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The influence of steam extractions operation dynamics on the turbine efficiencies and losses
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Abstract: In this paper are presented results of a low-pressure steam turbine energy and exergy analysis during turbine extractions
opening/closing. All possible combinations of extractions opening/closing are observed. The highest mechanical power which can be
produced by this turbine (when all steam extractions are closed) is 28017.48 kW in real and 31988.20 kW in an ideal situation. For all
observed steam extractions opening/closing combinations is obtained that energy efficiency and energy losses range is relatively small (from
87.56% to 87.94% for energy efficiency and from 3360.46 kW to 3970.72 kW for energy losses). Trends in energy and exergy losses
(destructions) are identical for all observed extractions opening/closing combinations. Analyzed turbine efficiencies (both energy and
exergy) will decrease for a maximum 1% during the steam extractions closing. Turbine steam extractions closing decrease turbine
efficiencies and increases turbine losses (destructions), what is valid from both energy and exergy aspects.

KEYWORDS: STEAM TURBINE, STEAM EXTRACTIONS, OPERATION DYNAMICS, EFFICIENCY, LOSSES

1. Introduction

A variety of steam turbines can be found in the power plants
worldwide. Main steam turbines are usually complex steam turbines
which consist of several cylinders connected to the same shaft [1,
2]. Auxiliary steam turbines are usually used for the additional
mechanical power producing or for a direct drive of various
mechanical power consumers [3, 4].

It should be highlighted that nowadays, steam turbine is not the
mechanical power producer only, it is also a machine for steam
delivery (heat energy delivery) to various heaters inside the power
plant [5, 6]. Steam delivery to the heaters is performed through
steam turbine extractions. Complex multi-cylinder steam turbines
usually have few steam extractions from each cylinder [7, 8], while
auxiliary steam turbines usually did not have any steam extraction
[9]. Therefore, steam extractions are essential part of recent steam
turbines and they can notably influence steam turbine performance.

Steam turbine performance during various extractions operation
dynamics can be investigated by using several possible techniques —
two of such techniques are energy and exergy analyses [10, 11],
which are applied in this paper.

In this paper is performed analysis of low-pressure steam turbine
developed power, energy and exergy efficiencies as well as losses
for each possible steam extractions opening/closing combination.
Steam extractions closing will surely increase turbine developed
power, but it is interesting to observe what will happen with turbine
efficiencies and losses in such operating regimes.

2. Description of the analyzed steam turbine

Scheme of the analyzed low-pressure steam turbine along with
operating points required for the analyses, is presented in Fig. 1.

Low-pressure turbine analyzed in this paper is the last cylinder
of a complex, two cylinder steam turbine. Both cylinders (high-
pressure and low-pressure cylinder) are connected to the same shaft
which drives an electric generator. Between mentioned cylinders is
mounted re-heater. Details related to the whole described turbine
and power plant in which it operates can be found in [12].

Steam re-heater delivers superheated steam to the analyzed low-
pressure turbine. The turbine has four steam extractions (operating
points 2, 3, 4 and 5) which are used for steam delivery to the
components of low-pressure feed water heating system (deaerator
and low-pressure feed water heaters) [13]. The remaining steam
mass flow rate, which expand through all the stages of the observed
turbine, is finally delivered to steam condenser for condensation
[14].

The observed steam turbine is analyzed as an independent
component (the influences of steam extractions opening/closing on
other power plant components or on the entire steam power plant
are not considered). Due to simplicity, it is considered that each
steam turbine extraction can be fully opened or fully closed
(partially opened extractions are not observed).

From re-
heater

Low-pressure turbine

Power
consumer

To steam
condenser

To 1% low-
pressure
feed water
heater

To 2" low-
pressure feed
water heater

To 3 low-
pressure feed
water heater

| To deaerator

Fig. 1. Scheme and marked operating points of the analyzed low-
pressure steam turbine

Ideal (isentropic) and real (polytropic) steam expansion
processes through the analyzed turbine are shown in Fig. 2
(operating points are in accordance to Fig. 1). Real (polytropic)
steam expansion process is marked with numbers from 1 to 6, while
ideal (isentropic) expansion is marked with numbers from 1 to 6i.
Ideal (isentropic) process assumes that steam specific entropy
remains constant during expansion [15]. Steam extractions are
marked with red arrows (operating points 2, 3, 4 and 5).

[

Ideal (Isentropic) expansion | | Real (polytropic) expansion |

"V.I-Pz
/ )

Saturation line

Fig. 2. Steam real (polytropic) and ideal (isentropic) expansion
processes through the analyzed turbine in h-s diagram

3. Equations for the low-pressure steam turbine
energy and exergy analysis

3.1. General energy and exergy equations and balances
The main energy and exergy balance equations are [16]:

Qin +Pin +2Enin = Qout +Pout +ZEn0ut +EnLl (l)
Xin +Pin +ZExin =Xout +Pout +ZExout + Eva (2)
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where Q and X are heat energy and exergy transfer, P is
mechanical power, index in is related to the inlet (input), index out
is related to outlet (output) and index L is related to the loss (energy
or exergy). En and Ex are total energy and exergy flow of any fluid
stream which can be calculated as [17]:

En=m-h, (3)
Ex=m-¢, 4)

where m is mass flow rate, h is specific enthalpy and ¢ is
specific exergy. Always valid mass flow rate balance is:

X My, = 2 Moyt s (5)

while overall energy and exergy efficiency equation can be
presented as [18]:

cumulative energy (exergy ) output (6)

Nen (ex) = cumulative energy (exergy ) input

3.2. Equations for the energy and exergy analysis of the
observed low-pressure steam turbine

Equations for the energy and exergy analyses of the investigated
low-pressure steam turbine are presented in this subsection for a
situation when all of the steam extractions are open. Equations for
the turbine energy and exergy analyses when one or more steam
extractions are closed will be defined by using the same equations
(mass flow rate through closed extraction is equal to zero).

Equations for the low-pressure steam turbine energy analysis (all
steam extractions open), according to Fig. 1 and Fig. 2, are:

- Turbine real (polytropic) mechanical power:

Pe =1y (hy — hy) + (g —1mp) - (hy — h3) +
(my — 1y —mg) - (hs — hy) + (Mg — 1y —1hg —1y) - (7)
(hy — hs) + (My — 1y — Mg — 1y —1h15) - (hs — he).

- Turbine ideal (isentropic) mechanical power:
Py =1y * (hy — hy;) + (g — 1) - (hy — hsi) +
(g — My —m3) - (hg; — hey) + Oy —1hy — 13 — ®)
1) - (hai — hsp) + Oy — 1y — My — 1y — Mhg) -
(hsi — hei).
- Turbine energy loss (energy destruction):
En, = Pg — Pe. C)]

- Turbine energy efficiency:

Pre
Men = 5 (10)

id

Exergy analysis depends on the ambient conditions. The ambient
conditions (dead state conditions) in this analysis are: pressure of 1
bar and a temperature of 25 °C. For the steam turbine exergy
analysis, the relevant turbine mechanical power is real (polytropic)
power, calculated by Eq. 7 for the situation when all steam
extractions are open. Equations for the exergy analysis of
investigated low-pressure steam turbine with all steam extractions
open, Fig. 1, are:
- Turbine exergy inlet (input):

Exi, =1y - &1 (11)
- Turbine exergy outlet (output):

Exout=Th2'$2+m3'83+m4'84+m5'85+ (12)
m6'86+Pre.

- Turbine exergy loss (exergy destruction):
Ex, = Exyy, — Exgy:. (13)

- Turbine exergy efficiency:

Pre

Mlex = Exin—Exout +Pre (14)

All equations for the analyzed turbine during one or more steam
extractions closing remains the same as presented above, from Eq. 7
to Eq. 14. The closing of one or more steam turbine extractions
means that steam mass flow rate through closed steam extraction is
equal to zero. All other steam operating parameters remain the same
as in the situation when all steam turbine extractions are open. The
calculation principle is always the same, regardless of observed
steam turbine extractions opening/closing combination.

4. Steam operating parameters required for low-
pressure steam turbine energy and exergy analysis

Each fluid flow stream operating parameters (in each operating
point from Fig. 1) measured in the power plant are found in [12].
Using measured operating parameters, all the others, required for
the energy and exergy analyses are calculated with NIST-Refprop
9.0 software [19]. Steam operating parameters in each operating
point from Fig. 1 and Fig. 2 are presented in Table 1 for real
(polytropic) expansion process and in Table 2 for ideal (isentropic)
process. It should be highlighted that ideal expansion process is a
process between the same pressures and it uses the same mass flow
rates as the real (polytropic) process, but in ideal process steam
specific entropy remains always constant, as at the turbine inlet.

Table 1. Steam operating parameters in each operating point of the
analyzed turbine — real (polytropic) steam expansion

Specific | Specific |Specific

oP. Tempoerature Pressure [Mass flow| enlihalpy er?tropy e';ergy
C) (bar) |rate (ko/s) "y 30) | (kd/ke-K) | (Ka/kg)

1 371.000 17.090 | 33.200 | 3187.0 | 7.1065 |1072.8
2 279.153 7.980 3.170 | 3012.8 | 7.1574 | 883.4
3 165.472 2.730 1.790 | 2796.0 | 7.2027 | 653.1
4 98.456 0.960 1570 | 2625.4 | 7.2442 | 470.1
5 68.301 0.290 1.240 | 2455.8 | 7.2892 | 287.1
6 41.490 0.080 | 25.430 | 2343.1 | 7.4868 | 115.4

O.P. = Operating point (refers to Fig. 1.)

Table 2. Steam operating parameters in each operating point of the
analyzed turbine — ideal (isentropic) steam expansion

oP Pressure | Mass flow | Isentropic specific | Isentropic specific
© | (bar) | rate(kg/s) | enthalpy (kJ/kg) | entropy (kJ/kg-K)
1 | 17.090 | 33.200 3187.0 7.1065
2i | 7.980 3.170 2985.1 7.1065
3i | 2.730 1.790 2754.8 7.1065
4i | 0.960 1.570 2574.3 7.1065
5i | 0.290 1.240 2393.5 7.1065
6i | 0.080 25.430 2223.5 7.1065

O.P. = Operating point (refers to Fig. 2.)

Steam operating parameters in each analyzed turbine operating
point found in [12] were presented in a situation when all steam
extractions are open. Steam extractions closing do not affect steam
operating parameters, they remain the same as presented in Table 1
and Table 2 (only the steam mass flow rate is set to zero for any
closed extraction).

The analyzed low-pressure steam turbine has four steam
extractions (operating points 2, 3, 4 and 5, Fig. 1). All possible
combinations of the steam extractions opening/closing are presented
in Table 3. Turbine operating parameters were investigated for each
possible combination.

From Table 3 can be seen that the first combination is when all
steam turbine extractions are open while the last combination is
when all steam turbine extractions are closed. There are four
possible combinations when one turbine extraction is closed and all
the others are open (combinations from 2 to 5, Table 3) and six
possible combinations when two turbine extractions are open and
two are closed (combinations from 6 to 11, Table 3). Finally, there
are four possible combinations when three steam extractions are
closed with only one open (combinations from 12 to 15, Table 3).
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Table 3. Steam extractions opening/closing combinations

Steam extractions Steam extractions™

combination number (2-3-4-5)
1 0-0-0-0
2 C-0-0-0
3 0-C-0-0
4 0-0-C-0
5 0-0-0-C
6 C-C-0-0
7 0-C-C-0
8 0-0-C-C
9 C-0-C-0
10 C-0-0-C
11 0-C-0-C
12 C-C-C-0
13 0-C-C-C
14 C-0-C-C
15 C-C-0-C
16 C-C-C-C

* 0 = extraction open; ¢ = extraction closed

5. The results of the low-pressure steam turbine
energy and exergy analysis during steam extractions
opening/closing

The change in real (polytropic) and ideal (isentropic) turbine
mechanical power during steam extractions opening/closing is
presented in Fig. 3. It is evident that trends in both ideal and real
power are identical and that ideal power is higher than the real one,
regardless of the observed combination (because the ideal power
did not consider losses which occur during steam expansion).

As can be expected, combination 1 when all steam extractions
are open resulted with the lowest mechanical power, while
combination 16 which represents all closed steam extractions
resulted with the highest produced mechanical power (both ideal
and real). The highest mechanical power which can be produced by
this turbine (all steam extractions closed) is 28017.48 kW in real
and 31988.20 kW in an ideal situation. If only one steam extraction
is closed (combinations from 2 to 5), the highest produced
mechanical power is observed when the first steam extraction is
closed (combination 2). In the situation of two closed extractions
(combinations from 6 to 11), the highest power is obtained when
first two extractions are closed (combination 6). Finally, the highest
power in the situation when three steam extractions are closed is
obtained in combination 12 when first three extractions are closed.

From Fig. 3 can be concluded that closing the steam extractions
which are the closest to the turbine inlet has a notable effect on the
increase in turbine power because more steam will expand through
the turbine and more mechanical power will be produced.

33000

-#-Real (polytropic r—t 31588.20
32000 {polytropic) a31777.40
—#-Ideal {isentropic) 31226.64

30826.37
31000 | 3143744

fsoars.e2

30000
28812.37]
23000 . -
26000 1 ¢[z7ge1.35 2841240 arariy|
2743452
21000 27067.04] [26763.58] zma 21|
26623.83] /\\ 27206.79
s —— ::\m s
26000 wrpp
8
\.\Z l 25591 53]
[2s451.32]
L ./ 25nss ascas6d]
[24500.86] 2484409 [24sa0.c2|

24000

31037.17)

2987398
2902847} -

faca] amez2.90 |2amun

Power (kW)

1 2 3 4 5 6 7 8 9 10 1 12 13 1 15 16

Steam extractions opening/closing combination number

Fig. 3. Change in real (polytropic) and ideal (isentropic) power
during turbine extractions opening/closing

The influence of steam extractions opening/closing on the
observed low-pressure turbine energy efficiencies and energy losses
is presented in Fig. 4. The highest energy efficiency and the lowest
turbine energy loss can be seen when all steam extractions are open
(combination 1), while one of the lowest turbine energy efficiency
and the highest energy loss is observed in a situation when all steam
extractions are closed (Combination 16). For all observed steam
extractions opening/closing combinations, it can be concluded that

energy efficiency and energy loss range is relatively small (from
87.56% to 87.94% for energy efficiency and from 3360.46 kW to
3970.72 kW for energy loss).

Final conclusion which can be derived from Fig. 3 and Fig. 4 is
that steam extractions closing increases produced mechanical power
and energy losses, while simultaneously decreases turbine energy
efficiency.

4100

4000

3900

3800

3700

3600

Energy losses (kW)
Energy efficiency (%)

3500

2401

2

330

2

3200

Steam extractions opening/closing combination number

Fig. 4. Change in energy losses and energy efficiencies during
turbine extractions opening/closing

Exergy input of the observed turbine is always the same (equal to
35616.96 kW), regardless of the observed extractions
opening/closing combination. However, turbine exergy output is
changing for the observed extractions opening/closing
combinations, as presented in Fig. 5. The highest turbine exergy
output equal to 32498.99 kW can be observed in combination 1 (all
extractions opened), while the lowest turbine exergy output equal to
31848.76 kW is obtained in combination 16 (all extractions closed).
From Fig. 5 can also be observed that steam extractions closing
from the turbine inlet to the turbine outlet reduce exergy output.

32600

32438.89
32500 11—
3242583
32400 3238532
32347.20
231246
32300 3227404
22338

32187.38
32200 3216037
3211422
32100 32073.71
3203559

3200055
32000 3196243
a1921.92
31500 H stosats
31800 M
0 1M 12 13 1w 15 18

Steam i i i ination number

Exergy output (kW)

Fig. 5. Change in exergy output during turbine extractions
opening/closing

Change in exergy loss (exergy destruction) and exergy efficiency
of the observed low-pressure steam turbine during extractions
opening/closing is presented in Fig. 6.

Comparison of turbine energy losses (energy destructions), Fig.
4, and turbine exergy losses (exergy destructions), Fig. 6, shows
that the trends in losses are identical for all observed extractions
opening/closing combinations. Exergy efficiencies show slightly
different trends in comparison to energy efficiencies. However, the
dominant conclusion is valid regardless of the observed analysis —
steam extractions closing decreases turbine efficiencies and
increases turbine losses (destructions).

For the observed extractions opening/closing combinations,
turbine exergy efficiency range is between 88.71% and 88.14%. It
can be concluded that observed turbine efficiencies (both energy
and exergy) will decrease for a maximum 1% during the steam
extractions closing.

Further analysis related to the observed low-pressure steam
turbine and steam extractions opening/closing combinations will be
based on various Artificial Intelligence (Al) methods and processes
[20-22]. The aim will be to find optimal steam extractions
opening/closing combination (along with partially opened
extractions) to perform the complete optimization of the observed
steam turbine.
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Fig. 6. Change in exergy losses and exergy efficiencies during
turbine extractions opening/closing

6. Conclusions

This paper presents energy and exergy analysis results of a low-
pressure steam turbine during its extractions opening/closing. It is
observed all possible combinations of extractions opening/closing,
with whole mass flow rates (partial mass flow rates were not
observed). The most important obtained conclusions are:

- The highest mechanical power which can be produced by this
turbine (when all steam extractions are closed) is 28017.48 kW in
real and 31988.20 kW in an ideal situation.

- Closing the steam extractions which are the closest to the turbine
inlet has a notable effect on the increase in turbine power because
more steam will expand through the turbine and more mechanical
power will be produced.

- For all observed steam extractions opening/closing combinations
is obtained that energy efficiency and energy losses range is
relatively small (from 87.56% to 87.94% for energy efficiency and
from 3360.46 kW to 3970.72 kW for energy losses).

- Trends in energy and exergy losses (destructions) are identical for
all observed extractions opening/closing combinations.

- Observed turbine efficiencies (both energy and exergy) will
decrease for a maximum 1% during the steam extractions closing.

- Steam extractions closing decreases turbine efficiencies and
increases turbine losses (destructions), what is valid from both
energy and exergy aspects.
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Abstract: Scientific methodologies have been created and applied during the analysis upon worm gear drives. Important parameters have
been selected in order to make significant investigations in the area of worm gear efficiency and load capacity. The efficiency coefficient and
maximal torque values have been studied for several combinations of modules, ratios, center distances, etc. The results have been presented
and analysed through three-dimensional graphics. Conclusions are made.
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1. Introduction

A worm drive is a power transmission device in which a worm
meshes with a worm gear to transmit power between two non-
intersecting shafts that are oriented at a right angle. Worm gear
drives are quite suitable for transmitting large gear ratios in one
stage.

Some important features of worm gears are:

= A probability to achieve self-locking when reversing the
direction of the power flow;

Quiet operation capacity;
Suitable when the space is limited;

=
=
=  Absorption of shock loading;
=

Minimum maintenance.

Small changes in parameters of worm gear drives can lead to
the significant savings which is not the case in other drives [8]. This
makes the selection of parameters of these drives to be a very
important topic, which product development engineers are often not
aware.

The main criterion for worm gear load capacity is the output
torque of the worm gear shaft, which is directly connected to the
driven machine. Output torque values could be limited certain
conditions during transmission operation. Some significant
boundary conditions are [1, 2, 3, 14]:

=  pitting, which can appear on the active flanks of the worm
gear teeth;

= wear, which usually on the flanks of the bronze worm gear;

= heating of transmission and scuffing, which depends on the
load and sliding velocity values.

The friction coefficient in the meshing represents a complex
characteristic regarding the quality of the worm gear train. Several
different approaches and models have been presented in previous
research by the authors’ team. The German standard DIN 3996:
2012-09 describes a short and clear approach [12]. On the other
hand, the approach described in [16] and [17] presents a more
complex and detailed method.

Besides, the investigations described in [16] and [17] treat other
important problems for worm gear drives. The authors of these
publications analyze the temperature and temperature variations in
the contact meshing area. They emphasize that these variations
could have relative great influence upon the wear of the worm
gears. In other previous publications of the authors’ team, the
calculations for various parameters of worm gears have been
analyzed. Some main calculation approaches are standardized in
[10, 9, 11, 13].

The authors’ team and other scientists from the University of
Ruse have successfully completed some investigation tasks in the
field of energy efficiency of drive systems and transmissions. The

results of these studies are presented in detail in the following
publications: [1-7].

2. A historical overview of this research

In [14], a new methodology was been created including several
stages. The methodology involves the application of the scientific
approach described in [15].

The new methodology from [14], starts with calculating the
tangential frequency, the sliding speed, the efficiency coefficient,
and the important tribology parameters. The calculations are carried
out for a worm made of case-hardened steel 16 MnCr5 and for a
worm made of GZ-CuSnl2Ni. The necessary parameters are
defined, trough which it becomes possible to determine the maximal
actual contact stresses. Upon these calculations, the maximal output
torque T, is determined. A database is generated and a graphical
presentation is created.

Also, an optimization procedure has been created aiming to
improve the load capacity parameters of worm gear trains [14].
Different functional parameters and certain geometry parameters
have been taken into account such as rotating frequency of the
worm shaft, gear ratio, module and geometry dimensions of the
worm gear set.

Based upon the methodology described, in [14, 15] a substantial
investigation has been carried out. The object of analysis and
discussion of the paper presented will be the results concerning the
center distance a = 50 mm. The calculation results for the efficiency
coefficients 1z and maximal output torques T, in Nm depending on
gear ratios i and modules m (in mm) at center distance a = 50 mm
and n, = 1500 min? are summarized in Table 1 [14]. The
calculations are carried out with 9 different values of the gear ratios
i and 3 different values of the module m.

Table 1: Results for center distance a = 50 mm and n, = 1500 min™*

i m ni T2
1 4.83 25 0.9314 14.97
2 7.25 25 0,9120 24,79
3 9,5 2 0,8994 30,91
4 14,5 2,5 0,8478 58,43
5 19 2 0,8289 72,67
6 29 25 0,7445 | 136,61

On this stage of the research, a question haw to present and
analyze the data obtained raising.

In [1, 2, 14, 15] this is solved with the help of the software
system MS Excel. A plain 2-D graphs are created to visualize the
relations obtained.

In [18] is analyzed an idea to use the flexibility and power of
the contemporary computer-aided mathematics software systems.

For example, Fig. 1 and Fig. 2 [14] shows the variation of
coefficient of efficiency and output torque in a graphical way
depending on the values of the gear ratio and the module.
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Fig. 1. Variation of the efficiency coefficients and maximal output torques
for a center distance a = 50 mm and rotation speed of worm gear shaft n;
= 1500 min™.,

Fig. 2. Variation of the efficiency coefficients and maximal output torques
for a center distance a = 50 mm and rotation speed of worm gear shaft n, =
1000 min™,

In [14], a conclusion has been made that the area of maximal
values of efficiency efficient and output torques is located in the
gear ratio interval between 20 and 29 with modulus equal to 2 mm
and 2.5 mm.

3. A new methodology — data interpolation and
three-dimensional visualisation

The contemporaly growth of software systems provides
powerfull new opportunities in all areas of engineering and science.
This also applies to the field of mathematics. The systems
MATLAB, Wolfram Mathematica and Maple can be cited as
leading systems for computer-aided mathematics [18].

With the help of software system MATLAB, the calculated in
[14, 15] data has been interpolated and visualized [18]. This gives
two new abilities, as follows:

= An ability to directly signify the relations between three
parameters (or even between four parameters, if the color
in set as independent indicator);

= An ability to render relations in uninterrupted three-
dimensional space (or even in four-dimensional space, if
the color in set as independent indicator).

It follows some three-dimensional visualisation created and the
conclusions obtained from them.

3.1. Efficiency coefficient in relation from ratio and module

Colored three-dimensional graphs are created for the all
combinations of:

= center distances: a = 50 mm, a = 63 mm, a = 80 mm, and
a=125mm

and

= input rotation speeds: n; = 750 min™, n; = 1000 min™, n,
= 1500 min™.

In this paper are presented some of the characteristic plots. On
Fig 3 is shown a graph composed of two planes. The second plane
is located in the left down corner on Fig. 3a, but for this to be
visible, the graph must be rotated as it is shown on Fig. 3b. The
black straight line is the border between the planes.
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Fig. 3. Efficiency coefficient in relation from ratio and module for
center distance a = 63 mm and rotation speed n, = 1500 min™.

From Fig. 3, it can be observed that the efficiency coefficient
increases with the increase of the module and the decrease of

the ratio.

On Fig 4 is presented an analogical case, i.e., a surface that
interpolates data points, one of which is higher than others. The
relations of the efficiency coefficient from the ratio and module
remains the same as on Fig 3.
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Fig. 4. Efficiency coefficient in relation from ratio and module for center
distance a = 50 mm and rotation n; = speed 1000 min.

The next plot is example for two data points located about the
middle of the interpolated surface, which are out of the plane — Fig.
5. It can be observed that in these points the efficiency coefficient
has a higher value, than in the other points of the interpolated plane
surface.
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Fig. 5. Efficiency coefficient in relation from ratio and module for
center distance a = 63 mm and rotation speed n, = 750 min™.,

And, as the end of this section, Fig. 6 shows a different picture.
There is a data point with lower value of the efficiency coefficient
than other points in the plane interpolated surface. That is in the top
left corner, i.e., in the area with higher values of the efficiency

coefficient.
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Fig. 6. Efficiency coefficient in relation from ratio and module for center
distance a = 100 mm and rotation speed n; = 1500 min™.

The trend of the dependence of the efficiency coefficient
from the ratio and module permanently becomes unchanged
and is confirmed in all four figures from Fig. 3 to Fig. 6.

3.2. Efficiency coefficient in relation from ratio and output
torque

On Fig. 7 is shown a relation of the efficiency coefficient from
the ratio and the output torque T,. It can be concluded that, the
efficiency coefficient grows with decreasing the output torque
and the ratio.

The software system MATLAB gives the ability multiple three-
dimensional surfaces to be superimposed. On Fig. 8b are presented
two three-dimensional relations together for center distance a = 63
mm and rotation speed n; = 1500 min’?, as follows:

= the dependence of the efficiency coefficient from the ratio
and module;

= the dependence of the efficiency coefficient from the ratio
and output torque.

The relations for efficiency coefficient ant the output torque for
other center distances and input rotation speeds are also
investigated. Some of them are shown oh Fig. 9, Fig. 10, and Fig.
11. From these graphs, it can be concluded that the trend of the

dependence of the efficiency coefficient from the ratio and the
output torque becomes unchanged, i.e., the efficiency coefficient
grows with decreasing the output torque and the ratio.

The presented results can be used for performing an
optimization process with MATLAB Optimization Toolbox [18]. It
provides functions for finding parameters that minimize or
maximize objectives while satisfying constraints. The toolbox
includes solvers for linear programming (LP), mixed-integer linear
programming (MILP), quadratic programming (QP), second-order
cone programming (SOCP), nonlinear programming (NLP),
constrained linear least squares, nonlinear least squares, and
nonlinear equations.
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Fig. 7. Efficiency coefficient for center distance a = 80 mm and
rotation speed ny = 1500 min™.
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Fig. 8. Efficiency coefficient for center distance a = 63 mm and
rotation speed n; = 1500 min™: a — efficiency coefficient in function of
ratio and torque; b — with superimposed surface of efficiency coefficient
in function of ratio and module.
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Fig. 11. Efficiency coefficient and output torque for center distance a =
125 mm and rotation speed n; = 750 min™.

4, Conclusions

The efficiency coefficient and maximal torque values have been
investigated for several combinations of modules, ratios, center
distances, etc. The results have been presented and analyzed
through three-dimensional graphics. For the aim of this, a new
methodology based on data interpolation and three-dimensional
visualization are developed and applied.

From the results obtained, it can be concluded that the
efficiency coefficient increases with the increase of the module and
the decrease of the ratio. This trend remains for all the cases
studied. Although this trend, there is some exceptions for local
points as it is noted specifically when the graphs were discussed.

12

It is established that the efficiency coefficient grows with
decreasing the output torque and the ratio. This trend is also stable
for all cases studied.

MATLAB Optimization Toolbox™ lets design optimization
tasks to be conducted. It includes parameter estimation, component
selection, and parameter tuning. In combination with computer-
aided design software (CAD), this gives an ability the above
presented research to be continued with development and
investigation of an automatized optimization and design system.
This can be done in the integrated working environment of the
software systems MATLAB and SolidWorks.
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Abstract: The paper presents a theoretical analysis in the field of the application of planetary gear trains in vehicles. The following main
areas have been considered: design features of planetary gear trains, specific aspects of the application use of planetary gears in vehicles
and possibilities of increasing the efficiency coefficient of these drives. An analysis of the option for investigating these gear sets has been
implemented as well. Special attention is dedicated to the options of minimizing energy consumption, taking into account the relevant
limitations and operating conditions of planetary gear trains. Conclusions have been deduces. Ideas for future scientific work are presented.
Keywords: PLANETARY GEAR TRAINS, APPLICATIONS IN VEHICLES, DESIGN, EFFICIENCY, FUNCTIONAL CHARACTERISTICS

Due to this reason, the author's team considers that the research
problem regarding the selection of a suitable transmission and the
Global warming issues and the demand for alternative improvement of its dynamic and functional characteristics is
sustainable transport make the issue of vehicle’s selection an  significant and topical matter.
important and topical problem.

1. Introduction

The objective of the research presented is to determine the
Fuel economy is one of the main technical parameters of boundaries of application of gear trains in vehicle transmissions and
vehicle efficiency. This indicator depends not only on the  the possibilities for improving the existing methods for creating
performance of the engine and the suspension, but also on the  theoretical models and applying modern approaches and tools.
selection of the appropriate transmission. One of the most important
environmental criteria in recent years is the reduction of harmful 2. Specific design features of planetary gear trains
emissions released into the atmosphere. Almost 30% of total CO,
emissions in the EU are due to the transport issues, with land,
ground transport accounting for around 72% of these emissions, [1].

Planetary gear trains are extremely often applied in automobiles
and trucks because of their high gear ratio related to the overall
dimensions of these gear drives. They are characterized by great

According to the EU's official website, automobiles account for compactness, i.e. relative small dimensions and small mass values:

around 15% of CO, emissions. Trucks and buses account for a  from 2 to 5 times less compared to spur and helical involute gear
quarter of road transport CO, emissions and for around 6% of total trains.
EU emissions. In 2021, the European Commission proposes to
reduce the emission limits for new cars and vans by further 15%
from 2025. Later on, a 55% reduction in emissions concerning new
cars and a 50% reduction in emissions concerning new vans by
2030 is envisaged, i.e. reaching zero emissions by 2035, Fig.1, [2].

This advantage is due to the principle of multi-flow and to the
application of several satellites which divide the power flow, [3].
Planetary gear trains are considered to be particularly suitable for
hybrid vehicles and especially for: power split hybrids and plug-in
hybrids, which are characterized by greater power values for certain

time intervals.
TPAHCINOPTHW EMHCHH B EC Due to the advantages listed, planetary gear trains are used

[ArCr0 ) PADfwem e 13 10 153 BIIORE TARSCROf extremely often in the automotive industry. In [4], a systematic

study of the various possible design schemes of planetary gear
drives with two carriers and four external shafts has been made in
order to indicate the most suitable deign options for the relevant
specific application.

Considering planetary gear trains with two carriers, the design
schemes with three external shafts according to [3] are most often
used. Regarding gear drives with a variable transmission ratio,
planetary gear sets with three, four and (recently) even five carriers,
which can ensure large values of transmission ratios, have a
significant application, [5].

Particularly interesting is the summary of the application of
planetary gear trains with two carriers and four external shafts,
which are quite suitable for changing the transmission ratio as two-
speed or reversing mechanisms, [3].

Fig.1. EU transport emissions, [2 . L
g P [2] Very important aspects of the application of planetary gear

trains in vehicles are their kinematic capabilities. In [6], a
comprehensive analysis of kinematic relationships in planetary gear
sets has been made. It outlines the features of the design schemes,
some characteristic limitations and conditions under which these
gear drives are to be used.

One of the priorities for reducing emissions is directly related to
decreasing the fuel consumption of wvehicles with internal
combustion engines or to the development and production of
electric and/or hybrid cars. One of the solutions for automatic
transmission cars and heavy-duty vehicles can be found in the In addition, the authors of [6] make an analysis of different
elaboration of high-efficiency power transmissions and gear drives. automobile brands. They also highlight the differences in the
configuration of the components and the relationship of the
planetary gear design scheme with the operation modes of different
automobiles.

Such transmissions and gear trains should be able to optimize
energy consumption and at the same time: to provide the necessary
power and to ensure the relevant precision when transmitting
motion and torque. Designing planetary gear trains for automobiles is a complex

process that requires careful analysis of the vehicle's drive system.

13



MACHINES. TECHNOLOGIES. MATERIALS. vol 1, 2023

The designers have to take into account the dimensions and
weight of the vehicles, the type of drives, the necessary gear ratios
and the torques values. In order to obtain better control systems and
better efficiency, it is necessary to apply specific computational
procedures to make solutions for these problems.

A suitable solution for designing a vehicle transmission through
creating separate modules is suggested in [7], as shown in Fig. 2.

"
e

CL2 CL1
e
CL3 CLs

Fig.2. Power flow in a transmission with one stage planetary gear train, [7]

The design diagram of one stage planetary gear train includes: a
motor (MG1) connected to the sun gear of the planetary gear set; a
motor-generator (MG2) which is in contact with the ring gear and
the engine which is assembled to the carrier gear.

This design scheme contains four clutches, Fig. 2. Depending
on the type of their engagement, four modes can be generated.
These options have been described in details in [7].

3. Applied aspects of the usage of planetary gear
trains in vehicles

A significant aspect of the application of planetary gear trains in
vehicles is their dynamic behavior. In [8], innovative theoretical
models have been described. They can be considered useful tools
for simulation studies of the dynamic behavior of planetary gear
drives.

In [9] and [10], studies of natural frequencies and modes of
vibration of planetary gear trains have been presented. The results
of these studies are aimed at determining the resonance zone and
setting up the resonances in areas that are far from the operating
rotational frequencies. These specific features make the results
obtained suitable for an optimization procedure when designing
automotive transmissions.

The authors of [11] conducted a research study of the vibration
characteristics of a single-stage planetary gearbox. They assume
that the gearbox and the sensor rotate against the carrier and divide
the problem into two parts: an investigation of the signal model of
the gearbox with a fixed shaft and a test of the influence of the
rotation of the sensor.

Based upon this assumption, a vibration signal model of a
planetary gearbox has been obtained. The experimental results
obtained have been used to validate the theoretical model. It can be
considered that the results of this study are significant for practical
applications.

Another group of important applied aspects of the usage of
planetary gear trains in vehicles are the possibilities to achieve a
significant improvement conserving the functional and operational
parameters of these gear drive components.

According to these indicators, original theoretical models of
planetary gear trains have been presented in [12-14]. The main
purpose of the research in this area is to determine the conditions
for noise and vibration reduction.
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In [15, 16], an author's optimization study of vehicle drive
systems based upon the frequency analysis of the components of
these systems has been presented. The described results of these
studies can be used in designing of automotive transmissions.

4. Options for
planetary gear trains

increasing the efficiency of

Modern researchers are presenting new solutions and models of
planetary gear trains and reducers. For example, in [17] a method
has been proposed that provides maximum power transmission
efficiency for a 3K planetary gearbox. The authors of the study
claim that the solution suggested has the following main
advantages: a compact design structure and high values of the gear
ratio.

As the efficiency increases, the ability to increase the gear ratio
decreases according to [17]. The authors derive a relationship
between the gear ratio and the control efficiency in single-stage
high-reduction gearboxes. Their model approaches gearboxes
involving a combination of a pair of spur involute gears.

(b)

Fig.3. Model of a 3K compound planetary gear train: (a) Assembled model.
(b) Disassembled model, [17]

Contemporary publications emphasize the importance of the
application of planetary gear trains in Hybrid Electric Vehicles
(HEVs). Their gearboxes are equipped with one or more planetary
gears, characterized by high load capacity, compact design
structure, high efficiency [18] and the capability to work as a two-
stage transmission [19].

An innovative and interesting method for evaluating the
efficiency coefficient in a planetary gear train has been presented in
[20]. It can be assumed that the research mentioned has a practical
application.

The research activities described in [17] also include a scientific
analysis of the influence of the number of planetary gears used on
the energy consumption concerning the optimal operation of the
power transmission components.

Power transmissions with one and two planetary gear trains
have been considered. A strategy for optimal simultaneous
distribution of the torque and the selection of the operating mode
has been proposed. The approach for energy management strategy
(EMS) ensures distributes in optimal way the torque requirements
between the power transmissions components, [17].

Besides, the role of clutch control has been emphasized, i.e.
creating a mode selection option. The results show that when
switching from one to two planetary gear trains, the energy
consumption decreases by almost 4%, [17].

Another innovative methodology is the approach for improving
the tribology performance of planetary gears with internal meshing
and a small difference between the teeth number. The research
mentioned is described in details in [21].

The evaluation of friction losses in meshing is closely related to
the determination of specific slippage losses in gears with internal
meshing.
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In this investigation, the power losses in the meshing are based
upon a factor that depends only on the geometrical parameters of
the gear set and it affects in a significant way the efficiency
coefficient in the meshing.

The values of power losses in planetary gear meshing are
reported in some literature sources to be: from 0.2% to 1.5%.
Although these losses have relatively low values, the power loss in
the meshing is particularly important for the overall efficiency of
the planetary gear train, which has been validated in details in [22].

5. Analysis of research possibilities for planetary
gear trains

The possibilities of theoretical and experimental research of
planetary gear trains have been presented in a considerable number
of publications. The most widely used experimental methods [23,
24] are based upon vibration diagnosis.

Modal analysis is an approach which is based on vibration
theory. Its main objective is to obtain the inherent characteristics of
the structural system, such as natural frequencies and natural
modes.

Quite often the mode analysis is done applying ANSYS, [25 -
28]. A significant group of scientists investigates the modal
properties of planetary gear trains, emphasizing the relationship
between the natural frequencies and the parameters of the technical
systems investigated.

Interesting experimental studies of planetary gear trains have
been done by several groups of world-renowned scientists. The
authors of [29] mainly focus on the modal frequencies of gears. The
vibration modes of complex planetary gear drives have been studied
by the authors of [30] and [31].

In [32], the elasticity effect of a ring with internal teeth of a
planetary gear drive has been investigated. In [33], experimental
modal analysis procedures have been applied in order to refine the
dynamic behavior of planetary gear trains.

The most commonly used experimental instruments for
investigating power transmission are accelerometers. The location
of these devices in the planetary gear train is particularly important
because the satellite gears create similar vibrations passing through
the sensor assembled, [34].

6. Conclusion and future work

The theoretical research presented has been carried out in
several main areas: design features of planetary gear trains, applied
aspects of the usage of planetary gear drives in vehicles,
possibilities of increasing the efficiency of planetary gear sets and
analysis of option for researching the gear drives considered.

Based upon the theoretical research, the following conclusions
can be drawn:

Significant scientific publications in the field of the application
of planetary gears in vehicles, including hybrid and electric
automobiles, have been reviewed.

Special attention is dedicated to the layout and application of
new, specific design schemes of power transmission using planetary
gear trains which allow minimizing the energy consumption. They
can be useful for manufacturers and engineers by applying the
appropriate design schemes and taking into account the relevant
limitations and operating conditions of planetary gear drives.

It becomes clear that new possibilities for increasing the
efficiency of planetary gear trains can still be found. This
circumstance will also lead to decreasing the energy consumption in
vehicles.

Analyzing the main options for research in the field of planetary
gear drives, the author team considers that the future scientific work

15

of the PhD student will be focused on improving the energy
efficiency of planetary gear drives and determining methods to
reduce vibration and noise in these gear trains.
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CFD simulation of airflow through the throttle body of the air intake system applied to the
Formula Student vehicle
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Abstract: In this paper, a simulation of their flow through the throttle valve on the Formula Student vehicle was performed throttle valve is
an element that, according to the regulations of the Formula Student competition, must be present in the intake installation of the vehicle's
power unit if it is a competition in class IC. The correct design of the throttle is of great importance anchor or the power unit to work
properly, but also to extract the maximum performance of the power unit itself, and thus of the competition vehicle as a whole. One of the
main tasks of the throttle is to allow air to flow with as little resistance to flow as possible. For the CFD simulation in this work, ANSYS
Fluent was used, which proved to be a very powerful tool in the CFD simulation of the throttle body.

Keywords: CFD, THROTTLE BODY, VEHICLE, IC ENGINES, FORMULA STUDENT

forced-induction system is used, the diameter of the throttle body
becomes less critical because the turbocharger or supercharger
The Formula Student competition is getting more and more  pushes air into the engine. A smaller throttle body can be used in a
popular. This competition is very attractive because it provides turbo setup because the air pressure and air density are
students with a good springboard for employment in the automotive ~ approximately twice as high as in a naturally aspirated engine [10].
industry after graduation. The number of Formula Student teams is ~ Figure 1 shows the barrel throttle body concept, which is very often
growing year by year. Students from universities around the world used on Formula Student vehicles.
compete to design a small racing vehicle. The design of the air
intake system together with the throttle body applied to Formula
Student vehicles is a very current topic, as evidenced by a large
number of articles on the mentioned topic [1-8]. This work is
structured into six chapters. The first chapter is an introduction and
this chapter outlines what is covered in each of the six chapters. The
second chapter is related to the design of the throttle body and the
limitations prescribed by the organizers of the Formula Student
competition. The CFD analysis of the throttle body was performed
in chapter three, while the results of the CFD analysis were
presented in chapter four. Chapter 5 is the conclusion on the topic
of the work itself, and chapter six lists the references used in the
work. Fig. 1 Barrel Throttle Valve [11]

2. Formula Student throttle body 2.2, Throttle body restriction

2.1. Throttle body Restrictions for the throttle body are given in the Formula

o Student Rulebook [12]. This regulation defines that the vehicle must
be equipped with a throttle body, which can be of any size or
design. The throttle must be activated by a mechanical foot pedal or
rod system. Throttle position is defined as the percentage of time
from fully closed 0% to open 100%. The mechanism of the throttle
system must be protected from debris penetration to prevent
jamming. Rulebook [12] defines two intake system configurations
for naturally aspirated engines (Figure 2) and turbocharged or
supercharged engines (Figure 3). Depending on which type of
configuration is chosen, the position of the throttle body in the air
intake system will also be defined. It is important to emphasize that
in the case of using a turbocharged or supercharged configuration, a
throttle body with a smaller diameter can be used compared to a
configuration with naturally aspirated engines.

1. Introduction

In the Formula Student competition, the big challenge is
designing the intake system for the engine. As the Formula Student
competition uses engines that are installed on motorcycles, it is
necessary to modify them. The main modifications relate to the
adjustment of the intake and exhaust installation, the engine map, as
well as the cooling system itself, and the fuel system. The
possibility of changing some structural parts of the engine, such as
modification of the engine pistons, and crankshaft, should also be
considered. To consider the possibility of modifying the crankshaft,
it is necessary to perform a dynamic analysis of the forces acting in
the engine, which is preceded by a kinematic analysis. An example
of kinematic analysis is given in Ref. [9] in which this analysis can
be done very easily using CATIA software.

Electronic Fuel Injection (EFI) is an active system that adjusts b I , @
fuel delivery for the internal combustion engine, and the carburetor
is a passive system that controls the intake of the fuel and air Throttle Body Restrictor Engine
mixture. Fuel delivery to the engine is managed by the engine Fig 2. Configuration for naturally aspirated engines [12]
control unit (ECU), which precisely controls the duration and time
of fuel delivery through fuel injectors. It can be said that the throttle Fop off Valve
body is an air valve. The throttle body has the task of allowing air to §
enter the engine. The more air delivered in combination with the
appropriate amount of fuel, the more power is obtained from the I . @ + g . @ |, | @
engine, theoretically. This would mean that the use of a larger
diameter throttle body also means a larger amount of airflow, which Restrictor Compressor ThroteBody - Chatge B yoer e
is not always the best move. The diameter of the throttle body must —
be of the appropriate size according to the volume of the engine. If -

the throttle body diameter is too large, the air velocity is slow, but eceulation
more air is sucked into the engine, while if the diameter is too

small, the air velocity is faster, but not enough air can pass. If a Fig 3. Configuration for turbocharged or supercharged engines [12]
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3. CFD simulations of the throttle body

In this chapter, a CFD simulation of two throttle bodies was
performed to see how the small geometrical difference between
them affects the airflow. Figures 4 and 5 show two throttle bodies
that were considered during the CFD simulation. Throttle body 2D
geometries are shown in Figures 4 and 5. CFD simulation was
performed for both throttle bodies at three characteristic positions,
i.e. for positions of 50%, 75%, and 100% open throttle body. In
Ansys Design Modeler

E
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Fig 4. Throttle body (concept) A
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Fig. 5 Throttle (body concept) B

After generating the 2D geometry of the fluid domain, a mesh
was generated for both types of the throttle body, which is shown in
Figures 6 to 11. The first throttle body concept is labeled A and the
numbers on the label indicate the position over the opening
percentage, so we have A(100%), A(75%), and A(50%), where the
percentages represent the position of 100%, 75%, 50% opening of
the throttle body. It should be noted that 100% is a fully open
throttle body and 0% is a fully closed throttle body. The same
applies to concept B, so numerous values indicate the percentage of
throttle body openness.
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Fig. 6 Mesh for Throttle body A(100%)
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Fig. 7 Mesh for Throttle body A(75%)
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Fig. 8 Mesh for Throttle body A(50%)
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Fig. 9 Mesh for Throttle body B(100%)
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Fig. 10 Mesh for Throttle body (B75%)
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Fig. 11 Mesh for Throttle body B(50%)

Setting up the CFD simulation is what follows after generating
the mesh. The standard k-epsilon turbulence model was used in the
CFD simulation. After setting up the network, it is necessary to set
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the boundary conditions. Air was used as the fluid, and the pressure
drop at the outlet compared to the inlet was simulated by 0.1 bar. A
pressure of 1 bar was set at the inlet and 0.9 bar at the outlet. For
each throttle body out of the three possible cases, it is necessary to
define the inlet and outlet of the working fluid, and this is shown
only in the example of a 100% throttle body for concepts A and B,
in Figures 12 and 13 with the network (inlet - blue arrows, outlet
red arrows).

" S—"

Fig. 15 Pressure contour for Throttle body A(75%)

. = . S
— —

Fig. 16 Pressure contour for Throtile body A(50%)

Fig. 13 Inlet and outlet for 100% open Throttle body B

Fig. 17 Pressure contour for Throttle body B(100%)

4. Results

The results of CFD simulations of airflow through both throttle
bodies A and B for three different opening positions are given in
this chapter. Figures 14 to 19 show the contour of pressure for
Throttle Body A and B for three positions.

Fig. 18 Pressure contour for Throttle body B(75%)

Fig. 14 Pressure contour for Throttle body A(100%)

iy a0

Fig. 19 Pressure contour for Throttle body A(50%)
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Velocity contours for both throttle bodies and all three
considered opening positions are also shown in this chapter. Figures
20 to 25 show velocity contours for the throttle body and opening
positions.

Fig. 24 Velocity contour for Throttle body B(75%)

Fig. 20 Velocity contour for Throttle body A(100%)

035 0075

= = . . 0
Fig. 21 Velocity contour for Throttle body A(75%) Fig. 25 Velocity contour for Throttle body B(50%)

For an easier overview of the results related to max velocity, a
diagram is given in Figure 26.
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Fig. 22 Velocity contour for Throttle body A(50%)
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Fig. 26 Maximum velocity in the throttle body

From the previous analysis, it can be concluded that these two
throttle bodies are very similar geometrically, and practically
similar in results as well. Throttle body B has a higher maximum
speed value at full opening (100%). which is logical because it has a
smaller surface that creates an obstacle to airflow. A slightly higher
maximum speed is achieved by throttle body B even at 50%
o= o= opening, while at 75% opening the maximum speed is higher with
Fig. 23 Velocity contour for Throttle body B(100%) throttle body A.

o oot 100 (m)
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5. Conclusion

CFD simulation is a standard part of serious engineering
practical analysis not only in the automotive industry but also in all
other industries dealing with fluids. In the paper itself, it was shown
that even if the design of the throttle body is slightly different, the
results can differ to a great extent. In this case, it is shown in the
example of velocity and pressure at the full opening of throttle body
A and B. Investigating the fluid flow in the throttle body can be a
very complex job, especially if the considered problem is examined
in detail. It has been shown that very simple CFD simulations can
simulate the real situation in the example of the throttle body. In the
end, it should be emphasized that the biggest influence on the flow
is the throttle body's diameter. Special attention should be paid to
the correct dimensioning of the throttle body, but also to the shape
itself, as well as to the choice of material from which it will be
produced. As Formula Student teams are limited by budget, the vast
majority decide to make their throttle body design, so CFD
simulation can be of great help in choosing a better design.
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Abstract: One of the biggest challenges in the FSAE competition is adapting the power unit to the strict regulations of the competition. The
task of the exhaust manifold is to enable the best possible flow of exhaust gases from the engine to the environment. A properly designed
vehicle exhaust manifold is of great importance for enabling better performance of the power unit. There are several different concepts for
designing exhaust manifolds. Each concept has its advantages and disadvantages. One of the main guidelines when designing the exhaust
manifold is to enable air flow with as little local resistance as possible so that the exhaust gases are released into the environment as soon as
possible. In this work, a 3D model of three types of exhaust manifolds was created, and then a CFD simulation of airflow through exhaust
manifolds was performed using ANSYS Fluent software. CFD simulations help to a great extent with a better design of the exhaust manifold.
Keywords: CFD, EXHAUST MANIFOLD, VEHICLE, IC ENGINES, FORMULA STUDENT

1. Introduction

The design of the exhaust manifold is one of the biggest
challenges when designing a Formula Student vehicle, as evidenced
by a large number of scientific works on the mentioned topic [1-6].
Ref. [7] showed that with a proper design of the exhaust manifold,
the exhaust emission can be reduced. In this paper, a CFD analysis
of several different models of the exhaust manifold was performed.
In the first chapter, what was done in the work itself was defined.
The second chapter deals with the Formula Student rulebook with
special reference to the part of the rulebook related to the driving
system of the vehicle. The third chapter talks about exhaust
manifolds in general. A CFD analysis of various Exhaust System
concepts is presented in chapter four. In chapter five, the results of
CFD analyzes of different concepts of exhaust branches are
presented, while in chapter six, a conclusion related to the topic of
the paper is given. Chapter seven lists the literature used in this

paper.

2. Exhaust design limitations for a Formula
Student vehicle

As the topic of this paper is the CFD analysis of the exhaust
manifold of the engine used in the Formula Student competition,
this chapter will talk about the competition itself. Formula Student
or formerly "Formula SAE" (FSAE) is the most complex,
demanding, and attractive student engineering competition in the
world organized by the Society of Automotive Engineers (SAE).
One of the biggest challenges of the Formula Student competition is
the design of the exhaust system. The restrictions related to the
internal combustion engine are shown in the Formula Student Rules
[8]. By this regulation, the internal combustion engine that powers
the FSAE vehicle is limited to a four-stroke, internal combustion
piston engine with a volume of no more than 710 cm® per cycle.
Given the previously mentioned limitation, the choice of internal
combustion engines is limited to those that are usually installed in
racing motorcycles. Another major limitation of the internal
combustion engine that applies is related to the air intake. Rulebook
[8] stipulates that all air sucked into the engine must pass through
the restrictor. The maximum restrictor diameters which must be
respected at all times during the competition are 20 mm for
gasoline-fueled vehicles or 19 mm for E 85-fueled vehicles. The
exhaust opening must be directed to the side or rear of the vehicle
so that the driver is not exposed to the fumes at any speed given the
vehicle's ground clearance. The exhaust port(s) must not extend
more than 450 mm beyond the center line of the rear axle and must
not be more than 600 mm above the ground. All exhaust
components (headers, mufflers, etc.) protruding from the side of the
body in front of the main hoop must be protected to prevent contact
by persons approaching the vehicle or the driver exiting the vehicle.
The temperature of the outer surface must not be harmful to the
person touching it. The maximum sound level test speed for a given
engine will be the engine speed that corresponds to an average
piston speed of 15.25 m/s. The calculated speed will be rounded to
the nearest 500 rpm. The maximum permitted sound level up to this
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calculated speed is 110 dB(C), fast weighing. The exhaust manifold
used on racing motorcycle engines must be changed and another
must be designed and manufactured that will be more suitable for
use on a four-wheeled vehicle. When choosing an internal
combustion engine to be used, it is necessary to carry out detailed
analyses, primarily about the number of cylinders, but also other
analyzes related to construction parameters. Analysis of the
kinematics of a four-cylinder engine with internal combustion using
CATIA software is presented in the paper [9].

3. Exhaust manifolds and exhaust headers

The exhaust manifold is somewhat similar to the intake
manifold. The intake manifold receives incoming air from a central
point, be it the throttle body or carburetor. Using the intake
manifold, the air is distributed to the individual cylinders. The
exhaust manifold allows the exhaust gases of individual cylinders to
exit the cylinder head immediately into a single collection path or
chamber. An exhaust manifold is not the most efficient design
solution, but it is the simplest, most direct, and cheapest solution for
ejecting exhaust gases from the engine. In the automotive industry,
exhaust manifolds were made of cast iron for decades because they
were cheaper to produce, but also because of their compact size
compared to steel tubular exhaust manifolds. The major
disadvantages of cast-iron exhaust manifolds are almost no tuning
potential for internal combustion engines. Tubular structures that
required assembly and welding have been avoided for years. There
were rare cases where exhaust manifolds were made from steel
pipes that were joined into a single outlet pipe. Tubular exhaust
manifolds offer the possibility of better engine customization and
have great potential for extracting additional power and torque,
while cast-iron exhaust manifolds have significant design
limitations. The positive side of cast-iron exhaust manifolds is that
they are made from one piece, require less proctor in the vehicle,
and are usually significantly thicker, so they better insulate the
noise and temperatures of the exhaust gases of internal combustion
engines. Cast-iron exhaust manifolds due to very sharp curves can
cause a bottleneck effect which can have a very unfavorable effect
on the engine. Tubular headers have a weight advantage over cast-
iron manifolds. The single most important advantage is that tubular
exhaust headers can increase the power and torque of the engine.
Tubular headers are available in several configurations. Tubular
headers with different tube lengths are used for simpler and easier
installation. Tubular headers with the same pipe lengths provide a
significant advantage in terms of more efficient balancing of
exhaust flow and pressure. Tubular headers are made with
significantly less sharp corners of the pipes in contrast to cast-iron
manifolds and thus allow better flows. The big disadvantage of
tubular headers is the very high price, especially if they are made of
stainless steel. This cost can be very justified if you consider the
performance advantage over manifolds. Depending on the specific
vehicle, the installation of tubular headers represents an additional
challenge due to the space limitations of where it should be placed.
Also, the disadvantage of tubular headers about manifolds is the
tendency to create more noise due to the wear of smaller pipes [10].
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4. CFD simulation

In this paper, CFD analysis of several different models of the
exhaust system for the internal combustion engine used to drive the
Formula Student vehicle was performed. The geometry of the
exhaust systems analyzed in this paper corresponds to the engine
that is installed in the motorcycle of the Japanese manufacturer
Yamaha, trademark YZF-R6. Figures 1 to 3 show the models
analyzed in this paper. 3D models of exhaust systems were created
in Solid Works software. CFD analysis of exhaust systems was
done in ANSYS Fluent software. Exhaust manifolds analyzed in
this paper are marked with the marks A, B, and C. Manifold A has
equal lengths of cylindrical pipes that connect to the main pipe
under the same radius (Figure 1). Exhaust manifold B has different
lengths of cylinder pipes that join the main pipe at the same radius
(Figure 2). Manifold C represents a classic exhaust manifold design
(Figure 3).

8100(m)

00 Qo7

Fig. 1 Exhaust manifold A

0000 0050 8100(m)

0025 0o

Fig. 2 Exhaust manifold B

Q100(m)

Fig. 3 Exhaust manifold C
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After generating the fluid domain, a mesh was created for each
of the models. The appearance of the created network is shown in
Figures 4 to 6. Setting up the network for models during CFD
simulation is a very demanding and complex job.

100.00 (mm)

Fig. 4 Mesh for Exhaust Manifold A

000 S0.00 100.00 (men)

5.00 .00

Fig. 5 Mesh for Exhaust Manifold B

50.00 100.00 (mm)

25.00 .00

Fig. 6 Mesh for Exhaust Manifold C

After creating the network for the generated models of exhaust
manifolds, it is necessary to set up the CFD simulation. For the
CFD simulation, the standard k-epsilon turbulence model with
standard constants was used: Cmu=0.09, Cl-Epsilon=1.44, C2-
epsilon=1.92, TKE Prandtl Number=,1 and TDE Prandtl
Number=1.3. Enhanced wall treatment with pressure gradient
effects was also used. Material fluid properties are shown in Table
1.
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Table 1: Material fluid properties B, and C) are given. Figures 10 to 12 show pressure contours for the
considered exhaust manifolds in this paper.

Material Gasoline-vapor C8H18
Density [kg/m°] 1.0

Viscosity [kg/m s] 1.72x10°

Thermal Conductivity [W/m K] 0.0454

After defining the material, boundary conditions were defined.
Boundary conditions are set so that at the entrance to the exhaust
manifolds we have a velocity magnitude of 30 m/s and that the
temperature at the inlet is 700 K. As it is a four-cylinder engine,
each of the considered exhaust manifolds has 4 inlets and one
outlet. The inlets and outlets for each of the exhaust manifolds are
shown in Figures 7, 8, and 9.

Fig. 10 Pressure contour for Exhaust manifold A

2

Fig. 7 Inlets and outlet for Exhaust manifold A

0 0080 0100 (m)

— —

003 0os

Fig. 11 Pressure contour for Exhaust manifold B

Fig. 8 Inlets and outlet for Exhaust manifold B

= 007

Fig. 12 Pressure contour for Exhaust manifold C

Figures 13 to 15 show the velocity streamlines for the
considered exhaust manifolds.

Fig. 9 Inlets and outlet for Exhaust manifold C

5. CFD simulation results

In this chapter, the results of the CFD analysis of the three types
of exhaust manifolds that were considered (Exhaustmanifoldsd A,
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Fig. 13 Velocity streamlines for Exhaust manifold A
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Fig. 14 Velocity streamlines for Exhaust Manifold B
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Fig. 15 Velocity streamlines for Exhaust Manifold C

From the previous pictures it can be seen that the results for
exhaust manifolds A and B are very similar. Otherwise, these two
exhaust manifolds are similar in terms of geometry, with the
difference that Exhaust manifold B has pipes of different lengths
that connect to the main pipe. Exhaust manifold A has a
geometrically simpler construction, that is, the pipes used to
distribute exhaust gas from the cylinders to the main pipe are of the
same length. For these two exhaust manifolds, the pressure and flow
velocity differ very little. Exhaust manifold C has significantly
different results compared to the previous two. To better understand
the results of the CFD analysis, the values of maximum pressure
and maximum velocity for all exhaust manifolds that were
considered are shown in Table 2.

Table 2: Max values of pressure and velocity for Exhaust manifolds A,
B,and C

Max pressure [Pa] Max velocity [m/s]
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Manifold A 9285.06 140.07
Manifold B 9373.58 141.87
Manifold C 7075.14 128.61
6. Conclusion

CFD simulations of airflow through the Exhaust manifold are of
great importance because they make huge savings during the
development of the system itself. CFD simulations have proven to
be a very powerful tool when simulating the most realistic
conditions in which the corresponding element or system being
analyzed can work. These simulations can provide very important
information related to the development of the exhaust manifold
itself. CFD simulations of three types of exhaust manifolds were
performed in the paper as a potential design solution for exhaust
manifolds of Formula Student vehicles. When choosing the
appropriate exhaust manifold concept, it is necessary to take into
account some other parameters. One very important parameter is the
production of the exhaust manifold itself, as well as the production
costs. Exhaust manifold C is much more complex to manufacture
compared to Exhaust manifolds A and B because it requires much
more precise pipe-cutting and welding technology. Almost
negligible differences in the CFD analysis results occur with
Exhaust manifolds A and B because they are geometrically very
similar.
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Summary: The necessity of using the apparatus of mathematical statistics to obtain high reliability of the results of the evaluation of the
reliability indicators of agricultural machinery in comparative tests is justified.

Two models of plant protection machines have been tested and the main numerical characteristics of the indicator production till failure
of the failure-free feature have been obtained.

The application of the Student's criterion for proving the statistical significance of the difference in the tested reliability indicator is
justified.

Keywords: machines, testing methodology, agricultural machinery, parameters, criteria, test plan, numerical characteristics, reliability,
refusal

When testing agricultural machinery for reliability, as well as for The purpose of the study is to compare two models of plant
determining all quantitative and qualitative parameters, it is protection machines against the failure free operation of reliability
necessary to use the mathematical statistics apparatus. It is best indicator.
suited for making science-based decisions when determining the The test is carried out in accordance with the experimental testing
best machine or machine model for a given parameter. For a methodology [1] according to the plan [N =! RT], where R-means
reliable estimate, it is not sufficient to use only the estimate of the a plan in which the failed objects are replaced with new or
average value of the test parameter, since the parameter is a repaired ones, and the T-test is carried out until the moment T.
random variable. Statistical criteria should be used to determine We choose this test plan because we cannot test a large number of
the significance of the difference in the mean scores. There are sites. At one site / N = 1/ we perform the test up to the moment T
two sets of criteria for proving the statistical significance of the / the determined number of hours or area / and when a failure is
difference: parametric and non-parametric criteria. The most detected in the machine, it is removed and the test continues until
applicable of the group of parametric criteria is the Student's the next failure and so until the moment T occurs.
criterion, and the group of nonparametric criteria is the Man- Two models of plant protection machinery from different
Whitney criterion, [2-5]. manufacturers are subject to testing, and the results of the
reliability test are given in Table 1.

Table 1. Numerical characteristics of the production-to-failure indicator of two models of plant protection machines

Dependencies for determining numerical plant protection machines
characteristics Brand/ Model 1 Brand/ Model 2
n X, = X —
— =1451h X, =628h
1 , 2 ,
X=X
i=1
n S, =198h S, =254h
— 1 1 2 )
5206 /01
i=1
n n,=36 n, = 36
1” 2
Osnauenus: X — estimation of the average value of the measured parameter of the machine; Xi — the I th value of the
parameter; Si ~ estimation of the root mean square deviation of the machine parameter values; N — the number of machines

tested or the measured values of the measured parameter of the machine.

As a result of the testing of the two models of plant protection free operation. Therefore, we also determine the numerical
machines, we find that the production up to failure of model 2 is characteristic - standard deviation and apply the Student's
higher than that of model 1. Only on this numerical characteristic criterion for proving the statistical significance of the differences

of the measured indicator of the reliability of the machines / in the values of the average production up to failure of the two
production up to failure / cannot to decide: which of the two models of plant protection machines. Therefore, we are in the
models of plant protection machines has a higher level of trouble- situation shown in Figure 1.
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Figure 1: Densities of the distribution of work until failure of the two models of plant protection machines tested

In this situation / figure 1/, in order to decide which of the
machines as a result of the reliability test has a better performance
of the failure-to-build indicator, we have to apply the criterion for
the statistical significance of the differences in the numerical
characteristics of the performance-to-failure indicator.

The procedure for applying the Student test is as follows:

1.Determination of pooled dispersion:
D= %(sf +S52)=518,6

2. Determination of the calculated value of the Student's criterion
for dependency:

—=3,297~3,30

3. Determining the degrees of freedom and choosing the
confidence probability for deciding on the statistical significance
of the differences in the estimates of the reliability-to-failure
indicator characteristic:

= =7

tma6/l ta;v '

The degrees of freedom are determined by the dependence of:
v=2(n-1)=70;

and the confidence probability is assumed & = 0,01 or
o= 0,05. We also accept 0.01 in the table of values of the

students criterion for & = 0,01 and v = 2(n—1) = 70;
we report. t0,01;70 = 2,618

From here, comparing the calculated value of the
Student's criterion / 3.30 / with its tabular value / 2.618 / we find
that 3.30> 2.618, therefore the differences in the estimation of the
average value of the two models' production are statistically
significant, ie. the plant protection machine model 2 has a higher
performance of the failure-to-failure indicator, / figure 2/.

t)54=3.30

tl/l3'-l

The differences are
not statisticall
significant

TO.Ol:O.?O

)

""The differences
are statistically
significant

Figure 2: Graphical representation of the essence of the Student's criterion for deciding the statistical significance of the tested machine

parameters.
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Main conclusions:

1. Two models of plant protection machines have been tested
and the main numerical characteristics of the indicator
production till failure of the characteristic failure-free
operation, have been determined .

2. The application of the Student's criterion for proving the
statistical significance of the difference in the tested reliability
indicator is justified.

3. It has been proven that the Model 2 machine is better in
performance till failure than the Model 1 machine .
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Trial model of a combined machine for inter-row tillage in perennial crops

Ivan Mortev -Institute of Soil Science, Agro-Technology and Plant Protection “Nikola Pushkarov", Sofia, Bulgaria

Summary:P At the Institute of Soil Science, Agrotechnologies and Plant Protection - Sofia (IPAZR - Sofia) an experimental model of a
machine for combined soil treatment in permanent plantations has been developed. The machine is designed to work using technology
without turning the soil layer and at the same time at a sufficient depth for fruit plantations. Tests were conducted in laboratory and road
conditions to verify the capabilities of the structure. Deficiencies have been identified, as a result of which the work must continue.
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Introduction

The prototype of a combined machine for inter-row
treatment of perennial crops is designed to investigate the
capabilities of the structure to perform operations to maintain
the soil surface in an optimal condition depending on the
requirements of the crop. The trial sample of a combined inter-
row tillage machine is made to check the technical
characteristics in the subsequent examination of the sample so
made.

1 2 3 4 5 6 b 8 9 10 11

The purpose of making and researching the
experimental model of a combined machine for inter-row
tillage is to determine the possibilities for its use in agriculture,
and the quality of its work.

Technical characteristics

Description of the construction

12 13 14 15 16

Fig. 1 Experimental model of a combined machine for inter-row treatment of perennial crops, side view

# ST S 7 L . 2RSS
Fig.2. Trial model of combined machine for inter-row
cultivation of perennial crops, rear view

The test specimen fig. 1 and fig.2. consists of the
following main units: frame 3, chassis 7, towing device 1,
working bodies for loosening the soil layer 10, working bodies
for crushing lumps and plant residues 16, hydraulic elements
45,6, regulating mechanisms. The frame consists of steel
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profiles, a welding structure on which the fastening elements of
the working bodies 12, the towing device 1, the running system
7, the adjustment mechanisms, the mechanisms for bringing
them into transport and working position 4,5,6, the safety
mechanisms to ensure safe movement are located through a
fixed transport position 8. If necessary to move the machine on
the republican road network, it must be equipped with light
signaling and other devices ensuring safe road traffic in
accordance with the law on road traffic and the regulations for
its application. Each of the loosening working bodies is
attached to the frame by means of a ladder 11, it is provided
with safety mechanisms 13 when

overloading the working body to prevent its
destruction. They are located in two rows to prevent jamming
between the working bodies with soil and plant residues. The
type and number of working bodies is determined depending
on the required working width on which the machine will
work. They can be unilateral or bilateral. Usually, the one-sided
ones are placed at the end of the treated strip and provide the
protective zone next to the treated plants.

The machine is equipped with second toothed - rotary
working bodies 16. The toothed rotary working bodies for
crushing the lumps are rotary hoes, they rotate during the
progressive movement of the machine and therefore are
mounted on consoles and bearing bodies to the frame of the
machine 14. They consist of toothed discs arranged on a
rotating axis and separated by spacer bushings. The axle 15
bears on the mounting brackets of the frame 16. For a visual
representation, a rear view of the machine is given in fig. 2. If
necessary, it can be equipped with drum working bodies
consisting of grid drums on which the crushing rails are
located. Drums can also be one or more. Each drum also bears
in bearing brackets attached to the machine frame. It consists of
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an axle, spokes, crushing rails. The drums can be mounted to
the frame by means of parallelogram mechanisms for better
work, copying of the terrain and better crushing of lumps.

Transport and transport position

Bringing the machine into working and transport
position is carried out by means of a power cylinder 6
connected to the hydraulic system of the tractor by means of
pipelines 4 and 5. The transport position of the machine is
presented in fig. 3. After that, it must be secured against
lowering by means of a safety mechanism 8, in case of a
possible damage to the hydraulic system of the tractor, the
machine will be secured against an arbitrary transition to
another position. Before separating from the tractor, the
machine must be lowered onto stand 2. Stand 2 can be retracted
for transport and operation by turning 90 degrees back and

F| 3. Trial

fixing with a pin.

Crushing rotary hoes, due to the forward movement
on one side and the friction in the soil and the forces of the
earth's gravity, perform a complex movement, a rotary
movement relative to the machine frame and a forward
movement relative to the field. The trajectory of each of the
teeth of the rotary hoe describes the trajectory of a complex
tracheid. As a result, the teeth sink into the soil and crush the

Technical specification

sample of a combined machine for inter-row processing of perennials in transport position

Over long distances, the machine is transported by
means of a motor vehicle, and the loading and unloading
activities are carried out with lifting mechanisms or on a ramp
on which the tractor pulling the machine approaches in reverse
and separates the machine when it is on the transport vehicle.

Technological process

The technological process takes place in the
following sequence: When the unit moves, the machine pulled
by the tractor gradually moves and different types of working
bodies perform different work. The loosening working bodies
are driven into the soil and cut, lift and partially move the soil
layers, cut weeds and plant residues at the depth to which the
machine is pre-set.

clods, bring the weeds to the surface of the soil and help to
break their bonds with the soil and this leads to their
destruction. The drum working units, like the toothed rotary
working units, rotate around their axes and break up the lumps
and plant residues and weeds through the working rails.

Ne Parameters

per Data, Values Measuring units

lines

1 Machine type Attached

2 Dimensions mm

2.1 Length 4100 mm

2.2 Width 1900 mm

2.3 Height 900 mm

3 Mass 950 kg

4 Working width mm

4.1 On the machine 1850 mm

4.2 On a working body 620 mm

5 Aggregation 1,4, 2, 3 Depending on the depth of cultivation and soil Tractor class
resistance.

6 Movement speed 2-20 km/h

6.1 Working 2-10 under the conditions as point 5 km/h

6.2 Transportation until 20 km/h

7 Processing depth up to 500 under the conditions as point 5 mm

8 Staff 1 mechanic number

9 Storage area 8 m’

30
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10 Ground clearance 300 mm

11 Machine base 1600 mm

12 Transmission Wheel running system type
12.1 | Wheel type pneumatic Type
12.2 Quantity of wheels 2 number
12.3 | Tiresize 170-406 600-16 T'OCT 7463-80 tsol
12.4 | Tire pressure 3 kg/sm?
125 Track 1800 mm

13 Productivity 0,2-1,4 under the conditions as point 5 ha/h

The developed experimental model of a machine for
soil treatment in permanent plantations should be improved and
the problems discovered during the testing process should be
eliminated.

Due to the heavy weight of the structure, bringing it
into transport and working position through the hydraulic
system of the tractor is accompanied by vibrations. When the
running system of the machine is brought into the transport
position, the weight reacts, which causes the safety valves in
the hydraulic distributor of the tractor system to operate, and as
a result, the hydraulic hinged system begins to lift. The two
hydraulic cylinders of the machine and the tractor begin to
affect each other and the lifting of the tractor hitch tilts the rear
of the machine down, making it difficult to get into the
transport position as well. This shortcoming can be solved in
subsequent research by replacing the machine's hydraulic
cylinder with a longer stroke.

Conclusions

1. A pilot model of a combined machine for tillage in
permanent plantations has been developed and tested. The in-
service inspection showed an acceptable quality of row spacing
treatment. To increase it, optimization of the operating mode
parameters is required.

2. The identified problems in the operation of the
hydraulic system of the machine necessitate a partial change of
the design, type and location of the hydraulic cylinders.
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A new type of nail for wooden structures with increased resilience
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ABSTRACT :In the following work, we present the results from a research of a type of nail with a new form of section, in comparison to the
round section that currently used nails have. This new form is similar to an equilateral triangle, the sides of which’ are curves [Reuleaux
Triangle]. The body section of this new type of nail has three curves and three edges; his surface SR is with 5.56% larger than the surface
SC of a round nail with the same section area. From the experimental research that has been made so far, it was established: (i) because of
the larger compaction of the wooden material in the ends of the edges, and of the larger surface, you get a bigger friction force, resulting in
a pulling-out force Fto,R that is on average twice as bigger as the pulling-out force Fto,C; (ii) because that the new form of nail has edges,
this leads to bigger resistance during the rotating of the joined wooden elements one against another — the moment Mr is on average 60%
bigger than the one with elements, joined with a normal nail. These advantages, as well as the use of the existing technology and machines
for the production of nails without having to effect any major changes, create the conditions for the application of the new type of nail in
construction, furniture production and in the everyday life, for an output of products with larger resistance to external forces. This effect will
be especially useful for increasing the residential buildings’ resilience during earthquakes, hurricanes and other natural disasters.
KEYWORDS NAILS, REULEAUX TRIANGLE, WOODEN STRUCTURES

I. INTRODUCTION

The production of nails worldwide is one of greatest in  S_(RYy1)=I_y/0.423R; S_(R,y2)=1_y/0.577R; S_(RXx)=I_x/0.5R
fabricated metal products: reinforcing bars — 400 million tons, 2
sheet metal — 240 million tons, pipes — 60 million tons nails, and ~ Where [6]
screws — 32 million tons in 2014 [1]. Nails are used for connecting
elements of wooden constructions; the largest quantities are used 1 X=Ly=1/48(107-17V3)R"4 (3)
for wooden-frame houses. The average wooden-frame house uses
require between 20,000 and 30,000 nails of various types and sizes
[2]. Earthquakes or hurricanes are considered as extreme conditions
for those structures. A variety of nails is available for wooden
structures, which are to be under heavy loading conditions — Fig. 1
(31, [41. [5]-

Most of these nails have a number of advantages,
compared to conventional nails, but they are difficult to be
manufactured in the existing automatic machines for nails and have
a higher price.

The new type of nail[10] has a section, known as the Reuleaux
Triangle. This geometrical figure has a shape, formed from the
intersection of three circles, each having its center at the vertex of a
triangle

— Fig. 2. The radius R is equal to the length of the triangle’s side.
In Fig. 2 we see that the Reuleaux Triangle includes three curves
and three edges.The Reuleaux Triangle can be seen as a closed
convex curve of constant width. This is a type of curves which,
when rotated in a square, make contact with all four sides [6]. The
other definition is that of “curves of constant width that have the
same "width" regardless of their orientation between the parallel
lines” [7]. The surface — that is the curve with the largest area — also
belongs to this type, while the Reuleaux Triangle is the closed curve
with the smallest area, but with the same perimeter. rolled rings; b —with rolled screw channels; ¢ — with screw canals

The more important qualities of the Triangle are:

- Its radius R = 2,112r, where r is the radius of a circle with
the same area. 6 — linear rings
- With the same area, the perimeter of the Reuleaux
Triangle PR is 5.56% larger than the perimeter PC of the given
circle.

- The second moment of area | and the elastic section
modulus S, when you have a circular section, are the same as regard
to a coordinate system, passing through the center of gravity in the
circle, therefore with a cicle Ix,c = ly,c, Sx,c = Sy,c. With the
Reuleaux Triangle Ix,R = Iy,R, Sx,R # Sy,R as regards to a
coordinate system, passing through the section’s center of gravity.
In agreement with the definition for S [8], [9] from Fig. 2b we can
see that with the Triangle there are two elastic section modulus
SR,y (SR,y1, SR,y2) and one elastic section modulus SR,x:

i

2

a) b) c)

Fig.1. Design of nails for heavy loading wooden structures:a - with

and rings: 1- nail heat, 2 — nail body, 5 — screw cylindrical surface,

Here we present the results from our comparative
experimental research for determining the maximal forces and
moments, which impact wooden structures, the elements of which
are to be joined with a nail with a round section, or a section of the
Reuleaux Triangle type.

S _(Ryl1)=l_y/b; S _(Ry2)=l_y/a ; S_(Rx)=I_x/0.5R Q)
By looking at the geometric proportions in an equilateral triangle it
can be determined that a = 0.577R , b = 0.423R and (1) becomes:
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7

a)
Fig. 2. a— aReuleaux Triangle; b —a scheme for determining the
elastic section modulus S; c— a nail with a Reuleaux Triangle
section

b) 0)

ol
7
.392

L\

Il. METHODICS

A round section nail with the following characteristics:
radius RC = 3.5 mm, length LC = 190 mm, area of the counter-
section A = 38.46 mm2, perimeter PC = 21.98 mm, was used in the
experiments. The nail with the Reuleaux Triangle section, was with
the same area A, radius RR = 7.392 mm, length of the section
portion LR = 85 mm (the length of the entire round section nail is
145 mm), perimeter PR = 23.2 mm - Fig. 3; his edges were
rounded with radius R = 0.5 mm. There have been made 10 such
nails, with the Reuleaux Triangle section portion been made on a
filament erosion machine.

In Table 1. are given the values of the second moment of area I and
the elastic section modulus S for the two types of nails.

RO.5

a) b)

Fig. 3. Comparison of the ordinary and the new nails: a — comparison of the cross-section dimensions; b - view of the used nails with the

new shape and ¢7

Table 1. Value of 1 and S for ordinary and new nails

Section | 1, Iy, Sy,mm® | Sy,mm? |'S,,
mm?* mm?* mm?®
Circle 117.8 117.8 33.6 - 33.65
5
Rel 122.54 | 122.54 39.1 28.73 33.15
0 9

There were two types of experiments.

2.1 Experiments for determination of the take-out force Pto

In that case wooden elements (beams) made out of dry
coniferous wood with sizes (length x height x width): 150 mm x 60
mm x 48 mm. We drive in them nails of the two types so that the
top of the nail comes out of the other side of the wooden element.
After that the nail is taken-out. A mechanical testing machine
Instron1195 was used, allowing to mark-down the diagram moving
— force when we drive and take-out the nails. From these diagrams
we calculate the maximum force of the driving in and the removal.
We drilled, in advance, holes with 3 mm diameter in the wooden
elements, to assure the driving was to be done easily, and without
unnecessary force that would possibly lead to the deformation of the
nails. There were 10 experiments held with each of the two types of
nails.

2.2 Experiments for determination of the torque Mr

In this case, wooden slats with dimensions (thickness x
length x width) 30 mm x 200 mm x 65 mm from dry coniferous
wood were used. Two slats are connected to each other with a nail
at a 900 angle. The resulting wooden structure was tested in rotation
under two types of load: when an external force acts simultaneously
on the two slats - Fig. 4.; when an external force acts on only one
slat - Fig. 5. The maximum moment at which the structure becomes
inefficient (the slats are rotated relative to each other) is denoted

33

with by and respectively. Using the calculation schemes for these
moments shown in Fig. 3c and Fig. 4c is obtained:

two __
M,™ =2x0.2x0.3543F Nm @

M one

r

0.155F, Nm

s

—

S—

c) d)
Fig.4. Pictures of tested wooden structure when force acts
simultaneously onthe two slats: a — in the beginning; b — during the
experiment; c, d — scheme to determine the moment
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two one
Table 3. Average values of M r and M r

Crosssection two one
M r Nm M r ,Nm
Circle 20.83 7.6
Releaux Triangle 34.72 15.2

Table 2. Driven in and take-out forces

Type Driven Take out force Fy,
forceFy , N
N
3728 2453
3267 2158
Circle 3482 1864
Cross- 3709 2394
section 2943 2551
3434 2048
3744 2366
3160 2370
3460 2483
0,155 m F 3420 2644
Average 3435 2333
o 4513 5494
' 4218 4513
Relo 4120 5297
Triangle 4120 5240
Cross- 4120 4905
/ section 4218 5248
A
////ﬁ. VA S S A A4 4194 4463
4124 4562
2 4158 4470
0,155 m
4262 5274
; -_3 \ . Average 4205 4947
F)
A s
|
VA A ; AV AV A A A4
d)
Fig.5. Pictures of tested wooden structure when force acts on one
slat:

a —in the beginning; b — during the experiment;
¢, d — scheme for determine of torque

I11. RESULTS
3.1 Determination of the driven and take-out forces

The driving of the nails is at a speed of 10 mm / min, and
the removal of them is at a speed of 20 mm / min. The obtained
values of the forces of driving Fd and take-out Fto are given in

Table 2. Fig. 6. A scheme of the forces, acting upon a section of a Reuleaux
When connecting the wooden slats, the nails were driven Triangle nail, when determining the elastic section modulus S: F1>
in at a speed of 10 mm / min. The speed of movement of the contact F3> F2

element in the torque test Mr was 5 mm / min. The results are
shown in Table 3. Due to the small differences in the values of the
moments in the individual experiments, in Table 3 only their
average values are given.
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1V. CONCLUSION

From Table 1 it can be seen that the resistance against

elastic bending of a nail with a section of the Reuleaux Triangle
depends on the application point of the external force. Fig. 6 shows
the forces F1, F2 and F3, which are used to determine the elastic
section modulus S. The difference in the magnitude of these forces
gives us grounds for the following conclusion:
When it is necessary to achieve maximum resistance against elastic
bending of a nail with a Reuleaux Triangle section, when driving
the nail it must be oriented so that the external force acts in the
direction of the force F1 from Fig. 6.This means that, when using
the new nail, an oriented driving can be performed according to the
location of the edges on its stem. Oriented driving is a unique
quality of the new nails, which will lead to drastic changes in the
integration of wooden structures.

From Table 2. we can calculate the difference between the
average forces of driving and removing a nail with a round section
and with the Reuleaux Triangle one:

When driving a nail with a section of Relo's Triangle, the force
Fd,R = 1.24Fd,C.

When removing a nail with a section of the Relo Triangle, the force
Fto,R = 2.12Fto,C.

This means that wooden structures, whose elements are
joined with nails with a Reuleaux Triangle section, will have twice
as much resistance to destruction as those, joined with ordinary
nails, when the wooden structures are subjected to superior
destructive forces.This result can be explained by the following
effects, which occur when driving and taking-out a nail with a
Reuleaux Triangle section: (i) in the ends of the edges of the nail
you get a compaction of the wooden material, which increases the
coefficient of friction and the friction force in these areas along the
length of the nail; (ii) the larger perimeter determines a larger area
of the surrounding surface of the nail body and hence a greater
friction force on this surface than the friction force arising on the
surrounding surface of a nail with circular section.

From Table 3. it can be determined:

When an external force acts simultaneously on two
elements of a wooden structure, the maximum moment at which the
elements will not rotate relative to each other is M_(r,R)two = 1.66
M_(r,C)*"wo.When an external force acts on an element of a
wooden structure, the maximum moment at which the elements will
not rotate relative to each other is M_(r,R)*one
2M_(r,C)"one.This means that wooden structures, which elements
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are connected with a nail with a Reuleaux Triangle section will
have between 1.66 and 2 times more resistance to destruction than
those, connected with ordinary nails, when forces, which strive to
rotate the wooden elements relative to each other, act on them. This
result is due to the presence of three longitudinal edges on the body
of the nail with a Reuleaux Triangle section.

The presented results were obtained by using one nail of

each type to connect the wooden elements. When using N number
of nails, the effects of applying a nail with a section of the Relo
Triangle will increase in proportion to N, when building wooden
structures. In this way, greater resistance of wooden structures can
be achieved, both in conditions of static external forces (furniture)
and in dynamic forces (hurricanes, earthquakes, floods).
An important feature that can help the wide application of the new
type of nails is that for its production the same materials, machines
and technologies are used, which are used for the production of
nails with round section.
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Abstract: In this paper, the results of the DTA-TGA, SEM-EDS, and FTIR analysis of the corn silk are presented. The DTA-TGA analysis
shows that the decomposition of corn silk has several stages which are manifested with corresponding peaks on obtained DTA-TGA curves.
SEM-EDS analysis was performed before and after the adsorption of copper ions. It has shown that untreated corn silk has a non-uniform
structure, consisting of channels and cavities of irregular orientation, which facilitates the penetration of the water phase into the adsorbent
structure, and incorporation of copper ions in the internal active sites. After the adsorption of Cu®" ions, the structure becomes more
compact, and uniform, as a result of the incorporation of copper ions into the molecular structure of the corn silk. FTIR analysis shows that
ion exchange is not the dominant mechanism of binding copper ions to the active sites in the molecular structure of the corn silk, but also

chemisorption and physical adsorption is present.

Keywords: CORN SILK, CHARACTERIZATION, DTA-TGA, SEM-EDS, FTIR, COPPER IONS

1. Introduction

Water pollution with heavy metals is a significant
environmental problem all over the world. Most of these pollutants
are not biodegradable and tend to accumulate in living organisms.
Their toxicity, along with their non-biodegradability makes the
polluted wastewater purification an initial concern [1].

Conventional methods for wastewater purification include ion
exchange, chemical precipitation, membrane processes, electrolysis,
etc [1, 2]. Among these wastewater treatment methods, sorption has
shown good prospects, thanks to its economic feasibility, and
environmental-friendly nature [2].

The use of waste biomass, including agricultural by-products, as
adsorbents for wastewater purification, has been very popular in the
scientific world in the past decade. This process is often referred to
as biosorption. The main advantages of the biosorption process are
the low-cost, biodegradability, efficiency, ease of operation and
simplicity of design, and abundance of potential biosorbents.
Further, this process can remove/minimize the different types of
pollutants, and thus it has wider applicability in water pollution
control [2, 3].

Corn silk (Stigma maydis) has been used for thousands of years
as a folk medicine in many parts of the world for the treatment of
edema as well as for cystitis, gout, kidney stones, nephritis, diabetes
mellitus, and prostatitis [4].

Corn silk is a by-product of corn after deep processing, and is
one kind of crop waste, widely available in large quantities. Corn
silk, whose components are significantly different from maize stalk,
maize corncob, and maize leaf, mainly contains cellulose. However,
corn silk is constituted of lignin and cellulose and there are a large
number of oxygen-containing functional groups, such as hydroxyl
groups, carboxyl, and carbonyl on its surface classifying it as a
potential adsorbent for metal ions [1, 5]. However, there are only a
few papers dealing with metal removal by raw or modified corn silk
[1, 6].

In this study, SEM-EDS, DTA-TGA, and FTIR analysis of corn
silk, as a potential adsorbent for copper ions biosorption is given.
The SEM-EDS and FTIR analysis was performed on samples
before and after the biosorption process.

2. Materials and methods

Corn silk was collected from the local cornfields near the city of
Bor (Serbia). Collected samples were firstly washed, ground, then
sieved through a set of laboratory sieves, and the sieve fraction (—1
+ 0.4) mm was analyzed for potential use as an adsorbent for copper
ions biosorption.

A synthetic Cu?" solution of an initial concentration of 0.2 g
dm™ was used for the adsorption experiments, to obtain a corn silk
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sample after the biosorption process for the SEM-EDS and FTIR
analysis.

The SEM-EDS analysis was performed on a VEGA 3 LMU
TESCAN scanning electron microscope, coupled with an integrated
energy-dispersive X-ray detector X-act SDD 10 mm? (Oxford
Instruments).

The DTA-TGA analysis was performed on a simultaneous
DSC-DTA-TGA device (SDT-Q600), under an inert atmosphere
(nitrogen).

The FTIR analysis of the corn silk samples before and after the
biosorption process was performed on a BOMEM MB-100
(Hartman & Braun Michelson) FTIR spectrometer.

3. Results and discussion

3.1 SEM-EDS analysis of corn silk

Based on a large number of results from scientific research in
which the SEM analysis of different biosorbents was performed, the
corn silk was analysed before and after the biosorption process. On
the basis of the SEM analysis, in which the surface of the samples
was observed, certain differences in the structure of the surface
before and after the biosorption process were noted. The surface
morphology of the corn silk samples before and after the
biosorption process is shown in Figure 1.

(S

SEM HV:8.0 KV
Viow fiold: 277 ym

Figure 1. SEM micrographs of the corn silk samples before (a) and
after the biosorption of copper ions (b)

WD: 15.00 mm
Dot: SE

Figure 1a shows a micrograph of the surface of untreated corn
silk. Macro-pores and cavities can be seen in the image. The
presence of macro pores and larger cavities facilitate the movement
of the aqueous phase through the corn silk structure and promotes
internal diffusion. The cavities and macro-pores of untreated corn
silk have a chaotic and irregular orientation, and their openings are
also irregularly shaped, as can be seen in Figure la. It is assumed
that metal ions through these pores easily penetrate into the
structure of the adsorbent where they are adsorbed on numerous
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internal active sites [6]. Similar morphological changes in
biosorbents were observed by other authors using SEM analysis in
their works [7, 8].

After the biosorption process, a change in the morphology of
the surface is noted (Figure 1b), compared to the untreated sample.
Figure 1b shows a relatively uniform structure of the corn silk
sample. The change in morphology is manifested as a compact
cellulosic structure, where no pores are observed, and the surface
has become rough [9]. The given changes in the morphology of the
sample lead to the conclusion that the adsorption of copper ions is
related to chemical changes on the surface of corn silk.

The EDS spectra of corn silk samples before and after the
biosorption process are shown in Figure 2. As can be seen from
Figure 2a, pointed on the alkali and alkali earth metal ions, the EDS
spectrum before the biosorption of copper ions shows a high content
of Ca, K, and Mg. After the biosorption process, the K peaks
decreased with the disappearance of Ca and Mg peaks, and peaks
for Cu were observed (Figure 2b). Hence, it could be assumed that
the ion-exchange mechanism occurs between Ca?*, Mg?*, K*, and
Cu? ions [10].

Spectrum 1

a)

4| Content, wt% | 46.32 | 48.66 | 0.14

Spectrum 4

b)

Element
Content, wt%

0.000 4
analysis of the corn silk samples before (a) and
after the biosorption of copper ions (b)

3.2 DTA-TGA analysis of corn silk

The DTA-TGA analysis of corn silk was performed in order to
determine the thermal stability of the biosorbent. 4 mg of corn silk
was heated at a constant rate of 10 °C/min in the range from 20 °C
to 900 °C, and the obtained results are shown in Figure 3.

20
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Figure 3. The DTA-TGA analysis of the corn silk sample
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Figure 3 shows the DTA and TGA profiles of corn silk. The
TGA curve shows a weight loss of 9.1 % in the temperature range
from 20 to 150 °C, as a result of the loss of physically bound water
within the sample. This process is followed by an exothermic peak
on the DTA curve with a minimum of 87.53 °C. Further, in the
range from 150 to 900 °C, the TGA curve shows a weight loss of
about 60 %, which can be contributed to the degradation of the
lignocellulose components present in the corn silk sample, and the
formation of volatile products like CO, CO, and others [10, 11].
This change is followed by an exothermic peak on the DTA curve,
with a maximum of 316 °C. The total weight loss, in the
temperature range from 20 to 900 °C, was 69.1 %.

3.3 FTIR analysis of corn silk

FTIR spectroscopy is an instrumental method used to determine
the functional groups in the adsorbent responsible for ion exchange
with metal ions from the solution. The FTIR analysis of the corn
silk samples was performed in the spectral range from 4000-400
cm, with a resolution of 2 cm™. The obtained results are shown in
Figure 4.

Frest

Modes 2 M) VI T 36 AW

srale Dazedpten

Seans= 10 Siaw: TornFiling=7 ¢

wraae]

Egare 4n FTIR spectra of the corn silk samples before (green band)
and after the biosorption of copper ions (red band)

The obtained FTIR spectra before and after the biosorption
process do not show significant shifts in the terms of wavelengths,
which suggests that ion exchange is not the dominant mechanism of
binding copper ions to the active sites in the molecular structure of
the corn silk, but also chemisorption and physical adsorption is
present.

4. Conclusions

The characterization of corn silk, as a potential adsorbent for
copper ions hiosorption is presented in this work. The SEM-EDS
analysis was performed on corn silk samples before and after the
biosorption of copper ions. The SEM analysis showed a change in
the surface morphology of the corn silk samples after the
biosorption process. The macro-pores and cavities, present on the
SEM image before the biosorption process, disappeared, and the
structure of the corn silk sample became more uniform and
compact. The change in the morphology of the sample occurred as a
result of the incorporation of the copper ions inside the structure of
the corn silk.

DTA-TGA analysis was performed on a corn silk sample to
determine its thermal stability. The sample was heated at a constant
rate of 10 °C/min, from 20 °C to 900 °C. The obtained results
showed a total weight loss of 69.1 % in the analysed temperature
range indicating the degradation of the lignocellulose components
in the sample.

The FTIR analysis was performed on samples before and after
the Cu?* ions biosorption. The obtained FTIR spectra showed no
significant shifts in the terms of wavelengths. This led to the
conclusion that ion exchange is not the dominant mechanism of
binding copper ions to the active sites in the molecular structure of
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the corn silk, but also chemisorption and physical adsorption is
present.
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Abstract:

Biomaterials are becoming an increasingly important research topic over time as they are used to replace parts and functions of the human
body, helping to improve the quality of human life. Titanium alloys are particularly important for the development of new biomaterials.
Commercial pure titanium and its alloys are used as essential structural biomaterials in the manufacture of implants due to their excellent
biocompatibility, good corrosion resistance and mechanical strength. However, studies have shown that aluminum and vanadium ions are
released in alloys such as Ti-6Al-4V, which can cause health problems over time. Because of the problems that occur, researchers are
working to improve the properties of titanium alloys by adding new elements. In most cases, different metals are added to titanium and it is
known that with the presence of different metals, the properties of titanium also change. All biomedical titanium alloys must undergo various
testing procedures before they can be used. The article describes the characterisation methods used in the development of titanium alloys,
such as: light and scanning electron microscopy, energy-dispersive spectrometry, X-ray diffraction analysis, differential scanning
calorimetry, differential thermal analysis. The reliability of the results depends on the methods used and the avoidance of errors in the
characterisation of biomedical alloys in order to reach better conclusions and produce alloys of the highest quality desirable for use in the

human body.

Keywords: BIOMEDICAL ALLOYS, Ti-ALLOYS, CHARACTERISATION, PROPERTIES

1. Introduction

After the first meeting on biomaterials, held in South Carolina
in 1969, the field of biomaterials received a lot of attention. [1]
Nowadays, biomaterials play an important role. [2] Biomaterials are
artificial or natural materials. They are used to make structures or
implants to restore form or function or to replace a diseased or lost
biological structure. [3,4] In this way, biomaterials help to improve
the quality of life. [1] With the advances in medicine and materials
processing in recent decades, a large number of biomaterials have
been developed with properties suitable for various applications. [2]
Metals have been used for decades for various applications in
medicine. They are used in different parts of the body, such as
artificial heart valves, as replacement implants in the knee, hip,
elbow and shoulder, as stents in blood vessels and as dental
implants. A large number of biomaterials are used for hip, spine and
knee replacements. [1,5] Biomaterials must meet various criteria
such as sufficient strength, bioadhesion, osseointegration ability,
biofunctionality, high corrosion resistance, biocompatibility, high
wear resistance and low friction. [6, 7] Biomaterials are also
characterised by their biocompatibility. Biocompatibility is an
important property of the material. [8] From studies conducted,
elements such as Ti, Mo, Nb, Zr, W, Ta, Au and Sn are highly
biocompatible, while Al, V, Cr and Ni are elements considered
hazardous to the human body. Figure 1 shows detailed information
about pure metals and their biocompatibility. [9]
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Metals and alloys used in biomedicine include stainless steels,
titanium and cobalt based alloys. [6, 10] Only commercially pure
titanium (CP-Ti) has the best biocompatibility among metallic
materials, but its mechanical properties are not satisfactory. [11]
Titanium and titanium alloys are currently the most commonly used
metals in the manufacture of medical components, especially
implants. Their natural properties such as low density and thus low
weight, good corrosion resistance, low modulus of elasticity, wear
resistance, high mechanical strength, relatively low modulus of
elasticity, excellent biocompatibility and non-magnetic behavior
give them an advantage over other metals such as chromium and
cobalt alloys and stainless steels. [6, 9, 12] Titanium has long been
considered a safe and inert element for human use. It also produces
minimal side effects in the human body. This can also be considered
one of the main reasons for using titanium as an implant. These
alloys have better biocompatibility than stainless steel and cobalt-
based alloys due to their good corrosion resistance. [2] However, in
addition to the good properties mentioned, titanium alloys also have
some poor tribological properties due to low resistance to plastic
shear, low protection by surface oxides and low hardening. [6] Most
of the published literature refers to the alloy Ti-6AIl-4V because of
its properties. However, there are some issues that limit the long-
term use of these commonly used alloys as implants. Some of the
disadvantages of these Ti-based alloys are that they lead to
loosening of the implant and fracture of the bone due to the stresses
being shielded due to the difference in elastic strength between the
implant and the surrounding tissue, causing discomfort over a long
period of time. [13] Concerns have been raised with the use of
aluminium and vanadium as alloying elements regarding their
harmful effects following the release of ions into the body, which
can cause dermatitis, while in some cases implant rejection occurs.
Although Ti-6Al-4V is considered highly resistant to corrosion, no
material is completely bioinert. The release of ions can cause
allergic reactions in some cases. Vanadium can have both positive
and negative effects on the body. Therefore, great efforts have been
made to develop titanium alloys with relatively harmless elements.
Elements considered safer than aluminium and vanadium include
niobium, tantalum and zirconium. Similarly, the release of
aluminium and vanadium ions can cause neurodegenerative
diseases such as Alzheimer's disease and peripheral neuropathy. It
can be deduced that there is a need to explore metals that are better
substitutes for alloying elements in Ti-alloys, as well as their
properties. [13] With the increasing demand for durable implants, it
has become necessary to accelerate research into the development
of biomaterials, which should lead to a significant production of
implants. [14]
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2. Methods of characterizations

The article describes some of the test methods used in the
development of titanium alloys. The methods described and
explained in the article are characterisation methods using a light
microscope (LM), a scanning electron microscope (SEM), an
energy- dispersive spectrometer (EDS), X-ray diffraction (XRD),
differential scanning calorimetry (DSC) and differential thermal
analysis (DTA) methods. The aim of these methods is to
characterise materials in order to determine suitable process
parameters that will result in an alloy with a satisfactory
microstructure or properties desirable for use in the human body.

Two types of microscopy are generally known. These are light
microscopy (LM) and scanning electron microscopy (SEM). In light
microscopy, the specimen is illuminated with visible light and the
image is produced with a system of objectives and eyepieces.
Scanning electron microscopy (SEM) is one of the most commonly
used instrumental methods to examine and analyse the
characterisation of solids containing micro- and nanoparticles. SEM
can provide information on surface topography, crystal structure
and chemical composition. It is used to obtain a realistic three-
dimensional image of the surface of the sample under investigation.
One of the reasons why SEM is preferred for particle size analysis
is its resolution of 10 nm or 100 A. The basics of SEM 's work
involve scanning the surface of the sample under investigation with
a very precisely focused electron beam. The smaller the electron
beam, the smaller the surface of the sample and the more accurate
the image. Energy dispersion X-ray spectroscopy (EDS) works in
conjunction with SEM to provide qualitative and qualitative results.
[15]

X-ray diffraction (XRD) is an increasingly important method
for the qualitative and quantitative characterisation of crystalline
materials. It is a particularly valuable analytical method because it
is possible to obtain a large amount of necessary information based
on a very small sample. A key feature of qualitative analysis is that
the constituents are identified as specific compounds. [16] It
provides information on phases, structures and parameters such as
crystallinity, average grain size, defects and crystal deformations. It
can be said that the sample obtained by this method actually
corresponds to a fingerprint, i.e. the periodic arrangement of the
atoms of the material under investigation. [17] X-ray diffraction is
one of the most important methods for studying and diagnosing
atomic structure, particle morphology, phase composition and a
number of other structural features. After the discovery of the
effects of X-ray diffraction, it has been successfully used to
determine the structure of crystalline, conventionally crystalline and
amorphous materials, as well as the size and shape of microscopic
and submicroscopic particles in liquid and solid states. [18]

The most common methods of thermal analysis are differential
scanning calorimetry (DSC) and differential thermal analysis
(DTA). Thermal analysis is a method that has continued to develop
in terms of new applications in the study of phase equilibria and
phase transformation behaviour. [19] These methods have a major
impact on materials science as they allow the measurement of a
wide range of physical and chemical properties. They are also two
closely related methods that analyse the change in temperature
difference between a sample and a reference sample while subjected
to temperature change and thermal effects in the material.
Differential scanning calorimetry is a method in which the change
in heat flow difference between a sample and a reference sample is
analysed while they are subjected to a temperature change.
Differential thermal analysis is a method in which the change in
temperature difference between a sample and a reference sample is
analysed while they are subjected to a temperature change. The
notation of the DTA method is the differential thermocurve or DTA
curve. [20] The above methods explain endothermic and exothermic
processes at very low (-120°C) to high temperatures (DSC 600°C
and DTA 1800°C). Physical properties measured by these methods
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include crystallisation temperatures, melting transitions, specific
heat capacity, enthalpy of melting and crystallisation, liquid crystal
transitions, solid-solid transitions, evaporation, sublimation, thermal
conductivity and glass transition temperature. Chemical properties
monitored by the above methods include oxidative reactions, solid-
state reactions, dehydration, decomposition, chemisorption,
combustion, hardening and polymerisation. [21] Depending on the
measurement method used, a distinction is made between two
measurement methods. These are differential scanning heat flow
calorimetry (heat flow DSC) and differential scanning calorimetry
with power compensation (power compensation DSC). [20, 21]

Ti- alloys

S. Y. Alshamari et al. analysed binary Ti-Cu alloys, i.e. Ti-
0.5Cu, Ti-2.5Cu and Ti-5Cu, prepared by vacuum sintering of
compacted powders. Using a light microscope, the sintered samples
were found to have mostly closed spherical pores in the centre of
the samples in the range of 15 to 50 um. The alloys were sintered at
a temperature of 1250°C, resulting in the formation of spherical
isolated pores. This is an indication that the sintered Ti-Cu alloys
have reached the final stage of sintering. Since Cu is a stabilizer of
the titanium B-phase, its addition leads to the formation of an a+f
lamellar structure. Using SEM analysis, they found that there is a
microstructural difference in the thickness and amount of B-phase
between the different alloys, even when the amount of B-phase
present increases. Only the increase in B-phase was determined by
the XRD analysis. The XRD patterns of the sintered alloys Ti-2.5Cu
and Ti-5Cu show the peaks of B-Ti and Ti,Cu phases, especially in
the Ti-5Cu sample. [22]

P. Pripanapong and colleagues conducted the tests on a Ti-Cu
alloy with compositions Ti-2Cu, Ti-4Cu, Ti-7Cu and Ti-10Cu. The
samples were sintered at 1000 °C for 1 hour in an argon
atmosphere. The microstructure of the investigated alloys shows a
4% Cu alloy, which has a hypoeutectoid structure. The mentioned
structure includes primary o-Ti (white phase) and eutectoid phase
(lamellae o-Ti/Ti2Cu), which transforms from B-Ti at high
temperature. The alloy with 10% Cu has a predominantly eutectoid
structure. XRD analysis showed Ti-2Cu peaks corresponding to a-
Ti only, while the Ti-10Cu alloy had a-Ti and Ti,Cu peaks. In the
differential thermal analysis (DTA), Ti-15Cu was investigated
because the amount of copper added is the largest and it is also
easier to detect a possible reaction between titanium and copper
powder. The DTA curve showed an exothermic reaction at 1078°C,
which is consistent with the melting temperature of pure copper.
This compares to the XRD result of the sintered samples. The
exothermic peak of the DTA analysis results indicates the formation
of Ti2Cu in the alloy after the copper powder was melted. [23]

Algattaan and co-workers added another alloying element, in
this case manganese, to the Ti-Cu alloy. Ti-0.5Mn-0.25Cu, Ti-1Mn-
0.5Cu, Ti-2Mn-1C, Ti-3.5Mn-1.75Cu and Ti-5Mn-2.5Cu alloys
were tested. The XRD diffractograms of the mentioned Ti-Mn-Cu
alloys show that the a-phase of titanium is the primary phase
forming the alloys. The relative intensity of the B-phase of titanium
increases with the addition of a larger amount of alloying elements,
as both manganese and copper are elements that stabilize the -
phase of titanium. Accordingly, it is expected that the B-phase of
titanium in the microstructure of Ti-Mn-Cu alloys will be more
pronounced in heavier alloy compositions. The microstructural
analysis results show that the sintered Ti-Mn-Cu alloys have a fully
lamellar microstructure composed of almost equal a-Ti grains and
parallel a-Ti and B-Ti lamellae, regardless of the alloy composition.
With increasing manganese and copper content, the relative amount
of B-Ti phases present in the microstructure increases linearly. The
higher manganese and copper content increases the fineness of the
lamellae and thus decreases the spacing between them. [24]
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Xu et al. investigated a biocompatible Ti-28Nb-35.4Zr alloy
used as a bone implant. The results showed that the sintering
temperatures have a significant influence on the mechanical
properties of the alloys. SEM microphotography showed that the
atomised powders have a typical spherical shape. XRD analysis
showed that the atomised powders consist of a B-Ti, while the
spherically milled powders consist of B-Ti and TiO,. TiO, mostly
appears because some oxygen is introduced during the ball milling
process. The hardness of Ti-28Nb-35.4Zr alloy generally increases
with increasing sintering temperature, which significantly improves
the mechanical properties of the produced alloy. [25]

Examining Ti-Nb alloys, Haq et al. determined that before the
start of heat treatment, the microstructure of the investigated alloy
consisted mainly of separated a-Ti grains and Nb grains with a
lamellar a- and B-structure at the interface between them. As the
heat treatment was performed at 1200°C, the lamellar
microstructure started to grow. After 4 hours of heat treatment, the
microstructure consisted only of lamellar morphology. The
microhardness of the sample increased with increasing heating time.
The microstructure had no influence on the change in hardness. The
phase change actually played a role in increasing the hardness. [26]

Kalita et al. prepared a Ti-Nb alloy with different chemical
composition (Ti-14Nb, Ti-20Nb and Ti-26Nb) using the mechanical
alloying method. In XRD analysis of the sintered alloy after
sintering, they observed the B-phase. Only a small amount of
hexagonal o-phase was present in the samples. Traces of the
orthorhombic martensitic o" phase were observed in the Ti-14Nb
and Ti-20Nb alloys. In the microstructure of the obtained alloys, B-
phase grains with a size of 10-50 um were observed in the case of
the Ti-14Nb alloy. Darker areas of the Nb-depleted a-phase were
present at the grain boundaries. It was found that the amount of a-
phase decreases with the Nb content. Very bright areas of Nb were
also observed. The presence of these particles leads to a decrease in
the niobium content in the matrix. XRD analysis was also
performed after heat treatment and confirms that the applied heat
treatment resulted in a reduced amount of hexagonal a-phase. A
regular B-phase was observed in all alloys. A martensite phase was
observed within the B-phase grains in the microstructure of these
alloys. The temperatures determined by DCS analysis for A and A¢
were -12.4 and 2.2°C, respectively. There were no visible effects
associated with martensitic transformation in the Ti-20Nb and Ti-
26Nb alloys. [27]

Zhou et al. prepared three types of Ti-Ta binary alloys (Ti-
10Ta, Ti-30Ta, Ti-70Ta). Microscopic analysis showed that the
tested alloys have lamellar and acicular microstructure. The SEM
analysis showed the formation of passive oxide films on the surface
of the samples. Oxide films formed on the surface of the Ti-30Ta
alloy. The results of XRD analysis showed that TiO, formed on the
surface of the Ti-10Ta alloy, while orthorhombic Ta,Os films were
present on the surfaces of the other alloys studied. [28]

Elshalakany and colleagues produced five alloys with different
compositions (Ti-15Mo-6Zr, Ti-15Mo-6Zr-1Cr, Ti-15Mo-6Zr-2Cr,
Ti-15Mo-6Zr-3Cr and Ti-15Mo-6Zr-4Cr). Optical micrographs
showed that the Ti-15Mo0-6Zr alloy mainly consists of the (o' + B)-
phase. After addition of 1 wt%Cr, a small amount of the p-phase
was detected. In all Ti-15Mo-6Zr-xCr alloys investigated, the
microstructure of the whole alloy was transformed into a granular
equiaxed p-phase. As the chromium content increased, the average
grain size of the B-phase decreased. Unlike the Ti-15Mo-6Zr-xCr
alloy, the microstructure of the Ti-15Mo-6Zr-2Cr alloy appears to
consist of B-phase grains. In other words, in the Ti-Cr alloy system,
the B-phase can be completely preserved after rapid cooling when
the chromium content increases. The average grain sizes of the f-
phase decreased with increasing chromium content. The Ti-15Mo-
6Zr-2Cr alloy has the highest amount of B-phase and also showed
the highest microhardness values (412 HV). [29]

Ho et al. investigated the structure and properties of a series of
binary Ti-Mo alloys with molybdenum content ranging from 6 to 20
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wt%. The experimental results of XRD analysis showed that the
crystal structure and morphology of the cast alloys were sensitive to
the molybdenum content. At a Mo content of 6 wt.%, a fine,
acicular martensite structure of the orthorhombic o" phase was
observed. At a molybdenum content of 7.5 wt%, the entire alloy
was dominated by the martensitic o" structure, and when the
molybdenum content was increased to 10 wt% or more, the retained
B-phase became the only dominant phase. Of all the Ti-Mo alloys,
the Ti-7.5-Mo alloy with o"-phase exhibited the lowest hardness.
[30]

Luz et al. observed the Ti-40Zr alloy during sintering at a
temperature between 800-1300°C. From the microstructure
analysis, they determined that the formation of a two-phase (o-+f3)
region started at a temperature of 800°C. The microstructure
showed dark areas with titanium particles. Grey areas with
dissolved zirconium particles were also visible. The two-phase
(a+p) region becomes visible at 1000 °C and consists of a pure
zirconium core surrounded by a two-phase microstructure. In the
samples sintered at 1300 °C, a fine-plate a- and intergranular f-
structure prevailed. Analysis of the results showed that slight
additional densification occurs at temperatures above 1300°C. The
hardness analysis values showed that as the temperature increases,
the hardness value also increases. X-ray diffraction analysis
revealed peaks related to the a- and B-phases of titanium, while the
peaks of zirconium were not determined, confirming its complete
resolution at a temperature of 1300°C. Zirconium-rich regions are
present up to 1200°C. [31]

In their study, Slokar et al. produced a TigyZry alloy mixture
that was analysed. The SEM analysis of the powders showed
different morphologies of the starting powders, for example, the
titanium powder consisted of spherical particles with a rough
surface and the zirconium powder consisted of angular particles. In
addition, a relatively high degree of agglomeration of the titanium
particles was observed, as the smallest particles were not separated
from the powder. In addition, after grinding TigyZr1 according to
the SEM analysis and the corresponding EDS analysis, it was
observed that many smaller particles retained their original shape as
the particles were subjected to low energy collisions. In addition,
only a small portion of the powder was agglomerated and deformed
into flakes. After milling the powders, the EDS line scan confirmed
that elemental zirconium remained, indicating that the milling
parameters were not satisfactory for complete dissolution of
zirconium into titanium. After sintering, a large number of pores
were visible that were not spherical, indicating that the final stage of
sintering had not been completed. Subsequently, the samples were
subjected to SEM and EDS analysis and it was found that the
zirconium content in the samples varied, indicating that the mixing
of the starting powders was not done correctly. Peaks were only
found for Ti and Zr in all the samples, and titanium was seen to be
evenly distributed across the analysed range. [32]

Liu et al. investigated the microstructure of the powder
metallurgy produced Nb-25Ti-xTa alloy (x = 10, 15, 20, 25, 35
at.%). In the SEM analysis of the alloy, the -phase was very easy
to detect. After sintering at 1700 °C, grain boundaries were clearly
observed in the Nb-25Ti-xTa alloy. The average grain sizes were 50
pm, 46 um and 33 pm. As the Ta content increased, the grain size
decreased, while the dissolution rate of Nb and Ta into the Ti matrix
increased with increasing sintering temperature. As the sintering
temperature increased from 1600 °C to 1800 °C, a gradual transition
to the B-phase occurred. It was also found that the acicular a-phase
transitioned to the o + B-phase, and when the temperature increased
to 1800 °C, a transition to the B-phase occurred. EDS line scanning
was then performed to determine the distribution of the elements
Nb, Ti and Ta in the Nb-25Ti-25Ta alloy sintered at 1600 °C.
Titanium was the main element in the dark areas. As shown by the
analysis of SEM, the pore size and shape gradually changed as a
function of the sintering temperature. At higher sintering
temperatures (1800 °C), there were more pores with regular shape,
while at low sintering temperatures (1600 °C), the pores were
mostly irregular in shape. XRD analysis of the sintered Nb-Ti-Ta
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alloys was also performed and it was found that the predominant
diffraction peaks of the sample were from the spatially centred
cubic (bce) B-phase. Due to the small difference between the lattice
parameters of Nb and Ta, the diffraction peaks of these elements
overlapped. [33]

Popescu and colleagues investigated a new TiZrNbTaFe alloy.
Based on the morphology of the starting powders, they found
different spherical shapes for each type of elemental powder. They
also found that the titanium powder consists of flattened angular
particles, for zirconium they are needle-like particles, for niohium
they are flaky, while for tantalum irregular particles with a slight
tendency to spheroidise and for iron spheroidal particles can be
seen. XRD analysis of the homogenised sample revealed that in
addition to Ti, Zr, Nb and Fe powder, a combination of these
elements with hydrogen or oxygen also occurs, which is due to the
high degree of oxidation or hydration of the metal powder. After
alloying the mixture for 20 hours, the analysis of SEM showed that
the formation of NbTiZr phases was predominant, with some
unalloyed powders also visible. Based on the results of the X-ray
analysis, it could be assumed that the alloying process had started,
but that the milling time was not sufficient to achieve complete
mixing of the powders into a homogeneous mixture. Thus, Ti made
up 45 % of the powder mixture, Fe 17 %, Ta 12 %, Zr 4 % and the
Nb content was 3 %.[34]

3. Conclusion

The excellent properties of titanium alloys have made these
alloys a very important material for various applications, especially
in biomedicine. Although titanium and titanium alloys are widely
used biomedical materials, research continues in order to obtain the
highest quality and most reliable material possible. The above
overview shows the importance of the presented conventional
methods for the development of biomaterials. However, they should
be applied together with other characterisation methods in order to
be able to adjust the parameters of the biomaterials manufacturing
process based on the characterisation results obtained, with the aim
of obtaining titanium alloys with satisfactory properties for
biomedical applications.
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Study of aluminum content on the structure and phase composition of synthesized
aluminum-matrix composites
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Abstract: The work shows that there is no significant change in the phase composition of composites with a change in the synthesis
temperature, so we can use pre-synthesized heats at a temperature of 950 oC to obtain hot-stamped aluminum-based composites. The best
characteristics of the synthesized titanium carbide were obtained for the composition 45AI-11C-44Ti (%, wt.). The lattice period of titanium
carbide for this sample is 0.4324, and the particle size of titanium carbide formed after sintering is 0.8-1.5 um. The influence of the
component composition of the initial charge on the features of the structure and the phase composition of the thermally synthesized heat of

the Al-C-Ti system was established.

KEYWORDS: THERMAL SYNTHESIS, MASTER ALLOY, METAL MATRIX COMPOSITE, ALUMINUM, STRUCTURE, PHASE

COMPOSITION, TITANIUM CARBIDE, LATTICE SPACING.

Today, aluminum matrix composites (AMC) have found the
most effective application in automotive, aviation and rocket
engineering [1, 2]. This is explained by their low weight, high
mechanical, tribotechnical and corrosion properties. The most
widely used AMCs are reinforced with ceramic particles, since they
have isotropic properties and are made according to a simpler and
cheaper technology compared to fibrous and layered aluminum
composites. Ceramic powders of aluminum oxide (Al,Os) and
silicon carbide (SiC) with a size of 10-20 wm with a volume fraction
of up to 25% are used as a reinforced phase in most of the
manufactured AMCs. However, in recent years, attention has been
paid to the use of titanium carbide (TiC) as a dispersion-
strengthened phase, since TiC particles can provide AMC with a
complex of properties, surpassing all other discretely strengthened
AMC [3]. This is due to the fact that TiC has an fcc crystal lattice
that coincides with the a-Al crystal lattice, as well as high strength,
hardness, and thermodynamic stability. Both powder metallurgy
and casting methods are applicable for the production of Al/TiC
composites [4]. All these methods can be divided into ex-situ
methods, when the reinforced particles are produced in advance,
separately, outside the matrix, and then introduced into the matrix
during the manufacturing process of the composite, and in-situ
methods, when the reinforcing particles are synthesized by chemical
reactions directly in the matrix during preparation of the composite.
In the case of ex-situ methods, the surface of the powders is usually
contaminated with oxides, moisture, adsorbed gases, which impair
the wettability of the powders by the matrix and the adhesion
between the particles and the matrix. In the case of in-situ methods,
the reinforcing particles synthesized in the matrix have a clean,
uncontaminated surface, which is important for ensuring strong
adhesion to the matrix, they are thermodynamically stable and do
not replay with the matrix, they can have a smaller size and a more
uniform distribution in the matrix [5, 6], thanks to these advantages,
in-situ methods are currently being intensively developed.

Therefore, promising for Al-Ti-C aluminum composites is the
direction associated with the preliminary synthesis of titanium
carbide in a powder mixture. Depending on the ratio of the content
of titanium and carbon in the mixture, when it is heated, in-situ
formation of dispersed particles of titanium carbide and ternary
titanium carbide occurs, which allows you to control their
dispersion and shape. Titanium carbide does not interact with the
aluminum matrix and does not form undesirable compounds.

As a result of previous studies [7-10], the authors have
accumulated and systematized a certain amount of information on
obtaining new composite materials, technologies for preparing
powder mixtures (mechanical methods: grinding, chemo-thermal
methods: processing in argon and vacuum), consolidation
conditions (sintering in controlled gas environments, hot pressing
and stamping), which will create new powder composite materials.

The purpose of the work is to study the phase and structure
formation of alumino-matrix composite materials strengthened by
titanium carbide during their thermal synthesis, as well as to study
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the influence of the phase composition of composites on the
synthesis temperature.

The achievement of the set goal will occur as a result of using
the effects of obtaining the required dispersed phases during
thermal synthesis, which will allow to purposefully influence the
growth rate of grains and artificially create heterogeneity of the
composite and thereby form a fine-grained microheterogeneous
structure with high physical, mechanical and tribotechnical
properties. A new approach in the creation of such powder materials
is that refractory reinforcing additives can be formed by
recrystallization in thermal synthesis from elementary powders.

Obijects and research methods

Aluminum, titanium and graphite powders were used as raw
materials for preparing the charge mixture which was subsequently
thermal synthesized. To evaluate the effect of blending ratio on the
structure and properties of the samples after sintering four
compounds of row charge mixtures were chosen. The materials
used in this study are summarized in Table 1.

Table 1 - Chemical composition of charge mixtures for the
synthesis of composites

Composition, % (mass.)
Number Al C i
1 45 11 44
2 50 10 40
3 55 9 36
4 60 8 32

The initial mixtures were pressed under a pressure of 500
MPa, thermal synthesis was carried out in a vacuum furnace of
induction heating at a temperature of 950 ° C and held for 1 hour
with a sintering rate of 5-10 degrees./ min. Composites was studied
using a scanning electron microscope with an energy-dispersive
microanalyzer REM 106i, which allows obtaining images of the
structure with high spatial resolution and depth of field in reflected
(BSE) and secondary (SE) electrons, as well as provides
information about the chemical composition and structure. Etching
of the samples was performed in a 40% NaOH solution.
Microspectral analysis, X-ray phase analysiscand differential
thermal analysis (DTA) was also performed.

Results and discussion

The composition of powder mixtures used for the synthesis of
Al-Ti-C composites is shown in Table. 1. as a result of synthesis,
the initial samples (fig. 1. b, c¢) turned into fairly strong and
relatively dense compacts. After sintering, there was no significant
increase in volume and no change in the shape of the compacts due
to thermal synthesis at a low heating rate of 5-10 degrees/min. The
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advantage of this method is the production of dispersed particles of
titanium carbide in the aluminum matrix as a result of the in-situ
reaction between the original elementary powders of Al, Ti and C.
It is assumed that as a result of the in-situ reaction during the
synthesis of the material, the intergrain boundaries between the
particles of the strengthening phase and aluminum will be free from
oxides, which significantly increases the interfacial strength, and the
titanium carbide particles themselves will have a submicron size
and a fairly homogeneous volume distribution, which leads to an
increase in the mechanical properties of the composite [11, 12].

By adjusting the heating rate, the final porosity of the
synthesized compacts can be controlled. The porosity of the
synthesized composites varies from 8 to 25%, depending on the
aluminum content (45-60% by mass) and the sintering rate from 5
to 10 degrees/min.

Figure 1 - Initial
pressing (a) and
characteristic
macrostructure of
samples after thermal
synthesis (b, ¢)

C

The results of scanning electron microscopy (SEM) of the
samples after thermal synthesis presented in Figure 2 and show that
the studied samples have mainly a two-phase structure - a gray
field, on which light small particles are evenly distributed. It should
be noted that the number of light particles significantly decreases
with the increase in the amount of aluminum in the samples.

a— 45A1-11C-44Ti (%, mac.); b — 50Al-10C-40Ti (%, mac.);
¢ — 55A1-9C-36Ti (%, mac.); d — 60AI-8C-32Ti (%, Mac.)

Fig. 2 - SEM microstructure of Al-Ti-C composites after
thermal synthesis

Quantitative analysis showed that the gray field in the
photographs of microstructures (Fig. 3) consists mainly of
aluminum (Table 2, spectra 2), or a mixture of aluminum and
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titanium carbide particles (spectra 4, 7-10), light rounded particles
(spectra 3, 5 and 6) correspond to the close to stoichiometric
composition of titanium carbide. In addition, an increase in the
amount of aluminum from 45 to 60% leads to an increase of oxygen
in the samples, the percentage of which gradually increases in the
samples 55AI-9C-36Ti (%, wt.) and 60AI-8C-32Ti (%, wt.).

a— 45A1-11C-44Ti (%, mac.); b — 50AI-10C-40Ti (%, mac.);
¢ — 55A1-9C-36Ti (%, mac.); d — 60AI-8C-32Ti (%, mac.)

Fig. 3 -.SEM microstructure of AI-Ti-C composites after
thermal synthesis

Table 2 - Content (wt.) of elements at different
synthesized ligatures of the Al-Ti-C system (see Fig. 2)

points

Ne spectrum | Al, % Ti, % C,% 0,%
1 30,33 60,36 9,3 -
2 55,1 44,1 3,86 -
3 15,48 47,01 24,26 13,25
4 30,91 26,18 31,36 | 11,55
5 8,94 55,40 22,70 | 12,97
6 20,56 45,38 16,33 | 17,73
7 215 41,60 23,66 | 13,24
8 35,75 25,06 20,57 | 19,62
9 35,91 30,13 17,52 | 16,44
10 45,19 23,52 18,07 | 13,20

The dispersion of titanium carbide particles in the sample with
the composition 45A1-11C-44Ti (%, wt.) lies in the range from 0.8
to 1.5 um (Fig. 3, a), which is less than in other samples in which
the grain size 2-4 um, respectively (Fig. 3, b - d).

This is explained by the different content of aluminum: the
greater its amount surrounds the titanium carbide particles formed
in the synthesis process, the larger the diffusion path becomes and
the smaller the driving force that promotes the growth of the
particles.

Fig. 4 presents the XRD pattern of initial mixture and
composites. It can be seen that the initial mixture contains Al, Ti
and C as shown in Fig 4a. The XRD results revealed the presents of
TiC and Al in all specimens Fig 4 (b, c, d, €)
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Fig. 4 - Diffraction patterns of the initial powder mixture (a)
and synthesized Al-Ti-C master alloys (b, c, d, €)

The influence of the aluminum content on the parameters of
the titanium carbide lattice was investigated (Fig. 5). In all samples,
the diffraction lines of titanium carbide are at approximately the
same angle, which explains the close values of the period of the TiC

lattice (Fig. 5).
0,4326
E 04325
g
E 04324
T
T 04323
g 0
2 042
S 04321
0,432 . : :
45 50 55 60

AL % (wt.)

Fig. 5 - The value of the period of the TiC lattice on the
content of aluminum in composites

However, it should be noted that with an increase in the
amount of aluminum in the samples, it can be seen that the value of
the lattice period increases. The low value of the period of the TiC
lattice may be related to too little amount of aluminum, which in
this system at the synthesis temperature of 950 °C is an environment
that facilitates the interaction between titanium and carbon, and its
deficiency affects the completeness of the carbide formation
reaction.

The differential thermal analysis of the studied systems
showed that for all compositions of the initial mixtures, the DTA
curves have pronounced endothermic and exothermic peaks (Fig.
6). For samples with a content of 50 and 60 wt. %. aluminum, the
minima of the endothermic and the maxima of the exothermic peaks
practically coincide (at temperatures of about 640 °C and 800 °C,
respectively). In a sample with a content of 45 wt. % of aluminum,
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endothermic peaks with minima at 635°C are observed, and
exothermic peak maxima correspond to temperatures of 812 °C and
800 °C. The endothermic effect at temperatures of 635 - 675 °C is
explained by the appearance of a liquid phase. The exothermic
peaks on the DTA curves at 800 °C and 812 °C correspond to the
in-situ formation of titanium carbide as a result of the solid-phase
interaction of titanium with carbon, where the aluminum melt acts
as a medium that intensifies the formation of titanium carbide.
Based on the fact that this reaction is one of the most
thermodynamically advantageous, it can be assumed that the
formation of titanium carbide proceeds in this way. The temperature
of formation of TiC on DTA may be underestimated, because
measurements of a small mass were used for the research. During
the synthesis of ligatures, heating of the presses to an average of
1100 °C was recorded.

653

N
674°C

1228°C
785°C
1 1093°C
e
805°C
8

d
a —45Al-11C-44Ti (%, mac.); b — 50Al-10C-40Ti (%, mac.);
¢ — 55AI-9C-36Ti (%, mac.); d — 60AI-8C-32Ti (%, mac.)

674°C

Fig. 6 -.Differential thermal analysis of Al-Ti-C powder
mixture

Thus, the results of microspectral analysis, X-ray phase
analysis, and differential thermal analysis of samples obtained by
thermal synthesis from powder mixtures of different compositions
made it possible to establish that for all investigated compositions
of the starting mixtures, when they are heated, in-situ separation of
TiC titanium carbide particles occurs. The alloys synthesized from a
mixture of the compositions 45Al-11C-44Ti (%, wt.) and 50Al-
10C-40Ti (%, wt.) are characterized by the greatest dispersion of
the particles of the strengthening phase, which were chosen for
obtaining aluminum composites by the method of hot stamping,
together with the sample composition 60AI-8C-32Ti (%, wt.), in
which complex titanium carbide appears.

Conclusions

1 The results of microspectral analysis, X-ray phase
analysis, and differential thermal analysis of samples synthesized
from powder mixtures of different compositions made it possible to
establish that for all the compositions of the initial mixtures, upon
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heating, in-situ formation of TiC titanium carbide particles and a
small amount of titanium aluminides occurs.

2. It is shown that there is no significant change in the
phase composition of the composites with a change in the synthesis
temperature, therefore, in the future, we can use pre-synthesized
heats at a temperature of 950 °C to obtain hot-forged aluminum-
based composites. The best characteristics of the synthesized
titanium carbide were obtained for the composition 45AI-11C-44Ti
(%, wt.). The lattice period of titanium carbide for this sample is
0.4324, and the particle size of titanium carbide formed after
sintering is 0.8-1.5 um.

3. The influence of the component composition of the
initial charge on the structural features and phase composition of the
thermally synthesized heat of the Al-C-Ti system was determined. It
is shown that in the case of using a charge with a stechiometric
carbon content in relation to titanium, the predominant
strengthening phase of the alloy is titanium carbide.
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Abstract: The time being, one of the greatest concerns is the environmental pollution. Nowadays, various dangerous compounds reach to the
air, soil and water. Pharmaceuticals, such as 17a-ethinylestradiol (EE2), are one of the most emerging pollutants in water ecosystems.
Hence, powerful but green approaches should be developed in order to completely remove the pollutants. Heterogeneous photocatalysis is a
sustainable and efficient process in the removal of organic pollutants, such as pharmaceuticals. ZnO is one of the most commonly used
semiconductors but also possess some drawbacks. In this study novel synthesis pathway of ZnO nanoparticles from banana peel extract was
obtained. Besides, the photocatalytic efficiency of the newly synthesized ZnO was examined in the degradation of EE2. Both the eco-friendly
ZnO nanoparticles, as well as pure banana peel extract showed a promising photocatalytic activity in the degradation of EE2 under
simulated solar irradiation (SSI). Namely, EE2 was completely degraded after 60 min of SSI.

Keywords: ENVIRONMENTAL POLLUTION, SUSTAINABLE WASTEWATER TREATMENT, ADVANCED OXIDATION PROCESSES,
HETEROGENEOUS PHOTOCATALYSIS, GREEN SYNTHESIS, ZNO NANOPARTICLES, BANANA PEEL EXTRACT.

1. Introduction

Nowadays, various dangerous compounds reach to the air, soil
and water. Environmental pollution is an emerging global issue,
with severe impact on natural fields. The water contamination is the
second most serious problem, right after the air pollution [1]. Even
though all natural ecosystems are exposed to the harmful effects of
different pollutants, the water pollution is the most emerging one.
Each year, about 380 billion m® of wastewater is released to the
aquatic environment and this amount is expected to be increased by
24% until 2030 [2].

Pharmaceuticals, such as 17a-ethinylestradiol (EE2), are one of
the most emerging pollutants in water ecosystems. EE2 is a
synthetic steroid estrogen and commonly applied in controlling
ovulation, as well as in treating alopecia, prostate and breast cancer
in humans and reproductive disorders. Furthermore, it is also
applied in contraceptives and in hormone replacement therapy.
Even though this compound can be successfully used for different
medical purposes, the human organism cannot it completely use and
it can be excreted in the biologically inactive formulation, such as
sulfate and glucuronide conjugates, but also as free active
molecules. EE2 belongs to the group of endocrine disruptors and
has been globally detected at concentrations ranging from 0.3 to
84.0 ng/L in surface water, sanitary sewage, and drinking water and
wastewater effluents from sewage treatment plants. Unfortunately,
even at low concentrations EE2 can cause serious damages to the
living organisms. Several destructive wildlife and human diseases
are believed to be caused by EE2. For instance, fish feminization,
turtle egg production alterations, functional digestive gland
alterations in mussels and also prostate cancer and decreased sperm
production in human males [3,4].

Another serious issue is the ineffectiveness of the most
commonly used conventional wastewater treatment techniques,
which also use harmful chemicals. Hence, powerful but green
approaches should be developed in order to completely remove the
pollutants.

Advanced oxidation processes (AOPs) are considered to be
adequate alternatives. Heterogeneous photocatalysis, as one of the
AOPs, is a sustainable and efficient process in the removal of
organic pollutants, such as pharmaceuticals [5]. This technique is
based on the interaction between semiconductors as photocatalysts
and sunlight. As a result, reactive oxygen species are generated,
which attack and mineralize the present pollutants. ZnO is one of
the most commonly used semiconductors but also possess some
drawbacks, which limit its application in photocatalysis. Thus,
various ZnO nanoparticles are being synthesized with unique
characteristics [6].
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The aim of this study was to prepare novel green ZnO
nanoparticles from banana peel extract. In addition, the
photocatalytic efficiency of the newly synthesized ZnO and pure
banana peel extract was examined in the degradation of EE2 under
simulated solar irradiation (SSI).

2. Materials and methods

The aqueous solution of EE2 (0.05mM) was prepared by
dissolving appropriate mass in ultrapure water. The solution was
stored in dark environment (protected from light) at room
temperature.

The synthesis of the novel-green ZnO nanoparticles (ZnO NPs)
was conducted using banana-peel-based extract. Banana was
obtained from local stores.

Firstly, prior to the ZnO synthesis, the banana peel was washed
several times with tap, distilled and ultrapure water. After that, 220
g of washed peel was mixed with 400 mL ultrapure water. The
mixture was heated until boiling and cooked for 10 min. Finally,
100 mL of pure extract was separated and stored in a refrigerator for
further analyses.

In the eco-friendly synthesis of novel ZnO NPs, ZnSO, x 7TH,0
(Sigma—Aldrich, St. Louis, MO, USA) was used as a precursor. To
begin with, 300 mL banana peel extract was mixed with 1500 mL
ZnSQO, (0.08 M) solution. Then, the pH was set to 10, using 3 M
NaOH. During the addition of NaOH, snow-white precipitation was
observed, which is proved the formation of ZnO nanoparticles. The
mixture was filtrated through a Biichner funnel and the precipitation
was collected on a filter paper. The newly-formed ZnO NPs were
washed (two times) with ultrapure H,O, until pH 7. Finally, ZnO
nanoparticles were dried in an oven at 100 °C, until constant mass.

3. Analytical procedures

The photodegradation experiments were performed in a
photoreactor (TOPT-V, Toption, China). The samples were
prepared and irradiated in a photochemical cell made of quartz glass
(total volume of ca. 100 mL). The photochemical cells were placed
in a circle around the Xe lamp, which was used as simulated solar
irradiation. The cells were equally exposed to the irradiation source.
Xenon lamp was in a quartz cold trap, which was equipped with
water-circulating jackets and connected to a cooler in order to
ensure a constant temperature inside the photoreactor (Fig. 1).

The samples of EE2, taken after different times of irradiation
using simulated solar irradiation, were firstly filtered through
Millipore (Millex-GV, Burlington, MA, USA, 0.22 pm) membrane
filter to remove all possible impurities. After that, they were
analyzed wusing high-pressure liquid chromatograph with
fluorescence detector (UFLC-FL, Shimadzu Nexera, Tokyo, Japan)
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(excitation and emission wavelength of EE2 were 220 nm and
310nm, respectively) equipped with Inertsil® ODS-4 column
(2.1 mm x 50 mm i.d., particle size 2 pm, 30 °C) was used. Prepared
samples (10 uL) were injected and analyzed. The mobile phase
(flow rate 0.7 mL/min) was a mixture of acetonitrile and water
(80:20, v/v, pH 2.56), while the water was acidified with phosphoric
acid, so that the mass fraction of phosphoric acid was 0.1%.

/I\ ater in

/ Quartz cold trap
_r\\ ater out

Xenon lamp

Quartz photochemical

cell L
Magnetic stirrer

Fig. 1. TOPT-V photoreactor

4. Results and discussion

In order to determine the photocatalytic activity of newly
synthesized plant-based ZnO nanoparticles, the photocatalytic
degradation efficiency of EE2 was investigated. Firstly,
experiments were carried out in the presence of both commercially
available ZnO and novel green ZnO NPs. Based on the obtained
results (Fig. 2) it can be concluded that banana-peel-based ZnO
showed higher photocatalytic activity, since 95% of EE2 was
degraded after 60 min of simulated solar irradiation. On the other
hand, in the system with commercial ZnO 91% of EE2 was
removed, respectively.

1.0 4
—8—2Zn0
—— plant-based ZnO
0.8
0.6
-
S
0.4
0.2
0.0 T T T T T T
0 10 20 30 40 50 60

Time (min)

Fig. 2. Kinetics of EE2 (0.05 mM) degradation in the presence of
commercial and plan-based ZnO (y = 1.0 mg/mL), under simulated
solar irradiation

Considering that the novel green ZnO NPs showed the highest
removal efficiency, they were used in further experiments.
Moreover, the efficiency of pure banana peel extract in the
photodegradation of EE2 was also examined. According to the
obtained data (Fig. 3), it can be seen that the removal of EE2 was
slightly improved in the presence of banana peel extract, compared
to the system with ZnO NPs. Namely, 98% of EE2 was successfully
degraded in the presence of banana extract, after 60 min of solar
irradiation.
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Fig. 3. Kinetics of EE2 (0.05 mM) degradation in the presence of
plan-based ZnO (y = 1.0 mg/mL) and pure banana extract (5%,
v/v), under simulated solar irradiation

5. Conclusion and outlooks

Banana-peel-based ZnO nanoparticles were successfully
synthesized via precipitation method with ZnSO, x 7H,0 as a
precursor.

Based on the conducted experiments on the photodegradation of
EE2, we successfully proved the possible water remediation
application of the newly synthesized ZnO-based nanomaterials, as
well as banana peel extract.

In general, the phytochemicals present in natural extracts act as
reducing and capping agents, thus the synthesis procedure can be
accomplished without using the expensive toxic organic stabilizers
and complicated time-consuming procedures. Moreover, the plant
extracts used for the sustainable synthesis can additionally improve
the photocatalytic activity, because of the biomolecules and other
natural compounds present in them. However, the exact effects of
the biomolecules obtained from plants in the synthesis of
nanoparticles, as well as in the photocatalytic processes, are not
exactly known and require further investigation.
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The influence of electrochemical corrosion on the structure and phase composition of a
sintered multicomponent titanium-based composite in a 3% NaCl solution
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Abstract: The electrochemical corrosion properties in a 3% NaCl solution of the titanium-based multicomponent composite of the 65TiH,—
30FeSiMn-B,C system were investigated. The kinetics and the mechanism of anode dissolution of metals and oxidation of specimens have
been studied by using polarization curves, chemical and x-ray phase analyses. It was found a decrease in the titanium carbide peaks on the
X-Ray defractions also the titanium silicon carbide almost disappears after immersing the sample in a 3% NacCl solution. Formation of
silicon and boride phases of titanium in the synthesis process leads to an increase in corrosion resistance due to the inhibition of the

velocities of both the anode and cathode processes.

KEYWORDS: POWDER MATERIALS, ELECTROCHEMICAL CORROSION, POLARIZATION CURVES, TITANIUM SILICON CARBIDE,

TITANIUM CARBIDE

1. Introduction

For the successful development of modern technology, it is
necessary to create new materials that can work in extreme
conditions and possess of physical and technical properties:
refractory, heat resistance, wear resistance, resistance to aggressive
environments.

Titanium and titanium-based materials are among the stable
materials in many aggressive environments, especially in the
electrochemical corrosion, for example, in the marine environment
or in the wastewater environment. Which is caused by the rapid
formation of a titanium thin inert film of dioxide on its surface,
which interacts with the lower layer of titanium with the formation
of lower oxides soluble in the metal.

In recent years, powder metallurgy methods have been
increasingly used for the production of titanium materials [1-3].
One of the effective options for obtaining sintered titanium-
containing materials is the use of titanium hydride powders instead
of serial titanium powder as raw materials [4,5].

In [6], the results of the electrochemical corrosion test of
three-layer ceramics based on TisSiC, are presented. Titanium
silicon carbide is highly stable in concentrated hydrochloric acid
solution and exhibits high crystalline hydrogen evolution activity.
In [7] Ti3SiC, exhibits excellent tribocorrosion resistance in situ due
to the formation of an oxide film on the surface was found, unlike
pure titanium. Thus, it can be concluded that Ti;SiC, can have very
wide prospects for the use in seawater as a substitute for non-
corrosive components. However, obtaining titanium silicon carbide
requires the use of many technological operations [8], as well as the
use of pure powders of titanium, silicon and graphite as raw
materials, which significantly increase the price of the finished
product.

The appropriateness of choosing an alloying element to obtain
our multicomponent material is determined by technical and
economic factors. Thus, the introduction of up to 3+5% of iron,
silicon or manganese into the composition of the powder charge
significantly increases the strength of the sintered alloy. In addition,
during the synthesis of titanium hydride with ferro-silicon-
manganese, there is an active interaction with the formation of hard
and wear-resistant silicide phases of titanium, which favorably
affect corrosion resistance in sea water and sulfuric acid. Additional
introduction of boron, carbon, or nitrogen transition metals to 1V-VI
groups makes it possible to obtain a composite material with a
combination of unique electrophysical and mechanical properties,
while having chemical and thermal stability [9,10].

A number of interesting temperature and mechanical
properties of borides, for example, a high melting point and high
hardness, have already been studied and successfully exploited in
such areas as wear-resistant products. Composite materials that
include borides make it possible to use them in high-tech areas,
along with well-known oxide ceramic materials, as well as silicon
carbide and hard alloys [11].
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Considering the above, the aim of this paper is to study the
influence of a 3% NaCl solution on the stability of a
multicomponent  titanium  based composite doped with
ferrosilicomanganese and boron.

2. Objects and research methods

As the base of charge, we used powders of PTKh-80 titanium
hydride with a particle size of < 63um. The main alloying elements
were added to the charge in the form of MnS-17 ferro-silicon-
manganese (FSM) powder with a particle size of < 80 um the
chemical composition of which is given in the table 1 and boron
carbide with a particle size < 50 pm. The morphology of the
powders of the initial charge is shown in Fig. 1.

Table 1: Chemical composition of Ferro-Silicon-Manganese MnS-
17 (%, wt.)

Fig. 1. Morphology of the
starting titanium hydride (a),
ferro-silicon-manganese (b),

boron carbide (c)

The initial powder mixture was mixed in a ball mill in an
alcohol for 6 hours with grinding carbide balls (diameter of 4-12
mm) and a ratio of the mass of the mixture to the mass of the balls
of 1:5.

Samples of size 43x6x6 mm were pressed from the obtained
mixture under a pressure of 500 MPa. The test samples were
sintered in a vacuum furnace type CIIIBJI - 1.2,5/25-M04 with a
heating rate of 5-7 degrees/min in two successive stages: heating to
600 °C with isothermal holding for 30 min (to remove the main
amount of hydrogen), further heating to 1250 °C with exposure for
60 min.
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The microstructures of the starting powders after
mechanoactivation was examined employing REM-106Y scanning
electron microscope.

The change in the local chemical composition of the samples
was studied by X-ray spectral analysis using the MS-46 "Cameca"
microprobe. The phase composition was determined by X-ray
defraction in filtered Co-K, (A = 0.15418) radiation using a DRON-
3M diffractometer. The diffractograms were processed using the
ORIGIN 2016 program to determine the reflection angles and
lattice parameters. The phase composition of the samples was
determined by the intensity distribution along the diffraction vector.

The process of electrochemical oxidation of the material was
carried out by the method of obtaining anodic polarization curves
with a potential sweep speed of 0.5 mV/s on a PI-50-1 potentiostat
in a 3% NaCl solution. A platinum electrode was used as a cathode;
anode potentials were measured using a silver chloride reference
electrode. The studied sample was not subjected to grinding before
the test due to high fragility.

3. Results and discussion

Figure 2 shows the schematic of a cathodic and anodic
polarization curve after electrochemical oxidation of the
synthesized TiH2-FeSiMn-B4C in 3% NaCl solution.

It is known [12] that during anodic oxidation of binary
compounds of transition metals, the formation of a wide range of
oxides should be expected. This is especially characteristic of
titanium, which forms compounds with different degrees of
oxidation.

] 4

Iz (i (A/cw?)

Fig. 2. Cathodic (1) and anodic (2) polarization curves of the
65TiH2-30FeSiMn-5B4C composite in a 3% NaCl solution

As can be seen from curve 2 (Fig. 2), in the initial range of
potentials from stationary (Est = -0.42 V) to -0.3 V, active anodic
oxidation is observed, which is accompanied by its dissolution in
the electrolyte with transition to a solution of Ti®" ions. On the basis
of curve 2 (see Fig. 2), the following anodic process on the TiB
surface can be proposed: in the range of potentials Est = - 0.3 V,
Ti*" ions and boric acid ions pass into the solution:

TiB + 3H,0 Ti*" + BO® + 6H+ + 6¢

@)

With the development of the anodic process, passivation of
the sample with the formation of a TiO2 (rutile) film is observed at
potentials more positive than -0.3 V, which is evidenced by the
changed slope of the polarization curve:

TiB + 5H,0 = + Te

Tio, + BO* + 10H*

O]

The cathodic recovery process (curve 1), which occurs on the
surface of the sample, proceeds as actively as the anodic process.
According to the course of the curves, the rate of corrosion is
controlled by the course of reactions (1) and (2), i.e., the value of
the limit oxygen current.

Taking into account that electrochemical reactions occur on
the surface of the material, the nature of the distribution of phases
and their composition, which are in direct contact with the
aggressive environment, is important. For this purpose, the
microstructure and surface composition of the material before and
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after oxidation were investigated. The material
65TiH2/30FeSiMn/B,C has a heterophase microstructure based on
grains of titanium carbide, titanium silicide, titanium boride, a
matrix in the form of a Ti-Mn compound and some amount of
ternary carbide TisSiC,. X-ray phase analysis is presented in Fig. 3.

Fig. 3. Fragment of the X-
ray diffraction pattern of
an alloy synthtesized at

1250°C from the
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solution
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Based on the X-ray diffraction pattern (Fig. 3(1) before the
sample is immersed in a 3% NaCl solution), the matrix phase is
presented in the form of the Ti—Mn system, there is a significant
number of clear lines of silicide phases (TisSis). The main phase is
titanium carbide, which is located at angles of 36°; 42°; 61° and
73°, whose diffraction maxima are (111), (200), (220), (311),
respectively. Reflexes of titano-silicon carbide TisSiC, and some
amount of TiB were also observed.

After immersing the sample in 3% NaCl (Fig. 3(2)), the
diffraction pattern changes slightly: a decrease in the intensity of the
carbide peaks is observed. The most intense reflection (200) is
almost halved from 100.0 to 58.3, probably due to the formation of
a passivation film. Titanium silicon carbide almost disappears and
the amount of silicide phase decreases. As noted in [6], the decrease
in the number of these phases indicates that most of the Ti and Si
atoms in the lattice are selectively dissolved in the solution, and
carbon remained in free form. The chemical bond between the Si
and Ti—C layer was very weak, and the electrical conductivity could
be mostly attributed to the 3d electrons of titanium atoms adjacent
to silicon. Therefore, most electrons in the loop were provided by
titanium and silicon easily diffused into the solution during
corrosion.

The corrosion/passivation mechanism could be sketched
in Fig. 4 that layered crystal structure and weaker chemical bond
between Si and Ti-C layer made silicon atoms are more likely
diffused outward which promoted the reaction [6].
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Silicon and titanium inhomogeneous diffusion reduced
efficiency of passivation films generation and a great deal of silicon
and titanium atoms loss into solution and which could be due to the
increasing of polarization potential.

On the contrary, titanium atoms in CP Ti diffused uniformly
into the barrier layer enhanced the protection of the passivation film
as shown in Fig. 4b.

The microstructure of the surface of the material before and
after oxidation differs significantly (Fig. 5). Before the tests (Fig.
5(a)), the Mn-Ti matrix phase (Table 2) and the carbide phase
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separation (Table 2 phase 1) were observed on the surface of the

sample. After testing the sample for electrochemical corrosion, a
passivating film appears on the sample surface (Fig. 5b). Such
structural changes occurred as a result of partial dissolution of less
stable surface layers based on Ti and Si.

o 100 Mk
———

b
Fig. 5. X-ray microspectral analysis of sintered samples obtained
from the 65TiH,/30FeSiMn/B,C powder mixture:
a— sample after synthesis at 1250°C, b — sample after synthesis
immersed in a 3% NaCl solution

Table 2: Chemical composition of elements in different phase
components of the 65TiH,/30FeSiMn/B4C composite (%, wt.)

Fe Mn Si Ti C/B ®daza
1 0,36 0,73 0,17 78,96 | 19,94 | TiC
2 7,83 14,74 | 1,66 69,32 | 6,44 Mn,Tiy
3 7,86 2452 | 0,39 65,11 | 2,12 Mn,Tiy
4 10,68 | 4456 | 2,81 39,01 | 2,95 Mn,Tiy
4, Conclusion

The electrochemical corrosion properties in a 3% NaCl
solution of a multicomponent composite based on titanium, system
65TiH2-30FeSiMn-B4C, were studied. It was found that after
immersing the sample in a 3% NaCl solution, the radiograph shows
a decrease in the titanium carbide peaks by half, the titanium silicon
carbide almost disappears. Amount of the silicide phase also
decreases, which is associated with the dissolution of the Ti and Si
phases in the solution.

The corrosion/passivation mechanism of Ti/Si/C compared to
commercially pure titanium was elucidated. A high resistance to
anodic oxidation was established, which is due to the formation of a
protective TiO, (rutile) film on the surface of the sample. The
conducted research makes it possible to predict the corrosion
behavior of new titanium-based composites during their operation
in natural environments.
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Studying the surface and microstructure of a chromium coating with nanodiamond
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Abstract: Electrochemical coatings of chromium modified with nanodiamond particles applied directly on niobium-aluminum alloy were
obtained. Nanodiamond particles produced by detonation synthesis were used. Chromium coatings were deposited on a monolithic
composite with a complex structure based on niobium and aluminum alloys, called later matrix for short. Standard chromium electrolyte and
electrolyte with nanodiamond particles concentration of 10 g/l were used. Analyzes were performed by Scanning Electron Microscope
system of Bruker Inc. and the Polyvar Met metallographic microscope. The microhardness was measured using a PolyvarMet 4000
microhardness tester. The obtained results of the microhardness were 788 kg/mm? in the chromium layer and 168 kg/mm? and 692 kg/mm? in
the matrix. The microstructural and SEM-EDS analysis showed the presence of two intermetallides Nb,Al and NbsAl in the monolithic
composite of niobium aluminum matrix. The average thickness of the chromium coatings modified with nanodiamond particles is 55 um.
Keywords: CHROMIUM COATING, NANODIAMOND PARTICLES, NIOBIIUM ALUMINUM MATRIX, MICROSTRUCTURE

1. Introduction elemental composition in different areas of the matrix and of the
chrome coating were investigated. The primary test samples are

High-temperature monolithic Composites with Iayered structures rectangmar tiles with dimensions - 30 x 20 mm and he|ght h-15

are usually obtained by pressing at certain temperature of bundled mm. Figure 1 shows some of the chromium-coated test samples
layers of various metal foils and powders such as: Mo-Al, Nb-Al,  shot with an optical microscope (LM). There, the structure of the
Nb-Al-Ti, Cr-Al-Nb [1], Mo-Nb-B-Si [2] and others. In our case,  chromium coating surface was shot with magnification marked A
we consider a composite of niobium (niobium alloy with 0.1%  x20 and B x80 with different levels of illumination. The chromium
carbon) and aluminum foils pressed at 1-2 MPa at a temperature of  ¢oating follows the surface of the monolithic composite sample
1300°Gn vacuum. with a layered structure that is slightly rough with elongated stripes.
The basic chromium coating has a slightly wavy structure with fine

In the binary system Nb-Al the main phases are: NbAlz, Nb,Al grains, which is more clearly observed in (Fig, 18).

and NbsAl [3]. According to some authors the phases Nb,;Al; and
Nb;-Al; also coexist [4]. The first attempt to use the batch rolling
method to obtain a monolithic composite was made to densify
aluminum and niobium foil at a temperature of 300°(5].

DT ~ -

To improve the properties of this type of monolithic composite
(MC) such as heat resistance, microhardness, wear resistance,
corrosion resistance, they are electrochemically coated with metallic
chromium. The composite chromium coatings modified with
nanodiamond particles deposited on various metals and alloys such
as steel, aluminum, etc. additionally contribute to increasing the S—

above-mentioned properties. [6, 7, 8]. A, x20 B, x80

In the present research the main aim was to obtain composite Fig. 1 Chromium coating with ND deposited on the niobium
chromium coatings with diamond nanoparticles deposited directly aluminum matrix with magnification A x20 and B x80
on a monolithic composite based on a niobium aluminum matrix Short description of the preliminary treatment (technological
with a layered structure. Their structure and morphology were process) for obtaining chromium coatings with ND on MC of the
studied on the one hand, and on the other hand, the thickness of the niobium aluminum matrix (alloy): The samples are first grinded,
coating and its microhardness were determined. A uniform and then degreased and etched with a mixture of acids. The niobium
dense layer of chromium with nanodiamonds with thickness of alloys are usually cleaned of the surface oxides with a mixture of
about 55 pm was obtained. The microhardness in the chromium the acids HF, HNO3, H3PO, in a ratio of 1:1:1 or 1:1:2 [9]. Finally
layer is about 800 kg/mm? in the matrix close to the chromium they are immersed in a special acid-alkaline solution [10] before
layer it is about 170 kg/mm? and in the middle of the sample it is connected to the cathode and immersed in the chromium plating
about 700 kg/mm?. electrolyte.

The preliminary chemical treatment is extremely important for
obtaining a uniform, dense and well-adhered chromium coating.
Otherwise, the coatings crack, peel or do not adhere well to the
metal matrix. In the present study a standard chromium plating

Any application of coatings, regardless of the type of metal matrix,
is carried out by preliminary removing of the oxide layer from the
metal surface immediately before depositing the coating. In our
Case, a Series of O.X'qe layers 01_‘ the main elgments Nb and Al, from electrolyte was used with chromic anhydride:sulfuric acid ratio of
which the monolithic composite was obtained, must be removed. 100:1 [6, 10]. It has the following chemical composition: CrO; —
Multicomponent alloys are usually chemically treated with a series 220 g/I; |’_|2304 -2.2gll.

of acids and their mixtures and bases also in some cases. ¥
Electrochemical polishing in appropriate electrolyte solutions is
also used to remove the oxide layers.

The electrochemical parameters of the process are:

Current density: 45 A/dm?

Duration: approx. 45 min

The electrolyte temperature: approx. 50°C

Two electrolytes are prepared. The first is the standard chromium

The objective of the study is to obtain a chromium coating with ~ €lectrolyte described above and the second one is with the
nanodiamond particles on a monolithic composite with a layered ~ nanodiamond particles. It is in the form of an aqueous suspension
structure obtained on the basis of a niobium alloy with 0.1% carbon ~ With an ND concentration of 10%. The suspension with ND was
and aluminum. The phase Composition’ microstructure and then activated in an ultrasonic bath, after which the resulting

2. Experimental data
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electrolyte is added to the standard electrolyte for chromium plating
with a final concentration of nanodiamonds of 10 g¢/l. The
previously treated niobium aluminum samples connected to the
cathode are immersed in the obtained in this way electrolyte and the
electrodeposition of metallic chromium is carried out. The final
result of the chromium plating of the niobium aluminum matrix is
shown in (Fig. 1).

3. Research, results and discussion

3.1. X-ray structural analysis

Investigations were done with a Bruker D8 Advance powder X-
ray diffractometer. The Bruker DIFFRAC.EVA program was used
to determine the qualitative and quantitative phase analysis.

| 22N
1 POF 01-089-4064 CrChom inm Svi

ZTheta (Coupied TeoThetalThekd WL=154050

Fig. 2 Diffractogram of chromium coating with diamond nanoparticles
deposited on MC of the niobium aluminum matrix designated as(32-2Nb-Al)

In the diffractogram in Fig. 2 one phase of metallic chromium
with a cubic structure is found, which is evidence of a good density
of the chromium coating.

3.2. Microstructure and microhardness

The microstructure of the chromium coating with ND deposited
on MC of niobium aluminum alloy was imaged with a "Polyvar
Met" metallographic microscope (Fig. 3). The chromium coating
was prepared from electrolyte with concentration of nanodiamonds
in the electrolyte 10 g/l. The microhardness in the chromium layer
was about 800 kg/mm? which is typical for chromium coatings
with ND. It was determined using a PolyvarMet 4000
microhardness tester (Fig. 3). In the matrix with a layered structure
it is 168 kg/mm? which we assume was measured in the aluminum
and niobium solid solution and it was about 690 kg/mm? most likely
measured at the obtained intermetallyde Nb,Al.

Fig. 3. Microstructure and microhardness of chromium coating with
nanodiamond particles deposited directly on MC of niobium aluminum alloy
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The chromium layer is 55 pm thick, uniform and dense,
following the surface of the monolithic composite of the niobium
aluminum matrix. (Fig. 3).

3.3.  Surface  morphology
composition determination

and elemental

The studies were carried out using a scanning electron microscope
"HIROX SH-5500P" with an EDS system "QUANTAX 100
Advanced" with accelerating voltage: from 1 to 30 kV. In Fig. 4 A
the chromium coating is observed which is in gray. The coating in
Fig. 4 B is in black and its border is hardly distinguishable from the
final border with the resin with which the sample is prepared. The
SEM examination of the chromium coating deposited on MC of the
niobium aluminum matrix is surrounded by a yellow square marked
with the number 3.

Cr+ND coating 55 p

Fig. 4. SEM image of a chromium coating with nanodiamond
particles deposited on a MC of a niobium aluminum matrix

The surface was investigated at magnification x500 and it
consists of continuous and uniform layer of chromium with
nanodiamond particles with thickness approximately 55 um thick.

1

Mass Mass Norm. Atom abs. error [%] rel. error [%]
Element At. No. Netto

[%] [%] [%] (1sigma) (1sigma)
Nb 41 13931 47.53 50.84 18.28 1.84 3.88
Al 13 17517 33.31 35.62 44.09 1.66 4.98
C 6 31112.65 13.53 37.63 4.16 32.88
Sum 93.49 100.00 100.00

2

Mass Mass Norm. Atom abs. error [%)] rel. error [%)]
Element At. No. Netto

[%] [%] [%]  (1sigma)  (1sigma)
Nb 41 40929 91.38 88.05 49.56 3.42 3.74
C 6 422 11.74 11.32 49.26 3.49 29.69
Si 14 539 0.66 0.63 1.18 0.07 10.82
Sum 103.78 100.00 100.00
3

Mass Mass Norm.

Atom abs. error [%] rel. error [%
Element At. No. Netto (%] (%]

[%] [%] [%]  (1sigma) (1sigma)

Cr 24 29844 82.11 94.55 86.40 2.29 2.79

C 6/ 186/ 2.52 290 11.49 1.02 40.30

Nb 41 457 1.62 1.86 0.95 0.13 8.29

Si 14 244 0.59 0.68 1.16 0.08 13.17
Sum 86.84 100.00 100.00

Figure 4 shows the examined in zones and characterized by
SEM-EDS analysis of the surface of the chromium coating with ND
and of the niobium aluminum matrix. The elemental composition
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was determined in three zones: In zone 1 the intermetallyde Nb,Al
was found according to the elemental composition and
microstructural analysis from. In zone 2 it was a solid solution of
niobium and aluminum in the niobium aluminum matrix. And in
zone 3 it was only the chromium layer with diamond nanoparticles.

=

NbsAl

- .-

2031
BSE MAG:1000x HV:20kY WD:10 mm Px: 0.51 pm

P T
Fig. 5. SEM image of zone study of the monolithic composite with a
layered structure based on a niobium aluminum matrix

Figure 5 shows the zone examination and characterization by
SEM-EDS analysis of MC of the niobium aluminum matrix. The
elemental composition is determined in two zones: 4 and 5, where
the intermetallyde NbsAl is most likely to be found, and the broad
dark band is the intermetallyde Nb,Al.

The data from the studies in a Nb/Al matrix are shown in the
zone marked with 4. The main elements are Nb, Al, C and traces of
Si.

4

Mass Mass Norm. Atom abs. error [%] rel. error [%]
Element At. No. Netto

[%] [%] [%] (1 sigma) (1 sigma)
Nb 41 13800 78.04 75.19 34.70 3.01 3.86
C 6| 195( 13.57 13.07| 46.67 5.26 38.79
Al 13 2898 11.73 11.31 17.97 0.67 5.71
Si 14 138 045 0.43 0.66 0.07 16.59
Sum 103.79 100.00 100.00

In zone 5, the yellow rectangle in Fig. 5 the data from the
studies inside the matrix are presented, from which it is clearly seen
that the quantities of the main elements match and are
approximately the same in mass percentages as those of zone 4.

The identified carbon, although with a large error, is very likely
to be from the nanodiamonds used in the chromium plating
electrolyte (Fig. 4), zone 3 and/or from the carbon content of the
niobium alloy used together with aluminum foil to produce a
monolithic composite with a layered structure (Fig.5), zone 4 and 5.

5

Mass Mass Morm. Atom abs. error [%] rel. error [%]
Element At. No. Netto

[%] [%] [%]  (1sigma) (1 sigma)
Nb 41 56111 82.54 76.26 36.84 3.08 3.73
Al 13 11765 12.86 11.89 19.77 0.66 5.16
C 6 678 12.37 11.43 42.71 3.16 25.57
Si 14 530 046 0.43 0.68 0.06 12.47
Sum 108.24 100.00 100.00
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4. Conclusions:

Electrochemical chromium coatings with ND were deposited
directly on a monolithic niobium aluminum matrix composite.

The presence of chromium with a cubic structure in the coating
was determined by X-ray structural analysis.

The chromium coatings with ND were found to be dense,
discontinuous, following the surface of the monolithic niobium
aluminum matrix composite with a layer thickness of about 55 pm.

It was found that the microhardness in the chromium coating is
nearly 15 % more than that measured in the Nb,Al intermetallyde
obtained in the niobium aluminum matrix.

The microhardness in the chromium coating was found to be
nearly 5 times greater than that measured in the Al/Nb solid
solution obtained in the niobium aluminum matrix.

The presence of two intermetallydes Nb,Al and NbsAl was
determined by microstructural and SEM-EDS analysis.

SEM-EDS analysis determined the presence of carbon in the
samples, most likely from the niobium alloy (Nb01C) in the matrix
and traces of carbon in the chromium coating, which are most likely
from the diamond nanoparticles which proves their participationin
the structure of the layer.
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Effect of solanine on corrosion of steel 3 in lactic acid
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Abstract: The object of research — the natural glycoalkaloid solanine as a possible inhibitor of acid corrosion of steel St3. Modern data on
the structure and physico-chemical properties of solanine, such as amphiphilicity, surface activity, basicity, characteristic of modern organic
corrosion inhibitors, are presented. The basic concepts are defined: basic nitrogen, solanine amphiphilicity, mass and volume corrosion
indicators, corrosion inhibitor, degree of protection, corrosion inhibition coefficient. The literature data on the corrosive activity of lactic
acid (MC) are presented and characterized.

KEYWORDS: CORROSION, ST 3, CORROSION INHIBITOR, LACTIC ACID, SOLANINE DEGREE OF PROTECTION, BRAKING
COEFFICIENT

1. Introduction austenitic steels of the AISI 304 (V2A) and AISI 316Ti (V4A)

Structural carbon steel St3 of ordinary quality is a universal alloy ~ grades have "excellent” chemical resistance in MK solutions. Other
used in all areas of industry. Various metal structures are made of it, ~ authors note that MK causes corrosion of steel [5]. Yu.l. Batsko and
Working under normal conditions. However’ in an aggressive R.S. Re§hetova pOI.nt to the S|gn|f|Cant I’OlP: of MK in the COI:rOSlOn
environment, this steel needs anti-corrosion protection. destruction of equipment of sugar factories [6]. Along with the
One of the modern strategies aimed at combating corrosion is the ~ information that MK causes corrosion of steels only at high
search for non-trivial corrosion inhibitors based on the principles of ~ concentrations [7], there are statements of the opposite nature [8]
Green Chemistry. The starting material for the production of such ~ Thus, fragmentary and contradictory information about the rate of
substances can be not only affordable and renewable plant raw  corrosion of steel under the influence of MK complicates the
materials, but also industrial waste of plant and animal origin.  Problem of finding effective corrosion inhibitors.

Rational use of waste, prevention of its adverse or harmful effects ~ The aim of the study was to study the dynamics of corrosion of steel
on people and the environment, is the most important concept of ~ St3 in aqueous solutions of various concentrations of MK under the

modern production. influence of solanine extract.

This is especially important for chemical industries associated with

the use of aggressive media, or the production of substances that 2. Materials and methods of research

have high corrosive activity. Such substances include oil, solutions Lactic acid (2-hydroxypropane) has two optical isomers (D and L).
of inorganic acids (sulfuric, hydrochloric, orthophosphoric), some jt js most often used as a racemate, an optically inactive mixture

salt solutions an_d so!utlons of organic acids (fo_rmlc, acetic, lactic). consisting of equal amounts of D- and L-enantiomers (Figure 1).
Numerous studies in recent years have mainly focused on the

creation of corrosion inhibitors for strongly acidic media, such as COOH
solutions of hydrochloric, sulfuric, nitric acids [1]. The effect of | ?OOH
organic acids on the corrosion of industrial steel has not been

sufficiently studied. H— C*—OH HO—Cc*—H
Of undoubted interest is the study of the corrosive activity of lactic | |

acid (MK). This is due to the constantly increasing demand for this CH CH
product. MK is widely used in the food industry in the production 3 3

of beverages, flour products, fruit and vegetable processing. The

chemical industry uses MK for the production of neutralizers, for D(_) - lactic acid L(+) - lactic acid

the production of optically active substances, complexing agents ) o )

and cosmetic products. It is also used as an anti-scale agent, as part Figure 1 Lactic acid — D- and L-enantiomers

of solvents and cleaning agents. Large volumes of MC are used for . . .

the synthesis of the biodegradable polymer polylactate (PLA) [2]. MK is a heterofunctional compound that simultaneously possesses

According to [3], the global production of MK in 2015 amounted to ~ th€ properties of alcohols and carboxylic acids. This largely
354 thousand tons. Currently, the global production capacity is 430  eXPlains its high reactivity. Intramolecular hydrogen bonds between
thousand tons. According to the results of 2016, the global demand ~ Nydroxyl and carboxyl groups enhance the acidity of lactic acid
for MK amounted to 1 million 220 thousand tons and should grow ~ (PK@3,8). Itis 80 times stronger than acetic acid.

by 16.2% by 2025. Today, the following trends are observed in the ~ High hygroscopicity and pronounced acidity are extremely

global lactic acid market: important properties for the manifestation of corrosion activity of
— growth of production capacities for the production of MK; MK. . . . .

_ increase in the share of MK use in non-food industries: Solaplqe (Figure 2) is a egcoaIk_aI0|d fro_m thg Solanaceae family,
~orientation of the largest manufacturers to the output (PLA). consisting of aglycone and solatriose. Aglicon is represented by the

Further development of the PLA market is predicted, an increase in  Steroid alkaloid solanidine. The presence of a nitrogen atom in the
the production of pharmaceuticals, environmentally friendly food ~ COmPposition of solanidine gives the whole compound the properties
products and food additives. of an organic NH-base with high chemical activity. The

MK is not produced on an industrial scale in the Republic of carbohydrate fragment of the solatriose molecule include_:s residues
Belarus. It has to be purchased abroad. Our country's demand for it ~ Of glucose, galactose and rhamnose monosaccharides. The
has reached 600 tons per year. hydrophoblc aglycone and hydrpphlllc carbohydrate component
An essential condition for increasing the efficiency of enterprises ~ 9ivé the compound an amphiphilic character and determine the
for the production and processing of MK is to increase the Surfaceactivity of solanine.

reliability of equipment. Anticorrosive protection of equipment,

ensuring the safety of the stock of metal products are a guarantee of

increasing the safety of production.

Currently, there is fragmentary and contradictory information about

the rate of corrosion of metals under the influence of MK.

According to [4] stainless titanium-containing high-strength
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Figure 2 Chemical structure of corned beef

Solanine is a natural alkaloid, it is synthesized in all parts of plants
of the Solanaceae family. The highest content of solanine is
observed in unripe berries of black nightshade (Solanum nigrum).
The tubers of ripe potatoes contain a small amount of solanine —
about 0.01%. In sprouted, green tubers, the level of solanine
increases many times, reaching 0.5%, while especially a lot of
solanine appears in potato sprouts and peel [9].

To obtain the solanine extract, potatoes previously aged in sunlight
for 30 days were used. A thin layer of peel was removed from the
sprouted and green tubers together with the seedlings, crushed and
homogenized. Solanine was extracted with a hot ethanol solution
acidified with acetic acid. An extract containing a suspension of
solanine was used in the experiment.

In laboratory studies, samples of St3 steel weighing 8.07 — 8.23 g,
with a diameter of 30 mm were used. A 1M H,SO, solution was
used to etch the samples. Then the samples were cleaned with
sandpaper, degreased, washed under running water, dried, weighed.
In all variants of the experiments, MK with concentrations of 0.5%
(0.055 mol/l); 5% (0.56 mol/l); 50% (6.7 mol/l) were used. The
volumes of the reaction mixture with steel samples were adjusted to
80 cm3. The experiments were carried out at a temperature of 200C.
In the first series of experiments, 4 cm?® solanine extract was added
to lactic acid solutions (4 mg in terms of pure substance)
(experiment 1). In the second series of experiments, a suspension of
solanine was applied directly to heated steel samples and dried.
After applying the extract, the samples were covered with a film.
Then the samples were placed in lactic acid solutions without
adding solanine to them (experiment 2). Control samples were
placed in MK solutions with concentrations of 0.5%, 5% and 50%.
Considering that under experimental conditions, electrochemical
corrosion of steel St3 proceeds with hydrogen depolarization, the
corrosion rate was determined by the volumetric method, fixing the
volume of hydrogen released. To do this, the prepared samples were
placed in eudiometer flasks, tightly closed and the volumes of
hydrogen released were monitored for 24 hours.

The volumetric corrosion index was expressed in cm3/m2h; the
mass index was expressed in g/m2h.

To assess the effectiveness of the inhibitor, the degree of protection
Z (%) and the inhibition coefficient y (inhibitory effect) were
determined according to the formula 1 and 2, respectively:

Degree of protection: Z = (K;-K5) / K;100%
Inhibitory effect: y = K, / K,

)
@

3. Results and discussion

As can be seen from the presented data (Table 1), in the
experimental conditions there was no clear relationship between the
concentration of MC and the volume of hydrogen released. Thus, in
the region of low concentrations of MK, in the range from 0.5% to
5%, an increase in the volume of hydrogen released by 175% was
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observed. However, during the transition from a low concentration
of 5% to a high concentration of 50%, only a slight (by 14%)
increase in the level of hydrogen was recorded. Thus, low
concentrations of MK have a more effective effect on the speed of
the cathode process than high concentrations.

Table 1: Volumes of released hydrogen, V(H,), cm®

MK concentration control experience 1 | experience 2
0,5% 52 1,8 1,7
5% 9,1 28 2,0
50% 10,4 4,6 55

The addition of solanine extract to the reaction mixture led to an
effective reduction in hydrogen release at all the studied
concentrations of MK — by 2.9, 3.25 and 2.2 times by 0.5%, 5% and
50%, respectively (experiment 1). Identical dynamics of hydrogen
release was revealed when solanine was applied directly to the
samples (experiment 2), which confirms the effect of inhibition of
the corrosion activity of MK by solanine obtained in experiment 1
(Figure 3).

V (volume)

C(conc.) %

Figure 3 Volumes of released hydrogen, V(H,), cm®

Data on the corrosion rate obtained by calculating the volume and
mass indicators also indicate the activation of the corrosion process
with an increase in acid concentration (Table 2). However, this
dependence is complex. In the area of low concentrations, with an
increase in acid concentration by 10 times (0.5 — 5%), the corrosion
rate increased by 175%, but with a subsequent increase in
concentration by another 10 times (up to 50%), the corrosion rate
increased by only 14%.

Analyzing the results obtained in the context of the corrosive
activity of acidic media, we tried to compare the results obtained
with data on the corrosion rate of steel St3 in other acids.
Comparison of the obtained results with the literature data [10]
showed that the mass index of Ct3 corrosion in 0.5% solution of
MK (0.38 g/m*h) coincides with that for 0.037% HCI (0.37
g/m2-h), and the corrosion rate in 50% solution of MK (0.77 g/m?h)
is commensurate with corrosion rates of 3.7% HCI (0.72 g/m*h)
and 0.1% H2S04 (0.74 gim?h).

It can be reasonably assumed that MK exhibits pronounced
corrosion activity and that during the operation of steel St3 in
environments where the synthesis of MK (lactic acid fermentation)
is possible, or its use as a working medium, corrosion protection of
steel equipment is necessary.

Solanine extract, the mass fraction of which in the samples was only
about 0.005% (in terms of the target substance), inhibited the
corrosion of the samples in all variants of the experiments. Under
the influence of the indicated dose of the drug, the corrosion rate in
0.5%, 5%, 50% solutions of MK was 35%, 30%, 44% of the control,
respectively (experiment 1). We obtained similar results in
experiment 2, where the corrosion rate under the influence of
solanine, when applied to a metal surface, was suppressed by 67%,
68% and 47% in 0.5%, 5% and 50% solutions of MK, respectively
(Table 2).
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Table 2: The effect of solanine extract on the volume and mass indicators of
the corrosion rate of St3 in MK solutions

Volumetric
MK Variants of corrosion Mass corrosion
concentration | experiments index Ky(Hy), index K, g/m*h
cm®/m>h
control 153 0,38
0,5% experience 1 53 013
experience 2 50 0,13
control 268 0,67
5% experience 1 82 0,21
experience 2 58 0,14
control 306 0,77
50% experience 1 135 0,34
experience 2 162 0,40

It is important to note that solanine properties such as basicity and
surface activity meet the requirements for modern corrosion
inhibitors. The presence of an unshared electron pair on the nitrogen
atom and a volumetric hydrocarbon radical in the molecule makes it
possible to classify solanine as a mixed-type inhibitor [11]. The
probable mechanism of corrosion inhibition revealed in our
experiments may include chemisorption of solanine on the surface
of steel, followed by blocking the penetration of hydroxonium ions
to the metal surface.

Figure 3 shows photographs of St3 steel prototypes in MK solutions
with a mass fraction of 50%. A large area of uniform corrosion of
control samples under the influence of MK is visually noticeable
(Figure 4a) and the absence of traces of corrosion on the test
samples (Figure 4b, figure 4c).

©)

a) control sample (50% lactic acid); b) prototype (50% lactic acid +
solanine extract); c) prototype (50% lactic acid + solanine layer)

Figure 4 Control and experimental samples

The effectiveness of the anticorrosive properties of solanine was
evaluated by the degree of protection (Z), as well as by the
inhibitory effect (y). Calculations of the values of Z and y showed
the greatest effectiveness of solanine in 5% MK when applied
directly to the plate. The degree of protection of the St3 samples
was 78%, while the corrosion rate decreased by 4.6 times.
Significant, though somewhat less significant values of Z and y are
shown in the remaining variants of the experiment using solanine
extract (Table 3).

Table 3: Degree of protection and corrosion inhibition coefficient St3 in MK
under the influence of solanine extract

0.5% lactic acid 5% lactic acid 50% lactic acid
solution solution solution
Z (%) Y Z (%) Y Z (%) Y
experience 1 65 2,9 69 33 56 23
experience 2 67 3,1 78 4,6 47 19
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In order to confirm the data obtained indicating the effectiveness of
solanine as an inhibitor of acid corrosion St3, we conducted
experiments using hydrochloric acid as a corrosive medium. The
experimental samples were treated with corned beef extract in the
same way as in Experiment 2. The results demonstrated that the
inhibitory effect of solanine is also manifested in hydrochloric acid.
Exposure of samples in a solution with HCI (0.56 mol/L) for 24
hours resulted in a 2.54-fold decrease in the corrosion rate. Thus,
the volumetric corrosion index in the experiment was 486.5
cm®/m?h versus 1238 cm*/m*h in the control; the mass index is 1.2
g/m*h and 3.1 g/m>h, respectively. The degree of protection (Z)
was 61%.

4. Conclusion

The results of the study allow us to speak about the pronounced
corrosion activity of MK, on the one hand, and about the protective
effect of solanine against acid corrosion of Ct3, on the other.
Maintaining the focus of further research and solving specific issues,
such as selecting the optimal concentrations of solanine,
determining the duration of its inhibitory effect, etc., can be
productive for protecting the working surfaces of machine parts
from corrosion. The conducted researches can be useful for
machine-building enterprises.
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Abstract: A general overview of a number of thermal insulation materials and products made on the basis of inorganic binders (mainly
Portland cement) is presented. The technological methods of production, the main operational indicators and the application in construction
of various heat-insulating and structural-heat-insulating lightweight concretes are examined. The structure of various cellular concretes
(foam concretes and aerated concretes), composite materials and lightweight aggregate concrete was analyzed. The role of the origin,
technological processing, characteristics and composition of different types of light additive materials for the formation of the final

operational properties of the products has been traced.

Keywords: COMPOSITE MATERIALS, INORGANIC BINDERS, LIGHTWEIGHT CONCRETE

1. Introduction

One of the main priorities in the renovation of the existing
building stock (built according to different construction systems)
and the construction of new buildings is the provision of optimal
energy efficiency [1-5], sound insulation and fire safety.

In modern construction, they find various applications materials
with heat and sound insulation characteristics [1-4,6-19]: expanded
polystyrene (EPS), extruded polystyrene (XPS), polyurethane,
depron, rubber sheets, wood-fiber boards, cork boards, insulation
wallpaper, mineral wool (stone, glass, slag), various composite
materials and lightweight concretes with various structures and
other materials.

The construction of external thermal insulation is a widely
applied approach that provides a number of advantages [2,3]:
protection of the building from cyclical climatic effects of the
environment during the different seasons, lowering the necessary
energy consumption to maintain a favorable microclimate and
comfortable living environment in the living spaces during the
heating period and summer months, preserving the volume of the
interior space of the premises (in contrast to interior insulation ),
soundproofing effect, aesthetic renewal of building facades and
others.

The design and construction of thermal insulation systems using
some of the materials that have gained considerable popularity in
recent decades (EPS, XPS etc.) does not provide an optimal solution
in the long term within the entire service life of the building.
Significant disadvantages of a large part of the various
modifications of the mass-applied products are insufficient
reliability in the conditions of fires, aging of the material, limited
shelf life and other.

In a number of cases, a more expedient approach is the use of
various thermal insulation materials obtained on the basis of
inorganic  binders  [1,9,18-25], providing better complex
performance indicators. In this aspect, products made of lightweight
concretes [6,9,18,19,26-29], which are characterized by a bulk
density of up to 1800 kg/m®, represent a promising possibility.
Various types of heat-insulating (compressive strength > 0.5 MPa,
thermal conductivity coefficient < 0.3 W/mK), structural-heat-
insulating concretes (compressive strength > 3.5 MPa, thermal
conductivity coefficient < 0.75 W/mK) have been developed) and
structural lightweight concretes (compressive strength > 15 MPa).
Typical representatives of lightweight concretes are foam concretes
[9,18,26], aerated concretes (made mainly by the autoclave method)
and concretes with the presence of a significant amount of
lightweight aggregates [6,25,27,28]. The main advantages of the use
of lightweight concrete are the lightening of the built structures
[19,20], the increase of heat and sound insulation characteristics, the
use of long-lasting, non-flammable and non-combustible products
(in the absence of organic lightweight aggregates).

The aim of the present overview is the presentation in a
summarized form of part of the results of a preliminary study
conducted in connection with the implementation of scientific-
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applied project financed by NIF of BSMEPA. A full opportunity to
apply the obtained data is the development, based on the existing
experience, of an innovative material that meets the requirements
for installation around doors and windows of buildings, according
to Ordinance No. 15/1971 of 2009, amended in 2015, concerning
construction technical rules and norms for ensuring fire safety.

2. Heat-insulating lightweight concrete and
composite materialsbased on hydraulic inorganic
binders

2.1. Heat-insulating lightweight concretes with a cellular
structure

Foam concrete and aerated concrete refer to cellular concrete
[6,24], which are characterized by the presence of pores uniformly
distributed in the volume and are prepared from a binder, a quartz
component, water, a suitable pore former (foam-forming and gas-
forming additives), etc.

The technological methods used to obtain the cellular concretes
allow the regulation of porosity and the preparation of products with
different volumetric mass, appropriate thermal conductivity,
sufficient strength and various purposes [1,29]. The increase in bulk
density from 600 to 1200 kg/m? is accompanied by an increase in
strength and thermal conductivity. There are different brands (15,
25, 35, 50, 75, 100, 150) of cellular concrete determined by
compressive strength. Water absorption and frost resistance depend
to a significant extent on the distribution, characteristics and
stability of the formed porous structure [20].

Cellular concretes are classified into three main groups [6]:
heat-insulating (with a volume density of not more than 500 kg/m?®),
structural-heat-insulation for enclosing structures (with a volume
density of 500 to 900 kg/m®) and structural applicable to reinforced
concrete (with a volume density from 900 to 1200 kg/m®).

Portland cement is usually used to make cellular cement
concrete. Developed cement-free aerated concretes (gas silicate and
foam silicate) by using lime-quartz mixtures and applying autoclave
hardening.

Foam concrete is obtained by mixing separately prepared
cement dough and mechanically resistant foam, previously obtained
in the form of an aqueous solution of a foaming agent (rosins,
sulfonates, natural proteins, hydrolyzed animal blood). The air
bubbles formed in the binding dough form the characteristic
"cellular" structure of concrete with air pores evenly distributed
throughout the volume [9,18,29]. An essential technological
requirement is that the formed foam exhibits resistance in the
alkaline environment of the hydrating cement and does not break
before the end of the bonding [26]. To increase its stability,
stabilizers and mineralizers (iron and aluminum salts or hydrophilic
substances such as water glass, glue, gelatin, etc.) are introduced
into the aqueous solution of the foaming agent.

With the direct introduction of air-entraining additives into the
cement dough, a controlled increase in the presence of a certain
amount of air in the form of small bubbles distributed evenly in the
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product, which ensures a decrease in thermal conductivity, an
increase in volume and a decrease in the mass of the products [1].
This allows the preparation of filled, frost-resistant and other
concretes. Acidol, hydrophobic surfactants, abietic acid and others
are used as air-entraining agents.

Foam concrete is non-combustible (class Al), an ecological
material characterized by the presence of evenly distributed
spherical closed pores, less water absorption, high frost resistance,
wear ability, low thermal conductivity, good heat and sound
insulation properties [9]. The spherical shape of the pores, which is
characteristic of foam concrete, provides a more favorable
distribution of the forces under load and the same properties in
different directions. The volume weight, quantity and size of the
formed pores vary widely in the case of foam concretes, providing
an appropriate combination of the necessary thermal insulation and
strength characteristics, which are consistent with the intended
functional use of the product [18]. Foam concrete is used in the
construction of partition walls, load-bearing walls (in accordance
with its load-bearing capacity), heat and sound insulation of walls
and ceilings, floor screeds and others. Significant opportunities are
provided by the application of mobile units for the preparation and
laying of foam concrete directly on construction sites, which speeds
up the execution of construction activities and allows the
preparation of concrete masses with the necessary indicators. Foam
concrete mixtures are characterized by low density, very good
workability, self-leveling and self-compacting properties and the
possibility of applied through pumping equipment and installations
[9,18]. The material is applicable for monolithic casting in
formwork forms, leveling of floor surfaces, as filler (for cavity
filling and hard-to-reach areas), etc.

Aerated concrete is cellular concrete prepared by the autoclave
method from mixtures of Portland cement, quartz component (fine
fraction) and gas-forming additives, forming a characteristic
structure with evenly distributed holes in the volume of the finished
product [6]. The formation of pores is carried out by the
introduction of gas-forming additives, in which gas is released as a
result of chemical reactions [1].

According to the type of gas-forming chemical reaction, gas-
forming additives are classified into three types [6]:

- entering into a chemical interaction with the binder or the
products of its hydration (for example, aluminum powder - most
often a degassing agent). The aluminum powder interacts with the
calcium hydroxide Ca(OH), obtained during the hydration of the
cement, during which hydrogen is released. In this interaction, the
particles of aluminum powder become the centers of the formation
of gas bubbles, which gradually increase and form pores in the
cement paste;

- decomposing additives with gas release (perhydrol H,0, when
interacting with CaCIOCI);

- interacting and releasing gas as a result of exchange reactions -
ground limestone and hydrochloric acid.

In the production of aerated concrete, cement, quicklime,
gypsum dihydrate, ground quartz sand, aluminum powder and water
are used as raw materials [6]. The prepared mixture is sieved and
left in a heat tunnel for up to 3 hours at a temperature of 50-60°C.
The hardening of aerated concrete blocks takes place in the process
of autoclaving at a pressure of 20 Bar and a steam temperature of
180-190°C (with a technological downtime in the autoclave of

10 h).
Among aerated concrete products, the YTONG trademark has
gained exceptional popularity. The Autoclaved aerated

concrete (AAC) is fire-resistant, non-combustible (class A1l),
ecological, long-lasting product with low density, good vapor
permeability, suitable sound and heat insulation properties. Various
construction products are made from the material [1,6]: bricks,
blocks, slabs, panels, vaults, roofing and flooring. The appropriate
complex operational characteristics of aerated concrete products
ensure their wide application in modern construction. The low
weight of the products facilitates transport and their application on
construction sites. The diverse assortment, the concrete sizes, the
easy workability, allow accelerated implementation of the planned
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construction activities. Foam concrete products are applicable for
the construction of external walls, internal partition walls, internal
insulation and others. The strength indicators of some products
allow their application in the construction of load-bearing
structures. The material is resistant to the impact of various weather
conditions and their cyclical changes. At the same time, the use of
aerated concrete products reduces the risk of condensation and the
development of mold and mildew.

2.2. Thermal insulation composite materials and lightweight
aggregate concrete

Products obtained on the basis of light additive materials and
matrix frominorganic binders, are composite materials [30-32]. A
variety of heat-insulating composite materials and various
lightweight concretes, applicable in modern construction, have been
developed [30]. Different fractions lightweight aggregates find
application [33-36]: volcanic pumice, volcanic slag, limestone tuff,
swollen vermiculite, diatomite, obsidian, perlite, clay mica, slate,
ceramsite, fireclay, slag ashes, slag pumice, granulated blast furnace
slag (GBFS), clinker, ash from TPS, carbon-containing waste, wood
waste, expanded polystyrene granules, etc. According to their origin
and degree of technological processing, lightweight aggregates are
classified as natural and artificial [33]. Natural lightweight
aggregates are obtained by partial crushing and screening of natural
porous rocks (volcanic tuff, pumice, shelly limestone, etc.).
Artificial lightweight aggregates are products obtained during the
heat treatment of various mineral raw materials. With these
materials, two groups of lightweight aggregates are distinguished:
specially prepared (swollen perlite, vermiculite, clays and mica) and
secondary products from industry (ash from TPS, metallurgical
slag, etc.).

When developing various composite materials (in particular
lightweight concrete), the pre-planned operating characteristics
(thermal conductivity, mechanical parameters, manufacturability,
processability, cost) determine the selection and use of specific
lightweight aggregates materials [33]. For products in which high
structural resistance is not required, but the priority characteristic is
the presence of thermal insulation properties, it is recommended to
apply a highly porous, especially light additive material [1]. At the
same time, due to the significantly lower bearing capacity of these
composites, their functional application is limited.

The most favorable complex combination of the main indicators
(bulk mass, thermal conductivity, strength) of the final products and
the negligible consumption of cement for their preparation is
achieved with maximum saturation with lightweight aggregates and
their compact distribution in the volume [6]. Effective saturation
with lightweight aggregates is possible only with appropriate
selection of the particle size composition of the introduced small
and large fractions and the application of some technological factors
(intensive compaction, use of plasticizing additives, etc.). This
minimizes the presence of cement stone, which is the heaviest part
of the composite [30].

The most important characteristics of lightweight aggregates are
their bulk density and compressive strength, which largely
determine the performance of the products [33]. Perlite and
vermiculite are most often used for the preparation of heat-
insulating composite materials. Volcanic tuff is applicable in the
production of structural-heat-insulating composites and lightweight
concretes with a bulk mass of 1300-1800 kg/m® and a strength of 5-
20 MPa. Swollen clays and micas (type expanded clay), sintered ash
fine gravel and agglomorite are considered suitable lightweight
aggregates for the preparation of structural lightweight concrete.

The sizes, the number, the local distribution and the geometric
shape of the pores in the grains have a significant influence on the
strength indicators of the lightweight aggregates, as the smaller
volume of the pores provides higher strength. The reduction of the
porosity of the shell of the aggregates allows an increase in the
strength [33]. For swollen clays and micas, this is accomplished by
applying heat treatment in an appropriate temperature range. The
presence of a coated shell of the grains lowers water absorption,
while lightweight aggregates are characterized by significantly
higher water absorption [1,20,30].
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The water absorption of lightweight aggregates with closed
pores and an uneven surface depends on the amount of water in the
cement paste, the consistency of the cement paste, the presence of
plasticizers, the duration of the stay of the grains in the mixture
until it is compacted [1,6].

The process of swelling or agglomeration of the raw material
(clays, mica, various waste products and others) is a basic
technological step in the production of artificial [33]. The swelling
of the material during heat treatment to the tempering temperature is
carried out under the action of the formed gas phase. To ensure
effective swelling [6], the choice of raw materials is consistent with
the requirements for the content of gas-forming substances and the
simultaneous progress of pyroplastic processes and the release of
gases during thermal treatment.

The formation of the gas phase can be the result of various
chemical reactions [6]: thermal decomposition and combustion of
organic compounds at temperatures above 400°C, separation of
water from clay minerals at a temperature of about 600°C, release
of CO, from carbonates at temperatures of about 900°C, reduction
of Fe,O; at a temperature of about 1100°C with release of free
oxygen.

After drying, the raw materials (clays, mica, etc.) are crushed
and sorted into fractions with a certain maximum size [6]. If
necessary, the materials are subjected to additional finer grinding.
In the presence of water and special additives, the ground raw
material is granulated. Clays with a plastic consistency are molded
into cylindrical or other shapes. Swelling processes are mainly
carried out in rotary kilns and on sinter conveyors.

The composition of composite materials is determined based on
several main factors [33]: set density, influence of the
characteristics of the lightweight aggregates on the properties of the
final product, water absorption of the porous lightweight aggregates
used.

The lightweight aggregates used are usually characterized by
lower strength and stiffness than the cement matrix, therefore the
maximum achievable strength of the composite is determined by the
strength and deformability of the lightweight aggregates [30,33].
The use of very lightweight aggregates is accompanied by increased
consumption of cement, and the use of heavy water leads to an
increase in density. As the density of the lightweight aggregates
increases, the strength indicators of the composite increase.

The granulometric composition of the lightweight aggregates is
determined according to the planned strength and density of the
composite materials, the necessary compaction of the mixture and
the possibility of providing and separately storing different fractions
of the lightweight aggregates [33]. The use of lightweight
aggregates with a continuous granulometric composition reduces
the risk of delamination during the preparation of the products.
When preparing heat-insulating and structural-heat-insulating
concretes with low bulk density and moderate strength, it is
advisable to use lightweight aggregates with a larger share of coarse
fractions [6].

The consumption of cement for the preparation of various
composites with a given strength varies within wide limits
according to the strength of the grains of the lightweight aggregates
and the content of free water necessary to compact the resulting
mixture [30-33]. The necessary recommended amount of cement is
determined with sufficient accuracy experimentally by preparing
individual trial mixes with lightweight aggregates with a certain
granulometric composition.

An essential characteristic of the materials with the considered
structure is the deformation [6] caused by external loads,
fluctuations in moisture content and temperature. Deformation
under the influence of prolonged static loading in a number of cases
reduces the internal stresses in the material (result of shrinkage or
temperature fluctuations), which reduces the risk of cracks. But in
most cases, this effect is unfavorable, due to an increase in the
general deformation of the material.

The preparation of various composites with a porous structure
or porous lightweight concrete [6] is carried out from a binder,
lightweight aggregates, with or without the introduction of sand, a
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pore-forming additive, water and in some cases with the
introduction of additives regulating the bonding and hardening time.
Similar compositions allow reducing the volume density of
materials and are used to obtain products containing ceramsite or
ceramsite gravel [1,30]. The volume density of the obtained
products varies from 700 to 1400 kg/m® and depends primarily on
the bulk density of the expanded clay lightweight aggregates, the
specificity of the pore-forming additive and the presence or absence
on sand. In construction practice, various heat-insulating
(ceramsite-perlite concrete) and structural-heat-insulating light
concretes obtained on the basis of Portland cement and the joint
presence of ceramsite and other inorganic porous fillers are used.

A specific technological approach to forming a highly porous
construction of the products involves the construction of a fibrous
skeleton by introducing and interweaving kaolin, slag, glass,
mineral or other fibers [1]. The operational characteristics and
density of the resulting products depend on the size and flexibility
of the fibers used and their placement in the volume. Air pores of
different shapes and sizes are present in the resulting fibrous
structure, and with directed orientation of the fibers, samples with
higher strength are prepared.

Vermiculite (most often with aggregate size up to 0-6 mm) is
used as a thermal insulation lightweight aggregates [1,6]. For the
preparation of composite materials based on vermiculite, Portland
cement is used, and when preparing different solutions - lime or a
combination of cement and lime. Vermiculite concrete is
characterized by good thermal insulation properties and at the same
time is applicable as a refractory material at temperatures of 900-
1100°C.

Swollen perlite (fig. 1) is applicable for the preparation of heat-
insulating screeds, various heat-insulating composite materials, etc.
paerlite concrete [33]. Due to the low strength of pearlite, the
preparation of building structures with pearlite content requires a
significant consumption of cement.

Fig. 1. Perlite for construction (fraction up to 3 mm).

Agglomerated ash gravel is lightweight aggregates, suitable for
the preparation of composite materials and lightweight concrete
(with a single-fraction structure or with a continuous granulometric
composition) with a relatively low bulk density (1050-1550 kg/m®)
and high strength (5-30 MPa). Grains from agglomerated ash are
characterized by a diameter of about 10-40 mm, which is why in
some cases crushing is necessary, worsening the surface properties
of the lightweight aggregates [34].

For the preparation of various composite products and
lightweight concrete (slag pumice concrete and others) slag
pumice and granulated blast furnace slag are suitable lightweight
aggregates [6,34].

In connection with the growing trend for the utilization of
various waste materials, a promising lightweight additive material
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with thermal insulation characteristics is the granular foam glass
(fig. 2 and 3), obtained after thermal foaming (in the presence of a
foaming additive) of waste silicate glass [37,38]. Fractions of
foamed glass granules with a fine-grained structure are suitable
lightweight aggregates for preparing thin-walled heat-insulating
screeds and insulating plasters for walls of different types. A
standard application of various fractions of granular foam glass is
their use as bulk insulating and filling material. A current
opportunity for the use of foam glass granules is their introduction
as lightweight aggregates in the preparation of lightweight heat-
insulating concrete for construction [39], therefore, they can be
considered as a suitable substitute for a number of traditional
lightweight additive materials (ceramsite, agloporite, expanded
perlite, vermiculite, etc.).

Fig. 2. Foam silicate specimens obtained from foamed waste glass.

Fig. 3. Foam silicate specimen (horizontal and side section).

Based on foam glass granules, hydraulic inorganic binder
(Portland cement) and technological additives, an innovative non-
flammable, non-combustible, waterproof and long-lasting
composite material was obtained [40-42].
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A laboratory technological methodology has been developed for
the preparation of various experimental prototypes. The method
allows obtaining finished products or blanks subject to additional
technological processing. The application of suitable coatings (putty
and others) on the external surfaces of the samples increases the
operational characteristics of the products [40]. The composite is
potentially applicable for the preparation of heat and sound
insulation boards and panels, cladding of walls and ceilings,
construction of internal non-bearing partition walls, external
insulation of buildings, etc. Another possibility of using various
composite boards and various profiles is insulation of various
production facilities, aggregates, installations and others [39]. The
composite material allows further modification and development,
according to the planned specific functional role of the products in
construction.

3. Conclusions

A significant priority in the reconstruction of old and the
construction of new buildings is the provision of optimal energy
efficiency, sound insulation and fire safety.

Some of the used standard thermal insulation materials (EPS,
XPS, etc.) widely applicable for the construction of thermal
insulation systems do not provide a complete solution in a long-
term aspect for the entire life cycle of a building.

In a number of cases, the use of materials and products based on
hydraulic inorganic binders and other inorganic components is
justified. There is a significant variety of heat-insulating and
structural-heat-insulating lightweight concretes with a cellular
structure (foam concretes and aerated concretes), various composite
materials and lightweight concretes obtained on the basis of
inorganic lightweight aggregates of various origins, characteristics
and fractional composition.

Due to the annually increasing amounts of waste products and
existing environmental problems, the development of effective
technologies for their utilization is of considerable interest. In this
aspect, a promising lightweight additive material with thermal
insulation characteristics is granular foam glass obtained after
thermal foaming (in the presence of a foaming agent) of waste
silicate glass. A full opportunity for the application of different
fractions of foam glass granules is their introduction in the role of
lightweight aggregates in the preparation of lightweight heat-
insulating concretes for construction. On the basis of granular foam
glass and inorganic binders (Portland cement), experimental
composite materials have been obtained, applicable for the
preparation of various insulating boards, profiles and others.
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Noise loading in beehives made out of different materials
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Abstract: Bees are highly sensitive to noise pollution and in some cases, noise can impact their behaviour. Towards the goal to create
optimal living conditions for the bees, we aim to understand how the material of the beehive impacts the microclimate of the beehive. The
present paper aims to examine and compare the noise levels inside beehives of the same construction but made out of different materials.
Three 10-frame Dadan-Blatt beehives were used in the experiment — a ceramic beehive made out of high-cavity ceramic tiles of marl clay; a
ceramic beehive made out of high-cavity ceramic tiles with increased kaolin content and a wooden beehive (pine). The noise was measured
in an urbanized area and inside the beehives. The results show that the best performance in terms of noise insulation is the ceramic beehive

with increased kaolin content.

Keywords: CERAMIC BEEHIVE, NOISE POLLUTION, BEES, BEEHIVE MICROCLIMATE

1. Introduction

Noise pollution or unwanted noise is the excessive sound that
has bad effects on human health, wildlife and environmental
quality. Noise pollution is mostly caused by the sound from
highways, railways, airplanes, and any transportation traffic, from
construction activities and industrial sites [1]. Noise pollution
affects the health and wellbeing of many animals including bees.

It is known that bees are using for communication
vibroacoustic signals produced by stridulation, gross body
movements, wing movements, high-frequency muscle contractions
without wing movements, and scraping mandibles or tapping body
parts on resonant substrates [2]. For them, airborne sound and
vibration signals have a great biological significance [3]. But when
honey bees are subject to pure tones at frequencies from 100 to
1500 Hz audible at distance 250 m, the normal activities inside the
beehive stop and the insects stop[4, 5]. Another study of the
reaction of the honeybees inside the beehive confirms this statement
showing that in the presence of sound with a frequency of 100
cy/sec (120 db) to 2000 cy/sec (128 db), it is observed a
considerable effect expressed in total cessation on the movements
of the workers and drones which even allowed the experimenters to
open the beehive and take out a frame without using any smoke [6].

Some specialists argue that noise pollution is considerably
affecting the wellbeing of bees creating a great amount of stress
which is leading to increased mortality. Another effect on their
behavior is the inclination to leave the beehive when exposed to
increased stress factors like noise.

The data from the noise level measurements over the last 10
years show that the regulated permissible noise levels have been
exceeded in 72% of the examined checkpoints in Bulgaria [7]. The
relative share of points with exceeded levels has not changed since
2013, and the indicated results in the last measurements of 2019
and 2020 show a relative increase in noise levels above 61dB. A
threshold value of 50 dB is taken as the norm. In most of the
control points, the measured equivalent noise levels exceed the limit
values with no tendency for improvement.

Increasing noise pollution is threatening the wellbeing of one
of the most important pollinators in nature and it is necessary to
start studying opportunities to improve their living conditions. Of
course, it is hard to influence the environment outside the hive but it
might be possible to influence the conditions inside it. One possible
way to do so is through technical improvements or even through
change in the construction material of the hive. Traditional
beekeeping is connected with wooden hives and sometimes plastic
or Styrofoam. Recently, a new type of beehive has been introduced
to the beekeepers — a ceramic beehive made out of ceramic tiles
with increased cavity. One of the advantages of such hives is the
better insulation properties [8].

2. Aim

The aim of the present study is to examine and compare the
noise levels inside beehives of the same construction but made out
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of different materials in order to make conclusions about the
comfort of the bees which each of them can provide in terms of
noise insulation.

3. Methods

The examination has been conducted in the urbanized area of
the industrial region of the city of Debeletz, Veliko Tarnovo
District, Bulgaria. The evaluation has been performed during
daytime (between 10:00 a.m. and 6:00 p.m.) for the period of 31
days, from 01.05.2022 to 31.05.2022. Noise levels have been
evaluated by high-sensitivity super-cardioid condenser microphone
brand BOYA type BY-MM1+ with the following characteristics:

Table 1. Technical characteristics of the used microphone

Converter Electric capacitor
Polar diagram Supercardioid
Frequency response | 20 Hz-18kHz
Sensitivity -36 dB +/- 3dB ( 0 dB = 1V/Pa, 1kHz)
Ratio Signal/ Noise | 78 dB
Input plug 3,5mm TRRS line-out/ line output
3,5 mm TRS headphone output
Size D26x100mm (P1x3.9”)
Weight 60 gr. (2.102)

The beehives which were used for the experiment have the
same construction, type 10-frames Dadan-Blatt, but the material of
the walls is different, respectively from a ceramic beehive made out
of high-cavity ceramic tiles of marl clay; a ceramic beehive made
out of high-cavity ceramic tiles with increased kaolin content and a
wooden beehive (pine). The beehives were not inhabited.

Fig.1. From left to right: A ceramic beehive made out of high-cavity
ceramic tiles of marl clay; a wooden beehive (pine); a ceramic beehive
made out of high-cavity ceramic tiles with increased kaolin content

Table 2. Coding

Beehive Description

Beehive 1 A ceramic beehive made out of high-cavity ceramic
tiles of marl clay

Beehive 2 a wooden beehive (pine)

Beehive 3 a ceramic beehive made out of high-cavity ceramic
tiles with increased kaolin content
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All beehives have a removable drawer-type bottom, which is
tightly closed.

The microphone was installed in the beehives and there were
measured average values for noise inside the hive. Levels of the
environment were also measured.

Fig. 2. Installation of the microphone inside the beehive

The output is visualised in figure 3.
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Fig. 3. Display of the results from the noise measurement, respectively for a
ceramic beehive made out of high-cavity ceramic tiles of marl clay; a
wooden beehive (pine); a ceramic beehive made out of high-cavity ceramic
tiles with increased kaolin content

The obtained results for the 31-days period were statistically
analysed using software IBM SPSS Statistics Software 2019.

4. RESULTS

According to Annex No. 2 of Ordinance No. 6 of June 26,
2006 [9], the maximum value of noise allowed in the urbanized area
is 55 db(A) during daytime while in industrial regions, it is 70
db(A). During the time of the experiment, the noise in the area was
evaluated to be between min = 32 to max = 61 db(A) with average
value of 46 db(A) which is within the permitted levels for the area.
Although the area is industrial, in the perimeter of 1 kilometer, there
are 3 bee farms and the region is typical for beekeeping which
makes the results from the present study relevant and applicable for
the apiculture sector.

The following graph presents the evaluated levels of noise for
the period. What we observe is that for the whole period of thirty-
one days, the ceramic beehive with increased kaolin content
(Beehive 3) is showing the best performance in terms of noise
insulation.
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Fig. 4. Evaluated level of noise

The graph shows that the values of the ceramic beehive from
merl clay (Beehive 1) and the ceramic beehive with increased
kaolin content (Beehive 3) are close. In order to understand if the
identified difference is significant or not we perform non-parametric
statistical test - Related-Samples Friedman's Two-Way Analysis of
Variance by Ranks. The results for the pairwise comparisons are
presented on table 3.

Table 3. Pairwise comparison

Sample 1 - Test Std. | Std. Test | Sig. | Adj. Sig.2
Sample 2 Statistic | Error | Statistic

Beehive 3 — 1,000 ,254 3,937 | ,00 ,000
Beehive 1 0

Beehive 3 - 2,000 ,254 7,874 | ,00 ,000
Beehive 2 0

Beehive 1 — -1,000 ,254 -3,937 | ,00 ,000
Beehive 2 0

Each row tests the null hypothesis that the Sample 1 and Sample 2
distributions are the same.
Asymptotic significances (2-sided tests) are displayed.
The significance level is ,05.
Significance values have been adjusted by the Bonferroni correction for
multiple tests.

What we see is that the difference of the levels of noise
between the three beehives is statistically significant (o = 0.00 <
0.05).
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Fig.5. Levels of noise, average values for the period

The results displayed of figure 5 are average values for the
indicated days in dB, and the graph clearly shows the relative ability
to reflect and absorb noise of the different materials. The coefficient
ratio on = Rwn/Rwo, where Rwn is the index of sound insulation
from airborne noise inside hive in the range of 100-3150 Hz, where
n =1, 2, 3 is the number of the studied models, and Rws is the
evaluated average noise in an urbanized environment.
a1 = 26/46 = 0.5652
a2 = 38/46 = 0.82
a3 = 24/46 = 0.5217

What we see is that in terms of noise insulation, the ceramic
beehive with increased kaolin content has the best performance
followed by the ceramic beehive made out of merl clay - a3<al<o2.
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5. Conclusio

With the high pace of industrial development, increased
connectivity and transportation opportunities, and constantly
growing number of people, we manage to create a lot of noise.
Although in most parts of the world the noise level is regulated by
law, we still manage to disturb the life and the regular habitat of
many living creatures. The present study, discusses the importance
of the level of noise for one of the most valuable insects - the honey
bees. High levels of noise cause total cessation of the moves and
there is no data about the influence of a constant exposure of lower
noise. It is already a problem for the humanity the ability to provide
them optimal living conditions and prevent loss and mortality and
while it is hard to influence the environment, improving the living
conditions inside the beehive is a much easier task. New approaches
with construction and materials seem to give a solution. We can
conclude that in terms of noise insulation, the ceramic beehives
perform considerably better than the classical wooden one. This
gives us the reason to think that such beehives will allow much less
disturbance and respectively less stress of the bees in the hive.
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Abstract: In view of the practical applications of the piezoelectric ceramics produced from barium titanate (BaTiO3) and barium
stannate (BaSnOs), (the BT-BS system), the dielectric behavior of such materials was studied. The starting components (powder of both
BaTiO; and BaSnO,) were synthesizedand structurally characterized in advance. Bulk samples of BT-BS (formed as tablets with addition of
PVA plasticizer) were prepared using the sol-gel method by varying the BT-BS composition percentage. The samples were characterized by
complex electrical impedance spectroscopy and dielectric spectroscopy in the frequency range from 0.1 Hz to 1 MHz. As compared to
BaTiOj3, an increase with at least 50 % was measured for the value of the room-temperature dielectric constant (¢’ — the real part of the
dielectric permittivity) of the BT-BS samples containing 15 wt% BaSnOs. In contrast, the 50 wt% content of BaSnO; led to a decrease of &'
value of BT-BS by a factor of 3.5, due to relatively low &' value of BaSnO3. Analyses of the frequency spectra of complex electrical
impedance and complex dielectric permittivity revealed the dielectric relaxational behavior of the BaTiO3;+BaSnO; system. The results
obtained for &' of BT-BS dielectrics as a function of the temperature were correlated with the data from structural studies. In particular, a
specific enhancement of & was observed in temperature range around 120 <C for the BT-BS samples containing 15 wt% BaSnOs.
Corresponding conclusions were done. The effects observed show that the synthesized BaTiO5;-BaSnO3; ceramics are promising materials for
piezoelectric and dielectric applications, e.g., in energy storage devices.

Keywords: SOL-GEL, BATIO3, BASNO3, IMPEDANCE SPECTROSCOPY

when measured at 220°C and at a frequency of 1 kHz. The ¢, value
of BaSnO; is two orders of magnitude higher than previously
Alkaline earth mites are interesting compounds in terms of their ~ reported studies [12, 13]. However, the dielectric constanter
dielectric properties. Solid solutions in the BaTiO3-BaSnO; (BTBS) decreases with decreasing temperature. Therefore, it is assumed that
system have attracted attention in recent years in the field of  the lack of oxygen leads to a reduction of Sn** to Sn?* in BaSnO;
nanocapacitors. Synthetic BaTiOs, prepared by conventional solid samples, which contributes to an anomaly in the value of the giant
phase method shows great performance with high er value of ~ dielectric constant & when the samples were sintered at very high
1900 at room temperature (30°C), low dielectric loss & ~ 0,01 and ~ temperatures of T°C > 1450°C [ 13-16].

piezoelectric constant dz;~191 pC/N [1]. BaTiO; has five

polymorphic structures showing different phases that vary with Il. Experimental part

temperature [2]. The phase transition of BaTiO; at the Curie
temperature (Tc) significantly changes its properties, which are
ferroelectric and non-ferroelectric.

I. Introduction

Organic precursors such as barium acetate, titanium butoxide
and stannous acetate were used to synthesize the ceramic samples.
The process is carried out according to the sol-gel method, with the

The BaTiO; nepheroelectric shows a hexagonal structure at ratio of the starting components being 1:1:1.6. The solutions were
1460°C and a cubic structure at over 120°C [3]. On the other hand, prepared in the presence of acetic acid, distilled water and
the ferroelectric properties of BaTiO; exist in three different acetylacetone. Each of the indicated solutions was homogenized
polymorphic crystal structures, which are tetragonal, orthorhombic independently using a magnetic stirrer for 30 minutes. After mixing
and rhombohedral. Zheng et al. [4] studied the effect of grain size the components, the total solution was homogenized for 5 hours.
on the dielectric constant and piezoelectric properties of BaTiOs. The synthesis and stabilization of the sol thus carried out allows the
They report that the dielectric constant and piezoelectric properties deposition of thin layers on various monolithic substrates. One part
increase significantly by reducing the grain size. The maximum is allowed to gel. The gel was dried in an oven at 120°C for 24
grain size was reached around 0.94 um due to the density of the hours. Next is annealing at 800°C and holding for 8 hours. After
domain structure and the area decreased with decreasing grain size. obtaining the desired BaTiO; and BaSnO; phases, tablets are
BaSnO; has a cubic perovskite structure that exhibits n-type formed and pressed in the presence of polyvinyl alcohol. The
semiconductor behavior at room temperature [5, 6]. BaSnO; is finished samples are calcined in a furnace at a temperature of
thermally stable up to 2000°C, but has a high absorption of moisture 1100°C until the plasticizer burns out. The deposition of layers by
compared to other species [6]. Thus, it is currently used for  the immersion method is carried out by means of a dip-coater
thermally stable capacitors and humidity sensors [7, 8]. Meanwhile, . .
completely dense BaSnOs ceramics can be achieved by synthesizing I11. Results and discussion
them at temperatures above 1594°C [6]. Huang reported that in
order to obtain single-phase BaSnOs, it is necessary to heat it to
1200°C and achieve a significant amount of grain porosity [9, 10].

Characterization of the resulting phases was performed by X-
ray analysis using a Bruker D8 Advance automatic powder X-ray
diffractometer with CuKa radiation (Ni filter) and registration by a

In addition, Azad confirmed that grain porosity can be reduced ~ LYnXEye solid-state detector. The X-ray spectrum was recorded in
by milling BaSnO; at 1600°C [11]. The initial report on materials the angular range from 10 to 80° 26 with a step of 0.02° 20 and a
based on the findings found that BaSnOj, synthesized at 1200°C, ~ counting time of 17.5 s/step. Qualitative phase analysis was
has a dielectric constant er~ 14 at 25°C [6]. Kumar reported that performed using the International Center for Diffraction Data
BaSnO; was sintered at 1200°C for 12 hours using the solid state ~ (ICDD) PDF-2(2022) database. In fig. 1 and 2 are presented X-ray
method. A huge dielectric behavior of BaSnO; has recently ~ Photographs of the prepared samples of BaTiO3-BaSnO; in the ratio

emerged, where the dielectric constant er value reaches ~ 6000 (85%:15%) and BaTiO3-BaSnO; in the ratio (50%:50%). Figure 2
shows the distinct peaks of the BaTiO; and BaSnO; phases. We
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have the presence of TiO, in two nonstoichiometric compositions
between 24° and 25° and nonstoichiometric SnO, at 27°. The result
may be due to the not good homogeneity during the preparation of
the tableted samples or incorrectly conducted temperature mode of
baking. When adjusting the percentage ratio of the BaTiO3-BaSnO;
system (85%:15%), we have a monophase characteristic of the
BaTiO3-BaSnO; structure.
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Fig. 1. System BaTiO; + BaSnOs in ratio (50% : 50%) ceramic
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Fig. 2. System BaTiO; + BaSnOjs in ratio (85% : 15%) ceramic

Description of impedance spectra

Experimental data were obtained by EIS. By this technique,
both real (Rez) and imaginary (ImZ) parts of the complex electrical
impedance Z* = ReZ + i ImZ are simultaneously measured as a
function of the frequency f of the alternating-current (AC) electric
field applied. The frequency spectra of Z* of the produced sample
were recorded by electrical impedance-meter Bio-Logic SP-200, in
the range 0.1 Hz — 1 MHz, at various temperatures (Fig.4). By the
measurements, forall the samples were kept identical experimental
conditions. Silver paste was applied on both sample surfaces,
surving as electrodes. The amplitude of the AC voltage applied
between the electrodes of ceramic cylinders was 2 Vgys (Sine
function). The dimensions of the two round electrodes were 2.0 cm
in diameter, the distance between them variey 1-4 mm.

Dielectric Spectroscopic Analysis
Dielectric Permittivity
By means of the expressions

n

Jf) = - (f)d
! nfep [Zf)f

7

ST

from the measured Z’ (f) and Z” (f) spectra, we calculated the
real (¢') and imaginary (&") parts of the complex dielectric function
of the composites under study. The geometrical parameters were A
= XX cm? and d = XX mm, and &, = 8.85 x 1072 F.m ! was the
value of the permittivity of free space. The dispersion curves for
both €' and &” had relaxational characteristics.
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Fig. 4 Frequency spectra of real (Z') and imaginary (Z")
parts of complex electrical impedance measured
for the samples at different temperatures
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Conclusion:

BaTiO;-BaSnO; ceramic phases were synthesized. XRD
analysis showed a good phase structure in the ratio of 85%/ 15%.
The studied physical and mathematical indicators showed good
piezoelectric effects. With a view to future applications in
electronics, the material will be further investigated both as dip-
coating deposited thin layers and presented in subsequent
developments by the team.
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Self-cleaning coatings of oxides transition elements (including - TiO,)
on a photovoltaic covering glass
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Abstract: The aim of this paper is to review the cleaning of solar photovoltaic (PV) systems and applied coatings that eliminates costly
automated cleaning systems by using nano-sized TiO, combined with various organic binders.
Keywords: PHOTOVOLTAIC SYSTEMS, SOLAR ENERGY, SURFACE CLEANING, TIO,, HYDROPHOBIC, HYDROPHILIC.

1. Introduction:

Solar radiation is the sum of the electromagnetic and
corpuscular radiation of the Sun, which is the main source of energy
and daylight for the Earth. It propagates in the form of
electromagnetic waves at the speed of light and reaches the earth's
surface through the atmosphere. The sun's rays pass through it to
reach the surface, and it partially reflects, scatters and changes their
quantity and quality. Less than two billionths of solar radiation
reaches the Earth, but it is the main source of energy for all physico-
chemical processes occurring on the Earth's surface and in the
atmosphere. There are different forms of light - direct sunlight when
the sky is clear and diffused light when the sky is cloudy

Photovoltaic power generation is a technology for generating
renewable energy from solar radiation. A photovoltaic (PV) solar
cell is a device used to convert solar radiation into electrical energy
using semiconductor materials. There are many types of
photovoltaic (PV) solar cells, such as - polycrystalline silicon,
monocrystalline silicon, thin film and amorphous [1].

Solar energy production from photovoltaic (PV), concentrated
photovoltaic (CPV), and concentrated solar (CSP) systems has
grown steadily in recent years due to the ever-increasing demand
for energy, as well as environmental and economic concerns related
to fossil fuel consumption.

The average amount of solar energy falling in one year on one
square meter of horizontal earth surface, expressed in kWh/m?,
defines the theoretical resource of solar energy. The average annual
duration of sunshine for Bulgaria is about 2150 h, and the average
annual solar radiation resource is 1,517 kWh/m? [2].

Cleaning the surface of photovoltaic systems is a worldwide
problem.

A comprehensive review of the dust problem on photovoltaic
systems is given. There are expensive automated cleaning systems
that have emerged in recent years, such as electrical, mechanical,
chemical, and electrostatic. [3].

Self-cleaning materials have unique properties due to their
practical applications in the field of energy and the environment /4/.
The self-cleaning coatings that are applied to glass (a major part of
solar panels) are divided into two categories: hydrophobic and
hydrophilic. Both saw coatings are self-cleaning through the action
of water. The first (hydrophobic) is cleaned by the rolling droplets,
and the second (hydrophilic) by flowing water that washes away the
dirt.

The key difference between hydrophobic and hydrophilic
molecules is that hydrophobic molecules are non-polar while
hydrophilic molecules are polar. Water is a well-known solvent for
dissolving most of the compounds. There are compounds in nature
that do not mix with water. Substances that can mix with water are
called hydrophilic substances; substances that cannot mix with
water are known hydrophobic substances. This is mainly due to the
polarity of the water molecules. Non-polar compounds cannot be
dissolved in a polar solvent. Polar compounds can dissolve in polar
solvents. Nonpolar compounds dissolve in nonpolar solvents.
Therefore, hydrophilic substances must be polar to dissolve in water
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Photocatalytic ~ TiO,/SiO, coatings  with excellent
superhydrophilic wettability were investigated on lightweight
polycarbonate substrates for self-cleaning applications [6].

Regardless of whether the surfaces are hydrophilic or
hydrophobic, they characterize the molecular-scale self-cleaning
mechanism of TiO, coatings.

Self-cleaning glass uses an organic process where dirt is broken
down by daylight and then washed away by rain.

Hydrophilic coatings, which are based on titanium dioxide,
have an additional property: they react with sunlight and thus help
the chemical breakdown of accumulated dirt. This is a process
known as photocatalysis.

Research is focused on hydrophobic and hydrophilic coatings.
There are also disadvantages that prevent the mass use of these
coatings. Hydrophobic material processing is an expensive and
time-consuming technique, and the coatings produced are usually
unclear, which precludes their applications in coatings on glass
substrates. Self-cleaning coatings based on hydrophilic coatings that
rely not only on the flow of water to wash away dirt, but also on
sunlight, as the coating breaks down organic dirt while reducing the
adhesion of inorganic dirt (Fig. 1, 2).

() Superhydrophilic surface (b) Superhydrophobic surface

Speedy
Water goes Water picks up
beneath contaminant <=—————> contaminant

l l

e O P

Fig. 1. Schematic representation of self-cleaning processes on (a)
superhydrophilic and (b) superhydrophobic surfaces.

Slow

Contaminant ~Water
~

Table 1. Contact angle and wettability

Contact angle: Wettability:
6>90° Hydrophobic
0> 150° Superhydrophobic

0°<0<90° Hydrophilic
0<10° Superhydrophilic
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10°<60 <90° Hydrophilic

a e

6> 90° Hydrophobic

0<10° Superhydrophilic

6> 150° Superhydrophobic

Fig. 2. Schematic representation of a drop of liquid in equilibrium on a
hydrophilic and hydrophobic surface.

Research is focused on the participation of TiO, - as the main
component in self-cleaning coatings.

Titanium dioxide TiO, is a versatile transition metal oxide that
has a large number of applications such as protective coatings,
photodetector, optical thin films, microelectronic devices, self-
cleaning surfaces, and photocatalyst for the degradation of organic
pollutants in wastewater. All these applications are a translation of
their attractive properties such as high transmission in the visible
region, wide band gap for the anatase phase (3.4 eV) and high
photocatalytic activity under ultraviolet light [5].

Adsorption of hydrophobic molecules explains the self-cleaning
properties of titanium dioxide. The possibility of aqueous photolysis
has been investigated and a useful method developed. Water is
transparent to visible light, it cannot decompose directly, but only
by radiation with a wavelength shorter than 190 nm.

2. Experiment:

Many variants of coatings involving TiO,, different types of
solvents and silane derivatives have been investigated.

Glass substrates were cleaned in acetone to avoid any organic
contamination and then washed with ethanol and water. Double
distilled water was used for all experiments. Precursor materials
such as Ti(OCH(CHjs),), and silane derivatives were used for the
synthesis of the coating layers. Isopropanol, ethanol and water
function as solvents. Acetic acid is used as a chelating agent.

The goal of the research is to obtain self-cleaning glass intended
for photovoltaics, construction, automotive and other fields.
Applying a few nm thick titanium oxide coating to the outside of
the glass creates two mechanisms by which the glass self-cleans.
The first is the photocatalytic effect, where ultraviolet rays catalyze
the breakdown of organic compounds on the surface. The second is
the hydrophilizing effect, in which water forms a thin layer washing
away the destroyed organic compounds.
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3. Conclusions:

In conclusion, there should be continued research interest in the
development of self-cleaning TiO,-based materials to make the
research a reality.
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Electrospun nano- and microfibrous materials based on cellulose acetate and water-soluble
polymer loaded with 8-hydroxyquinoline derivative
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Abstract: Nano- and microfibrous materials based on cellulose derivative - cellulose acetate and a water-soluble polymer loaded with 8-
hydroxyquinoline derivative have been successfully prepared by applying one-pot electrospinning and electrospinning in conjunction with
electrospraying techniques. The morphology and the physico-chemical properties of the obtained electrospun materials were studied. The
water contact angle of the fibrous mats was determined as well. The incorporation of the water-soluble polymer in the fibers facilitated their
wetting and the drug release. Moreover, the antibacterial and antifungal activities of the obtained materials were studied. The obtained
results reveal that the created novel fibrous materials can be suitable candidates for wound dressing applications.
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nanoparticles
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Abstract: Cellulose acetate (CA) is derived from biorenewable resources and can be easily fabricated into diverse forms. Moreover, it is a
biodegradable and recyclable polymer with low cost and good physico-mechanical and barrier properties. 8-Hydroxyquinoline and its
derivatives manifest antibacterial, antifungal, as well as anticancer activities and are of low toxicity to humans. They are suitable for
application to the treatment of infections, cancer, tuberculosis, and other diseases.

Cellulose acetate - based fibrous materials decorated with nano- and microparticles loaded with 8-hydroxyquinoline derivative were
obtained using electrospinning and electrospraying techniques. The morphology of the obtained novel materials was observed by scanning
electron microscopy (SEM). The average fiber and particle diameters were determined. Electrospinning of cellulose acetate solutions
resulted in preparation of defect-free fibers with mean fiber diameter of 800 nm. The decoration of fibers with the nanoparticles led to
hydrophilization of the surface of the fibrous materials and facilitated the release of the incorporated drug. Thus the obtained fibrous
materials decorated with nanoparticles loaded with 8-hydroxyquinoline derivative are suitable candidates as antibacterial wound dressing
materials, as well as for application in local cancer treatment.

Acknowledgments: Financial support from Bulgarian National Science Fund (Grant KP-06-N39/13/2019) is gratefully acknowledged.

72



MACHINES. TECHNOLOGIES. MATERIALS. vol 1, 2023

Preparation and anticancer activity of electrospun materials from polylactide and Schiff
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Abstract: Novel fibrous materials were successfully prepared from polylactide (PLA) and Schiff base derivative of chitosan and 8-
hydroxyquinoline-2-carboxaldehyde (Ch-8Q) by electrospinning of their blend solution in trifluoroacetic acid. Complexes between the mats
and Cu®** and Fe*" ions were obtained. Scanning electron microscopy (SEM), attenuated total reflection Fourier transform infrared
spectroscopy (ATR-FTIR) and X-ray photoelectron spectroscopy (XPS) were utilized to study the morphology of the novel materials and
their surface chemical composition. In vitro cytotoxicity assay demonstrated that Ch-8Q-containing mats and their complexes displayed high
inhibitory activity against human cervical HeLa cells and human breast MCF-7 cells. As evidenced by the performed fluorescence
microscopy analyses the anticancer activity of the obtained materials was mainly due to induction of apoptosis. The Ch-8Q/PLA mats
possessed no cytotoxicity against non-cancer BALB/c 3T3 mouse fibroblasts. The prepared fibrous materials are promising for use in local
treatment of cervical and breast cancer.
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