventional, split types.
Visuality, structural strength, soundless working, low-pressure drop
and airflow directivity of automobile diffusers are important
performance indicator parameters. Airflow directing to desired
angle significantly affects thermal comfort inside of automobile
cabinet. Diffusers having high-pressure drop value blocks to the
desired airflow also influence the considerable efficiency of air
conditioning. Therefore, Diffusers with high airflow directivity and
low-pressure drop are needed for increasing the thermal comfort of
passengers inside the automobile. One of this study aims is
examining to design of attributions for diffusers having high airflow
directivity ability and low-pressure drop value. Many studies are
made related subject in the literature.

3. Governing Equations
Mathematical equations should be exhibited for solving
problems and understanding physical principles. Boundary
conditions and eliminate parameters must be given according to the
physical structure of modeling for numerical solving of differential
equations. Continuity and momentum equations used in this study
are given below. Since the conditions examined in the study are
turbulent flow, the RANS form of the continuity and momentum
equations was used. Diffuser structure modeled with mesh structure
in computational fluid mechanics was solved with the below
equations.

Somnath and Mayur investigated thermal comfort and airflow
distribution in automobile cabinets and detected that directed
airflow to passengers significantly affected thermal cooling load in
their study [1]. Myoung Su Oh et al. studied energy recovery on
automobile compartments and investigated automobile diffuser
locating effects over the thermal comfort [2]. Air directing ability is
critically important on diffusers for obtaining airflow distribution in
automobile cabinets and increasing the thermal comfort of
passengers in a cabinet. Zhang et al. analyzed airflow path and
temperature in automobile cabins for with and without passenger
conditions [3-4] experimentally. Nissan Hagino and Hara examined
to affecting parameters of air temperature and airflow path for the
purpose of understanding the thermal sensations of passengers [5].
Many studies in the literature have been seen that many
investigations have been made about airflow distribution airflow
direction for detection of thermal comfort. In this study, the effects
of diffuser blade dimensions are examined in detail by
computational fluid dynamics analysis.

Continuity equation indicates mass conservation during flow
motion. In this study, density-dependent to the derivative of time
can be eliminated due to steady-state flow. In addition, since the
density is considered constant, it can be taken out from the local
derivative, and in this case, the equation will be as follows.

The components of X, Y, and Z direction of momentum
equation in the Cartesian coordinate system are as follows. In this
study, the flow is considered a steady-state. In addition, since the
density is considered constant, it can be taken out from the local
derivative and in this case, the equation will be as follows.
The x-direction momentum equation

2. Modelling
Automobile diffusers are produced with different dimensions,
blade width, blade thickness and blade quantity by companies.
Figure 1 shows a sample automobile diffuser. Analyzed parameters
with computational fluid mechanics are shown in Figure 2.
The y-direction momentum equation

Fig. 1 Automobile diffuser sample

Fig. 2 Geometric parameters
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The z-direction momentum equation

4. Numerical Results
Fig. 7 Pressure drop contour of 5 blades and 3 mm blade thickness (16
mm, 20 mm, 24 mm, blade width, respectively)

In this study, Pressure drop and airflow direction angle values
were detected by using 3, 4 and 5 blade quantities with 3 mm blade
thickness. Computational fluid mechanics result of pressure and
velocity contours were shown in figures as below.

Fig. 8 Velocity contour of 5 blades and 3 mm blade thickness (16 mm,
20 mm, 24 mm, blade width, respectively)

Fig. 3 Pressure drop contour of 3 blades and 3 mm blade thickness (16
mm, 20 mm, 24 mm, blade width, respectively)

The effect of blade thickness on airflow directing ability and
pressure drop performances in automobile diffusers has been
investigated, and contours that are the output of computational fluid
mechanics analysis are given in the figures below.

Fig. 4 Velocity contour of 3 blades and 3 mm blade thickness (16 mm,
20 mm, 24 mm, blade width, respectively)
Fig. 9 Pressure drop contour of 3, 4, 5 blades and 4 mm blade thickness
(20 mm blade width)

Fig. 5 Pressure drop contour of 4 blades and 3 mm blade thickness (16
mm, 20 mm, 24 mm, blade width, respectively)

Fig. 10 Velocity contour of 3, 4, 5 blades and 4 mm blade thickness (20
mm blade width)

Pressure drop and airflow direction angle obtained from
computational fluid dynamics analysis were listed as below Table 1
according to blade quantity, blade thickness, blade width.

Fig. 6 Velocity contour of 4 blades and 3 mm blade thickness (16 mm,
20 mm, 24 mm, blade width, respectively)
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Table 1: Numerical pressure drop and airflow angle values for different
blade thickness, quantity, and width
Blade
Blade
Blade
Pressure Drop
Air Flow
Quantity
Thickness
Width
(Pa)
Angle (°)
3
3 mm
16 mm
20,7 Pa
16°
3
3 mm
20 mm
25,5 Pa
19°
3
3 mm
24 mm
31,3 Pa
21°
4
3 mm
16 mm
26,4 Pa
21°
4
3 mm
20 mm
32,5 Pa
23°
4
3 mm
24 mm
40,2 Pa
24°
5
3 mm
16 mm
33,9 Pa
25°
5
3 mm
20 mm
41,6 Pa
27°
5
3 mm
24 mm
52,1 Pa
28°
3
4 mm
20 mm
29,7 Pa
19°
4
4 mm
20 mm
41,5 Pa
23°
5
4 mm
20 mm
59,2 Pa
27°
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5. Conclusion
In this paper, automobile diffuser airflow directivity and
pressure drop performances are presented. Context of this study
results, some approaches were obtained for automobile diffuser
performance improvement. According to the computational fluid
dynamics analysis, it has been observed that as the blade width is
increased, the airflow directing ability also increases, but this
situation increases the pressure drop. Another of the findings
obtained in the studies is that the airflow directing ability of
automobile diffusers increases when the number of blades is
increased, but in this case, pressure drop also increases and it affects
diffuser performance in a negative way. When these two situations
are compared, it has been determined that increasing the number of
blades in automobile diffusers increases the pressure drop less than
increasing the blade width and affects the airflow directing ability
more positively. Increasing the number of blades is more efficient
than increasing the blade width in order to achieve the ability to
direct airflow during the design of automobile diffusers. Increasing
the fin thickness in the diffusers does not affect the airflow directing
ability and increases pressure drop and negatively affects diffuser
performance was detected on studies. In line with the studies, two
correlations giving the angle of directing the airflow and the
pressure drop were obtained. Thus, performance values can be
obtained according to the desired number of blades, and blade width
were determined without the need for computational fluid dynamics
analysis.
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Optimization of the synthesis of mesoporous titanosilicate ETS-10: Problems and
unexpected difficulties
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Abstract: We focused on the synthesis and subsequent use of mesoporous titanosilicate ETS-10 for industrial water purification. Numerous
attempts have been made to optimize the conditions and reagents used for the synthesis of the ETS-10. The main problem we faced in the
synthesis of ETS-10 is the production of “pure” phase and it was related to the type of titanium source. Various sources of titanium were
used - titanium tetrachloride, anatase (anatase 92% and rutile 6%), nanosized titanium dioxide (Degussa P25) etc. The use of liquid titanium
tetrachloride, due to its high hydrophilicity, leads to difficulties in reproducible control of the quantities of used reagents, which leads to the
formation of unwanted crystalline phases, especially if the synthesis is carried out in small volumes. In addition, the optimized by us
synthesis attempts included a reduced reaction time - up to 24 hours - and lower temperatures (up to 200 oC). For comparison standard
synthesis is carried out for 72 h at 230 oC. As a result of the experiments, ETS-10 with minimal SiO2 residues was obtained in 24 hours at
200 oC using nanosized anatase.
Keywords: ETS-10, SYNTHESIS, TITANOSILICATE, MESOPOROUS
alkali cations, content water and ratio Si/Ti, pH, etc. were changed.
A typical recipe for synthesis of ETS-10 used in this work is
1. Introduction
presented below.
The interest in titanium-silicate microporous and mesoporous
Synthesis procedure: 3.36 g of NaOH are added to 8 ml of
zeolite materials is huge. This is due to their wide application in
water, stirred until clear (first solution). A second solution was
catalytic reactions [1], as sorbents [2], ion exchangers [3] etc.
prepared in parallel - 0.797 g of TiO2 (anatase) and 1.6 H2SO4 were
Therefore, a lot of research is being done on optimizing their
added to 2 ml of water. 3.30 g of SiO2 (nanosized) are then added to
synthesis. Our main two goals are to synthesize a pure phase of
solution 1 and stirred for 20 minutes. Then the two solutions (Ti: Si)
mesoporous titanosilicate ETS-10, and exploit the sorption
are slowly mixed, stirred for about 20 minutes on a magnetic stirrer
properties of this material.
without heating and the pH measured. Then 0.871 g of KF were
ETS-10 was first synthesized by Engelhard in 1989 [4, 5]. It is
added, with stirring for additional 20 minutes. After that the gel
one of the titanosilicates molecular sieves that have octahedrally
mixture is transfered in stainless steel Teflon lined autoclave and
coordinated titanium in its frame. Indeed, the building blocks of the
the autoclave placed in preheated oven heated to 200 °C for 22
ETS-10 structure are SiO4 tetrahedra and TiO6 octahedra. The
hours. The obtained product is centrifuging and dried at 90 oC for 2bonding of these units through a shared/bridging oxygen produces a
3 hours.
7- and 12-membered rings. In turn those rings arrange to produce
Methods.
three-dimensional framework containing smaller and bigger
The main method for characterizing the phases is powder X-ray
channels with pore size of about 0.5 and 0.8 nm respectively. Only
diffraction (PXRD). Samples were measured at room temperature
the channels generated by 12-membered rings are easily accessible
on an Empyrean MalvernPanalytical diffractometer, the
and thus suitable for ion exchange. The basic formula of ETS-10 is
Netherlands. Data collection was performed with Cu radiation (λ =
(Na,K)2TiSi5O13 [6]. The theoretical Ti/Si ratio is 0.2 but due the
1.5406 Å) at 40 kV and 30 mA and PIXcel3D detector in the range
presence of structural defects it is generally higher (> 0.25). This
2 - 90° 2θ and step mode 0.013° 80 seconds and experiment
framework allows the adsorption of cations with larger ionic radii
duration 35 minutes.
which attracted our interest [7].
Wave-dispersive X-ray fluorescence spectroscopy (WDXRF)
A number of different methods of synthesizing ETS-10 are
was used to determine the chemical composition of the phases. The
known from the literature. First, syntheses with different sources of
spectrometer is Rigaku Supermini200, Japan. Data collection was
Ti and Si are possible: tetraethyl orthosilicate (TEOS), Sodium
performed operating mode at 50 kV and 4.00 mA. The sample is
silicate aqueous solution [8], TiCl3 [9], TiCl4 [10], TiF4 [11], Ti2O,
crushed and then pressed. The ratio of sample amount (in grams) to
commercial Degussa P25 [8, 12], sodium hydroxide, (TiSO4)2 [13],
the amount of glue (Acrawax C powder) is 5:1 g. The sample is
(TiSO4)3 [14] NaF, NaCl and potassium hydroxide, KF, KCl, ash
placed in a holder with an irradiated area of 30 mm in diameter. The
from rice husks as a source of silicon etc. [7, 11, 12, 15-21]. Then,
analysis used a semi-quantitative method to determine the elemental
mesoporous titanosilicate ETS-10 can be synthesized with or
composition. The results obtained by the "SQX" semi-quantitative
without the addition of organic template molecules [16, 22, 23]. The
analysis method allow the determination of the chemical
organic template is environmentally undesirable and unprofitable
composition of samples without the need for reference materials
because the removal of clogged templates requires calcination e.g.
(standards). One WDXRF measurement has a duration 30 minutes.
high temperature, and can damage the framework. Finally, time and
Scanning electron microscopy (SEM) is used to determine the
temperature can be varied. Thus it is desirable to synthesize ETS-10
morphology and size of the crystals. Scanning electron microscopy
in the absence of organic template agents, at lower temperatures and
(SEM) was performed on a Philips 515 microscope operating at 20
reduced time.
keV in secondary electron mode. The samples were mounted on a
sample holder with a conductive carbon coating.

2. Materials and methods

3. Results and discussion

Synthesis.
For the low-temperature hydrothermal synthesis of ETS-10, a
number of experiments were performed with different sources of
titanium, silicon, sodium, and potassium according to procedures
described in the literature. The experiments aimed at optimizing the
synthesis conditions e.g. without template and optimizations of
temperature and time conditions.
The reagents used in our study for the synthesis of ETS-10 are:
NaOH, KOH, KF, TiCl4, TiO2 (Degussa P25) and (anatase 92% and
rutile 6%), nanosized Si2O and Si2O with size < 10 µm. The
optimized synthesis system from us is: 0.42Na2O-0.03K2O0.1TiO2-0.5SiO2-5.5H2O, in which the reaction conditions such as

Titanium tetrachloride synthesis
Figure 1а shows a diffraction pattern of synthesis with the
following molar composition: 0.59Na2O-0.69K2O-0.1TiO23.95SiO2-267H2O. The initial pH is about 12. Nano-sized SiO2 was
used. The synthesis temperature is 200 °C and the duration is 24
hours.
On the Figure 1b the diffraction pattern with molar ratio:
0.29Na2O-0.35K2O-0.1TiO2-1.98SiO2-133H2O is presented. The
initial pH is about 13. Аs Si source SiO2 with crystallite size <10µm
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was used. The synthesis temperature is 200 °C and the duration is
24 hours.
In a later synthesis of ETS-10 was used following molar
composition: 0.59Na2O-0.69K2O-0.1TiO2-3.95SiO2-267H2O. The
initial pH is about 11. For source of Si was used micrograin SiO2
with size of crystallites less than 10µm, as well hydrochloric acid.
The synthesis temperature is 200 °C and the duration is 24 hours.
(Fig. 1c).
In the synthesis of ETS-10 with different amounts of titanium
tetrachloride for 24 hours, at 200 oC and different sources of SiO2
(nanosized and micrograins < 10µm), as well as the use of
hydrochloric acid from Fig. 1 one can see that mostly quartz and
ETS-4 are obtained.
For the conditions in Fig. 1a the amount of titanium
tetrachloride is very low and the source of SiO2 is nanosized in
contrast to those in figure 1b. Under such conditions, quartz begins
to form. Using low amounts of TiCl4, micrograin SiO2 and HCl (to
control the pH) the amount of quartz increases at the expense of
ETS-4 (Fig. 1c).
These results are an indication that at 200 oC for 24 hours and
with the selection of the listed reagents it is impossible to obtain
ETS-10, instead ETS-4.

Fig. 2 XRD ETS-10 synthesized at different times with different
precursors;a) ETS-10 -200oC/24h, TiCl4, b) ETS-10 -200oC/24h,
<TiCl4,>H2O; c) ETS-10 -200oC/22h, TiO2 (anatase).

The result of the SEM images (Fig.3) shows that the ETS-10
crystals morphology is cubic and the size of the crystallites is ~5
µm. This is a characteristic morphology for the synthesis of ETS-10
with nanosized titanium dioxide - anatase, established by Rocha in
1998.

Fig. 1 XRD ETS-10 synthesized with TiCl4 and nanosized SiO2 under the same
conditions -200oC/24h: a) Quartz; b) Quartz 80% and ETS- 4 20%; c) Quartz 85%
and ETS- 4 15%

Additional syntheses with a source of Ti - TiCl4 were
performed, in which both the amount of titanium and water were
changed.
The characteristics of the synthesized phases under different
conditions of the system are presented in Fig. 2. The results show
that by hydrothermal synthesis at 200 оC for 24 h, the use of
increased amounts of titanium tetrachloride and less water ETS-4
with impurities is obtained (Fig. 2a). When the amount of titanium
tetrachloride is decreased and the amount of water increased, a
mixture of ETS-10 / ETS-4 / Quartz is obtained (Fig. 2b).

Fig. 3 SEM images of the ETS-10 (particle size 5 µm)

The chemical results from WDXRF are presented in Table. 1
and correspond to the stoichiometric formula: (Na1.10
K0.28)Ti0.91Si5O13 which is in agreement with (Na,K)2TiSi5O13. The
table shows that no significant amounts of chlorine were found in
the product.
Table 1. Chemical composition of the finale product (ETS-10)
synthesized by nanosized TiO2
Oxide
N 2O
K 2O
SiO2
TiO2
Cl

Titanium dioxide – anatase synthesis
The system and procedure described below was used for the
synthesis of ETS-10 with minimal amounts of quartz (Fig. 2c).
The most optimal of our tested conditions are those using
nanosized titanium dioxide - anatase, nanosized silicon dioxide,
increased amounts of sodium hydroxide and the use of potassium
fluoride as sources of alkalis, sulfuric acid, pH=10.6 and reducing
the synthesis time to 22 hours (Fig. 2c).

Mass %
10.2057
3.6023
72.4312
13.7135
0.0472

To determine the Si/Ti ratios, an elemental analysis of
WDXRF was performed (Table 2). The results show that the Si/Ti
ratio is 2.6, which is less than reported by Rocha 5-6 for pure ETS10 phase. In our experiments for the synthesis of ETS-10, we found
that with such a ratio (2.6) we obtain the phase with a small
contamination with quartz, which contradicts Rocha's statement that
quartz is formed mainly at a Si/Ti ratio above 6 [8].
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Table 2: Elements composition of the final product (ETS-10) synthesized
using TiO2 (anatase, temperature 200◦C/22h)

9.
Elements

Mass %

Na

10.3135

K

7.3170

Si

59.4409

Ti

22.7390

Cl

0.0985

Si/Ti

2.6140

(Na+K)/Ti

0.7753

10.
11.

12.

13.

14.

4. Conclusion
15.

From the experiments conducted so far, it is clear that the ETS10 synthesis system is sensitive to many of the parameters such as
titanium source, alkali, pH, content water, temperature, time of
synthesis. For example, when using titanium tetrachloride, as it is
hydrophilic and changes the whole stoichiometry, the amount must
be accurately estimated, because otherwise it has a negative effect
on the final product.
We achieved the preparation of the ETS-10 phase at 200 ° C for
22 hours, with minimal impurities of quartz without the use of
SDA. The ETS-10 phase can be obtained with minimal impurities
only when using a combination of reagents nanosized source of
TiO2 - anatase, nanosized source of SiO2, H2SO4, KF and NaOH.
To obtain a pure phase, the sources of titanium and alkali must
be carefully selected and the temperature raised to 230 °C.
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Technology for production of reduced yellow paving stones on the basis of modified marl clay
from the Alexandra quarry, the village of Lovets, Bulgaria (Part 1)
Gergana Mutafchieva, Lyuben Lakov, Mihaela Aleksandrova, Gabriel Peev
Bulgarian Academy of Sciences, Institute of Metal Science, Equipment, and Technologies with Center for Hydro- and Aerodynamics “Acad.
A. Balevski ”, Shipchenski Prohod Blvd. 67, 1574 Sofia, Bulgaria, cl.creativeline@gmail.com
Abstract: Due to the specifics of marl clays, research to date has shown the need to stabilize these clays with respect to their critical melting
point. The research is based on a previous analysis of pure raw material from marl clay, located in the area of the village of Lovets, which is
modified by various additives. On the one hand, the modification is used to stabilize the ceramic mass and on the other hand, by adding
various agents, the aim is to lighten the composition and obtain the required color pattern. For the purposes of production, the experimental
part includes laboratory development of a scale model of yellow paving stone. The development presents the entire process of creating
instrumental equipment – model making and matrix construction, and molding of finished products - pressing process for paving stones
productionfrom modified marl clay. The technological cycle that can be implemented in the real conditions for yellow paving stones
production will rely on the present study.
Keywords: PRESSING OF CERAMIC PRODUCTS, YELLOW PAVING STONES, MODIFIED MARL CLAYS.
fireclay fraction to clay substance, and residual moisture in the mass
after extrusion is 20-25%. A scheme of the production process from
mass preparation to temperature synthesis is presented in fig. 1. The
experimental part develops the already studied indicators of marl
clay from the village of Lovets, presented at the VI International
Scientific Conference Industry 4.0, held from 08 to 11.12.2021.
According to the obtained data, the studied marl clay is from group
III (acidic) with content below 15% Al2O3 high carbonate, the
content of alkaline earth oxides over 17 - 18% and high content
over 3% Fe2O3. The total amount of alkaline earth oxides is 21.82%
by weight, according to the classification of Sitin, which
characterizes it with a relatively narrow sintering interval.
Therefore, it was necessary to modify the marl we used in order to
stabilize the material at the final temperature. Table 1 shows the
chemical analysis of a sample, which in X-ray phase analysis gives
suitable peturgical phases anorthite CaAl2Si2O3 and diopside
MgCaSi2O6, which is presentedinFigure 2 [1,4,5].

1. Introduction
The production of yellow paving stones is associated with a
laborious and complex cycle in terms of both the technological
process and the raw material. This is mainly due that the finished
products have to meet specific physical and mechanical parameters.
These requirements should be corresponded to the European
standard EN 1344: 2013, which has the status of BDS from 201403-17. Requirements include indicators such as compressive
strength, bending strength, high wear resistance, abrasion
resistance, slip/skid resistance, transverse breaking load, minimum
unit value, freeze/thaw resistance, high density, and low water
absorption of the composition used, and last but not least color
characteristics [6]. Studies show that marl clays are able to meet
these parameters, but due to their chemical composition, they need
to be modified with additives in order to increase their melting point
and stabilize the glass phase at the final temperature. However,
there are not many deposits in Bulgaria that meet these conditions
and are available not only for experimental research but also for
production purposes. Research so far shows that a suitable quarry is
located in the Popovo region, but due to the cessation of production
in the region, access to the field is limited [7]. Its necessitated new
studies of suitable marl clay, which was studied as a raw material
from the area of the village of Lovets, Shumen district. The
analyzes showed appropriate results for the development of the
material by the addition of modifying agents. Due to the indicators
of the mass used, the development includes a laboratory
technological process in the production of reduced yellow pavers.
This covers the entire production cycle from the quarry to the final
product, on the basis of which an adequate and analogous structural
process for the production of exterior paving from yellow pavers
will be created. The technological development includes the
production of a model - gypsum prototype of paving stone in scale
1: 2 with dimensions 117 x 61 x 46 mm .; production of a matrix
form for pressing ceramic pavers - construction of a metal frame
with a mold of polymer-modified gypsum mixture [8]; preparation
and processing of modified semi-dry marl clay - grinding, mixing,
extrusion and vacuuming of the raw material with the addition of
fireclay, kaolin К2, glass, ZrO2, and ZnO; molding of ceramic
pavers - pressing production of semi-dry ceramic mass; drying and
firing of the formed pavers - modes of drying, heating and
temperature synthesis with isothermal retention in several main
temperature processes [2-3].

Fig. 1. Scheme of technological process for the production of
reduced ceramic blocks for external flooring from mass preparation
to the synthesis of the finished product.

2. Experiments
The research part presents an experimental complete process for
the production of scaled ceramic products for exterior flooring yellow pavers, from quarry to finished synthesized product. The
production cycle begins with the preparation of raw materials and
obtaining the necessary plasticity of the mass for pressing ceramic
pavers. The main components are fireclay from fired marl, clay, and
kaolin as the plasticity of the mass is determined by the ratio of
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Table 2.The percentage ratio of clay - fireclay and modifying
additives of marl clay from the Alexandra quarry, the village of
Lovets.

Table 1. Quantitative analysis of the content of oxides in a
synthesized sample of marl clay from the village of Lovets.

Composition

Quantity%

Na2O

0.7

MgO

2.24

Al2O3

№

Fire

Marl

ZrO2

ZnO

SiO2

Al2O32SiO22H2O

clay

II

55

40

5

-

-

-

11.36

III

55

40

-

5

-

-

SiO2

35.19

VI

50

40

5

-

5

-

P2O5

0.1

VII

50

40

-

5

5

-

K 2O

2

CaO

19.58

XIII

35

55

-

-

10

-

TiO2

0.47

XIV

35

60

-

-

5

-

MnO

0.11

XIX

30

60

-

-

-

10

Fe2O3

4.85

XX

30

55

-

-

-

15

LOI

23.21
99.82

Cu

0.06

Zn

0.073

Sr

0.053

Table 3.Temperature regime for synthesizing ceramic blocks with
temperature retention at several points.
Temperature
ᵒС

Retention in min.

150

60

650

60

840

180

1140

180

Thetechnologicalprocessforobtaining
formforpressingceramicblocksincludes a modelmaking and an
author'sapplieddevelopment of two-partmatrixconstruction making,
whichrepresents a metalframeand a gypsummold. The model is
made ona scale of 1 to 2 compared to the original ceramic block and
shown in figure 3, figure 4 presents a scheme of the matrix
structure.
Fig. 2. XRD of the sample synthesized at 1140ᵒC with the presence
of peturgical phases anorthite and diopside.

To modify and stabilize the ceramic mass is experimented with
test specimens in different proportions of fireclay and clay, as well
as brightening additives presented in the table. 2. The best
indicators presented correspond to sample XIX in the ratio by
weight of clay - fireclay 30% - 60% and the addition of kaolin 10%.
The reduction of the fireclay fraction increases the plasticity of the
mass, which makes it suitable for the molding process – pressing
process. The residual humidity after the vacuum extruder is 2025%. The addition of kaolin stabilizes the liquid phase and
brightens the mass to obtain a color corresponding to the pattern.
The X-ray phase analysis of the synthesized sample shows the
presence
of
peturgical
phases
(Fig.
1)
asthetemperatureregimeisconsistentwith DTA andispresentedin the
table. 3 [7].

Fig. 3. Gypsum model of a reduced block for outdoor flooring on a
scale of 1:2 compared to the original paving block - yellow paving
stone.
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Fig. 4. Scheme of the matrix construction for pressing process of
reduced ceramic blocks for paving.
The gypsum model is made with an expansion of 14%
compared to the compressibility of thesemi-dry mass used so that
after the temperature synthesis the ceramic block retains its scale
ratio to the original one. Once the model is ready, the construction
of the matrix is started tomake. The first stage includes the
production of metal frames according to the pressing facility used:
Russian hydraulic press П-125is used. Each of the two metal frames
has an enclosed area in the middle where the model is put and the
gypsum mold will be cast, and each part of the mold is cast
consequently. Metal frames include: clamping elements that fix
each structural part (metal frame + gypsummold) to the working
plates of the press (note 7. Fig. 4); fixing guides of the two metal
frames (note 5. Fig. 4.); spacer distance, which provide the
necessary distance and centering between the working surfaces of
the matrix (note 6. Fig. 4.); openings with mounted nozzle for the
supply of compressed air in order to form microscopic capillaries in
the gypsum structure, which helps faster and easier separation of the
molded product from the matrix (note 4. Fig. 4). Each structural part
contains a gypsum form - a mold (note 2. Fig. 4.) and a formforming space (note 3. Fig. 4.). Thegypsumcompositionusedis a
polymermodifiedmixtureKERADUR
S4Pintheratioofpartsbyweightofgypsumtowater 3 to 1 [8]. The
volume of the required amount of gypsum powder and water is
calculated by the formula:

Fig. 5. Technological process in the production of a matrix
structure for pressing ceramic products –reduced paving stones
from semi-dry modified marl clay.

3. Conclusion
The experimental development shows very good results both in
terms of the technological process and in terms of indicators of the
marl clay used. In summary, the results of the present study can be
defined as comprehensive coverage of all stages of the production
cycle - from mass preparation to temperature synthesis of the final
product. This allows control at each stage of the process, which
should be used in the production of real-sized blocks for paving
pavement through the already developed technological principle.
The performed analyzes will be used for the implementation of the
technologicalframeworkinproduction.
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Deyan Gradinarov1
Institute of Metal Science, Equipment and Technology with Hydroaerodynamic Center at Bulgarian Academy of Sciences 1
dgradinarov@ims.bas.bg
Abstract: In this paper is reviewed google search as a helpful free instrument for statistics when preparing the state of art. It is applied to
welding processes.
Keywords: GOOGLE TRENDS, WELDING, WELDING PROCESSES
On Fig. 1 is shown the comparison of searches between the
different writing of welding process 111 – Shielded metal arc
welding (SMAW), also known as Manual metal arc welding
(MMAW) for the period of one year. Each point of the graphic
shows the distribution as proportional values of each searched
keyword by weeks.

1. Introduction
When preparing state of art or review of problem, review of
industry, review of marker, etc. is useful to know the behavior of
people searching in internet on key words. This information formed
as statistics may give the researcher, regardless of which field the
research is done – science, industry, bench marker, etc. information
on trends in the researched field.
For the needs of development of Research possibilities for
improving quality of welding technologies through real time
processes analysis is needed to have better view of the needs of all
welding users – welders, welding equipment and consumables
manufacturers and traders, industry in which welding is applied, etc.
This information can be obtained through various methods –
questionaries, official statistics, catalogues, official financial
reports, industry reports. This information is based on the offered
and contracted by manufacturers, companies and labs, but doesn’t
include the needs of the users. The needs of the users can be
observed by their inquiries. Behavior of people in internet and more
precisely their searches can give us the picture of welding users
needs.

Fig. 1 Comparison of searches between the different writing of welding
process 111 (SMAW) for the period of one year1.

On Fig. 2 is shown the comparison of searches between
Shielded metal arc welding, Submerged arc welding, MAG
welding, MIG welding and Gas tungsten arc welding for the period
of one year. Each point of the graphic shows the distribution as
proportional values of each searched keyword by weeks.

For research on people search behavior in internet is used free
instrument Google trends[1]. This instrument gives statistics for
searches on keywords for specific time periods. The information is
presented in graphics. The count of searches is given in absolute
values, where 100 is the maximum value of the searched keyword
or searched keywords for the period and other values are
proportional to the maximum value. Whit this instrument we can
compare up to 5 keywords at once. The drawback is that the values
are relative and we cannot view the real number of each search.

2. Search results of the most popular welding
processes keywords
For the needs of the research are reviewed several keywords
which are the most common and most used welding processes, their
abbreviations and their reference numbers as specified in ISO
4063[2]:

Fig. 2 Comparison of searches between Shielded metal arc welding,
Submerged arc welding, MAG welding, MIG welding and Gas tungsten arc
welding for the period of one year1.

Shielded metal arc welding (SMAW), also known as Manual
metal arc welding (MMAW) – 111;
Submerged arc welding (SAW) – 121;

On Fig. 3 is shown the comparison of searches between
Shielded metal arc welding, Submerged arc welding, MAG
welding, Gas tungsten arc welding and Flux-cored arc welding for
the period of one year. Each point of the graphic shows the
distribution as proportional values of each searched keyword by
weeks.

Metal active gas or MAG welding – 131;
Metal inert gas or MIG welding – 135;
Flux-cored arc welding (FCAW) – 136;
Gas tungsten arc welding (GTAW) or tungsten inert gas (TIG) –
141;
Plasma Arc Welding (PAW) – 15;
Resistance spot welding (RSW) – 21;
Resistance seam welding – 22;
Laser beam welding (LBW) – 521;
Electroslag welding (ESW) – 72.
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The review shows that the most popular key word is “MIG
welding”
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Fig. 3 Comparison of searches between Shielded metal arc welding,
Submerged arc welding, MAG welding, Gas tungsten arc welding and Fluxcored arc welding for the period of one year1.

On Fig. 4 is shown the comparison of searches between Plasma
Arc Welding, Resistance spot welding, Resistance seam welding
and Laser beam welding for the period of one year. Each point of
the graphic shows the distribution as proportional values of each
searched keyword by weeks.

Fig. 4 Comparison of searches between Plasma Arc Welding, Resistance
spot welding, Resistance seam welding and Laser beam welding for the
period of one year1.

On Fig. 5 is shown the comparison of searches between
keyword “Welding” and the most popular keywords from Fig. 1 to
Fig. 4 – “MIG welding”, “SMAW” and “Laser beam welding” for
the period of one year. Each point of the graphic shows the
distribution as proportional values of each searched keyword by
weeks.

Fig. 5 Comparison of searches between keyword “Welding” and the most
popular keywords from Fig. 1 to Fig. 4 – “MIG welding”, “SMAW” and
“Laser beam welding” for the period of one year1.

3. Conclusions
For the needs of Research possibilities for improving quality of
welding technologies through real time processes is made analysis
on searches with Google trends on the most popular welding
processes for the period of one year. The results are given in
graphical view and can be downloaded as .cvs file. The values are
proportional to the most popular search value of the searches in the
period.
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Application of augmented reality to the teaching process in the field of Computer Aided
Design
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Abstract: The aim of this article is to point out the needs of the implementation of augmented reality in the educational process in the field of
computer modelling. This topic addresses issues in the field of mechanical engineering, where it focuses mainly on the needs of education
using innovative augmented reality approaches. With the help of modern visualization methods, all practical and theoretical knowledge of
computer aided manufacturing technologies ware applied in a suitable electronic form and thus the pedagogical process was facilitated for
students. This method of visualization significant supports education. As part of increasing the quality of the educational process through
augmented reality techniques, the study is more interesting and focuses mainly on the development and creation of conditions for the use of
such technologies in technical practice.
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1.

performance of a recognition device designed to read these user
tags. The recognition tag contains information or a specific type of
content with the exact orientation and position in which augmented
reality is to be displayed and overlaid the marker.

Introduction

The term augmented reality is used to describe an interactive view
of reality that is augmented with computer-generated objects
according to user preferences. In human perception, there are two
understandings of augmented reality that oppose each other.
Augmented reality can be understood as a special case of virtual
reality and generally considered to be an intermediate stage between
something that is real and something unreal, computer generated.
Augmented Reality (in short AR) today affects a variety of
industries from the social, social and cultural life of the average
user. It transforms the gaming business, sports, healthcare,
education or the film industry [1]. As it turns out, other industries
will not avoid this trend. The development of new technologies is
currently dizzying. The deployment of computer technology and
electronics in various areas of human activity has significantly
contributed to this process.

Fig. 2 AR with use of ThingMark marker

1.3. Augmented
technology

reality

with

use

of

projection

One of the most common augmented reality applications is also
called localization or positional application. This type of augmented
reality uses a GPS, digital compass, accelerometer or speedometer
that is built into the user's device [3]. These tools are used to display
information and content based on location by the user's device,
which is most often a mobile phone or tablet. The advantage of the
augmented reality application without the use of markers lies in the
possibility of precise localization of smartphones and devices in real
world. This type of AR application is most often used to map
directions and locate objects near the device.

A type of augmented reality operating on the principle of projecting
the artificial world onto the surface of the real environment. This
type of augmented reality application allows users to interact with
virtual data. The light is transmitted to the surface of the real
environment and then the user's interaction is sensed, or his touch
disrupting the desired impact of the projected light on the surface. A
given user interaction can be detected by distinguishing the light
projection on the surface without interaction and by comparing it
with the altered light projection caused by the user interaction. One
of the applications is a projected advertisement on fog which is
generated by the visualization unit itself. The advantage is that it is
possible to go through the advertisement without worries, while on
hot summer days the device will provide a pleasant refreshment.

Fig. 1 Example of AR with use of localization [6]

Fig. 3 Numerical touch control projected on a surface [2]

1.2. Marker-based augmented reality systems

1.4. Augmented reality with use of superposition

This kind of augmented reality is based on the recognition of
graphic marks. It uses a camera and a certain type of visual label,
such as a QR code or 2D barcode. Enriched view can be achieved
by simply capturing the visual marker by the user. Marker
recognition applications use a camera on the device that allows
recognize a well-defined identifying mark that is different from any
real-world object. Distinctive but simple patterns are used as tags
because they are easy to recognize [5]. They do not require the high

Augmented reality using the principle of superposition, the original
view of a certain object in the real environment is partially or
completely replaced by a view of the same object, which is
augmented by the device with graphic elements. Object recognition
plays an important role in this augmented reality application, as the
application is not able to replace the original image with an image
enhanced by visual elements without it being possible to clearly
identify and concretize the object. An example of the use of this
type of augmented reality application is the utilization by the

1.1. Augmented reality with use of localization
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furniture company IKEA, where users are allowed to scan an object
or a piece of furniture in a catalog and then virtual graphic
placement in their own home using augmented reality.

parameters, all changes can be automatically reflected for already
published bodies without any complicated modifications. The
following Fig. 5 provides an insight into the working environment
of the Creo Parametric software, specifically the Part module,
where in the left part there is a tree with individual actions, thanks
to which the model was created.

Fig. 4 Example of superposition-based AR [2]

2. Incorporating augmented reality into the
educational process

Fig. 5 CAD design in the Creo environment

Augmented reality can be used to increase the effectiveness of the
teaching process and to improve educational activities. Augmented
reality helps students to better understand the issue, to remember
new information better than traditional teaching media (book, video,
etc.). An innovative form of teaching can be used to model objects
in different environments or in entire scenes and for subsequent
visualization. It is possible to easily manipulate these models and
students get immediate feedback with the possibility of
understanding possible imperfections or errors in the design of the
model. Augmented reality applications have great potential to
engage, stimulate and motivate students to explore materials from
different angles, they can provide a real experience in areas such as
astronomy or geography. They enrich cooperation between students
and teachers, support creativity and imagination, help students take
control of their learning and adapt it to individual pace and
possibilities. Augmented reality creates an authentic educational
environment.

For later visualization of a virtual body in a real environment, it is
advisable to precisely define its position in advance. In the main
toolbar on the Tools tab, Creo in version 8.0.1 offers a choice of
two basic options:
Spatial Target
ThingMark

3. Teaching with augmented reality in the field
of computer modeling

Fig. 6 Types of spatial placement methods

The main benefit of this paper is the application of the PTC
augmented reality module to create an interactive tool that will
streamline the teaching process in computer modeling. Drawing
documentation as a form of presenting a given part or the whole set
is often not enough, especially if the student comes to study from
non-technical high schools. Many times, such a student has not
even encountered drawing documentation and does not understand
the transfer and display of the part in individual views and cuts of
the drawing or has a problem with spatial imagination.
Advantages of using augmented reality in the educational process:
 Eye-catching presentations - by integrating augmented
reality into presentations, it is possible to gain more audience
attention than with classic presentations, which keeps information
in memory longer due practical and dynamic demonstrations. [2]
 Interactive teaching - audience participation in teaching.
Students have the opportunity to access augmented reality models
directly on their mobile devices with use of different applications.
By perceiving augmented reality, students can better understand the
issue. In this way, students memorize more of the lectures, thanks to
the application of provided visualization techniques.


The first option allows you to easily place the virtual model on the
surface at a certain height. Here it is possible to directly define the
appropriate view with respect to the coordination system in a real
environment, based on flat surface recognition. The more advanced
ThingMark allows you to create a graphic marker that, due to its
graphic uniqueness, provide connection to the publisher server
space. Basically, five to ten different models can be stored free,
depending on the license of CREO software used. The user can
decide which model will be displayed on the client display unit.
Easy to use is the sharing and distribution of visual data thanks to
the recognition of the printed graphic mark and subsequent
scanning, for example, by a mobile phone via the Vuforia View
application, which provides a connection to the database of
uploaded models. This mark can be applied to supplement the
technical drawing or used separately. For more advanced
visualizations without the need to implement tags, it is possible to
visualize data based on object recognition. Here, however, it is
necessary to have a physical model to which the visual experience
is assigned and correctly oriented in space.
In the model example, a technical drawing of the part was made
very quickly based on the CAD design in the Drawing module,
which is supplemented by the required dimensions and tolerances.
Such a common technical drawing is then supplemented with
ThingMark in the appropriate position and orientation, so that
directly after loading the model, the essential information on the
drawing does not overlap. The mobile application offers options for
easy manipulation with a virtual 3D preview of the body, such as
rotation, resizing the model or hiding individual parts of the
assembly.

3.1. The Creo software environment for creating
augmented reality
To create drawing documentation enriched with use of augmented
reality some software tools are needed. In this case the Creo
Parametric software from PTC company was used. For applications
requiring more complex elements and an interactive environment,
the generated data can be further processed in Creo Illustrate and
ThingWorx Studio applications, which are developed by PTC, thus
ensuring mutual compatibility between them.
The first step lies in the creation of a component body in Creo
Parametric software. The advantage of using the model created
directly in this application lies in the fact that when later editing the
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presentations of future products where sensitive content from
product development is not shared.

5.
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6.

Fig. 7 Technical drawing with an integrated marker

These basic features of the virtual model are sufficient for the needs
of students to support the imagination, as long as they acquire all
the technical skills and proceed to the creation of more complex
assemblies.

Fig. 8 Visualization of the CAD data using a tablet

Students can use their own mobile phone to view virtual content,
but the computers in the classroom have been supplemented with
tablets, with an appropriate camera and with a larger display for
obvious purposes of educational visualization.
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Conclusion

Augmented reality applications, even at a lower level of interaction
with the environment, significantly help students from nontechnical schools to understand the projected views on the technical
drawing. Supported visual experience makes it easier for students to
learn, but it also offers many useful options for professionals. One
of the applications is product monitoring and transmission of
collected diagnostic data directly to the virtual model, without the
need for gradual control of individual sensors and devices. Using
bridging software such as SteamVR or moreViz, it's easy to transfer
content from the monitor to almost any HMD device. Immersion
into a more complex spatial set offers unique opportunities to
understand the function of the whole, while thanks to spatial
controls we can not only observe virtual content, but also transform
and manipulate it even at a complex level of parametric CAD
modelers. This form of content bridging is required for
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Obtaining abrasives on the base of composite Ni-P coatings for surface treatment of rock
materials
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Abstract: The electroless deposition of Ni-P coatings is well known classic method for production of metal coatings on polymers. The
addition of dispersed particles of different types and sizes to the base solution for electroless deposition significantly improves the properties
of the coating by increasing its wear resistance and micro-hardness. Thereby, the metallized polymers find new and different applications.
By using a device, designed and developed in IPC-BAS, tribological tests of composite Ni-P coatings deposited on substrate of polyethylene
terephthalate (PET) are performed. Three types of dispersed particles (diamond (D), BN and SiC) are co-deposited in the Ni-P coatings.
Their application as abrasive material for surface treatment of rock materials is evaluated. The structure, morphology and elemental
composition of Ni-P coatings are characterized by SEM and EDS.
KEYWORDS: COMPOSITE ELECTROLESS NI-P COATINGS, PЕТ, DISPERSED PARTICLES (D, BN, SIC), SEM, EDS.
at T = 65 ˚C and τ = 15 min; pre-activation in 3М HCl at T = 25
˚C and τ = 5 min; activation in colloidal solution of PdCl2 A-7512 (a commercial product of Technical University-Sofia) at T =
25 ˚C and τ = 5 min; acceleration in alkaline solution X-75-4
Accelerator (a commercial product of Technical UniversitySofia) at T = 25 ˚C and τ = 5 min.
After the above pre-treatment, the samples were immersed in the
solution for electroless nickel plating [18], presented in Table 1.

1. Introduction
The electroless deposition of Ni-P coatings is a method for
surface modification of materials of different types and
compositions. The coatings have a number of advantages, such
as: good corrosion and wear resistance, hardness and evenly
distribution, regardless of the complexity of the detail. The codeposition of a non-metallic element (P) largely determines the
structure and hence the properties of these coatings [1, 2].
Improvement of the basic properties of the electroless Ni-P
coatings is achieved by addition of dispersed particles of different
types and sizes to the base solution and hence, composite
coatings are deposited [3-8].
The most commonly used dispersoid are synthetic diamond
particles. They are cubic or octahedral crystals. A significant
number of studies are devoted to the preparation of composite
Ni-P coatings containing diamond particles of different sizes (NiP/D). The comparison with the Ni-P coatings shows better
properties in terms of micro-hardness, wear resistance,
abrasiveness, corrosion protection, etc. [3, 7, 9, 10].
Boron nitride (BN) is not present in nature as a mineral. Three of
its crystal modifications are known: alpha modification (denoted
as hBN due to the hexagonal graphite-like structure), beta
modification with diamond-like cubic crystal structure of a
sphalerite type (denoted as cBN) and gamma-BN with hexagonal
crystal structure (wurtzite type). The last two modifications show
hardness close to that of a diamond. The modification hBN is
used as a solid lubricant. It is embedded into composite materials
and the produced details show antifriction properties [3, 11].
Carbides are difficult to melt and insoluble solids. As a typical
representative of covalent carbides, SiC (also called
carborundum) is characterized by high hardness (about 9 on the
Моос scale), high melting temperature and chemical inertness.
The addition of SiC particles as a second phase to the electroless
coatings has been shown to be one of the methods for improving
their basic characteristics (micro-hardness and corrosion
resistance) [12-14].
Common between the three types of particles is that they find
application in obtaining tools for abrasive treatment of different
materials [15, 16].
The aim of the present study is to obtain composite Ni-P coatings
with the three types of particles (D, BN and SiC) on a flexible
substrate of PET, and to study their possible application for
surface treatment of rock materials. Polyethylene terephthalate
(PET) is a linear homo-polymer with a dominant composition of
polyester fibers. It can be heated and processed into various
forms, such as fibers, sheets, etc. [17, 18].

Table 1. Composition of the solution and working conditions
Composition of the solution
NiSO4.7H2O, g l-1
NaH2PO2.2H2O, g l-1
CH3COONa, g l-1
Lactic acid (80 %), g l-1
Stabilizer 2, mg l-1
Working conditions
рН
Т,°С

25.0
22.0
20.0
20.0
1.0
4.6 – 4.8
82-85

As dispersoids were used particles of: diamond with dimensions
of 3/7 μm (corresponding to a mixture of D particles sized from 3
to 7 μm) and 63/75 μm; cBN – 63/80 μm and hBN 1/5 μm; SiC 7/10 μm and 60/70 μm. Prior to addition to the solution, all
particles were subjected to preliminary treatment in aqueous
solution of sodium laurylsulphonate (SLS) with concentrations of
0.01 g l-1 at room temperature.
The composite coatings were deposited with different time
duration to ensure the incorporation of the different sized
particles. For more evenly distribution, the solution was stirred
by air flow agitation (100 ml min-1 for 250 ml solution) under
different modes, respectively noted in the experimental results.
The mass of the deposited nickel coating (∆m) was determined
gravimetrically – based on the difference in the weights of the
samples prior and after the deposition of the coating.
The morphology and the structure of the coatings, as well as the
particles’ distribution over their surface were studied by means of
scanning electron microscopy (SEM) (JSM 6390, Japan). The
average amount of co-deposited particles (N cm-2) was
determined by the counting in three arbitrarily chosen zones at a
magnification 200x.
A device, designed and manufactured at IPC-BAS was used to
perform tribological tests [20]. The specimens with a diameter of
7 cm were fixed on a support disk, flat-parallel to the surface of
the counter body of limestone. The load on the working disk was
1 kg; the speed of rotation 1000 rpm, and a successive change of
the disks in the direction from larger to smaller size of the
dispersed particles. The working time of the every disk was 1
min.
The roughness parameters Ra and Rz were measured by a
profilograph-profilometer Perthometer C3A (Dr. Ing. Perthen
GmbH).

2. Experimental
Non-woven cloth of PET subjected to reinforcement by
additional pressing was used as a substrate in these
investigations. The samples were pre-treated employing the
following technological scheme [19]: etching in alkaline solution
OA-84-2 (a commercial product of Technical University-Sofia)
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3. Results and discussion
3.1. Conditions for obtaining composite Ni-P coatings on
PET
In our previous papers [8, 15, 16], the influence of the
concentration of the dispersoid in the solution, the deposition
time and the hydrodynamic regime on the inclusion of the
particles, as well as their adhesion to the coating were studied. In
this section are presented only the conditions for obtaining the
composite Ni-P coatings with which the tribological tests are
performed.
All composite coatings were deposited at a dispersoid
concentration of 5.0 g l-1 regardless of the particle size.
Data on the mass of composite coatings and the number of the
incorporated particles during 1 h deposition time are given in
Table 2.

c)

Table 2. Influence of the type and the size of the particles on the
Mass of the composite coating (Δm, g) and number of deposited
particles (N/cm-2) at a deposition time of 1 h.
D

D

hBN

cBN

SiC

SiC

3/7

63/75

1/5

63/80

7/10

60/70

Δm, g

0.3937

0.4355

0.4360

0.2964

0.5014

0.4739

N/cm-2

-

2200

-

11600

-

1200

µm

d)

e)

f)

Fig.1. SEM images of composite Ni-P coatings deposited in the
presence of: Diamond particles - a) 3/7 µm and b) 63/75 µm; c)
hBN particles 1/5 µm; d) cBN 63/80 μm; SiC particles - e) 7/10
µm and f) 60/70 µm.

3.2. Tribological testing of samples with different
dispersoids

For the small particles, the time of stay of the specimens in the
solution of 1 h is quite sufficient to obtain coatings with good
characteristics. No attempt is made to estimate their number
because of their small size and the coverage of some of them by
Ni-P coating. For the larger particles, the composite coating
deposited at that time has a mass insufficient to obtain good
attachment of the particles to the coating. Therefore, for
composite coatings with larger particles, the time of deposition of
5 h is more appropriate (Table 3).

The object of treatment is the limestone material with dimensions
10x10x10 mm.
The change in the mass (Δm) of the limestone samples before
and after treatment with the tested disks is shown in Table. 4.
Table 4. Influence of the type and size of the dispersoid in the
composite coating on the loss of limestone mass (1000 rpm/1
min/1 kg).

Table 3. Influence of the type of the particles on the mass of the
composite coating (Δm, g) and number of the deposited particles
(N/cm-2) at a deposition time of 5 h.

Δm, g

Type of the dispersoid
D 3/7 µm

0.008

D 63/75 μm

cBN 63/80 µm

SiC 60/70 µm

D 63/75 µm

0.067

Δm, g

0.7937

0.7027

0.5292

SiC 7/10 µm

0.001

N cm-2

222600

240500

90000

SiC 60/70 µm

0.056

hBN 1/5 µm

0.001

cBN 63/80 µm

0.011

Composite Ni-P coatings with small particles were deposited by
constant air stirring. This hydrodynamic regime is not suitable for
large particles. An appropriate interrupted hydrodynamic regime
for the large particles was turned out to be 2 min of stirring and
10 min without stirring according to [16, 20].
SEM images of Ni-P coatings obtained on PET under the
selected composition and operating conditions of the nickel
solution (Fig. 1).

The results show that larger particles take away more mass, with
the strongest effect in the case of diamond particles
The abrasive effect of the composite coatings is determined by
the change of the values of the parameters characterizing the
surface roughness (Ra and Rz) (Fig. 2) and the weight loss (Table
4).

20
10
а)

b)

0
D 63/75 µm

D 3/7 µm
Ra

Rz

a)
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Abstract: A system based on BaTiO3 – BaSnO3 (BT-BS) has been developed in search of highly efficient lead-free piezoelectric ceramics.
The powder samples were mixed and homogenized in a ratio of 50%: 50% and 15%: 85%. From the compositions thus obtained, tablets with
the presence of a PVA plasticizer were formed, which were further annealed in a furnace with a corundum backfill. The temperature regime
is in two steps. Drying time up to 800oC with a delay of 1h 30min. and additional heating to 1150°C with one hour delay. The results were
characterized by XRD analysis, the relative dielectric constant of the two samples was determined.
Keywords: CERAMIC, BATIO3, BASNO3, HIGH PERMITIVITTY

I.

Introduction

Alkaline earth mites are interesting compounds in terms of their
dielectric properties. Solid solutions in the BaTiO3-BaSnO3 (BTBS) system have attracted attention in recent years in the field of
nanocapacitors.

II. Experimental part
The raw materials used to prepare the BaSnO3 and BaTiO3 systems
by the sol-gel method are described in a previous publication by the
authors. [17] They are synthesized by sol-gel method and the final
product is in the form of a powder mixture. The synthesis was
carried out at 1100oC. They were initially tested by XRD and TG
with DSC. Two press specimens were formed, in a ratio of 50%
BaSnO3 - 50% BaTiO3 and 15% BaSnO3 - 85% BaTiO3 tablets
using a surfactant, which acts as a binder. The samples were further
annealed until the plasticizer burned at 1250°C. The relative
dielectric constant was determined on the obtained materials and the
two results were compared.

Synthetic BaTiO3, prepared by conventional solid phase method
shows great performance with high εr value of ~ 1900 at room
temperature (30°C), low dielectric loss δ ~ 0,01 and piezoelectric
constant d33~ 191 pC/N [1]. BaTiO3 has five polymorphic structures
showing different phases that vary with temperature [2]. The phase
transition of BaTiO3 at the Curie temperature (Tc) significantly
changes its properties, which are ferroelectric and non-ferroelectric.
The BaTiO3 nepheroelectric shows a hexagonal structure at 1460°C
and a cubic structure at over 120°C [3]. On the other hand, the
ferroelectric properties of BaTiO3 exist in three different
polymorphic crystal structures, which are tetragonal, orthorhombic
and rhombohedral. Zheng et al. [4] studied the effect of grain size
on the dielectric constant and piezoelectric properties of BaTiO3.
They report that the dielectric constant and piezoelectric properties
increase significantly by reducing the grain size. The maximum
grain size was reached around 0.94 μm due to the density of the
domain structure and the area decreased with decreasing grain size.

III. Results and discussion
The phase and the purity of the as-prepared powder were
characterized by X-ray diffraction (XRD), using Cu Kα radiation
фиг. 1 и фиг. 2. XRD analysis shows that the synthesis
temperatures of BaTiO3 powders have a nanostructured nature and
good crystallinity. In addition to the crystalline nature, XRD
showed a cubic structure.

BaSnO3 has a cubic perovskite structure that exhibits n-type
semiconductor behavior at room temperature [5, 6]. BaSnO3 is
thermally stable up to 2000°C, but has a high absorption of moisture
compared to other species [6]. Thus, it is currently used for
thermally stable capacitors and humidity sensors [7, 8]. Meanwhile,
completely dense BaSnO3 ceramics can be achieved by synthesizing
them at temperatures above 1594°C [6]. Huang reported that in
order to obtain single-phase BaSnO3, it is necessary to heat it to
1200°C and achieve a significant amount of grain porosity [9, 10].
In addition, Azad confirmed that grain porosity can be reduced by
milling BaSnO3 at 1600°C [11]. The initial report on materials
based on the findings found that BaSnO3, synthesized at 1200°C,
has a dielectric constant εr~ 14 at 25°C [6]. Kumar reported that
BaSnO3 was sintered at 1200°C for 12 hours using the solid state
method. A huge dielectric behavior of BaSnO3 has recently
emerged, where the dielectric constant εr value reaches ~ 6000
when measured at 220°C and at a frequency of 1 kHz. The εr value
of BaSnO3 is two orders of magnitude higher than previously
reported studies [12, 13]. However, the dielectric constantεr
decreases with decreasing temperature. Therefore, it is assumed that
the lack of oxygen leads to a reduction of Sn4+ to Sn2 + in BaSnO3
samples, which contributes to an anomaly in the value of the giant
dielectric constant εr when the samples were sintered at very high
temperatures of ToC≥1450°C [ 13-16].
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Fig. 1 XRD diagram of synthesized BaTiO3 by sol-gel method.
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presented results the difference between the two compositions is
made.
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Fig. 2 XRD diagram of synthesized BaTiO3 by sol-gel method.
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Figure 2 shows an XRD model of BaSnO3 nanoparticles. All
vertices are indexed with a cubic structure indicating a high XRD
model for BaSnO3 nanoparticles. All peaks are indexed to a cubic
structure. For BaSnO3, which show that the formation of the
BaSnO3 phase was completed during the combustion process itself
without the need for a calcination step. It was found that the crystal
size, calculated from half the maximum of the full width, using
Scherer's formula for the main reflection is∼25 nm. It can be noted
that the single-phase BaSnO3 material can be obtained by the solid
state reaction path only after prolonged calcination of the reaction
mixture at 1100°C with repeated intermediate homogenization.

Fig. 4. εr of BaTiO3 - BaSnO3 ratio 50:50 ceramic pellet vs the
temperature of the pellet.
The effect of the heating on the dielectric permittivity (εr) was
proven by capacitance measurement of the BaTiO3-BaSnO3 ceramic
sample upon temperature variation (Figure 4). Under the
experimental conditions (20ºC to 150ºC), a considerable change of
εr was not observed. The value of εr is staying in the range 1.4 ÷ 2.3
nF/m. Slight reduction of εr followed by it’s restoration is visible in
Figure 4. This effect needs further considerations.
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Fig. 5. εr of BaTiO3 - BaSnO3 in ratio (85%:15%) ceramic
pellet vs the temperature of the pellet.

Fig. 3. TG-DSC of the system BaTiO3 - BaSnO3
Simultaneous analysis of TG-DSC was performed at a heating rate
of 10°C / min of the mixed powder to a temperature of 1200°C. A
characteristic peak is seen at about 250°C. The DSC curve shows a
strong endothermic peak at about 828.5°C, corresponding to the
chemical reaction between barium titanate and tin titanate. The
small endothermic peak of 900 to 1000°C may be due to the
formation and decomposition of a small amount of intermediate
phase Ba2SnO4. There are no mass losses, only 0.11%. The main
information we get from the diagram is a clean temperature bar
(black). There are no characteristic changes of the sample in the
range up to 1200oС.

Figure 5 presents the results of εr of BaTiO3 - BaSnO3 in ratio
(85%:15%) ceramic pellet.
Compared to Figure 4, this graph shows a clear peak at 120°C.
After this temperature the material changes from ferromagnet to
paramagnetic.
The maximum measured value of the relative dielectric constant is
11,000, which is higher than that of pure BaTiO3 - of the order of
6000. Thus, we can conclude that BT-BS ceramics have better
dielectric properties compared to pure BaTiO3.

Determination of relative dielectric constant of BT-BS system in
two different ratios. On the samples prepared in this way, the
measurement of the relative dielectric constant was performed in
order to evaluate and optimize the composition and the
technological regime.Since the dielectric properties of ferroelectric
materials are usually described by relative dielectric constant (εr),
which may vary depending on the change in temperature. In the

IV. Conclusion:
As a result of the performed researches, the following conclusions
can be made: Synthesis of barium-titanate - barium-static ceramics
with high dielectric constant using the sol-gel method for synthesis
of the initial barium-titanate powder. Technology has been
developed for the creation of ceramic tableted test specimens in two
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different proportions. Radiographic analyzes of BaTiO3 - BaSnO3.
The sintering temperature was determined by DSC at 1200oС.
Ceramics can find application in the development of dielectrics for
supercapacitors.
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Monolayer FeSe Superconductor on Si(001):
Electronic Structure Calculations
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Abstract: Iron-based unconventional superconductors have attracted intense interest after the critical temperature of FeSe was enhanced by
more than one order of magnitude. This was achieved for FeSe placed on top of an insulating oxide substrate with its thickness reduced to
the nanometer limit. There are numerous indications of the critical importance of specific features of the FeSe electronic structure in the
vicinity of the Fermi surface. Here, we explore how the FeSe band topology changes when located on a Si(001) surface, by first-principles
calculations based on the density functional theory. We determine which interface arrangement is preferred and what is the optimal distance
between FeSe and Si. Our calculations reveal interesting effects of Si proximity on the FeSe band structure. Bands corresponding to hole
pockets at the Γ point in NM FeSe are generally pushed down below the Fermi level. We explain these changes by a redistribution of
electrons between different Fe orbitals rather than charge transfer to/from Si.
Keywords: SUPERCONDUCTIVITY, INTERFACE EFFECTS, THIN LAYERS , FIRST PRINCIPLES CALCULATIONS
here assumed nonmagnetic state, e.g. zero spin-polarization for all
atoms.

1. Introduction
FeSe superconductor has been attracting attention in recent
years due to its simple structure, open questions regarding its
magnetism and pressure dependence of superconducting transition
temperature. Furthermore, the critical temperature has been shown
to increase dramatically when FeSe with nanoscale thickness is
situated on oxide substrates, up to 100 K for monolayer FeSe on
SrTiO3 substrate [1].

(a)

Superconductivity strongly depends in these compunds on
detailed band fillings, and information about the change of
electronic structure could help to predict whether superconducting
transition temperatures may increase or not [2]. The Fermi surface
(FS) of bulk FeSe indicates nesting between hole pockets at Γ and
electron pockets near M points [3]. However, the electronic
structure of FeSe on SrTiO3 undergoes a Lifshitz transition, during
which the hole pockets at Γ vanish [1]. It was found that for FeSe
on SrTiO3 , an even higher TC can be achieved by the deposition of
potassium atoms onto FeSe, which leads to electron doping [4].
This increase in TC is associated to another Lifshitz transition,
where electron pockets appear at Γ [5]. Connections between
Lifshitz transitions and an increase in TC have already been
discovered for other Fe-based superconductors.

(b)

The physical mechanism of superconductivity of FeSe SC at the
interface to non-conductive perovskite-type oxide substrates is
under intense debate, but only few other substrates have been
studied for comparison. In this work, we study the interface
between FeSe and semiconductingve Si(001) by ab initio DFT
methods. Like SrTiO3, Si(001) has an in-plane lattice constant,
which is comparable to that of FeSe (mismatch 1%), and thus might
allow a large-scale single-crystalline interface growth without
formation of azimuthally rotated FeSe domains as observed on
unmatched substrates [6]. We examine here the electronic structure
of FeSe monolayers interfaced to Si with a special attention to
features considered important for supeconductivity. We show
changes in the energetical distribution of individual bands that can
be tracked in atom-resolved densities of states as well as in
occupations of individual Fe 3d orbitals.

Fig. 1 Atomic structure of an FeSe monolayer on the Si(001) surface with
two possible interface configurations: (a) IC1, (b) IC2. For both the top
view and side view is shown. Top view includes Si atoms from the interfacial
layer plus Fe and Se atoms. Images were drawn using the 3D visualization
program for structural models, VESTA.

2. Methods
The full-potential linear augmented plane wave (FP-LAPW)
method implemented in the band structure program ELK [7] has
been employed in density funtional theory calculations. The
generalized gradient approximation (GGA) parametrized by
Perdew-Burke-Ernzerhof [8] has been used to determine the
exchange-correlation potential. Spin-orbit coupling (SOC) is known
to play key role in FeSe electronic structure near the Fermi level [9]
and has been included in the calculation. Calculations presented

The FeSe adlayer on Si has been modelled using 8 Si(001)
layers. Within the supercell an 8 Å thick vacuum spacer was
included to simulate the surface. The full Brillouin zone has been
sampled by 10 x 10 x 1 k-points. For each magnetic and interface
configuration we have found the optimal distance dSi-Se between the
interfacial Si plane and its neighboring Se plane with respect to the
total energy. The results were compared to the free-standing FeSe
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monolayer serving as a special idealized limiting case, in order to
elucidate which properties originate from the Si interface and which
are due to the FeSe thickness reduction down to the monolayer
limit. The free-standing monolayer is not expected to be stable
according to DFT calculations [10].

Si, in the case of IC1 configuration (Fig. 3 (d)), there is apparently very
strong hybridization with Si interfacial bands indicated by the loss of
Fe/Se character at some points of the Brillouin zone. It is much
stronger than for IC2 (Fig. 3 (c)) due to the smaller distance of FeSe to
the substrate. Especially the Fe band located below −2 eV with energy
minimum at Γ is affected. To understand the shift of the Fermi level
relative to different bands, we have also extracted the orbital-resolved
DOS for Fe atoms. For FeSe on Si the occupation of dyz is increased,
while that of dxy and dz2 is reduced. the degeneracy between dxz and
dyz orbitals is lifted due to the reduced symmetry in the system. The
two FeSe electron pockets located at the M point became flatter and
the outer one of them (mostly of dxy character) is strongly hybridized
with Si [11].

In our bandstructure plots we show only bands with a
significant projection onto FeSe atomic orbitals. Fe and two nonequivalent Se atoms are distinguished by colors, while the
respective color intensity indicates the amount of projection to these
atoms.
Notably the presence of FeSe on Si(001) leads also to a small
straining as compared to the bulk FeSe case. In our calculation the
FeSe lattice constant is accomodated to that of Si, a = 3.85 Å, which
means its enlargement by 2.5% (slightly less than in the case of
SrTiO3).

3. Results and discussion
There are two plausible relative arrangements of the Si surface
w.r.t. the FeSe ML, denoted as interface configurations IC1 and IC2
(see Fig. 1). IC1 introduces a larger difference in the environment of
the two Fe atom sublattices, resulting possibly in a difference of the
corresponding magnetic moments. IC1 is energetically more favorable
according to our calculations [11].
One of the key parameters affecting the electronic structure of
FeSe adlayers is the distance from the substrate. The optimal distance
differs between the studied cases, being larger for IC2 compared to
IC1 configurations (see Fig. 2). In all cases the distance was smaller
than the value found for the SrTiO3 interface [12], probably due to the
low atomic density of the Si lattice and the tendency of Si to form
covalent bonds. For NM IC1 we obtain the shortest interplane distance
dSi-Se=1.47 Å, which is slightly larger than the chalcogen plane distance
from the Fe plane.

Fig. 3 Bandstructure cuts of (a) bulk FeSe, (b) free-standing FeSe ML, (c)
1ML FeSe on top of Si, IC2 (d) 1ML FeSe on top of Si, IC1, Colors indicate
atomic character: red (Fe), blue (Se in the plane closer to the surface),
green (Se in the plane closer to Si). .

Our theoretical contribution on FeSe - Si(001) interfaces is not
only interesting from a fundamental physics point of view, but may
have an impact on future nanotechnological applications or in the area
of quantum computing [12]. The Si(100) surface is the most important
facet for silicon-based metal–oxide semiconductor device fabrication.
Moreover, we want to mention that instead of serving as a substrate,
silicon may also become important to terminate and protect FeSebased heterostructures from deterioation in air: most studies on SC in
FeSe/SrTiO3 heterostructures use scanning-tunneling spectroscopy
(STS) and angle-resolved photoemission spectroscopy (ARPES)
studies performed under ultra-high vacuum conditions, but FeSe is
found to be susceptible to contaminants like water, reducing Tc
drastically [15].

Fig. 2 Total energy relative to its minimum value (∆E = E - Emin) as a
function of the distance dSi-Se between Si and Se layers for a FeSe monolayer
on the Si(001) surface with two possible interface configurations IC1 and
IC2.

There is not too big difference between band structures of freestanding monolayer FeSe and bulk FeSe regarding features near the
Fermi level (Fig. 3 (a) and (b)). In both cases, similar hole pockets near
Γ and electron pockets near M are present, with only quantitative
differences between them, in approximate agreement with previous
calculations [13]. Comparing Fig. 3 (b) for the free-standing ML FeSe
and Fig. 3(d) for the most favorable IC1 configuration we observe that
the Fermi level is positioned differently w.r.t. bands. Some bands
originally crossing the Fermi level are pushed below it, with only a
small hole pocket at Γ remaining. However, our calculations do not
show a significant charge transfer between Si and FeSe. For FeSe on

4. Conclusions
We have predicted the optimal interface configuration and
interlayer distance for FeSe monolayer on Si(001). Calculated
electronic structure shows that some FeSe bands originally crossing
the Fermi level are pushed below it due to Si proximity, and the
remaining hole pocket around Γ is significantly suppressed.
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Complete removal of hole pockets from the Fermi surface, as
observed for the SrTiO3 interface, appears to be possible. Bands
corresponding to electron pockets centered at M were flattened and
one of them strongly hybridized with Si. This is connected to a
redistribution of charge between different Fe 3d orbitals, during
which also the degeneracy between dxz and dyz orbitals is lost.
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