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Visualization and analysis of worm gear drives efficiency and load capacity

Svetlin Stoyanov, Gergana Mollova
University of Ruse “Angel Kanchev”, 8 Studentska str., POB 7017, Ruse, Bulgaria
SStoyanov@Uni-Ruse.BG, Gergana_Mollova@yahoo.co.uk

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.

Keywords: WORM GEAR DRIVES, GEAR EFFICIENCY, LOAD CAPACITY, SCIENTIFIC METHODOLOGIES, EFFICIENCY
COEFFICIENT, MAXIMAL TORQUE, SOFTWARE SYSTEMS, COMPUTER-AIDED MATHEMATICS, THREE-DIMENSIONAL

GRAPHICS.

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

50

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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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.
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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.

5. References

1. A. Dobreva, P. Pavlov. Energy Efficiency of Worm Gear
Drives, Proceedings of the 32nd DAAAM International
Symposium, pp.0110-0116 (2021)

2. A. Dobreva, V. Dobrev, G. Mollova. Research of gear
drives. IOP Conf. Ser.: Mater. Sci. Eng. 1220-012025 (2022)

3. A. Dobreva. Methods for Improving the Geometry
Parameters and the Energy Efficiency of Gear Trains with Internal
Meshing. VDI — Berichte, No 2199. 2, pp. 1291 — 1302, (2013)

4. A. Dobreva & V. Dobrev. Improving the Tribological
Characteristics of Heavy Loaded Gear Boxes. Proceedings of the
First Balkan Conference on Tribology “Balkantrib’93”, Vol 2.3,
Sofia, pp. 166-170, (1993)

5. A. Dobreva & V. Dobrev. Innovative Methodology for
Decreasing Mechanical Losses in Vehicles. Proceedings of the 4th
International Congress of Automotive and Transport Engineering
(AMMA 2018), Springer Verlag, pp. 234 — 242, (2018)

6. A. Dobreva & S. Stoyanov. Optimization Research of Gear
Trains with Internal Meshing. Ruse, University Publishing Centre,
pp 144, (2012

7. A. Dobreva. Theoretical Investigation of the Energy
Efficiency of Planetary Gear Trains. Mechanisms and Machine
Science, No 13, pp. 289-298, (2013)

8. A. Miltenovic, M. Banic, D. Miltenovi¢. Load capacity of
worm gear transmission from aspect of maximal use of available
resources. MATEC Web of Conferences (2017)

9. AGMA 6034-B92. Practice for Enclosed Cylindrical
Wormgear Speed Reducers and Gearmotors. Alexandria, VA:
American Gear Manufacturers Association, (2010)

10. Bulgarian National Standard 12256-78. Worm-gears
cylindrical. Output worm and output production worm, (1978)

11. DIN 3976. Cylindrical worms; dimensions, coordination of
centre distances and gear ratios of worm drives. Berlin, (1980)

12. DIN 3996. 2012-09. Load capacity calculation of cylindrical
worm gears with axes crossing at 90 degree angles, Berlin, (2012)

13. DIN 3996. 2012-09. Load capacity calculation of cylindrical
worm gears with axes crossing at 90 degree angles, Berlin, (2012).

14. G. Mollova, A. Dobreva. Improving load capacity
parameters of worm gears. MATEC Web of Conferences 366,
02002 (2022)

15. G. Mollova, V. Dobrev. Design methodology for
investigating worm gear transmissions with significant dimensions.
IN: Proceedings of University of Ruse, Vol 60, ISSN: 1311-3321,
pp. 41-47, (2021)

16. M. Oehler, B. Magyar, B. Sauer Coupled thermal and
tribological analysis of worm gear. Tribol. Lubrication technology
65 (1), pp. 54-60, (2018)

17. M. Oehler, B. Magyar, B. Sauer. Worm gear efficiency —
worm gear efficiency. Final report, Frankfurt am Main, (2016)

18. S. Stoyanov. Visualization and analysis of gear drives
parameters with the help of computer-aided mathematics systems.
XX Jubilee International Congress — Machines, Technologies,
Materials, winter session, Borovets, Bulgaria (2023) (to be
published)



"MACHINES. TECHNOLOGIES. MATERIALS" Issue 2/2023

Design and CFD simulation of the exhaust manifold of the Formula Student vehicle
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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)

[

Fig. 1 Exhaust manifold A

Qo7

0000 0050 8100(m)

0025

Fig. 2 Exhaust manifold B

0o

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.



"MACHINES. TECHNOLOGIES. MATERIALS" Issue 2/2023
e —
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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Influence of the window profile on the final quality of the product
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Abstract The current product on the market offers a wide range of diverse profiles for producing windows that are made of different
materials, width and order of grills depending on the profile. Within the framework of this research the windows with same dimensions shall
be elaborated, those which are made of the same production capacity and use the same fittings but different types of PVC profiles. The aim is
to prove what kind of influence the used profile has over the final quality of the product. For this research, two groups and six subgroups
will be tested. In each subgroup, one tests five windows made of the same profile. The groups are divided according to the used fittings. The
testing of the quality shall be conducted in accordance with the European norms EN 1026:2016 (Windows and doors - Air permeability -
Test method), EN 1027:2016 (Windows and doors - Water tightness - Test method), EN 12211:2016 (Windows and doors - Resistance to
wind load - Test method).

Keywords: CONSTRUCTION CARPENTRY, WINDOW, AIR PERMEABILITY, WIND RESISTANCE, PVC PROFILES

The non-polyvinyl chloride as a material offers

possibilities for creating different window profiles in terms of the

The quality of one product is a characteristic worth being  dimensions and the order of the grills. This paper has the aim of
considered when it is proven that the same satisfies the needs for  researching how much the diversification of the profiles influences
which it is produced. Having in mind that the purpose of one  the final quality of the window. The quality will be elaborating on
window is to provide light and desirable ventilation of a room, and, the water tightness, air permeability as well as resistance to
at the same time, to protect the object from external influences such deformity on wind load.
as air permeability, water tightness and resistance to wind, we state
that the window is of a higher quality as much as it can guarantee 2. Materials and research metod
all these conditions. The window as a product is of complex content
from diverse materials and parts. As different parts of the window
we enlist the following below: Frame — the frame is a construction
of the jamb and the construction of the side jamb.

1. Introduction

The samples which are subject of the research are divided into
two groups. In each group there are six subgroups, each consisting
of five windows. All the samples’ dimensions are 800mm width and
1400 mm height. All the samples in the subgroup are made of the

Glass — the content of the construction that can be made of glass same production capacity and the same type of fittings and profile is
and glass packet. used for their making (Table 1). For all the samples in the

Hinge — design, window handle, window lockers which offer subgroups a different type of profile is used..
the sliding of the window, meaning, the possibility for its opening

. Table 1: Groups of the test samples
and closing.

Throughout the production of window parts, different types of
materials are used:

Frame — wood profiles from different types of wood, PVC
profiles, aluminum profiles, as well as a combination of these

Picture of the sample Profile of the sample

Subgroup

materials. Group 1
Glass — one glass (4mm, 6mm), glass packet out of two, three or Windows with dimensions 800/1400mm
four glasses with different combinations of glasses layered with Fitting AGB

different protective paints. REHAU GENEO
Fittings — metal, plastic, rubber. 5

(2]

Un-plasticized Poly Vinyl Chloride is relatively new to
the building industry as a material for windows and doors. UPVC is
based on poly vinyl chloride(PVC), one of the most versatile
polymers found. UPVC is prepared with a special formulation in
which different stabilizers and modifiers are added to poly vinyl
chloride to make rigid and suitable for use as window frames.
UPVC contains  poly vinyl chloride(PVC), calcium

Subgroup 1

ALPHACAN 70R

carbonate(CaCo3) and titanium dioxide (TiO2). PVC forms the
major constituent of blend composition. Unlike other polymer PVC
is heat sensitive and requires additives during processing. Hence the
properties of PVC can be increased through additives like light and
UV stabilizer, fillers, pigments and lubricants can be added during
the blending process. Titanium dioxide is an expensive pigment
used for imparting natural white color to the UPVC profile and
provide necessary UV stability for the product. Calcium carbonate
are fillers which are inorganic minerals as fine particles

(3]

Subgroup 2

homogenized in PVC blend. Usage of filler has effect on
mechanical property like tensile strength, elongation, impact
strength, shrinkage and cost. Production of UPVC involves a
complex extrusion process. Extrusion is a manufacturing process
where material is drawn through a die of required cross section. The
main advantage of extrusion process is that it can create very
complex sections and also can be used for brittle objects.
Additionally this process provide excellent surface finishes. UPVC
extrusion process can be recycled. UPVC has excellent insulation
properties resulting in high energy efficiency.(1)

(3]

Subgroup 3

58



"MACHINES. TECHNOLOGIES. MATERIALS" Issue 2/2023

59

ALUPLAST IDEAL 4000 SALAMANDER STREAMLINE
4 MD76
[8l
< pa
o st A
3 M= g
g | el g
(%] T A %) f
SCHUCO SYSTM CT 70 TROCAL 83mm
[8] [
-
g i s
(=) g ‘l, o =)
§ k? = 4:|_v §
REHAU SYNEGO
A ) (2] 3. Results
= ) : 1 - g
g il 3.1. Results of the air permeability
g >M§, .
§ i I The testing of the air permeability is conducted with pressure
T TRIE and absorption of the different air pressure. The mean values for
11188 every subgroup will be presented individually in a diagram, just as
the class according to the EN 1026:2016 “Windows and doors - Air
) ~ Group?2 permeability - Test method” standard. [10]
Windows with dimensions 800/1400mm
Fitting Sigenia :
KOMMERLINK i it
(6] T
~ . =il
i i
8 [~ /; i
2 =
2 ' e :
i i
. 11 1 I
SCHUCO SI 82 Pasts
[5] o .
Fig.1 Air permeability measures for subgroup 1
- =
o
S ™ .
S . t =
_cg» ) i T —— :
D //// T1 —= E
LR e
= - et | | f/
ALUPLAST IDEAL 8000 — =
[4
o e
o
3
_§> 2= Fig.2 Air permeability measures for subgroup 2
AT
4 N wp =
{ LH - | G ==t
GEALAN 59000 j =en B = u A 111105 < w A HIIE
L
[7 H H
g. . e 7 s
3 Ay
E 1 Ratili
= : :
(2] PaAbs

Fig.3 Air permeability measures for subgroup 3




"MACHINES. TECHNOLOGIES. MATERIALS" Issue 2/2023

o o
- N N
. H " " -
n =t S=a o 7 = S s
=
L —| L] | i ]
== i 5
P
. - =
A =7 =
I LA ol L .
?é*—=ﬁ .
o
-
- s e e
- - e e o

) ) . - Fig.9 Air permeability measures for subgroup 9
Fig.4 Air permeability measures for subgroup 4

)

- i " ®

\
\

[\

/ .
= 2
=—

8

H T
8

H

=1

T
Paibs

Fig.10 Air permeability measures for subgroup 10
Fig.5 Air permeability measures for subgroup 5

» = |+ =
n = L o éézzzaﬁ—czé:.:ez ===
/./ //
1 ’:
— =]
e
Pares Fig.11 Air permeability measures for subgroup 11
Fig.6 Air permeability measures for subgroup 6 N .
R . / // //
” L—1 =20l =TT : e =Yy _E R
1 BZg =
—====c= ;ézzzsszzzzz s =
1 ?:Z/ Zat =
T
b N R e Fig.12 Air permeability measures for subgroup 12
PaAbs

3.2. Results — water tightness

Class according to the EN 1027:2016 “Windows and doors -
- . s Water tightness - Test method” standard. [11]

Table.2: Subgroup 1 — water tightness

) = ot N Al 0 0 oK

ot A2 50 50 | 05:00 | 00:00 00:00 | OK

= - A3 100 100 | 05:00 | 00:00 00:00 | OK

. Ad 150 150 | 05:00 | 00:00 00:00 | OK

~ A5 200 201 | 05:00 | 00:00 00:00 | OK

. : e A6 250 250 | 05:00 | 00:00 00:00 | OK

A7 300 301 | 05:00 [ 00:00 00:00 | OK

Fig.8 Air permeability measures for subgroup 8 A8 450 449 05:00 00:00 00:00 OK
A9 600 601 | 05:00 | 00:00 00:44 | NOT OK
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Table.9: Subgroup 8 — water tightness

Table.3: Subgroup 2 — water tightness

class Pressure in Pa Time Water strance Observation || class Pressure in Pa Time Water strance Observation
Normal | Actual Dripping | Flowing Normal | Actual Dripping | Flowing
Al 0 0 15:00 00:00 00:00 OK Al 0 0 15:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A2 50 50 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK A3 100 100 05:00 00:00 00:00 OK
Ad 150 149 05:00 00:00 00:00 OK Ad 150 151 05:00 00:00 00:00 OK
A5 200 201 05:00 00:00 00:00 OK A5 200 200 05:00 00:00 00:00 OK
A6 250 251 05:00 00:00 00:00 OK A6 250 250 05:00 00:00 00:00 OK
A7 300 300 05:00 00:00 01:25 NOT OK A7 300 300 05:00 00:00 00:00 OK
Table.4: Subgroup 3 — water tightness A8 450 450 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation || A9 600 602 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing
Al 0 0 15:00 00:00 00:00 OK Table.10: Subgroup 9 — water tightness
A2 50 50 05:00 00:00 00:00 OK class Pressure in Pa Time Water strance Observation
A3 100 100 | 05:00 | 00:00 00:00 | OK Normal | Actual Dripping | Flowing
Ad 150 148 | 05:00 00:00 00:00 | OK Al 0 0 15:00 00:00 00:00 | OK
A5 200 201 [ 05:00 | 00:00 00:00 | OK A2 50 50 05:00 | 00:00 00:00 | OK
A6 250 251 | 05:00 | 00:00 00:00 | OK A3 100 100 | 05:00 | 00:00 00:00 | OK
A7 300 300 | 05:00 00:00 00:14 | NOT OK Ad 150 152 | 05:00 00:00 00:00 | OK
A5 200 200 05:00 00:00 00:00 OK
Table.5: Subgroup 4 — water tightness A6 250 250 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation A7 300 302 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A8 450 452 05:00 00:00 04:28 NOT OK
Al 0 0 15:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK Table.11: Subgroup 10 — water tightness
A3 100 100 05:00 00:00 00:00 OK class Pressure in Pa Time Water strance Observation
Ad 150 149 | 05:00 | 00:00 00:00 | OK Normal | Actual Dripping | Flowing
A5 200 199 05:00 00:00 00:00 OK Al 0 0 15:00 00:00 00:00 OK
A6 250 249 | 05:00 | 00:00 00:00 | OK A2 50 50 05:00 | 00:00 00:00 | OK
A7 300 301 | 05:00 00:00 03:13 | NOT OK A3 100 100 | 05:00 00:00 00:00 | OK
A4 150 150 05:00 00:00 00:00 OK
Table.6: Subgroup 5 — water tightness A5 200 200 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation A6 250 250 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A7 300 299 05:00 00:00 00:00 | OK
Al 0 -9 15:00 00:00 00:00 OK A8 450 450 05:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A9 600 603 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK
A4 150 150 05:00 00:00 00:00 OK Table.12: Subgroup 11 — water tightness
A5 200 200 05:00 00:00 00:00 OK class Pressure in Pa Time Water strance Observation
A6 250 251 | 05:00 | 00:00 00:11 | NOT OK Normal | Actual Dripping | Flowing
Al 0 0 15:00 00:00 00:00 OK
Table.7: Subgroup 6 — water tightness A2 50 50 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation A3 100 100 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A4 150 150 05:00 00:00 00:00 | OK
Al 0 0 15:00 00:00 00:00 OK A5 200 200 05:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A6 250 250 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK A7 300 302 05:00 00:00 00:00 OK
Ad 150 150 05:00 00:00 00:00 OK A8 450 453 05:00 00:00 04:01 NOT OK
A5 200 200 05:00 00:00 00:00 OK
A6 250 251 05:00 00:00 00:00 OK Table.13: Subgroup 12 — water tightness
A7 300 300 05:00 00:00 00:00 oK class Pressure in Pa Time Water strance Observation
A8 450 451 | 05:00 | 00:00 00:00 | OK Normal | Actual Dripping | Flowing
A9 600 600 05:00 00:00 00:00 OK Al 0 0 15:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK
Table.8: Subgroup 7 — water tightness A3 100 100 05:00 00:00 00:00 OK
class Pressure in Pa Time Water strance Observation || A4 150 152 05:00 00:00 00:00 OK
Normal | Actual Dripping | Flowing A5 200 200 05:00 00:00 00:00 | OK
Al 0 0 15:00 00:00 00:00 OK A6 250 250 05:00 00:00 00:00 OK
A2 50 50 05:00 00:00 00:00 OK A7 300 301 05:00 00:00 00:00 OK
A3 100 100 05:00 00:00 00:00 OK A8 450 449 05:00 00:00 00:00 OK
Ad 150 150 05:00 00:00 00:00 OK A9 600 602 05:00 00:00 00:00 OK
A5 200 201 05:00 00:00 00:00 OK
A6 250 250 05:00 00:00 00:00 OK
A7 300 300 05:00 00:00 00:00 OK
A8 450 451 05:00 00:00 00:17 NOT OK
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3.3. Results — resistance to wind load

Class according to the EN 12211:2016 "Windows and doors -
Resistance to wind load - Test method" standard. [12]

Table.14: Maximum deflection to the classification at the base width

Class f (mm)

(a-c) 1250 mm
(a-c)/150 8.33
B | (ac)200 6.25
| (a-c)/300 4.67

Table.15: Results of the frontal deflection in mm section/pressure

— Subgroup 1
Pa 1(a) 2(b) 3(c) f (mm)
2000 Pa 0.64 3.11 0.37 2,60
0Pa 0.00 0.00 0.00 0.0
-2001 Pa 0.79 2.09 0.50 1.45
0Pa 0.03 0.02 0.00 0.01
Table.16: Results of the frontal deflection in mm section/pressure
— Subgroup 2
Pa 1(a) 2(b) 3(c) f (mm)
2001 Pa 0.46 5.41 0.95 4.71
0 Pa 0.01 0.04 0.01 0.03
-2003 Pa 0.29 5.31 0.76 4.79
0Pa 0.00 0.01 0.00 0.01

Table.17: Results of the frontal deflection in mm section/pressure

— Subgroup 3
Pa 1(a) 2(b) 3(c) f (mm)
1999 Pa 0.50 5.44 0.85 4,77
0Pa 0.01 0.04 0.01 0.03
-2001 Pa 0.27 5.38 0.72 4,89
0Pa 0.00 0.01 0.00 0.01
Table.18: Results of the frontal deflection in mm section/pressure
— Subgroup 4
Pa 1(a) 2(b) 3(c) f(mm)
2003 Pa 0.59 6.02 0.36 5,54
0 Pa 0.05 0.04 0.04 0.01
-2001 Pa 0.41 6.82 0.49
0Pa 0.02 0.00 0.00 \
Table.19: Results of the frontal deflection in mm section/pressure
— Subgroup 5
Pa 1(a) 2(b) 3(c) f (mm)
2003 Pa 0.54 0.85 0.36 0.40
0 Pa 0.10 0.07 0.05 0.01
-2000 Pa 0.53 0.85 0.50 0.34
0 Pa 0.00 0.00 0.00 0.00

Table.20: Results of the frontal deflection in mm section/pressure

— Subgroup 6
Pa 1(a) 2(b) 3(c) f (mm)
2007 Pa 0.58 5.17 0.68 4.54
0Pa 0.00 0.00 0.00 0.00
-2003 Pa 0.83 5.23 0.93 4.35
0Pa 0.00 0.00 0.00 0.00

Table.21: Results of the frontal deflection in mm section/pressure

— Subgroup 7
Pa 1(a) 2(b) 3(c) f(mm)
2005 Pa 0.51 6.06 0.42 5.60
0Pa 0.00 0.00 0.00 0.00
-2006 Pa 0.22 4.56 0.21 4.35
0Pa 0.00 0.00 0.00 0.00
Table.22: Results of the frontal deflection in mm section/pressure
— Subgroup 8
Pa 1(a) 2(b) 3(c) f (mm)
2001 Pa 2.54 2.89 0.60 1.29
0 Pa 0.00 0.00 0.00 0.00
-2004 Pa 1.21 1.45 0.37 0.66
0 Pa 0.00 0.00 0.00 0.00
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Table.23: Results of the frontal deflection in mm section/pressure

— Subgroup 9
Pa 1(a) 2(b) 3(c) f(mm)
2008 Pa 0.34 1.08 0.85 0.49
0Pa 0.00 0.00 0.00 0.00
-2005 Pa 0.16 0.72 0.45 0.42
0Pa 0.00 0.00 0.00 0.00

Table.24: Results of the frontal deflection in mm section/pressure
Subgroup 10

Pa 1(a) 2(b) 3(c) f (mm)
2010 Pa 0.68 1.60 0.58 0.97
0 Pa 0.00 0.00 0.00 0.00
-2012 Pa 0.38 0.79 041 0.40
0 Pa 0.00 0.00 0.00 0.00

Table.25: Results of the frontal deflection in mm section/pressure
Subgroup 11

Pa 1(a) 2(b) 3(c) f(mm)
2010 Pa 0.56 5.90 0.66 5.29
0Pa 0.05 0.06 0.04 0.02
-2012 Pa 1.00 4.57 0.96 3.59
0Pa 0.01 0.00 0.00 0.01
Table.26: Results of the frontal deflection in mm section/pressure
— Subgroup 12
Pa 1(a) 2(b) 3(c) f (mm)
2007 Pa 0.23 1.44 0.38 1,14
0Pa 0.00 0.00 0.00 0.00
-2008 Pa 0.14 0.85 0.35 0.61
0Pa 0.00 0.00 0.00 0.00
4. Conclusion

From the analyzed results and their comparison of the
individual samples, the following can be confirmed:

- The profile used for producing windows has a minimum
influence on the air permeability. The examined samples which
were made in the same production capacity, were divided into two
groups and six subgroups. Each subgroup had six samples. All the
samples of one group had the same fittings, but different type of
PVC profile. The samples of the subgroups are of same profile,
fittings and dimensions. The results given from the windows
slightly differed and they circulated in one class of sustainability of
the air permeability. The authors, in the form: initials of the first
names followed by last name (only the first letter capitalized with
full stops after the initials),

. - The profile used for producing windows has significant
influence over the water tightness. The examined samples which
were made in the same production capacity, were divided into two
groups and six subgroups. Each subgroup had six samples. All the
samples of one group had the same fittings, but different type of
PVC profile. From the analysed samples a greater water tightness is
shown at the windows made of the profile with greater dimensions
and bigger sagging of the jamb and side jamb.

- The profile used for production of windows has significant
influence over the deformities of the window itself. The examined
samples which were made in the same production capacity, were
divided into two groups and six subgroups. Each subgroup had six
samples. All the samples of one group had the same fittings, but
different type of PVC profile.The analysis of the results brought
conclusion that the windows are made of profile which is
strengthened with more steel making it more resistant to deformities
when hit by wind load.
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Study of Vitamin C stability in thermal water for ecofriendly application in the
pharmaceutical industry
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Abstract: Free radicals and reactive species of oxygen are destructive for living organisms. Antioxidants are capable to reduce the effect of
free radicals and to recover the organisms’ health. On the other hand, during the fabrication process various chemicals are released into the
water ecosystems from the factories, causing harmful effects on the aquatic organisms. The Autonomous Province of Vojvodina in Serbia is
rich in thermal waters. Thankfully to the various minerals, they could have antioxidant effect and could be used as raw material for the
production of different pharmaceutical products. In this study we examined the possible effect of different thermal water samples on the
degradation rate of Vitamin C as an antioxidant with UV radiation. Furthermore, the influence of initial pH value was also investigated. Our
results showed that the thermal water reduced the degradation rate of vitamin C. In addition, the lowest removal rate was observed at initial
pH 7, which is close to the skin’s natural pH. These findings showed that the thermal water could be used in preparations for skin.

Keywords: FREE RADICALS, ANTIOXIDANTS, ENVIRONMENTAL POLLUTION, ECO-FRIENDLY INDUSTRY, THERMAL WATER,
STABILITY STUDY, FORCED PHOTODEGRADATION, SKIN PREPARATIONS.

1. Introduction 2. Materials and methods

Oxygen is an essential element for life. This element is Thermal water was sampled from Kanjiza Spa (Kanjiza,
necessary for the basic chemical and biological reactions and Vojvodina, Serbia) and kept in refrigerator. Thermal water was used
without oxygen there would be no energy for cells [1]. without further treatment, except the experiments with various
Consequently, it is amusing that oxygen can also destroy the living mineral concentrations, when 30%, 50%, and 70% of the water
organism [2].Namely, during the ATP degradation by the samples was evaporated, in order to concentrate the present
mitochondria free radicals are produced, which can be both harmful elements.
and useful [1]. Reactive oxygen species can also be generated due
to environmental factors, such as UV irradiation [3]. At low
concentrations they have positive effect on the immune system,
while at higher concentrations they can cause oxidative stress and
damage living cells. These damages in the living cells result in the

For the investigation of the possible antioxidant effect of
thermal water, solution of vitamin C (0.05 mM) was freshly
prepared prior to photodegradation experiments, dissolving
appropriate amount of vitamin C () in ultrapure and thermal water.

development of various serious disorders, such as cancer, arthritis, The initial pH values were set using 0.1 M HCIO, (70% (w/w),

aging, autoimmune disorders, cardiovascular and neurodegenerative  >99.99%, Sigma—Aldrich, St. Louis, MO, USA) and 0.1 M NaOH

diseases [1]. (pro analysis, MOSS &HeMOSS, Belgrade, Republic of Serbia).
Based on the mentioned, it is obvious that these substances have In order to determine the antioxidant efficiency of thermal

to be eliminated in order to keep organisms healthy. The  water, the samples taken after photodegradation were analysed
compounds, which are capable to reduce the oxidation of proteins, using liquid chromatography with the following components of
carbohydrates, lipids and DNA, are known as antioxidants.  mobile phase: acetonitrile (99.9%, Sigma—Aldrich, St. Louis, MO,
Antioxidants can be synthetic and natural. The sources of natural USA) and orthophosphoric acid (85%, pro analysis, Sigma—Aldrich,
antioxidants are most commonly fruits and vegetables. On the other St. Louis, MO, USA).

hand, the synthetic sources are mostly drugs, made by various
pharmacy companies [4]. 3. Sample preparation and analytical procedures

Unfortunately, pharmaceutical factories during the production The photodegradation experiments were performed in a
release high amount of wastewater to the natural ecosystem, which photoreactor (TOPT-V, Toption, China). The samples were
results in the appearance of different active pharmaceutical — prepared and irradiated in a photochemical cell made of quartz glass
ingredients (API) in the environment. APl can cause various,  (total volume of ca. 100 mL). The photochemical cells were placed
unexpected effects on the non-target organisms. Thus, the amount jn 3 circle around the Xe lamp, which was used as simulated solar
of released water should be reduced and the wastewater should be irradiation (SSI). The cells were equally exposed to the irradiation
adequately treated prior to reaching the water ecosystems [5]. source. Xenon lamp was in a quartz cold trap, which was equipped

Nowadays, great attention is paid to the personal care products with water-circulating jackets and connected to a cooler in order to
which are present in aquatic environment at high concentrations, ~ ENSure a constant temperature inside the photoreactor (Fig. 1).
For instance, various UV filters has been found in different water [Faterin
samples, especially in summer, due to the outdoor activities when / ) I
they are washed from the skin into the water [6]. | Nt Juartz cold trap
Wl

_r\\ ater out
a

Based on the mentioned, eco-friendly but effective antioxidants
should be found or developed. Fortunately, Serbia and the
Autonomous Province of Vojvodina, which belongs to the Pannonia v
Basin, are very rich in thermal mineral waters. Many of them are Quartz photocherical (gl
used mostly in balneology. Thermal waters in Vojvodina possess
above-average geothermal qualities in comparison to the European
hydro geological standards and can be successfully applied for
medical purposes [7].

Xenon lamp

Magnetic stirrer

In this study, the possible antioxidant effect of thermal water
from Kanjiza Spa was investigated, under simulated sunlight.
Furthermore, the possible effect of initial pH and mineral
concentration on the photodegradation rate was also examined.

Fig. 1. TOPT-V photoreactor
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The samples of vitamin C, taken after different times of
irradiation (5, 10, 15 and 30 min) using SSI, 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 using a high-pressure liquid chromatograph with a
diode array detector (UFLC-DAD, Shimadzu Nexera, Tokyo,
Japan) (wavelength of vitamin C absorption maximum at 243 nm)
equipped with Inertsil® ODS-4 column (2.1 mm x 50 mm i.d.,
particle size 2 um, 30 °C). Prepared samples (20 pL) were injected
and analyzed. The mobile phase (flow rate 1.0 mL/min) was a
mixture of acetonitrile and water (50:50, v/v, pH 2.56), while the
water was acidified with phosphoric acid so that the mass fraction
of phosphoric acid was 0.1%.

4. Results and discussion

Firstly, the degradation of vitamin C was investigated in
ultrapure water, under different initial pH values, at pH 10 and 7,
using SSI. Based on the obtained results (Fig. 2) it can be seen, that
the degradation rate was higher under basic conditions. This can be
explained by the auto-oxidation process of vitamin C, which is
accelerated under alkaline conditions [8].

104 Ultrapure water:
) ——pH7
—{1—pH 10
0.8
0.6
OO
O 0.4
0.2 1
0.0 1 ., 0
0 5 10 15 20 25 30
Time (min)

Fig. 2 Degradation kinetics of vitamin C (0.05 mM) in ultrapure
water, under SSI

In the next step, we investigated the degradation efficiency of
vitamin C in thermal water from Kanjiza Spa. There were two
different water samples used. Namely, the degradation studies were
conducted in pure thermal water (i.e without any treatment) and in
samples where 50% of initial volume of water was evaporated in
order to increase the concentration of present minerals (Table 1).
The experiments were carried out under two different inital pH (10
an 7) and the obtained results are represented in Fig. 3. Based on
our findings it can be seen that the degradation rate of vitamin C
was higher in the non-treated thermal water compared to ultrapure
water at both initial pH. The higher degradation in non-treated
thermal water can be explained by the presence of different ions and
by the higher natural pH value, which can accelerate the
degradation. On the other hand, in the evaporated water samples the
degradation of vitamin C under SSI was lower at both inital pH
comperated to other samples (Fig. 3). The possible explanation for
this behaviour lies in the fact, that the concentration of present
cations and anions was higher and reduced the degradation, i.e
vitamin C was protected from forced photodegradation under SSI.
Furthermore, after 15 min of irradiation the degradation process
stopped and no further amounts of vitamin C were degraded in the
last 15 min of irradiation.
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Table 1. Chemical characteristics of thermal water from Kanjiza Spa

Parameter Value
pH 7.9

Sodium (g/L) 1.298
Potassium (g/L) 0.0097
Lithium (g/L) 0.0001
Ammonium (g/L) 0.0002
Calcium (g/L) 0.0064
Magnesium (g/L) 0.0027
Strontium (g/L) 0.0004
Manganese (g/L) 0.00001
Iron (g/L) 0.00001
Aluminum (g/L) 0.00005
Hydrogen carbonate (g/L) 2.934
Chloride (g/L) 0.073
Bromide (g/L) 0.00013
lodide (g/L) 0.0006
Fluoride (g/L) 0.0003
Nitrate (g/L) 0.0001
Hydrogen phosphate (g/L) 0.0002
Sulphate (g/L) 0.0009

Ultrapure water:
—M—pH7
—{—pH 10

Thermal water:
~@-pH7
—O—pH 10
Evaporated thermal water:
—k—pH7

—%¢—pH 10

0.0- O 0
0 5 10 15 20 25 30
Time (min)

Fig. 3 Degradation kinetics of vitamin C (0.05 mM) in ultrapure,
thermal and evaporated thermal water, under SSI

Finally, in order to determine the optimal conditions, further
experiments were carried out with thermal water evaporated to 30%
and 70% (Fig. 4) at initial pH 7 and 10, under SSI. Based on our
findings it can be seen that in the samples with thermal water
evaporated 30% higher degradation was observed compared to 50%
and 70%, after 30 min of irradiation under SSI. It can be explained
by the lower concentration of various ions which could not reduce
the degradation of vitamin C. On the other hand, in the case of
thermal water samples evaporated to 70% lower degradation was
observed compared to 30%, but higher compared to 50%. This
behavior is probably due to the very high concentration of present
ions.
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Evaporated thermal water to:

30% 50% 70%
—B-pH7 —A—pH7 —k—pH7
——pH 10 =~ pH 10 ——pH 10

1.0

0.0

10

15 20 25 30

Time (min)

Fig. 4 Degradation kinetics of vitamin C (0.05 mM) in ultrapure,
thermal and evaporated thermal water, under SSI

5. Conclusion and outlooks

In this study the possible antioxidant effect of thermal water
from Kanjiza Spa was investigated. In order to prove this effect, the
stability of vitamin C was followed during forced photodegradation
under SSI and at initial pH 7 and 10. Firstly, our findings showed a
different behaviour of vitamin C in ultrapure and thermal water.
Based on the obtained data it also can be concluded, that in alkaline
medium, both in ultrapure and thermal water, the degradation rate
was higher, which can be the result of vitamin C auto-oxidation,
which is more intense above pH 7. The influence of present ion
concentration on the photodegradation efficiency was examined, as
well. Namely, thermal water was evaporated to 30%, 50% and 70%
in order to reach different concentration of the present natural
cations and anions in the samples. According to the obtained data,
the lowest vitamin C degradation was achieved when 50% of
thermal water was evaporated. Whereas, in the case of 30% and
70% the degradation efficiency was higher. The reduced
photodegradation rate of vitamin C in the case of 50% indicates a
possible antioxidant effect of thermal water, since the irradiated
compound was protected from the total degradation.

Our findings indicate that evaporated thermal water to 50%
could be used as an antioxidant and has potential application in
pharmaceutical industry. Namely, different preparations could be
developed, for instance skin care products, using an eco-friendly,
natural resource instead of chemicals. Furthermore, various
experiments should be carried out in order to determine the possible
use of thermal water as an active pharmaceutical ingredient, which
would make pharmacy and medicine more sustainable.
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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

High-temperature monolithic composites with layered structures
are usually obtained by pressing at certain temperature of bundled
layers of various metal foils and powders such as: Mo-Al, Nb-Al,
Nb-AI-Ti, Cr-Al-Nb [1], Mo-Nb-B-Si [2] and others. In our case,
we consider a composite of niobium (niobium alloy with 0.1%
carbon) and aluminum foils pressed at 1-2 MPa at a temperature of
1300°0n vacuum.

In the binary system Nb-Al the main phases are: NbAl;, Nb,Al
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].

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
above-mentioned properties. [6, 7, 8].

In the present research the main aim was to obtain composite
chromium coatings with diamond nanoparticles deposited directly
on a monolithic composite based on a niobium aluminum matrix
with a layered structure. Their structure and morphology were
studied on the one hand, and on the other hand, the thickness of the
coating and its microhardness were determined. A uniform and
dense layer of chromium with nanodiamonds with thickness of
about 55 um was obtained. The microhardness in the chromium
layer is about 800 kg/mm? in the matrix close to the chromium
layer it is about 170 kg/mm? and in the middle of the sample it is
about 700 kg/mm?.

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 oxide layers of the main elements Nb and Al, from
which the monolithic composite was obtained, must be removed.
Multicomponent alloys are usually chemically treated with a series
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.

2. Experimental data

The objective of the study is to obtain a chromium coating with
nanodiamond particles on a monolithic composite with a layered
structure obtained on the basis of a niobium alloy with 0.1% carbon
and aluminum. The phase composition, microstructure and
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elemental composition in different areas of the matrix and of the
chrome coating were investigated. The primary test samples are
rectangular tiles with dimensions - 30 x 20 mm and height h - 1.5
mm. Figure 1 shows some of the chromium-coated test samples
shot with an optical microscope (LM). There, the structure of the
chromium coating surface was shot with magnification marked A
x20 and B x80 with different levels of illumination. The chromium
coating follows the surface of the monolithic composite sample
with a layered structure that is slightly rough with elongated stripes.
The basic chromium coating has a slightly wavy structure with fine
grains, which is more clearly observed in (Fig. 1B).

— = -

A, x20

B, x80
Fig. 1 Chromium coating with ND deposited on the niobium
aluminum matrix with magnification A x20 and B x80

Short description of the preliminary treatment (technological
process) for obtaining chromium coatings with ND on MC of the
niobium aluminum matrix (alloy): The samples are first grinded,
then degreased and etched with a mixture of acids. The niobium
alloys are usually cleaned of the surface oxides with a mixture of
the acids HF, HNO3, HsPO, in a ratio of 1:1:1 or 1:1:2 [9]. Finally
they are immersed in a special acid-alkaline solution [10] before
connected to the cathode and immersed in the chromium plating
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
electrolyte was used with chromic anhydride:sulfuric acid ratio of
100:1 [6, 10]. It has the following chemical composition: CrOz —
220 g/l; H,S0, - 2.2 g/l
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
electrolyte described above and the second one is with the
nanodiamond particles. It is in the form of an aqueous suspension
with an ND concentration of 10%. The suspension with ND was
then activated in an ultrasonic bath, after which the resulting
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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

68

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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Abstract: An analysis of the prospects for the development of FDM printing technology has been carried out. The paper studies the
possibility of obtaining polymer products based on polyamide 6 and its compositions by layer-by-layer deposition. Tests of the strength
indicators of the printed experimental products were carried out. The mechanism of the influence of the composition and modes of formation
of printed products on their strength characteristics is proposed. The influence of the composition of the composite polymer material based
on PAG6 on the quality of printing products has been studied. Methods for controlling the shrinkage parameters of products obtained by
layer-by-layer deposition are proposed. The obtained results of the study can be used in the development of composites for the production of
polymer filament to ensure the process of FDM printing of polymer products, including for the needs of mechanical engineering.

KEYWORDS: FDM PRINTING, POLYAMIDE 6, TECHNOLOGICAL PARAMETERS, TENSILE STRENGTH, RELATIVE ELONGATION,

POLYMER PRODUCTS

1. Introduction

The production of polymer products using additive technologies has
become available due to the intensive development of the
production of FDM printers, as well as consumable polymer
materials (filaments), which allows solving various production
problems. At the same time, during the printing process, control
over the main operational characteristics of products is ensured by
choosing the composition of the polymer filament, as well as the
technological settings of the FDM printer. In the Republic of
Belarus, aliphatic polyamides and composites based on them are
actively and effectively used for the production of structural
products with high values of consumer characteristics of the widest
range. At the same time, the effective processing of polyamides into
products and the realization of the advantages and advantages of the
indicated thermoplastic polymer when using various technologies
are hampered by high values of hygroscopicity (up to 12 wt.% with
an acceptable value during processing of 0.05-0.1 wt.%) and
thermal shrinkage (up to 2.5% for unfilled materials) polyamide 6.
For the active use of polyamide 6 in additive technologies, this is a
significant drawback that affects the quality of the resulting
products. And if polyamide processors effectively cope with a high
tendency to moisture absorption by pre-drying the raw material and
using heating of the material in the loading zone of the process
equipment, then the thermal shrinkage of the binder requires more
complex solutions. Most often, it is possible to reduce the thermal
shrinkage of the polyamide matrix by modifying it with polymer
components [1], as well as by introducing dispersed and (or) fibrous
fillers [2]. At the same time, glass fibers in the composition of
polyamide 6 can significantly increase the level of deformation and
strength parameters of products, and carbon fibers increase impact
strength and wear resistance. Polyamide 6 and composites based on
it are mainly processed into products by injection molding due to
the high values of the melt flow parameter. The use of PA6 for
FDM printing in products seems difficult due to the high melt
fluidity (MFR PA6 210/310 is more than 20 @g/10 min), and
therefore the use of composite compositions based on it for 3D
printing is promising.

In modern conditions of limited availability of the raw material base,
as well as increasing logistics costs for the supply of material
resources and components of machine-building equipment, it is
promising to study the possibility of using domestic polymer
composite materials to obtain piece products in the conditions of
enterprises operating and maintaining equipment that includes
products based on polymer materials.

Thus, the purpose of the work is to substantiate the feasibility and
effectiveness of using a polymer filament based on polyamide 6 and
its composites for printing polymer products by the layer-by-layer
deposition method.
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2. Materials and Methods

To study the features of the formation of the structure of the
material in products obtained by 3D printing, in this article, the
authors used polyamide PA6-210/310 (Grodnamid) TU
RB 500048054.009-2001 in granules produced by GrodnoAzot
0OJSC, carbon fiber UPA6-10 TU RB 00204056-086-94 in granules
produced by OJSC SvetlogorskKhimvolokno, composite material
PAG + 10 wt.% HDPE, obtained by thermomechanical combination
of components during extrusion. To study the parameters of
polymer products, a filament with a diameter of 1.75 mm was
obtained for these materials by extrusion on a Z-7M laboratory
extruder (Russia) in modes that take into account the rheological
characteristics of the starting materials. The parameters of the
extrusion process when obtaining a filament are shown in Table 1.

Table 1: MFR values for PA6-210/310 (Grodnamid)

Options Material
PAG- UPA6-10 | TIA6+10
210/310 mas.%
HDPE

Cylinder temperature
by zones, °C (£10°C) 230 230 230
Head temperature, °C
(£10°C) 240 240 240
Feed-screw speed, 20 10 20
rpm
Retrgctlon speed, 0.9 05 08
m/min

Previously to printing product samples, the polymer filament was
subjected to thermostating in an oven at a temperature of 95 + 5 °C
for 4 hours to reduce the moisture content by no more than 0.1 wt%.
To assess the deformation-strength characteristics of materials
under uniaxial tension and to study the features of the formation of
the structure of materials during layer-by-layer deposition, a
product was printed in the form of standard blades (type 1) GOST
11262-80 on an Ultimaker 3 3D printer. The FDM printing
parameters of the blades were set in the CraftWare 1.19 slicer
program. A series of 6 standard samples was printed in the given
technological parameters of the print settings per cycle (table 2).
Evaluation of the deformation-strength characteristics of the studied
samples was carried out on a tensile testing machine RM-500 in the
mode of uniaxial tension at a speed of 10 mm/min with fixation of
the deformation and tensile force. It was of interest to investigate
the mechanism of the formation of autohesive bonds within the slab
space and between the layers of a polymer product during the
manufacture by the method of layer-by-layer deposition. The
resulting samples of polymer products in the form of blades with
different orientations in the intralayer volume (+ 45° and 0°/90°)
were subjected to 5% deformation in uniaxial tension for further
study of brittle cleavage of product images obtained in the
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longitudinal direction of the tension axis. The structure of the
materials was studied by scanning electron microscopy on blades
that were brittle fractured after soaking in liquid nitrogen. At the
same time, in order to manifest the effects of interlayer autohesion
and study the effect of fillers on the structure of composites in the
product, the blades were subjected to deformation within a 5%
elongation under uniaxial tension. It was of interest to analyze the
interaction of the polyamide-based filament melt in the interlayer
and intralayer locations.

Table 2: Parameters of print settings for test samples

Basic print settings PA 6 UPA PA6+10

6-10 mas.%
HDPE

The speed of movement of 40 20 40

the nozzle of the extruder

during printing, mm / sec

Print layer thickness, mm 0,2 0,2 0,2

Print width, mm 0,4 0,4 0,4

Number of layers of the 2 2 2

perimeter of the product

Table temperature, °C 100 70 100

Extrusion Temperature,°C 250 250 240

Unspecified print settings were the same for all samples

3. Results and discussion

As a result of visualization of internal stresses arising in a polymer
material obtained by layer-by-layer deposition of Nylon, a higher
level of stresses arising in the peripheral part of the material, in
comparison with the volume [3], was shown. In this case, the level
of internal stresses decreases with a decrease in the degree of filling
of the product volume with a polymer melt. It was shown in [4,5]
that the degree of filling of the volume of the material affects the
dimensional stability of products obtained by layer-by-layer
deposition. At the same time, a number of research authors indicate
[6,7,8] that the highest values of the deformation-strength
characteristics of the material in the product are achieved at zero
angles of orientation of the printing direction to the tension axis.
However, to ensure the isotropy of strength indicators, layer-by-
layer filling of the volume of the product was carried out in the
“parallel lines” mode, changing the direction of printing in the next
layer by 90 °, as recommended by many researchers [6,8].

The analysis of the morphology of the brittle fracture surface of
blade samples based on UPA 6/10 carbon fiber, obtained by FDM
printing with polymer orientation +45° inside the layers when filling
the volume of the product, was carried out on SEM images of the
surface shown in Figure 1. A snapshot of the sample surface within
the interlayer brittle The cleavage is shown in Figure 1a, which
shows several adjacent layers of fibers with print orientation in the
layer at angles of +45° and -45°. In Figure la, several important
morphological features of the destruction of the polymer binder can
be distinguished: interlayer voids resulting from the 3D printing
process, layers with a rough fracture surface morphology, and
layers with a smoother surface. For a detailed display of the nature
of the contact of adjacent layers, an increase in the survey area is
given (Figure 1b). The presented images indicate that between the
threads between the layers, insufficient adhesion is characteristic
along the tension axis, at which the formed crack grows. A rough
fracture surface can also be noted in the interlayer region where
fibrillation of the polymeric binder is noted with the formation of
filamentous fragments.

This nature of the destruction of UPA 6/10 carbon fiber suggests
that the binder layers oriented perpendicular to the tension axis
hinder the growth of cracks. In this case, the participation of the
remaining layers of the material in the mechanism of resistance to
destruction of the matrix can be considered insignificant due to
insufficient adhesion between them, due to the limited mobility of
the binder polymer filled with carbon fibers.
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a) general view of the fracture surface morphology of the sample in the
interlayer location (magnification x100); b) close-up of surface features in
adjacent layers (*500 magnification); c) general view of the fracture
surface morphology of the sample in the intralayer location (magnification
x100); d) close-up of surface features within the layer (x500 magnification)

Figure 1 SEM images of brittle fracture surfaces of samples with a print
orientation of £ 45°

The role of short elements of carbon fiber contained in the PA6
matrix in the process of deformation destruction of the layered
structure of a carbon fiber product is also noticeable. Fibrillation of
the polymer matrix during uniaxial tension of the carbon-filled PA6
sample suggests the implementation of a local mechanism of
strengthening the polymer matrix in the product formed by the
FDM-printing method.

At the same time, within the imprinted layer, a sufficiently strong
autohesive adhesion is observed in the intralayer location of the
matrix, which is observed in the image of the brittle fracture
morphology of the sample (Figure 1c). This is due to the good
rheological characteristics of PA6, which contribute to the
realization of the phenomenon of autohesion between the polymer
threads within the printed layer. Figure 1d shows that the traces of
fracture surface roughness are concentrated along short fibers. This
fact confirms the assumption that short carbon fibers enhance
autohesion during FDM printing of polymer products based on
carbon fiber.

Figure 2 shows SEM images of the brittle cleavage surfaces of
specimens based on UPAG6-10 carbon fiber obtained with the
printing direction oriented in the 0°/90° layer. The surface of a
brittle fractured sample, representing the interlayer space of the
matrix, is shown in Figure 2 a. The image shows layers located at
an angle of 0° and at an angle of 90°. At the same time, layers at an
angle of 0° under conditions of preliminary 5% deformation have a
rough surface, and layers at an angle of 90° retain a smooth
appearance. An enlarged view of the cleavage surface of this
sample is shown in Figure 2b. It should be noted traces of stretching
of the fibers in the layers located at an angle of 0°, which indicate
the course of the processes of fibrillation of the polyamide binder
during deformation.

The surface morphology of a brittle cleavage of a sample of the
studied carbon fiber with a polymer orientation angle of 0°/90°
demonstrates a similar morphological pattern, as in the case of
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printing products with an orientation of + 45°. The brittle fracture
surface of CFRP contains traces of piles of polymer fibrils of
destroyed threads. The presented images indicate some similarity of
the fracture mechanism in the case of deformation of the sample
obtained by printing with an orientation of + 45°.

a) general view of the fracture surface morphology of the sample in the
interlayer location (magnification *100), b) close-up of surface features in
adjacent layers (x500 magnification); c¢) general view of the fracture
surface morphology of the sample in the intralayer location (magnification
x100); d) close-up of surface features within the layer (x500 magnification)

Figure 2 SEM images of brittle fracture surfaces of specimens with print
orientation 0%/90°

An analysis of the features of the operation of the specified product
indicates the predominant destruction in the place of the most
weakened section, located between the body of the pusher and the
surfacing. An example of a destroyed product is shown in Figure 3.

a) b)

Figure 3 Appearance of the products "Pusher F08575326" (a) and "Pusher
406.42.0490" (b), obtained by injection molding (a) and FDM printing
technology (b)
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3. Conclusion

Thus, the results of the study of the accuracy parameters of FDM
printing of polymer products based on PA6-210/310 (Grodnamid),
as well as the indicators of their deformation and strength
characteristics, indicate the promise of using polyamide both in the
initial state and in the state of the composite. The printing efficiency
of PAG in the product is achieved by ensuring a stable geometry of
the polymer filament, as well as choosing the optimal printing
temperature not exceeding 250°C. The obtained results of the work
can be taken into account when determining the technological
modes of production of filaments based on PA6, as well as when
choosing the modes of FDM printing of thin-layer elements of
polymer structures and elements of parts that are most loaded
during operation. The data obtained indicate the prospects for
conducting scientific research in the creation of materials based on
aliphatic polyamides and their composites, as well as studying the
influence of technological factors in the process of processing
polyamide filaments into products by FDM printing.
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Abstract: The development refers to an innovative technology and technological scheme of a workshop for the production of beehives made
of amorphous quartz ceramics. The conditions for obtaining stable suspensions from quartz glass are emphasized and investigated. The time
for the treatment of the glass in the grinding device, the amount of water, the influence of the modifiers in stabilizing the suspension by
adjusting the pH level, as well as the most suitable sedimentary composition of the glass particles are established. The factors determining
the speed and degree of sintering of the ceramics are investigated and established. They include the density of the raw products, the
dispersion of the quartz glass particles and its purity, as well as the environment in the furnace and the sintering mode.
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1. Introduction

Quartz ceramics is a sintered material made of ground quartz
glass, which is molded using the known ceramic technologies. The
resulting products are opaque and white in color. Quartz ceramic is
the only ceramic material made not of crystals but of a vitreous
phase. There is no material better suited for building beehives than
quartz ceramics, as it is an extremely pure material which, as
opposed to marl clays on their own or mixed with kaolin, does not
contain any other mineral phases apart from amorphous silica.

Quartz ceramic is applied in many areas where ordinary quartz
glass is also used. This is due to its high thermal stability, the
stability of its thermophysical properties and its high thermal
insulation properties. It is extremely suitable for the production of
structural elements with a high level of cavities, such as those used
for the construction of beehives, since it is not only thermally and
acoustically insulating but is also atmospherically and chemically
resistant to acid rain, etc. At the same time, quartz ceramic products
are highly resistant against mites and rodents [1].

2. Choice of Forming method on structural parts
with a high level of cavities designed for
beehives

The most suitable method in this case is slip casting of aqueous
suspensions. It is important to note that it is mandatory to ensure
that the starting material maintains its high purity during all
technological operations [2].

It is known that practically all impurities activate the
crystallization of quartz glass. Therefore, the correct selection of
both the material of the lining of the grinding unit and the grinding
bodies is of great importance. The lining and the grinding bodies are
best made of quartz glass, but due to its high wear (up to 10%), it is
permissible to use high alumina ceramics with a density above 3.65-
3.75 g/cm?. This leads to a significant reduction of the grinding time
(4-5 times), and the observed wear is below 1%, which is essential
for the quality of the final product. The use of devices with metal
working parts is undesirable.

The slip casting of quartz ceramic parts with cavities results in
products with the highest density. This helps to reduce not only the
time of the sintering but also its temperature.

An important stage in the technology is the preparation of a
suspension of finely ground quartz glass. This is done by coarse and
fine wet grinding of the glass in the same grinding unit. Thus, a slip
with a minimum amount of water (16+20%) is obtained [3]. The
effectiveness of wet grinding is explained primarily by the fact that
water is one of the best surfactants in relation to SiO,. The
adsorptive decrease of strength, the saturation of the unsaturated
bonds of the material, the disaggregating action of water, the high
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specific impact energy of the milling bodies and the reduced
soothing action of the suspension are also essential. The wet
grinding process is exothermic and the total amount of bound water
decreases sharply with the increasing of the temperature. As the
temperature increases, the strength of the aqueous layers decreases
due to the greater mobility of the ions. Thus the amount of bound
water decreases and the free water in the suspension increases.

To create a suspension with low humidity, we use the method of
maximum saturation. Its essence is that during wet grinding, the
unit is stopped two or three times and ground glass with a sediment
composition of 50+100 microns is added to the suspension in a ratio
of about 1/10 of the amount of glass in the suspension. Equilibrium
viscosity is reached after 2-3 hours of additional grinding. In this
way, the water content of the maximally saturated suspension is
reduced by about 4 times. The suspension is quickly sintered, which
reduces the shrinkage during drying of the obtained products. The
suspension is quickly absorbed on the walls of the mold, as a result
of which the shrinkage of the obtained product during drying is
minimal. The thickness of the absorbed layer depends on the
running time of the process.

The quartz glass particles in the suspension are considered
chemical compounds of SiO, with ionized silicic acid, continuously
dissociating according to equations:

1) [H,Si03] 2 Siof~ + 4H*

(2) [H, Si03] 2 Si03~ + 2H*

It is assumed that the hydration of SiO, is limited by the
specific surface area of the particles in the suspension as a result of
the building of surface tetrahedra.

The particles of the unstabilized slips are whole aggregates
(floccules) with water-filled voids which are preserved during
molding. Therefore, a traditional method for stabilizing such slips is
gravity stirring. The electric double layer formed by reactions (1)
and (2) is insignificant due to the small amount of silicic acid (up to
0.01%) and its low degree of dissociation. The stability of the slip is
achieved through a uniform distribution of water dipoles around the
ionized solid SiO, particles, which is achieved by prolonged stirring
(for about 70-80 hours).

The rate of absorption of the suspension on the walls of the
mold and the casting density depend significantly on the pH of the
suspension. Its optimal value lies in the range from 4.5 to 6. At a pH
value of 5 + 0.3, the silicic acid is most stable, while in a neutral
environment it polymerizes intensively, releasing water and
reducing the concentration of H" ion. HCI is used to lower the pH of
the suspension, and NH,OH to increase it [4].
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3. Molding hollow structural details for beehives
from amorphous ceramics

After preparing a stable suspension of amorphous quartz glass
powder, the next stage in the technology involves casting test
bodies, carrying out drying and high temperature sintering, and
establishing the shrinkage coefficient of the samples. Following this
is the making of models and mold outfits for each of the hollow
structural details of the ceramic beehive. The residence time of the
slip in the mold is determined experimentally and the uncollected
slip is drained from the molds.

The time between the filling of the mold with slip and its
draining is 12 minutes. The thickness of the cavity wall is 3 cm, and
the width of the cavity is 18 mm.

A technological diagram of a workshop for the production
of beehives is shown in Fig. 1.
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Fig. 1. Technological diagram of a workshop for the production of beehives
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4. Sintering of amorphous quartz ceramics

The main factors determining the sintering mode include: the
purity of the quartz glass, the density of the cast details, the
sedimentary composition of the ground quartz glass and the
crystallization tendency.

The quality of the final product is significantly dependent on
the heating rate in the temperature range from 1000 °C to a final
temperature of 1200-1300 °C (in this case 1250 °C). At slow
increase in the temperature (50 - 100 K/h), the crystallization ability
also rises, leading to phase formation of high temperature
cristobalite, which is a contributing factor to the reduction of the
strength of the products. The established optimal heating rate, at
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which the formation of crystallization centres is avoided, is 400 K/h
[5].

The chosen method of obtaining articles from slip ensures a
sufficiently high density of the final product. Nevertheless, sintering
should not necessarily aim for high density, which is achieved with
longer heating and higher temperature, as this leads to an increase in
crystallization and sharply reduced strength.

In our case, since the products are not used at high
temperatures, a sintering intensifier — 1.2% B20; — was added to
prevent crystallization.

Fig. 2 shows ceramic structural details with cavities - an
intermediate stage of assembling the ceramic beehive, and a
completely finished, ready-to-use hive.

b)

c)

Fig. 2. a) hollow ceramic structural details; b) intermediate stage of
assembling a ceramic beehive; c) ceramic hive ready for the settlement of
a bee family

Properties useful for the amorphous quartz
ceramics and supporting its use, such as
ceramic structural details with high level of
cavities designed for beehives

The mechanical properties are determined by the grain structure
and porosity of the suspension absorbed on the walls of the mold.
Amorphous quartz ceramic samples with a porosity of 3% had a
hardness of about 5.5 Mohs. As the porosity increases to 20%, the
hardness drops sharply to about 2 Mohs.

The flexural strength ranges from 3 to 80 MPa. It should be
noted that the relationship between porosity and strength typical of
other ceramics is not observed in quartz ceramics.

The compressive strength ranges from 50 to 600 MPa
depending on the technological parameters, the porosity and the
environment in the furnace. It reaches 500 MPa in an air
environment and 600 MPa in a vacuum.

It is interesting to note that the value of tensile strength is 75% -
85% of that of flexural strength. This is a very high value, unusual
for a ceramic material.

An important indicator for beehives is thermal conductivity. In
the case under consideration, it depends both on the structure and
the porosity of the material and on the presence of impurities. For
opaque materials and for materials with an amorphous structure,
such as quartz ceramics, the heat transfer process is determined by
the so-called phonon conductive thermal conductivity.

6. Conclusions:

1. A technology and a scheme of a workshop for the
production of structural details from amorphous quartz ceramics
and their assembly into whole beehives have been developed.

2. The factors for obtaining stabilized suspensions of
amorphous quartz particles, as well as the conditions for proper
high temperature sintering, have been established.
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3. A prototype of a beehive has been created, built from
structural ceramic details made of amorphous quartz ceramics with
a high level of cavities.
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Abstract: This paper presents the simulation and verification of programs created for the CNC Hitachi Seiki Seicos LIII lathe machine tool.
The main purpose of program simulation and verification is to ensure the quality and accuracy of the cutting process, which can
significantly improve production efficiency. In addition to defining the toolpath, simulation can perform linear and circular interpolation
according to specific programs based on G - codes. Therefore, all the motions of the moving parts of the real lathe machine tool can be
clearly visualized. The use of simulation is a good solution not only to precise the toolpath, but also verify the program and detect any
possible collision between cutting tools and mobile components, before loading the program into the lathe machine tool and starting cutting

processes.

Keywords: MANUFACTURING, MACHINING, PROGRAMMING, CODES, SOFTWARE

1. Introduction

Constant monitoring and control over the dimensions,
dimensional tolerances, and surface finish of the designed parts
during the manufacturing process provides increased process
efficiency and product durability.

Therefore, Computer Numerical Controlled (CNC) machine
tools have been widely implemented in the manufacturing industry
in the last few years for the reason that their reliability is greater
than that of conventional manufacturing machine tools. In order to
machine the part in a drawing by using CNC machine tools, it is
necessary to generate a series of instructions for activating those
CNC machine tools. This task is called CNC programming [1].

CNC programming is a term that refers to the methods for
generating the instructions that drive the CNC machine tool [2]. A
series of instructions to be performed by the CNC machine tool
compose a program of instructions. It consists of G — codes, also
known as geometric codes, that control the motion of the machine
tool. The standard format for a G — code command begins with "G"
and is followed by a two — digit number. These common G — code
instructions provide the geometric position of the moving parts of
the machine tool, which is generally determined by a coordinate
system, as an instrument for identifying the location of the moving
parts, moving them in a particular direction, and indicating their
precise position in 3D space. This programming language also
includes M — codes that control the CNC machine tool or its
functions (such as spindle rotation speed, cutting tool feed, cutting
tool change, coolant, etc.). M — codes are also written in
alphanumeric format, beginning with "M" and two digits following.

G — code, in the act of being a programming language, leads to
particular programs of instructions generated by Computer — Aided
Manufacturing (CAM) systems that use Computer — Aided Design
(CAD) information. These innovative manufacturing systems are
used to both design and manufacture products, and they
significantly improve the design and productivity of manufacturing
processes.

CAD refers to the implementation of computer technology for
design and design documentation. On the other side, CAM software
programs are used for generating tool paths and verifying program
correctness.

The purpose of CAM software programs is to design products
and arrange manufacturing processes, particularly CNC machining.
Extremely complex parts in large quantities, requiring complex
machining processes, are produced on CNC machine tools. Most
frequently, final parts and prototypes are machined using
CAD/CAM software programs. As a consequence, before being
applied to an actual CNC machine tool, these complex
manufacturing processes need to be thoroughly verified. For that
reason, one of the most well-known, practical, and helpful CAM
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software programs is the Computer Numeric Control (CNC)
Simulator.

The CNC Simulator is an application designed to predict the
behavior, performance, and outcome of certain manufacturing
processes based on simulation - driven design that has been defined
by Sellgren [10] as: “a design process where decisions related to the
behaviour and the performance of the design in all major phases of
the process are significantly supported by computer — based product
modelling and simulation”.

Simulation in manufacturing refers to a broad collection of
computer based applications to imitate the behavior of
manufacturing systems [2].  Numerous simulation software
programs have been developed to graphically verify the program of
instructions prior to running the part on the machine tool with an
actual workpiece. Because of the complexity of generating the
program of instruction, simulation software was developed to
identify programming errors prior to actual part production.
Additionally, it is much easier to edit the program of instruction at
this stage of development [3].

The information input to the program regarding the toolpath,
tool, material, and parameters specific to each are linked to the
geometry. This means that if any of the parameters for the parts
mentioned above are changed, the other related data can be
regenerated to take these changes into account without recreating
the entire operation [4].

2. Research

This research illustrates a simulation of part of the clutch hub
manufacturing process. It refers to a machining chip removal
process that can be performed on a CNC Hitachi Seiki Seicos LI
lathe machine tool.

Machining is one of the most important manufacturing
processes. Machining is a manufacturing process in which a sharp
cutting tool is used to cut away material to leave the desired part
shape. The predominant cutting action in machining involves shear
deformation of the work material to form a chip; as the chip is
removed, a new surface is exposed. Machining is most frequently
applied to shape metals [8].

Machining with chip removal includes methods in which the
design of workpieces is achieved by removing excess of materials

[9].

Machining is not just one process; it is a group of processes.
There are many kinds of machining operations, each of which is
capable of generating a certain part geometry and surface texture
The common feature is the use of a cutting tool to form a chip that
is removed from the workpart. [8].

In this research, the required machining operations to machine
the clutch hub on the mentioned CNC lathe machine tool are
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discussed. These are:
chamfering.

turning, boring, drilling, facing, and

In the turning process, the cutting tool is set at a certain depth of
cut (mm) and travels to the left with a certain velocity as the
workpiece rotates. The feed, or feed rate, is the distance the tool
travels horizontally per unit revolution of the workpiece (mm/rev).
This movement of the tool produces a chip, which moves up the
face of the tool [12].

Turning, boring and drilling generate cylindrical or more
complex surfaces of rotation. Facing, also carried out on a lathe,
generates a flat surface, normal to the axis of rotation, by feeding
the tool from the surface towards the center or outward from the
center. [11]

In order to analyze the cutting operations, accurate 2D drawings
have been created using a CAD system, i.e., AutoCAD software, for
the starting and final workpieces. The starting workpiece is a forged
clutch hub (Fig. 1b), and the final part is the machined clutch hub
(Fig. 1a).

CLUTCHHUB B :;“951.32.33 M li:’FOR(;‘EwD CLL}:‘;H HUBV !:&;.’;1.32,33“{@
I : e ;
Fig. 1 (a) Clutch hub, (b) Forged clutch hub

To precisely define the metal cutting processes performed on
this CNC lathe, these drawings are converted into simple 2D
models. In that way, the kind of metal cutting operation and final
geometry of the part in every phase of the manufacturing process
can be clearly explained. Depending on which side of the clutch hub
is machined, two phases are determined.

The first phase refers to the shorter side of the forged clutch hub
and is defined by four passes.

The first pass (Fig. 2a) is drilling, and the chosen cutting tool is
a straight - flute drill DS20 - D3400DM40 — 04 (Fig. 2b) that uses
indexable inserts, produced by SANDVIK Coromant.

a) b)

Fig. 2 (a) First pass, (b) Straight - flute drill that uses indexable inserts

The second pass (Fig. 3a) is defined by two cutting operations:
turning and facing. The chosen cutting tool is a combination of the
PCLNR 2525M 12 shank tool (Fig. 3b) and the CNMG 12 04 08-
PM 4325 indexable insert (Fig. 3c), both produced by SANDVIK
Coromant.
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Fig. 3 (a) Second pass, (b) Shank tool, and (c) Indexable insert
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The third pass (Fig. 4a) is defined by two cutting operations:
turning and facing. The chosen cutting tool is a combination of the
DDHNL 2525M 15 shank tool (Fig. 4c) and the DNMG 15 06 08-
KF 3225 indexable insert (Fig. 4b), both produced by SANDVIK
Coromant.
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Fig. 4 (a) Third pass, (b) Indexable insert, and (c) Shank tool

And the fourth pass (Fig. 5a) is defined just by one cutting
operation: chamfering. The chosen cutting tool is a combination of
the S25T-PTFNR16 16-W shank tool (Fig. 5b) and the TNMX 16
04 08-WF 1515 indexable insert (Fig. 5c), both produced by
SANDVIK Coromant.
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Fig. 5 (a) Fourth pass, (b) Shank tool, and (c) Indexable insert

The second phase refers to the longer side of the forged clutch
hub and is defined by three passes.

The first pass (Fig. 6a) is defined by two cutting operations:
turning and facing, and the chosen cutting tool is the same as in the
second pass in the previous phase (Fig. 3b, Fig. 3c).

The second pass (Fig. 6b) is defined by two cutting operations:
turning and facing, and the chosen cutting tool is the same as in the
third pass in the previous phase (Fig. 4b, Fig. 4c).
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And the third pass (Fig. 6c) is defined by two cutting

operations: chamfering and boring, and the chosen cutting tool is Linear and circular interpolation motions on the cutting tool
the same as in the fourth pass in the previous phase (Fig. 5b, Fig. oriented on the X and Z axes complete the third pass in the first
5¢). phase (Fig. 9).
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Fig. 6 (a) First pass, (b) Second pass, and (c) Third pass

Fig. 9 Simulation of the third pass
Additionally, for each cutting operation, a program of
instructions is created. In that way, two programs of instructions are The fourth pass in the first phase is finished with linear
created, and each one is simulated and verified by the CIMCO Edit movements of the cutting tool pointed in the X and Z axes (Fig. 10).
v6.1 software program. = s -

.3. Results and discussion

Considering the created programs of instructions, in the CIMCO
Edit v6.1 software program, the toolpath of the chosen cutting tool
is visualized for each of the passes, for every cutting operation. Fo
Each block of the program of instructions is provided in a clear
manner in accordance with a certain pass (or the complete phase).

The following pictures present a simulation of the toolpath ——— =
corresponding to the program of instructions created for the e
mentioned passes and phases, testing and verifying it in the process Fig. 10 Simulation of the fourth pass
of design and development.

Completing the four passes results in the realization of the first
hase (Fig. 11).

R

2 S&.-.,,,

A linear interpolation movement on the cutting tool using the Z-
axis as the direction of movement completes the first pass in the
first phase (Fig. 7).
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Ifig. 11 Simulation of the first phase

 E— i}
L — iR W,

Ifig. 7 Simulation of the first pass To complete the first pass in the second phase, the cutting tool
is moved along the X and Z axes in a linear and circular

The cutting tool is moved linearly and circularly interpolatively Interpolatlve motion (Flg 12).
along the X and Z axes to finish the second pass in the first phase p
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Igig. 12 Simulation of the first pass

iiig. 8 Simulation of the second pass
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The second pass in the second phase is finished with linear and
circular interpolation motions on the cutting tool oriented on the X
and Z axes (Fig. 13).
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Ifig. 13 Simulation of the second pass

The cutting tool is moved in a linear interpolative motion along
the X and Z axes to finish the third pass in the second phase (Fig.
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Ifig. 14 Simulation of the third pass

The realization of the second phase follows the completion of
the three passes (Fig. 15).
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Ii\ig. 15 Simulation of the second phase

4, Conclusion

In order to develop parts from design to end product with
acceptable  accuracy,  compatibility, = machinability, and
processability on a CNC machine tool, certain steps must be
followed. According to the reliable manufacturing method, the
target workpiece is first constructed using particular design
software. Then, a specific program of instructions based on G-code
is created.

After receiving the program of instructions in the CIMCO Edit
v6.1 software program, simulations of the toolpath are generated.
Actually, the program of instructions is tested and visualized in the
interest of its verification before being applied to the CNC lathe
machine tool. Through simulation and verification of the program
of instructions, every possible collision is predicted, detected, and
eliminated.
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The benefit of current and future usage and development of this
type of software is that they can rapidly examine various
manufacturing strategies without causing any disturbance, damage,
or waste. In addition, they are convenient for continuous analysis of
the manufacturing processes in order to optimize machining
operations, reducing cost and time while raising quality and
conserving materials.
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Abstract: Shielded metal arc welding is widely used in heavy industries in partly shipbuilding and ship repair. This method didn’t required
special personal skills and equipment. Different scientists are analyzed welding parameters, mechanical characteristics and chemical
composition in welding seam but interesting is to be investigated welding arc characteristics in different electrodes. The paper deal with
analyze of welding arc parameters in shielded metal arc welding. For this purpose on mild steel plates are welded seams with different
diameters of electrodes and different welding current. In welding process are measured welding arc burning time, length of electrodes
melted part, welding machine voltage and weight of melted electrodes part. For analyze welding arc parameters are used response surface
methodology method (RSM). Used RSM in the paper is 2* factorial design where k=2 factors. The influence of each to other factors of
welding arc is presented by meta models.

KEYWORDS: SHIELDED WELDING, ARC LENGHT, MODELS, EXPERIMENT PLANING

1. Introduction. _ _ ) _
Welding arc is the distance form electrodes to surface where arc is

Welding arc is main component of welding seams. Its role formed. Based on this welding arc can be divided into three types:

is to transfer melted metal in weld seam. Transfer of melted metal

from electrodes to weld pool depends from electrodynamics forces, *  Medium or normal;

gravity, welding arc pressure and gases in welding arc. The type of e Long;
melted metal transfer is large dropped, middle dropped or like a e Short;
stream. Mains power supply
Welding arc analyzation is widely area of scientists. Electrode

Characterization of welding arc and weld pool formation in vacuum hode

gas hollow tungsten arc welding is analyzed in [1]. In this paper
authors obtain the effective arc radii for various welding conditions
in vacuum gas hollow tungsten arc welding. They used Abel
inversion algorithm to CCD arc image and determine the
distribution of arc heat flux, arc pressure and current density from
the physical relations of arc irradiance, temperature and current
density in gas tungsten arc welding.

Physical characteristics of arc ignition process are
analyzed in[4]. In their publication they focused attention on stable
combustion state and the research on the mechanism of welding arc
ignition process is quite lack. They used tungsten arc welding
process for their analysis and physically characteristic of welding
arc are investigated by camera with height resolution. The welding
arc electron density during the period of the arc ignition is
calculated by the Stark-broadened lines of Ha.

In[3] is studied effect of arc length on oxygen content and
mechanical properties of weld metal in pulsed gas metal arc V(V)A v
welding. For the analyze the authors used Q 690 high strength steel Vo- Open Circult Voltage
and ER69-G wire with diameter 1,2mm. Shielded gas used for V- Welding Voltage
experimental procedure is 82%Ar and 18% CO,. Conclusion is that v - Welding Current
arc length raised, oxidation in drop transfer and oxygen content in ls - Short Circuit Current
weld metal increased significantly.

Determination of welding parameters is important stage
from welding process. Proper parameters selection resulting to
minimization of deformation. This process is widely described
in[5]. They describe step by step stages in parameters determine.
This information is useful for production of welded construction in
heavy industry, shipbuilding and ship repair sector.

There aren’t enough information, data and analyses about
welding arc in shielded metal arc welding process and mainly about
its parameters. The main parameters of welding arc are burning
time, burning stability and weight melted metal. Burning stability of
welding arc method is developed by akad. Hrenov. It is consist of
burned of arc of rigid electrode. The arc burn while length of Fig.2.V-A characteristic of power source[9]
electrode is enough to touch the steel plates.

Power source

Electrode
lead

Work lead

Fig.1. Shielded metal arc welding scheme[8]

Power source is direct or alternative current. This power
sources has static dropping V-A characteristic. Welding arc
temperature in this power sources is about 6000-9000°C.

oY
" o4

I(A)

Welding arc can be divided into three regions: anode,

2. Description of shielded metal arc welding cathode and arc column. On fig.3. is shown welding arc structure
process and voltage distribution.

Shielded metal arc welding is most applicable method in
industry. It is characterized with simplicity in equipment and not so
special skills of operator. The main method equipment is shown on
fig.1.
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- - -l
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U U

U ]"I Voltage
Fig.3. Voltage arc distribution[6]

At the anode region, as the temperature falls higher voltage is
required to maintain ionization in the arc. The heat loss is
compensated by electrons in the plasma. In cathode area is the same
situation with the difference that more heat is generated in anode
area than in cathode. In the arc column, high temperature
concentrations are accumulated. This process together with ionized
metals kept welding arc burning at temperatures of about 6000K.

Electrodes for shielded metal arc welding are covered
electrodes. The role of a cover is to protect welding seams from
atmospheric . The cover contains stabilizing, shielding, fluxing,
deoxidizing and other elements supporting the welding process.
Depending on the type of electrode being used, the electrode
covering provides the welding seam in air[7].In proper selection of
cored electrodes is important to be considered followed rules:

e R, electrodes~R,, base metal

e  Chemical composition electrodes~ Chemical composition

base metal

If these rules are considered working characteristic of welding
construction is absolutely reliable.

According[2] shielded metal arc welding cored electrodes are
with diameter range 2.00, 2.5, 3.0,3.25,4.0,5.0,6.0mm and length
from 350mm and 450mm.

The value of welding current depends form electrodes
diameter. It is calculated by following formulae:

lweld =de*k 1)
where: de- diameter of electrode, k- coefficient depended from steel
grade, k=40 for low carbon, low alloyed steels, k=30 for other
carbon steels.
Shielded metal arc welding method is used in different welding
positions. This gave it widely application in industry, shipbuilding
and ship repairing.

3. Experimental procedure.

The experimental procedure is consisting of welding seams on
the mild steels plate St 235. Welding is done by rutile electrodes
with different diameter and different values of welding current.

Table 1. Welding current for different electrodes diameters

Ne De, mm | weld, A
1 3.25 80

2 2.5 100

3 3.25 120

4 4.00 150

For purpose achieving in the paper is used welding
machine for shielded metal arc welding shown of fig.4.

In selection of electrodes rules for equal or approximate
chemical composition and mechanical characteristic of electrodes
and base metal are kept. Chemical composition of steel plates are
shown on table 2 and chemical composition of electrodes are
shown on table 3.

Table 2. Chemical composition of steel plates base metal

N EEIENE P Cr [N |Cs
<022 | <005 <06 0.3 | <0.040 | <0.040 | <0.3 | <0.012 | <03

Table 3.Chemical composition of electrodes
C, % Si, % Mn, %
0.08 0.3 0.4

Fig.4. Overview of welding machine

Mechanical characteristic of steel plates and electrodes are shown
on table 4 and table 5.

Table 4. Mechanical characteristic of base metal

Rm, MPa Rpl, MPa A, %

470 340 26

Table 5. Mechanical characteristic of electrodes

Rm, MPa Rpl, MPa A%

510 400 28
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In welding process are measured parameters of welding
arc: welding arc burning time, length of electrodes, melted part,
welding machine voltage.

To analyze influence of parameters on each other are used
response surface methodology. The commonly used response
surface methodology is the simplest 2k factor design. In this 2k
factor design, every factor has two levels(+1, -1) and each run at
two levels. The levels of the factors can be called,, low” and,, high”.
The two levels can be quantitative and qualitative. In engineering
analysis, for example, quantitative factors are forces, pressure,
speed and etc. and qualitative factors can be number of machines,
ships and other. To convert factorial design into regression models,

we used some of the following models:
e  First model

Y =B+ BX+ BoX, +e BX @)
e lteraction model
K K
y:ﬂo_'_ZﬂiXi +ZZﬂinin ®)
i=1 i<j

e  Second model

k k k
2
y=/5 +Zﬂixi +22ﬁijxixj +Zﬂijxi Q)

i=1 i<j i=1
where: x; is the coded variable that represent the reactant
concentration, X, is the coded variable that represent the feed rate,
jB-s are correlation coefficients.
Design matrix of 22 factor planning is shown on table 6.
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Table 6. Design matrix
Ne X1 X2
1 -1 -1

2 +1 -1

3 -1 +1
4 +1 +1

4. Results
Experimental results are processed by software STATISTICA
and Excel worksheet. To analyzed impact of welding arc parameters
is used first regression model of RSM. Widely matrix of
experimental plan matrix is shown in table and the actual matrix of
plan matrix is shown in table 7.
Table 7. Full design matrix

Ne X1 X2 X3 X4
1 1 -1 -1 1
2 1 1 -1 -1
3 1 -1 1 -1
4 1 1 1 1

Time for welding arc burning time and length of welding
arc are objects of analysis. These two parameters describe and
characterize the welding arc. Based on the model are done graph
dependence of:

Length of welding arc against diameter of electrode and
welding current fig. 5.

Welding arc burning time against voltage of welding
machine and welding current, fig.6.

Table 8. Experimental data

No Voltage, L weld | de, mm I weld, | T weld
\Y arc, mm A arc, sec

1 14 24 2.0 80 30.3

2 17 27 2.5 100 44.45

3 21 30 3.25 120 67.7

4 26 34 4.0 150 79.5

Lueid arc@gainst lyeig and de
4
0,0
20506002 %
% 0:'0":‘0:""%000'
. 2505 00 0:%, 75
2% Y%
’f’"""

>34
<33
<3
<29
<27
<25
<23

Fig.5. Length of welding arc against diameter of electrodes and
welding current

1. Conclusion

In the paper are analyzed welding arc parameters in manual
shielded metal arc welding. For experimental procedure are used
retile electrodes with diameters of 2.00; 2.5; 3.25 and 4.00mm and
steel plates grade ST235.

To analyze the results are used response surface methodology.
Two-level factorial design of experiments is used. Based on
methodology regression models, regression equations for analyzed
welding arc parameters were developed.

Length of welding arc closely depends form welding
current. With higher welding current values, the length of the

82

welding arc is higher. Type and diameter of electrodes haven’t a so
important impact on length of welding arc. This is confirmed by the
developed regression equation.

Time for welding arc burning closely depends on voltage of
welding machine. Impact degree of welding current in burning time
is not so clearly expressed. In higher values of welding machine
voltages burning

tueld s 2gaINSt lyeiq and Volgate

S PRI

M > 150
B <120
=<70
<20
B <-30
B <80

Fig.6. Welding arc burning time against voltage and welding
current

t =-25.5333+10.8306V -1.15671

®)

weldarc

L oigare =13.0385+0.1115V +1.07691,,, (6

time is bigger. This is in close relation to welding current.
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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)

S Cl K | Ca | Total

0281027 039 087|273 | 0.34

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

Spectrum 4

b)

Element
Content, wt%

Iysis 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.
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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.
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Figure 4. 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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Fig. 1 Pure metals and their biocompatibility °.
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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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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:

Tt o+ + BH+ + 6e

TiB + 3H,0 = BO,*

@)

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 = TiO, +

+ BO” + 10H* 7e

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
TiH,-FeSiMn-B,C: 1 —
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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].

.'f;‘ff.a;;J;;';‘;‘;',f,g}‘, 2Ti #8i-C Fig. 4 The
75 2 et Schetmit_'c of
passivation in
In;isrzn“;g:xim 35% NaCI
| s solution and the
difference, (@)
Selntion schematic of
33534 - a | TisSiCy, (b)
T »Ti schematic
diagram of CP
titanium. [6].
Passivation
i Solution b

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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Abstract: Nowadays, the decrease of CO, concentration in the atmosphere and/or its utilization need urgent resolution. At the same time,
preparation of advanced graphene-based composites through effective environmentally benign procedures remains in the focus of intensive
research. In the present work, composites consisted of reduced graphene oxide and nanocarbons (rGO/nC) were prepared by simultaneous
reduction reaction of solid graphite oxide and CO, gas over alkaline earth reductant. The structure and the morphology of the prepared
composite material were examined employing X-ray diffraction analysis and scanning electron microscopy. It was revealed that the
characteristic narrow peak of the graphite oxide (GtO) at low 26 (~71° was not present in the pattern of the composite suggesting its
successful reduction. Instead, a broad one positioned at 26° was recorded which was attributed to the formed nanocarbons. The observed
accordion-like morphologies typical for reduced-graphene-oxide type of graphene evidenced the detachment of the graphene layers during
the thermal treatment, while the formed nanocarbons were with irregular shape. The rGO/nC composite exhibited specific surface area (485
m?/g) higher than the pure nanocarbons (417 m%g) obtained without addition of GtO. The outcome was attributed to the influence of the
layered rGO which hinders the aggregation of the nanocarbons and facilitates their homogeneous distribution. The prepared composite can
be considered as candidates for gas and energy storage applications, while the suggested environmentally benign preparation method can be
scaled up to industrial extent due to simplicity.

Keywords: 2D COMPOSITES, REDUCED GRAPHENE OXIDE, NANOCARBONS, CO,

: performed under Ar flow. Subsequently, the obtained powder was
1. Introduction treated in boiling 3M HCI for 1 h under reflux and washed
The development of graphene-containing composite materials [centrifuged with deionized water until pH 7 in order the co-product
remains in the focus of the research community due to the ~ MgO and the unreacted Mg to be removed. Finally, the solid
constantly increasing variety of application of this type of materials, ~ material was dried at 80 °C overnight, collected and nominated as
but also due to the search for effective, scalable methods for their ~ rGO/nC. For reference purpose, pure nanocarbons were prepared at
preparation [1, 2]. Graphene in the form of reduced graphene oxide the same conditions without addition of GtO which were named nC.
(rGO) is often coupled with other carbonaceous materials such as
carbon nanotubes, activated carbon, etc. in order functional
properties like conductivity, specific surface area, stability etc. to be The crystalline structure of the prepared pure and composite
further improved. The main approaches for composite preparation materials were investigated through XRD analysis employing
are in situ synthesis of the second component in presence of rGO, as Siemens D500 instrument with CuKa radiation source. The patterns
well as simultaneous decoration and reduction of the parent graphite were recorded in the 20 range 2 - 70° with velocity 0.03°/2 s. SEM
oxide (GtO). Methods such as chemical reduction with suitable  analysis was performed using FEI Inspect electron microscope with
substances and thermal reduction in various gas or vacuum  tungsten filament operating at 25 kV. The porosity of the materials
atmosphere, as well as combination of them are among the most ~ was investigated using Quantachrome Autosorb-iQ instrument.
used [3, 4]. Prior measurement, the samples were degased at 120 °C for 12 h.
On the other hand, the high concentration of greenhouse gases The Brunauer-Emmett-Teller (BET) specific surface area and the
in the atmosphere, especially the CO, pollutant, needs to be  total pore volume were determined from the liquid N, adsorption
urgently tackled. Metallothermic reduction of CO, to carbon isotherms, while the pore size distribution was received from the
nanostructures is one of the used methods which employs alkaline  desorption branch of the isotherms applying BJH analysis.
earth elements usually Mg as reductant [5]. Various modifications

2.2. Characterization

of the Mg and CO, precursors have been reported such as using ; ;

additions of other metals like Zn and Ca to facilitate the CO, 3. Results and discussion

reduction [6], [7], but also using other substances for example The XRD patterns of the initial GtO, the intermediate rGO/nc
silica, instead of the CO, in order to be reduced by the Mg under pefore the acid treatment and washing, as well as the final pure nC
inert atmosphere [8]. and rGO/nC are presented in Fig. 1 and 2.

In the present work, solid graphite oxide was added to Mg in
order to be reduced by the metal along with the flowing CO, gas,

aiming at preparation of composite rGO/nanocarbons in one-step MgO
GtO and CO, reduction reaction. The structural and morphological
properties of the composite material were investigated in
comparison with pure nanocarbons prepared in absence of GtO.
3: MgO
- ©
2. Experimental 5| rcome
[2}) i M
2.1. Synthesis of the materials § | efore acdterament 19
c
The initial free-standing paper-like graphite oxide was prepared - - = - - - - 5
by oxidation of natural graphite applying a modified Hummers
method as described in [9]. Then, the GtO was subjected to nitial GLO
metallothermic treatment in CO, flow at conditions similar to those = = = — A = = =5

in [10]. In this experiment, a mixture of GtO and Mg powder in 2 Theta. dea
ratio 1:5 was placed in tube furnace onto an alumina scaffold and

cured at 675 °C for 1 h under CO, flow. The heating up to the target  Fig 1 xRD patterns of the initial graphite oxide (GtO) and the composite
temperature and the natural cooling after the reaction were rGO/nC.before the acid treatment.
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It is evident that the narrow peak of the GtO at low 20 ~11° is not
present in the pattern of the intermediate (Fig. 1) and the final
composite (Fig. 2). This outcome indicates that the initial GtO was
either delaminated/reduced to rGO or its content in the composite is
below the detection limit of the technique. Also, the well-defined
peaks of MgO and Mg recorded for the intermediate composite
were not present in the patterns of the final rGO/nC and pure nC,
evidencing their successful removal by the acid treatment. Instead, a
broad peak positioned at ~26° was recorded which was attributed to
the (002) diffraction line of the formed nanocarbons [5].

S
2 (002)
>
@ rGo/nC
S b " L
£ oy
nC
Wobua Mol b o
T T T T T T
10 20 30 40 50 60 70
2 Theta, deg

Fig. 2 XRD patterns of the final pure nanocarbons (nC) and composite
material (rGO/nC).

The results from the SEM analysis presented in Fig. 3 and 4 are in
good accordance with the XRD results. Specifically, from Fig. 3 it
is evident that the stacked layers of the GtO (a and b) were detached
after the metallothermic treatment resulting in accordion-like
network (c and d) that is typical for thermally reduced graphene
oxide [11]. The irregular aggregates in these images are attributed
to carbon nanostructures together with the co-product MgO and
non-reacted Mg.

Fig. 3 SEM images of the initial graphite oxide (a, b) and the composite
rGO/nC before acid treatment and washing (c, d).

In Fig. 4, SEM images of the composite rGO/nC and pure nC
after the acid treatment and washing are given. For the composite,
two types of morphologies, i.e. thin packs of layers and particles’
aggregates can be observed, while for the pure nC only the second
type is present. It can be expected that the rGO sheets will influence
the porosity acting as a support for the in-situ formed nanocarbons.
The fact that the rGO layers in the sample after the acid treatment

(Fig. 4 a and b) appear more detached in comparison to those before
the treatment (Fig. 3 ¢ and d) can be related to the influence of the
hot HCI which reacts with the MgO and Mg and contribute to the
rGO delamination and nanocarbons dispersion.

Fig. 4 SEM images of the final composite rGO/nC (a, b) the pure
nanocarbons (c, d).

The performed liquid N, adsorption-desorption measurements
verified the increase in the porosity of the composite rGO/nC in
comparison to the initial GtO and pure nC sample. The isotherms
and pore size distribution for the samples are presented in Fig. 4.
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Fig. 5 Liquid N, absorption-desorption isotherms and the pore size
distribution plots of the initial graphite oxide (GtO), the pure nanocarbons
(nC) and the composite rGO/nC.

The absorption branches can be categorized as type Il and IV
typical for makro- and mesoporous solids. The hysteresis loop
formed due to different behavior in adsorption and desorption at the
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same pressure P/P, matches H3 type, which is characteristic for
materials consisted of aggregates from non-uniform particles
forming slit shaped pores [12]. The hysteresis is more prominent in
the case of the composite rGO/nC that can be attributed to the
presence of the rGO component with 2D layered structure. The
initial GtO material appeared non-porous with very low specific
surface area (Table 1).

Table 1: The BET specific surface area (SSAger), total pore volume (TPV)
and main pores’diameter (MPD) of the prepared materials

Initial GtO Pure nanocarbons | Composite rGO/nC
SSAger
[m?/g] 12 417 486
TPV
[cm¥g] 0.016 1.132 1.562
w508 3.2 38 4
[nm]

The SSA of the composite rGO/nC increased significantly in
comparison to the initial GtO reaching the value 486 m%g that is
also higher than the SSA of the pure nC, with the TPT to follow the
same trend. From the pore size distribution plots it is evident that
the majority of the pores for all the samples have diameter between
3.2 and 4 nm. Also, a second population of pores with broad size
distribution between 8 and 12 nm can be observed, which is less
distinctive for the rGO/nC composite. This outcome may be related
to the influence of the rGO component which hinders the
aggregation of the nanocarbons and facilitates their homogeneous
distribution. The high porosity of the rGO/nC composites makes
them promising candidates for gas and/or energy storage
applications.

4. Conclusions

Composite rGO/nanocarbons were successfully synthesized
through a simultaneous reduction of solid graphite oxide and CO,
gas at magnesiothermic conditions.

The XRD analysis evidenced the formation of nanocarbons for
the pure nC and the composite rGO/nC. The initial GtO was not
detected in the composite that was connected to its low content or to
possible delamination/reduction during the treatment.

The SEM images demonstrated the delamination of the GtO and
the presence of two types of morphologies for the composite, i.e.
thin packs of layers and particles’ aggregates attributed to the rGO
and the nanocarbons, respectively.

The composite rGO/nC exhibited higher specific surface area
(486 m?/g) than the pure nC (417 m?/g) that was related to influence
of the rGO component hindering the aggregation of the formed
nanocarbons.
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Abstract: Two-dimensional van der Waals (vdW) materials possess novel physical properties and promising applications. A wide range of
2D vdW materials having been obtained via the chemical vapor transport (CVT) method. In this work, we develop the controllable growth
meyhod of 2H-NbSe, single crystals via the CVT method. The quality of fabricated crystals was characterized by X-ray diffraction, and
electron dispersive spectrometry (EDS) measurements. Crystals of the best quality were successfully grown under selected temperature/time

schedule.

Keywords: TDMC, CVT (CHEMICAL VAPOR TRANSPORT), NBSE2, SINGLE CRYSTAL, STRUCTURE

1. Introduction

In recent years, interest in the synthesis and applications of
transition metal dichalcogenides MX, (M: Mo, W, X = S, Se, Te)
nanomaterials has steadily grown because of their unique structure
and superior properties [1]. Transition metal dichalcogenides have a
sandwich interlayer structure formed by the stacking of the X-M-X
layers, which are loosely bound to each other only by van der Waals
forces and are easily cleaved. Moreover, MX, exhibits unique
physical, optical and electrical properties correlated with their
layered structure. In addition, their electronic structure is such that
band-edge excitation corresponds largely to a metal centered d-d
transition. Owing to these features, TMDCs materials have
numerous applications such as sensors, detectors, solid lubricants,
catalysis, electrocatalysis, high-density batteries and optoelectronic
devices [2].

Niobium diselenide (NbSe,) is transition metal dichalcogenide
layered compound, and it is exceptionally attractive because of its
super conductivity and the formation of a charge-density-wave
(CDW) state [3]. 2H-phase niobium diselenide (2H-NbSe,) is a
superconducting vdW (Van der Waals) crystal with charge density
wave (CDW) and Weyl semimetal properties. It has a
superconducting critical temperature of ~7.8K and charge density
wave behavior at ~34K. It has layered structure (lamellar) with
weak interlayer coupling. NbSe, displays metallic and
superconducting behavior.

2. Experimental details

Chemical vapour transport (CVT), a technique / process where
a condensed phase, typically a solid is volatilized in the presence of
a gaseous reactant (transport agent) and deposited elsewhere in the
form of crystals. Typical transport agents include halogens and
halogen compounds. The setup consists of a 2-zone furnace, the
reactant and transport agent sealed in an ampoule. The various
parameters that must be optimized for a successful CVT are growth
temperature, transport direction, rate of the mass transport, choice
of the transport agent and the free energy of the reaction.

NbSe, crystals

Temperature,

Temperature,
Fig. 1 Schematic of the experimental setup.

Single crystals of NbSe, were grown by a chemical vapour transport
technique using iodine as transporting agent. A 5 gm mixture of Nb
(purity: 99.95 %, Alfa Aeser, Germany) and Se (purity: 99.99 %,
Alfa Aeser, Germany) was filled in a dried ampoule. lodine of the
quantity 5-6 mg/cc of the ampoule volume was sealed in the thin
capillary and placed in the ampoule as transporting agent. Then the
ampoule was sealed at the pressure of 10 torr. The sealed ampoule
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was introduced into a two-zone furnace at constant reaction
temperatures to obtain the charge of NbSe,. The charge so prepared
was rigorously shaken to ensure proper mixing of the constituents
and kept in the furnace again, under appropriate condition to obtain
single crystals of NbSe,. The experimental conditions for crystals
growth are shown in Table 1.

Table 1: Growth parameters for NbSe, single crystals using chemical
vapor transport technique.

Length (mm) 1D (mm)
AT 300 25
dimensions
Hot zone (K) Cold zone (K)
Temperatures 1123 1053
Time (hours)
Growth time 240

Powder X-ray diffraction (XRD) patterns were gathered within
the 2@ range from 20 to 80° with a constant step 0.02° on a Bruker
D8 Advance diffractometer with a Cu Ka radiation and LynxEye
detector. Phase identification was performed with the Diffracplus
EVA using the ICDD-PDF2 Database.

3. Results and discussions

NbSe, is Molybdenite-like structured and crystallizes in the
hexagonal P63 /mmc space group. The structure is two-dimensional
and consists of two NbSe, sheets oriented in the (0, 0, 1) direction.
Nb* * is bonded to six equivalent Se*~ atoms to form distorted
edge-sharing NbSes pentagonal pyramids. All Nb—Se bond lengths
are 2.62 A. Se*” is bonded in a 3-coordinate geometry to three

equivalent Nb* * atoms.
®) }) }D ,}ﬂ,o
Y e
Q X
L. LY
X X
Fig.2 (a) Crystal structure of bulk NbSe; illustrating the (a) top view

and (b) side view of the structure. The x, y and z axes denote the cartesian
axes

(a)
o Nb
Se

Many methods have been developed to improve the crystalline
quality of superconducting NbSe,, for example: (a) exfoliation from
bulk single-crystal NbSe, by the electrochemical exfoliation method
[4]; (b) growth by salt-assisted CVD [5]; (c) growth by molecular
beam epitaxy (MBE) under ultra-high vacuum [6]; and (d) growth
of a wafer-scale NbSe, film in oxygen-free conditions by a two-step
vapor deposition method [7]. However, most of the above
preparations of NbSe, have either a lot of point defects or a small
grain size, which reduces its environmental stability or Tc.
Therefore, it is still challenging to develop a reliable strategy to
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grow 2D NbSe, with a large area, high crystalline quality, and high
repeatability.

The CVT single crystals growth was chosen due to the
advantages of bulk single crystals as large crystals to measure basic
properties: structural, optical, electrical; nearly-perfect state of
material: purity, no grain boundaries, less structural defects, stress,
etc. The tunability of bulk properties: control of phase
stoichiometry, doping level, alloy composition is readily obtained.
The layered crystals as NbSe, are easily of exfoliation and stacking
of heterostructures.
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Fig.3 XRD patterns of NbSe; single crystal

The crystallinity, structure, and phase purity of the prepared
samples were confirmed by XRD and EDS. As shown in Fig. 1a, all
observed diffraction peaks can be exactly indexed to the hexagonal
phase of NbSe, with lattice constants a = 3.445 A and ¢ = 12.55 A
(PDF No. 65-7464). No characteristic peaks were observed, and the
sharp diffraction peaks imply a good crystallinity of the obtained
NbSe, products under current synthesis conditions. The Energy-
dispersive X-ray Spectrometry (EDS) result demonstrates that the
samples are consisted of elements Nb and Se, while no other
elements were observed.
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