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Abstract. In recent years organic farming with limited use of pesticides has been studied. We confirmed that ozone treatment in the field of
agriculture was an effective for soil sterylization. In this study, it was investigated how a is chemically changed by ozone treatment and in addition, it
was confirmed that a sterilization effect was provided by penetration of ozone and oxygen to the depth direction of a soil. In ozone treatment of
topsoil, it was able to sanitize 99% of bacteria of 5cm in depth of the surface.

Keywords: ozone treatment, agriculture, sterilization, sanitization
Stowa kluczowe: ozonowanie, rolnictwo, sterylizacja, sanitacja.

Introduction

Detailed plan has been required for agriculture in
countries small of level ground area like Japan. New
generation agriculture aimed at a stable high yield of crops
from small ground area. Effort that damage to crops due to
insects became minimal has been accomplished at the
same time. It was sure that this was an important element,
but resulted in the side effect that a having many types and
a large quantity of chemical materials to the crops were
given to at the same time. In other words it is chemical
fertilizer and pesticides, and more, genetically modified
food. In addition, the problem of Postharvest should attract
attention, too [1]. In recent years, as reflection to fight about
these, reduced amount of agricultural chemicals agriculture,
no pesticide agriculture draw attention. However, it is very
difficult to cultivate crops without using chemical fertilizer
and a pesticide. As an approach to realize it, we proposed
that agriculture with ozone (Os) and oxygen (O) treatment.
Oxygen is stable and oxidation power is strong. On the
other hand, ozone is an unstable substance and higher
oxidation power than oxygen, and there is a property to
return to oxygen when period of time passes. Ozone is
expected by a field such as food, fisheries, animal
husbandry, the agriculture and quality of water improvement
to have a strong oxidation power. In addition, ozone
generation equipment is commercialized as application to
air purifier not only medical equipment in hospital but also
family use to prevent viral infection. In recent years it is
used as a deodorization system of a refrigerator and air
condition. The strong oxidation power that ozone has is
used for these. At the same time, that it is unstable
molecules which do not remain behind as a dangerous
chemical is used. About this ozonation technology, it should
be classified in two that is to say a part which has been put
to practical use enough and a part that a future study is
expected. About the function that ozone decomposes a
virus into strongly in the field of air purity, there is already
little room for argument. On the other hand, an application
to the field of agriculture using ozone generation equipment
of high density is the field where a future study is expected.
There are in particular few reported cases about a large
area and the large-scale processing by ozone. Furthermore,
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a study to atomize ozone gas directly in a soil is carried out
just a little [2-6].

In this study, it was measured how a characteristic of a
soil changed by ozone injection to the soil. When a person
who consider whether use in the field of agriculture, it is
necessary to always take the general cost-effectiveness
ratio into consideration because introduction cost of
equipment and its operative cost are great factors. In the
ozone generation equipment of low power and low density,
the atmosphere often is just used for a source gas, but it is
commonly used in the equipment of a high yield in high
density that pure oxygen is used. As for this reason,
because when atmosphere is used, a generation of a
nitrogen oxide is not avoided. When a nitrogen oxide is
dissolved in atmospheric vapour, it become a strong acid
and deteriorates a discharge electrode in the long term. In
addition, the released strong acid may affect pH value of a
soil. Therefore, we used oxygen for a source gas in this
study. Ozone is generated from ozone generation
equipment, but oxygen of the source gas is released by
high density at the same time.

In this paper, ozone treatment was carried out in a state
that bacteria were put in a soil, and it was investigated how
bacteria behaved. Because oxygen was released, as for
ozone generation equipment, an oxygen reaction of
bacteria was investigated.

Experiment

It was confirmed that a chemical reaction was caused
by Ozone treatment of andosol. We got a temporary
conclusion to remark that ozone decomposed organic
matter and contributed to the activity of bacteria to.
However, because oxidation ability of ozone is extremely
strong, ozone influences bacteria itself and has a
sterilization effect. Therefore in order to check this,
Pseudomonas (official name: Pseudomonas syringae pv.
phaseolicola PK2) which was a natural indigenous
bacterium was planted by andosol, and ozone treatment
was carried out. Figure 1 shows an experimental setup.
Introductions of bacteria in test tubes are shown in Figure 2.
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Fig.1. Experimental setup for ozone treatment for bacteria
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Fig.2. Introduction of bacteria in test tubes

Pure O, gas was introduced into ozone generator
(Guangzhou Chuanghuan Ozone Electric Appliance Co.,
Ltd.: CH-PTF 2G) after it was measured flow rate by
flowmeter. And then generated ozone gas was introduced
into a processing box.

The experiment was carried out under two conditions as
followings. One was that in a case it was planted bacteria
by topsoil and on the other hand, andosol was put in test
tubes (diameter ¢ = 27 mm and 15 mm), and bacteria were
implanted in surface and 5cm in depth. We use soil as for
andosol for this experiments, complete sterilization
processing was carried out by an autoclave to confirm
sterilization effect of bacteria by ozone treatment. In the
case of a test tube, andosol which was finished with
autoclave handling of 5 g was prepared for equally, and
bacteria were planted by a bottom and a surface. Soil
surface and the distance of the bottom were 5cm apart. A
bacteria detection processing after ozone treatment was
carried out in following procedures. Suspension of
Pseudomonas of OD 610 = 1.5 (0.5 mL) was added to 10
mL isotonic sodium chloride solution 90 minutes after
Ozone treatment. 100 pL was applied to NB+BTB nutrient
medium after it was stirred in a laboratory dish. A quantity of
liquid with quantity of addition 10 mL of an isotonic sodium
chloride solution in total is 10.5 mL, because this was 21
times dilution, a bacteria density that we added in andosol
became 0.07, and a bacteria suspension 0.1 mL of bacteria
density OD 610 0.07 was applied to NB+BTB agar
nutrient medium. Bacteria dilution solution of 1,000 times
and 100,000 times was prepared for elsewhere, and it was
compared with the control without the Ozone treatment.

Result and Discussion

Bacteria (a number of bacteria = 2*103) put on a surface
of a 27mm tube (soil weight= 20 g) were able to sterilize
almost 100 %. Bacteria (a number of bacteria = 3.5*103) put
at bottom of 27mm tube (soil weight= 20 g) were able to
sterilize approximately 90-80 %. Bacteria (a number of
bacteria = 106) put at bottom of a 15mm tube (soil weight=5
g) were able to sterilize approximately 99.9 %. Although it
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was controlled particle size of andosol beforehand, a
particle size is not small enough. Therefore, invasions of
ozone gas through a tube wall of a test tube may have been
different by a diameter. Furthermore, invasion of ozone gas
may have been different in a difference of tube aspect ratio
by a diameter, too. However, as a result, the big difference
was not found at 15mm and 27mm. as the result we
considered that ozone gas penetrated from the whole plane
of soil. The result showed a high sterilization rate either
case, but at 27mm diameter, it was a value that was 10 to
15 % lower than 15mm. As having been shown from a
chemical characteristic experiment result of 2.2, because a
quantity of ozone used for a soil depends on a weight of a
soil. Therefore in treatment time 90 minutes ozone did not
reach saturated density of soil weight of 20 g.

To confirm sterilizing property of oxygen, stopped
operation of the ozone equipment, and the same
experiment was carried out of pure oxygen atmosphere.
The treatment time of 3 hours was used. To compare with
ozone treatment, approximately around 80% of sterilization
rate was obtained by oxygen treatment.

Conclusion

An experiment of ozone treatment of andosol was
carried out. In a sterilization experiment of bacteria in
andosol, a sterilization rate of 80 to 99 % was high enough
in an agriculture use practically or its application. It is a
rather too high value for agriculture. In a soil, many
chemical substances and a large number of living things
live together. In this study, we confirmed that we could
realize a chemical effect and a sterilization effect at the
same time by adjusting time of the Ozone treatment. The
pure O, atmosphere was different from natural atmosphere
environment, and it was confirmed that the sterilization of
oxygen to some extent was effective.
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Abstract. The article draws attention to the use of photovoltaic cells not only as a sources of cheap electricity, but as a reliable and predictable ways
of energy supply final consumer. Reliable power supply is particularly important for systems that require continuous and uninterruptible operation.
Such systems are decision-making devices and security and safety systems in object.

Streszczenie. W artykule zwrécono uwage na wykorzystanie ogniw fotowoltaicznych nie tylko jako zrodet taniej energii elektrycznej, ale jako
niezawodnych i przewidywalnych pod wzgledem energetycznym sposoby zasilania odbiorcy finalnego. Niezawodne zrédfo zasilania jest szczegélnie
wazne w przypadku uktadéw wymagajacych statego i nieprzerwalnego dziatania. Takimi uktadami sg ukfady decyzyjne i systemy bezpieczenstwa.
Tytut artykutu: Wispieranie zrédet zasilania urzgdzen decyzyjnych i elementéw systemu bezpieczenstwa w budynku przez ogniwa fotowoltaiczne.

Keywords: photovoltaic cells, security systems, control and management systems.
Stowa kluczowe: ogniwa fotowoltaiczne, systemy bezpieczenstwa, uktady sterowania i nadzoru.

Introduction

The correct execution of scheduled tasks and the proper
functioning of control and supervision systems is possible
when it is ensured a sufficient level of supply of these
systems. Available power supply system is designed to
meet the energy needs of the entire decision-making
system and selected element security system. The power
supplies of the safety system must continuously power all
the essential elements in the system due to the protection
objectives pursued. This condition must be satisfied in the
event of an interruption in the power supply by mains supply
[1, 2, 3].

Batteries are the most common method of power supply
in devices of decision-making and security systems in times
of main power failure (usually AC power adapter). The
disadvantages of the use of batteries are additional costs
associated with the purchase of batteries and the need for
periodic replacement of batteries. The use of batteries as
an additional source of energy also determines a limited
work time without recharging (standby time). The limited
work time of battery is associated with a specific capacity of
batteries used to power the system. However, the use of
the battery is the only way to offer electricity storage and
use of the battery allows subsequent use this energy to
power target [1, 2, 4, 5].

The use of photovoltaic cells is now seen as a cheap
alternative source of electricity and allowing satisfy user
energy needs. The paper presents the possibility of using
solar panels as an additional independent power source for
the decision-making system and safety system at the
facility. Photovoltaic cells cooperation with the additional
power supply in system in the form of batteries.
Photovoltaic cells allow cyclic recharge the battery and
allow extend the work time of additional power supply
system [6, 7, 8]. In paper are presented possibility of the
use of photovoltaic cells as a reliable and dependable
source of electricity. Presents issues related to the
availability of solar energy in real-world conditions and their
variability in time cycles.
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Photovoltaic cells as an alternative energy source

The greatest renewable source of energy is an energy
stored in the solar radiation. Solar power concluded in the
solar radiation is almost 10,000 times greater than the total
electrical energy used in the world. Theoretical solar energy
potential is about 1000 kWh/m2/year for Poland. Value of
theoretical solar energy potential is slightly different for
various Polish regions. The greatest strengths of the
possibilities of using solar energy and the highest level of
theoretical solar energy potential in Poland are in the Lublin
region [7, 9].

Rating solar energy resources available in a given area
requires the determination of the intensity of solar radiation
and value of insolation. Researches requires a longer
period of observation due to the variable nature of these
parameters in time. Year of follow-up allows you to draw the
conclusions enable the correct selection solar panels and
parameters of exploitation of photovoltaic solar energy
converters [9]. The distribution of solar radiation on an
annual basis for each month are different (fig.1). In the
winter the amount of solar energy available in Poland is up
to 4 times less than the energy reaching the summer
months. The variability of solar energy potential, the
intensity of solar radiation and value of insolation in each
month must therefore be reflected in the design of solar
installations [7, 8, 9].
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Fig. 1. The average intensity of solar radiation in the vicinity of
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Only one is known in the technique method for the direct
conversion of solar energy into electricity. It's the
helioelectrical process. To convert solar energy into
electrical energy are used photovoltaic cells (photovoltaic
panels, solar cells, solar panels). The process of converting
solar energy into electricity is called the photovoltaic
conversion [10, 11].

A typical photovoltaic
following elements:

- photovoltaic cell (solar panel) - this element converts solar
energy into electrical energy (fig. 2);

- battery pack - this equipment allows storage of electricity
produced in a photovoltaic cell;

- charge controller - this devices controls and manages the
process of charging and discharging of the battery;

- inverter - converts DC energy stored in the batteries into
AC parameters current parameters (usually network) for
parameters required by the receiver.

installation consists of the

Fig.2. Pochﬁ&allinéphotovoltaic cell MWG 90W/12V

Support of power supply system of devices of decision-
making and security systems by photovoltaic cells
system

Alternative power source is designed to supply
electricity to the decision-making systems and safety
system components in the case of prime power source
failure. Support alternative power source of the security
system is related to the supply by photovoltaic system
additional electricity and allow the proper operation of alarm
systems in times of power failure (AC power adapter) and in
longer time cycles. This cooperation can rely on and be
based on:

- batteries of security system are powered by a separation
and an autonomous energy circuit of photovoltaic cells. The
batteries are a basic system of alternative power source of
the security system. The photovoltaic cells work for the
security system only;

- batteries of security system are powered by a dedicated
element of photovoltaic system and they work on the
energy needs of the alarm system only in times of main
power failure;

- use to the power supply of decision-making devices and
security system elements the entire photovoltaic cells
installation. The batteries use of solar installation energy
depending on the needs of the power supply of the security
system.

Determination of the energy needs for the photovoltaic
cells system which support the work of the alarm system is
connected with:

- determination of the minimum battery capacity which
allows the assembly of electricity needed to meet the
energy needs of the security system in within one circadian
cycle;

- determination of minimum power of photovoltaic cell which
enabling energy needs of the security system within one
circadian cycle. Minimum power of the photovoltaic cell
should be determined for the worst period of the year (the
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period with the lowest average intensity of radiation and the
period with the least value of insolation in year);

- determination of minimum area photovoltaic cell capable
to meet the energy needs of the security system within one
circadian cycle. The area of the photovoltaic cell is
dependent on the lowest monthly (daily) average solar
radiation. The surface area of the photovoltaic cell is also
associated with the parameter of efficiency photovoltaic
conversion of solar panels used in the photovoltaic
installation.

Summary

Photovoltaic cells can cooperate with existing power
supply systems of decision-making systems and security
systems. Such cooperation allows increase work time
security system when mains power failure (AC power
adapter).

Appropriate choice of power and the size of the
photovoltaic cells system cooperating with the security
system enables reliable and continuous operation of the
alarm system, even for long periods or work of such
systems in buildings without power supply.

When selecting the size of the photovoltaic cells system
to support the power supply of decision-making devices and
security system elements, be sure to determining the power
and energy parameters obtained for the winter periods. The
photovoltaic cells system is the least effective In the winter
period. Selection of parameters of the photovoltaic cells
system based on the energy parameters in winter periods
allows proper operation of system throughout the year.

Battery capacity cooperating with a photovoltaic cells
system should be sized to allow operation of the system for
at least one daily cycle.
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Abstract. The paper proposes a temperature model with lumped parameters for rectangular bar of the winding cage induction motor using Coselica
toolbox in Scilab software. The analysis of heating the cage’s bar in a short circuit of the motor was carried out. It takes into consideration the heat
transfer through the package of teeth for different thicknesses of air gap between the bar and the sheet package.

Streszczenie. W pracy zaproponowano model temperaturowy o parametrach skupionych dla prostokgtnego preta uzwojenia klatkowego silnika
indukcyjnego z wykorzystaniem biblioteki Coselica w aplikacji Scilab. Przeprowadzono analize nagrzewania sie preta klatki w stanie zwarcia silnika.
Uwzgledniono przejmowania ciepta przez pakiet zeboéw dla réznych grubosci szczeliny powietrznej pomiedzy pretem a pakietem blach.

Keywords: deep bar, induction motor, thermal circuit, modelling, Coselica, Scilab
Stowa kluczowe: silnik gtebokoztobkowy, cieplny model obwodowy, Coselica, Scilab

Introduction

The electrodynamic and thermal interactions in the
windings of cage induction motors are due to current flow in
the bars of the cage. Especially in the case of high-power
electric motors, the analysis of these phenomena is
important at the design stage to ensure the requirements of
motors during long start-up and increase their durability.

The heating analysis of the bars in the motor’s cage in a
short circuit indicates a fast rise of temperature in the region
of the bars, which leads to an increase in mechanical stress
in the cage [3, 4]. The temperature distribution in the bar
depends on the efficiency of heat transfer by the teeth of
the rotor, which is conditioned by the width of the
technological air gap existing between the bar and the
sheet package.

Temperature field analysis can be done by
mathematical analysis with partial differential equations or
using numerical methods [2]. Analytical methods are difficult
to solve due to the geometry and nonlinearity of physical
properties of materials. In numerical methods the FEM,
BEM and equivalent thermal circuit can be distinguished.
However there is the need of using the dedicated software
or writhing the own one. Commercial analysis packages,
which can be used, are: FLUX, Comsol Multiphysics,
ANSYS, OPERA, QuickField, Matlab. In Open Source or
free packages the FEMM, LISA, Elmer, Scilab/Xcos can be
listed. In the case when the temperature distribution in
whole model is not required the equivalent circuit model of
heat transfer can be used.

In lumped parameter thermal model the structure of the
model is simplified as also as the results of transient
analysis are obtained much faster [1].

Circuit model of deep slot

In the motor short-circuit condition the transient analysis
of rectangle bar heating with heat transfer in air gap and
rotor package teeth was made. The simplified geometry of
the rotor slot is shown in Fig. 1.

Deep slot was modelled as the second order circuit
thermal model. Copper cage and iron teeth were presented
as heat capacitor elements. In the copper cage the short
circuit current is flowing with value equal to 7955 A.

19

This current generates the heat, which is represented by
the fixed heat flow element in the model named Cu_bar
shown in Fig 2.

Cu
-

8
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Fig.1. Simplified geometry of the rotor slot of electrical motor

Cu groove

Air

Cu_air_mny

Conv_coef

Fig. 2. Fragment of the model representing copper cage bar
(Cu_groove) and heat source (Cu_bar)

The iron parts of rotor are connected through the
thermal conductance Rp_right shown in Fig. 3, which
represents the air gap. Uncovered parts of rotor are cooled
with air, assuming the free convection condition. In the short
circuit conditions there is no forced air flow around the rotor.
The convection is represented by the Cu_air_conv and
Fe_air_conv elements shown in Fig 2 and 3.
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Fig. 3. Fragment of the model representing iron part of the rotor

The basic equation for heat convection between the solid
and fluid is:

1) Qconv = Gc ) (Tsolid _Tfluid)

where:

Tsolig, Triuia — temperatures of solid and fluid respectively,

G — is an input signal to the components Cu_air_conv and
Fe_air_conv, which depends on the cooling conditions.

Gc may be calculated according to:

Rp_left Rp_down

=

Fe_left

) G.=A-h

c

where:
A — convection area,
h - heat transfer coefficient

The heat transfer coefficient h is calculated from properties
of the fluid flowing over the solid. In the case of the short
circuit of an electrical motor the rotor is not moving and the
free convection is assumed. In that case the heat transfer
coefficient is constant and equal to:

w

m?K

h=12

©)

Above assumptions allow to build thermal circuit model
of the deep slot. Model was built in Scilab/Xcos
environment, which is OpenSource clone of Matlab.
Additionally in Xcos environment the Coselica toolbox,
which implements the circuit thermal blocks, was installed.

Model consisting additional elements of the slot as also
as temperature sensors was shown in Fig. 4.
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Conv_coef
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rature

a
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:ﬁ.u

Temperature conv

Temperature conv

\

Feright .

Fe_air ,cor\\/

Conv_coef

Fig. 4. Circuit thermal model of the deep groove

Conclusions

Circuit model allows to implement the heat calculations
in the case of the deep slot of electrical motor in the short
circuit conditions.

It is possible to calculate the changes of the temperature
in time in individual parts of the groove.
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Abstract. Portable, backpack-type ozone sterilization system for agriculture has been developed. Biological aspects of sterilization processes for
pest on plants and nematodes in soil are discussed. In a case of plant sterilization, the spray treatment time under selected conditions for the ozone-
mist is limited to avoid plant damage. Concerning aphids, which transmit pathogenic viruses to plants, the sterilization rate of 80~95 % was

achieved.

Streszczenie. Zaprojektowano i wykonano przeno$ny, kompaktowy system sterylizacyjny do zastosowan agrarnych. Poddano analizie biologiczne
aspekty procesu sterylizacji dla szkodnikéw czesci naziemnych roslin oraz nicieni obecnych w glebie. Czas dziatania utleniaczy w przypadku roslin
byt odpowiednio ograniczony by zapobiec ich uszkodzeniu. W przypadku mszyc osiggnieto ograniczenie populacji w 80-95%.

Keywords: ozone mist, sterilization, aphid, nematode, non-chemical agriculture.
Stowa kluczowe: mgta ozonowa, sterylizacja, mszyce, nicienie, eko-rolnictwo.

Introduction

Ozone has been used to sterilize pest (harmful insect) in
agriculture because of the current phasing out methyl
bromide. Ozone has life time of 15-30 min in air depending
on the atmosphere conditions. When ozone reacts with
water or water-mist, the ozone rapidly changes to many
radical species in very short interval which have high strong
oxidative and germicidal properties. On the other hand, the
residual ozone after ozone-mist or ozone water treatment
gives dangerous damage to farmers when they directly
spray the pest on the plants.

Considering the situation, we have studied the ozone-
mist sterilization method to secure health safety from
farmers [1-3]. In practical use at agricultural farms, very
short treatment time (about 10 sec) on each target object is
required to increase the operation efficiency avoiding plant
damages. We have also improved the o0zone-mist
sterilization system by introducing the ozone -mist
generated from ozone and water with non-chemical foaming
matter.

We report here the structure of the sterilization system
and the characteristics on ozone —mist generated at various
conditions. Sterilization effects on aphids on the plant and
nematodes in agricultural soil are discussed.

Experimental

Our system of the ozone-mist sterilization is composed
of an ozone generator, a water-mist supply system, an AC-
DC inverter connected to Li-ion battery, a lightweight
oxygen vessel (FRP) with a pressure regulator, a water tank
and a movable spray rod with ozone-mist nozzle [1-3]. Fig.1
shows the outline of our sterilization system .
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Oxygen cylinder

Inverter power system

Li-ion bat

Dielectric
barrier
discharge
tube

Mixture nozzle

Fig.1 Structure of backpack type ozone-mist sterilization system

High dense ozone is generated by surface dielectric
barrier discharge (SDBD). The dielectric barrier discharge
was generated on the surface electrode placed on the
dielectrics Al203 (146x146 mm). The AC electric power for
the high frequency generator (15kHz, Vp-p=8kV) was
supplied from the AC-DC inverter. The SDBD system was
cooled by air. Although the concentration of the ozone
generator changes with oxygen gas flow rate, a
concentration of 70 g/m3 at an oxygen flow rate of 1
liter/min was used in this experiment.

In this pest sterilization, the target samples such as
aphids were captured on the mesh sheet set at the bottom
of a test PET cup (top diameter 90mm, bottom diameter
60mm).

In the cultivation of crops, soil deseases is infected with
nomatodes in the soil. The nomotodes that live in the soil
were separated by using the Bellmann method. The



microscopic measurement was performed to detect
nomatodes contained in a water drop of the water
separated from the sample soil(30g).

Results and discussion

We counted the number of dead aphids (including
apparent suspended death) every 30 min after the
treatment. Fig.2 shows several insects after ozone-mist
treatment for 10 sec . Our experiment showed that ozone-
mist foam created with non-chemical addition can contribute
to increasing sterilization rate. The survival rate defined as
(alive number/ total number) is a dominant factor to
evaluate the sterilization system.

Fig.2 Insects after ozone-mist treatment of 10 sec spray using foam
addition.

Fig.3 shows normal distribution function F(x) of survival
rate of aphids for 5sec and 10 sec treatments without non-
chemical addition. These functions were obtained by
analysing statistically many experimental data. These
profiles indicate that most probable survival rates are 20%
for 5 sec treatment and 12% for 10 sec treatment.

Survival rate of aphids

0,04 == ==T=5sec

0,03 T=10sec

0,02

0,01

o

Normal distribution F(x)

0 10 20 30 40 50 60 70

Survival rate (%)

Fig.3 Normal distribution function F(x) of survival rate (x).

We studied the effect on ozone on nematodes dwelling
in soil. Fig.4 shows nematodes detected in the water
separated from non-ozone treated soil. When the soil was
exposed to ozone gas of 70g/m* (1 liter/min) during 20min,
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few nematodes were observed. This result shows that the
ozone gas treatment is a promising non-chemical method
for agricultural soil.

Fig.4 Nomatodes in separated water of non-treated agricultural
soil.

Conclusion

A portable ozone spray system was developed and
applied to study the effect on aphids living on plants and
nematodes dwelling in soil. The experiments show that
probable survival rate for the aphids is 12% and that almost
all nematodes in soil were killed by the 20min treatment of
70g/m3 ozone gas.

The non-chemical ozone sterilization method developed
here will be a promising and practical technology in
agriculture.

We would like to express sincere thanks to Professors
Emeritus Chikahisa Honda and Masahisa Otsubo for their
kind support and encouragement to promote this R&D
project.
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INFLUENCE OF HOT ISOSTATIC PRESSURE (HIP) ON J, Fp, T,
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Abstract. We present results of critical current density (J¢), pinning force density (Fp) critical temperature (T¢), upper critical field (Bcz), irreversibility
magnetic field (Bir) investigations and analysis of dominant pinning mechanism which were made for multicore monel-sheathed type MgB, wires
manufactured by continuous tube forming and filling (CTFF) method at Hypertech Inc. Ohio, USA. The in situ MgB, wires with Nb barrier and monel
sheaths have been hot isostatic pressed (HIP) at Institute of High Pressure Physics (IHPP PAS).

Streszczenie. Przedstawiono wyniki badan gestosci pradu krytycznego, gestosci sity zakotwiczenia, temperatury krytycznej, gérnego pola
krytycznego, indukcji nieodwracalnej i analize mechanizmu zakotwiczenia dla przewodéw MgB, wykonanych technologig CTFF przez Hypertech Inc.
Ohio, USA. Przewody MgB;, z Nb barierg i w monelowej ostonie byty wygrzewane pod ci$nieniem izostatycznym w Instytucie Wysokich Cisnien

Polskiej Akademii Nauk.

Keywords: MgB; wires, Hot Isostatic Pressure (HIP), critical current density (Jc).
Stowa kluczowe: przewody MgB,, wygrzewanie pod cisnieniem, gestos¢ pradu kryttcznego

Introduction

The MgB, superconducting material was
discovered in 2001 [1]. Pure MgB, material has several
advantages such as low price of components, low resistivity
in the normal state, low specific weight, high J. in zero
magnetic field, low anisotropy, and long distance coherence
of about 5 nm and high critical temperature 39 K [2]. These
advantages cause that MgB, material has great potential in
future applications.

Easy synthesis, low price, easy availability of
components and allow to obtain MgB, tapes and wires are
easier and cheaper than production of comparable HTS
tapes and wires. High critical temperature of magnesium
diboride allows to cool MgB, material not only by liquid
helium, but also by liquid hydrogen, liquid neon or
cryocooler. MgB; has low resistivity in the normal state from
0.0038 to 3 pQm [3, 4]. Low resistivity is very important
during the transition of superconducting material to normal
state, because it reduces significantly the possibility of
damage the superconducting wires.

However, MgB, material has several disadvantages
such as inhomogeneous microstructure (pores and void)
and low J¢ in the middle and high magnetic fields, which
limit its application. The results presented in articles [5, 6]
suggest that high annealing pressure can improve
microstructure of MgB. material, reduce pore size and
introduce strain - dislocations. In papers [7, 8] the authors
suggest that the dislocations create point pinning center,
which increases J. in high magnetic fields. The author in [9]
suggests that the point pinning center can create not only
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intergranular precipitation, but also void similar in size to the
coherence length. The effectiveness of the point pinning
centers - voids are similar to the point pinning centers —
precipitates.

The authors in the articles [10, 11] indicated that the
doping of SiC and C can increase J:. and Bj; in high
magnetic fields.

1000 4

T T T T

8 10 12 14
B[T]
Fig.1. Transport J.—B curves for undoped MgB; wires
(OD =0.83 mm) at 4.2 K.

g

Samples were annealed in Institute of High Pressure
Physics PAS at argon gas pressure up to 1 GPa in the
range of temperatures from 650 oC to 700 oC for various
annealing times.



The I measurements at 4.2 K were performed in magnetic
fields up to 14 T in Bitter type magnet installed in ILHMFLT
and |c measurements at 10 K, 20 K and 25 K in Institute for
Solid State and Materials Research Dresden. The
perpendicular field configuration was applied to the 20 mm
length samples. Measurements of T¢, Bir and Bc were
performed by the transport methods in ILHMFLT PAS.
Microstructure investigations were performed with SEM in
Institute of Low Temperature and Structure Research
(Wroctaw) and Military Technical Academy (Warsaw). The
best results of J. 1000 A/mm?in 8 T at 4.2 K (fig.1) and 100
Almm? in 4,5 T at 20 K have been obtained during these
investigations. The maximal F, of 12 GN/m® in 5 T/4,2 K

(fig.2).

12000
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[MN/m?]

= 4000+

F

2000+
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Fig.2. The reduced pinning force density F, dependence on
magnetic field for undoped MgB, wires (OD = 0.83 mm) at 4.2 K.

Studies indicate that the pressure of 1 GPa improved
uniformity of microstructure and allows to obtain point
pinning centers which increase Jc in the middle and high
magnetic fields. These factors will increase the applicability
of MgB> material in medicine, industry, mining and electrical
engineering,
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FORCES ACTING ON PARTICLES AND THEIR TRAJECTORIES
IN THE SURROUNDING OF THE COLLECTOR IN MATRIX
SEPARATOR

Ryszard GOLEMAN

Lublin University of Technology, Institute of Electrical Engineering and Electrotechnologies

Abstract. In the paper, the forces and trajectories of paramagnetic and ferromagnetic particles moving in the surrounding of ferromagnetic capture
element have been determined. The influence of flow speed of the medium, smooth section of the collector, the value of magnetic flux density and
the properties of particles on the width zone of particle capture by the collector have been analysed

Streszczenie. W pracy zostaty wyznaczone sity i trajektorie paramagnetycznych oraz ferromagnetycznych czgstek poruszajgcych sie w otoczeniu
ferromagnetycznego elementu wychwytujgcego matrycy. Analizowano wptyw predkosci przeptywu medium, smuktoSci przekroju kolektora, warto$¢
indukcji magnetycznej i wtaciwosci czastek na szeroko$ci strefy wychwytywania czgstek.

Keywords: magnetic separation, magnetic force, dynamic resistance force, simulation.
Stowa kluczowe: separacja magnetyczna, sita magnetyczna, sita oporu dynamicznego, symulacja.

Introduction

In matrix separators the inhomogeneous distribution of
the magnetic field has been obtained through the
application of the matrix in various forms depending on the
separation process [1-6]. To reach relatively high value of
magnetic force influencing the particle at constant value of
magnetic flux density, the defined ratio of the collector
radius and the particle can be preserved. In the case of an
elliptic cylinder the value of magnetic force depends on the
ratio of its semi-axis [2, 3]. The consideration is based on
the analysis of three forces: magnetic, gravitational and
hydrodynamic. The simplifying assumption is that a
separated particle is spherical.

Magnetic force

Magnetic force due to inhomogeneity of the magnetic
field acting on the particle should be the dominant one in
the separation process. For the case that the particle and
medium are homogeneous and isotropic, the magnetic
force is the function of the intensity of outer magnetic field
described by the following equation [5]

He— 1

1) Fpo—feTf
@ ™ 4y + D — )

V,-(H-V)B

where: B - magnetic flux density, H - vector of the magnetic
field intensity, V. - volume of particle, yc, p1 - magnetic
permeability of the particle and medium, D - particle’s
coefficient of demagnetization along the axis consistent with
the direction of magnetic field intensity.

The considered ferromagnetic element (collector) is in
the form of infinite long elliptic cylinder with its axis in
perpendicular plane to the vector of homogeneous flux
density. The issue has been considered as two-dimensional
in the elliptic-cylindrical system of coordinates (Fig.1).
Assuming that the axis of the collector covers the axis ,z",
the magnetic potential Vy, is the function of coordinates n
and ¢, thus the Laplace's equation is given by the following
relation.

25

2 2
1 Ay , 0%V

VA, = 0
m CZ(ChZI]—COSZ(p) 6772 a<p2

@)

According to its solutions, calculating the magnetic field
intensity as H=-¥Vp, , after some manipulation we obtain the

expression for components of that field

Fig.1. Elliptic cross-section collector and the particle placed in
homogeneous magnetic field

Field of medium speed and dynamic resistance force

Because the matrix element is placed in a stream of
liquid it affects the medium. Potential flows of the non-viscid
and incompressible liquid can be described by the potential
of speed ¥ which fulfils the Laplace's equation.

|

In the considered case the potential of medium speed is
the periodical and even function of ¢. The vector of medium
speed is described by gradient of the potential ¢ =V¥.

Since the particles of liquid flow around the matrix element,
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the vector component of speed which is perpendicular to
the collector's surface is equal to =zero. In some
considerable distance from the matrix element the stream of
liquid is homogeneous and its speed is & = Jo1y. It can be
shown that the components of the speed vector outside the
matrix element converted to the rectangular coordinates
have the form

8, shpcos?p(chn,shy —shr,chn)

~ exp(-o)(ch *n —cos’g)

L Soch nsin?p(ch7,ch 7 —shznyshy)

exp(-7,)(ch *n—cos’p)

_ 8, chysin2g(ch;7,shn —shn,chz)

 2eq(-m,)ch 2 —cos’p)
9, shysin2¢ (ch;,ch 7 —shz,shr)

 2exp(-ipo)(ch P - cos%)

Gy +

(4)
9

y

While considering the movement of small particles in the
separation processes the force of dynamic resistance has
been described by the Stoke’s equation
6)  Fy=6xgb(9-%)
where: { — dynamic coefficient of medium viscosity,

9 — vector of medium speed, 9. — stands for the vector of
particle speed.

Gravitational force is expressed by the following
dependence:
(6) Fg=(pc —pPo) V9

where: pc — particle density, po — medium’s density, g —
gravitational acceleration.

Equations for particle movement
To determine the trajectory of the particle the following
system of equations should be solved

%_Fm+Fg+Fd
dt

m

.
@) o,
gt °

where: s — distance covered by a particle; m — particle
mass.

The Runge-Kutty’s method of the 4th rank with the
automatic selection of the integration step has been used to
solve the system of equations numerically. The following
input data that characterize the separation process have
been assumed: 3o = 0.05 m/s, pc = 5000 kg/m3,
Po = 1000 kg/m?, radius of patrticle b = 7.5+10° m, magnetic
susceptibility of paramagnetic particle yc=0.007 and the
medium 7y, =0, {=0.001 N/m's, g=9.81 m/s?. Magnetic
properties of the collector and ferromagnetic particle are
specified by the characteristics of the magnetization
process B=f(H). Results of the calculations are shown in
Fig. 2.

The width of the capture zone changes linearly along
with the increase of the induction while the magnetic
permeability of the collector and the particle are constant
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values. In case of the analyzed ferromagnetic particles and
elliptic collector (Ri/Rky = 2) it is 5 times higher and for the
circular collector almost four times higher at induction
values ranging from 0.05 Tto 0.4 T.

——

N

_/”\/__

| LILILL | LI | LILILIL| | LILILL | LILILIL | LI LI |
1*10*  2%#10" 3*10° 4%10* 5*10" 6*10" 7*10"
Length (m)

Fig.2. Trajectories of paramagnetic particles at magnetic induction
B = 0,8 T, radii of collector’s section R=6x10"° m, Ry,=3x10°m.ox

The growth of induction and the saturation of the
collector clearly influences the width of the capture zone. At
the assumed parameters of paramagnetic particles’
separation the width rise of the capture zone is small in the
field of induction value over 1.2 T.

Conclusion

Mathematical model presented in the paper enables us
to analyse magnetic separation process more precisely and
to assess its efficiency in relation to various parameters
such as: magnetic flux density, velocity of medium flow,
dimensions of semi-axis of matrix element, and properties
of the particle and surrounding.
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PLASMA - SUPPORTED REMOVAL OF FORMALDEHYDE,
AMMONIA AND METHANOL FROM EXHAUST GAS MIXTURES

Marcin HOLUB

West Pomeranian University of Technology, Szczecin

Abstract. Experimental results are presented regarding plasma — supported formaldehyde, ammonia and methanol removal. A large —scale
installation was investigated as a preparatory study for industrial application. Plasma — supported catalytic treatment proved removal rate of over
90%. Indirect plasma application was proved to have comparable efficiency to direct application but allows for polluted gas, electrode erosion

minimization.

Streszczenie. Praca prezentuje przeglad wynikéw prac badawczych zwigzanych z plazmowymi oraz plazmowo wspomaganymi metodami usuwania
lotnych zwigzkéw organicznych z przemystowych gazéw wylotowych. Przedstawione wyniki prezentujg zalety wykorzystywania metod plazmowych
przy ograniczonych stezeniach wlotowych substancji szkodliwych. Dodatkowo przedstawiono wyniki badan eksperymentalnych réznych konfiguracji
systemu jednoczesnego unieszkodliwiana amoniaku, metanolu i formaldehydu. Wykorzystujgc efekt synergii plazmy niskotemperaturowej z
katalizatorem zaprezentowano uktad umozliwiajgcy ponad 90% skuteczno$c usuwania zanieczyszczen.

Keywords: plasma — supported gas treatment, non - thermal plasma systems, industrial plasma applications.
Stowa kluczowe: plazmowo — wspomagane systemy oczyszczania gazéw, systemy plazmy nietermicznej, technologie plazmowe.

Introduction

Many industrial processes contribute to gaseous
pollutant emissions, in many cases volatile organic
compounds (voc’s) are emitted. Many of these substances
are harmful for the environment and can present a threat for
health and wellbeing of man. As a popular example
ammonia (NH3) emissions can be considered, a chemical
compound not only poisonous for the environment but also
irradiating the skin, eyes and the respiratory system [1]. A
contact with gaseous ammonia with concentrations above
300 ppm can lead to permanent health damage or even
death. Another example of popular exhaust air pollutants is
formaldehyde (HCHO) suspected of cancerous influence on
people [2]. Similar to formaldehyde methanol is not only
irradiating the lungs but also suspected of negative
influence on the nerve system [3].

Many methods of exhaust air treatment exist including
filtration, scrubbing, absorption, catalytic treatment, thermal
oxidation, bio filtration. Recent years have shown a rapid
development of heterogeneous processes combining
different technologies, including the non — thermal plasma
processing [4, 5]. Plasma was documented to be efficient in
reduction of voc’s in case of limited concentrations (below
1gC0rg/Nm3) [6]. Proposed paper concentrates on a hybrid,
plasma — supported removal of above mentioned voc’s.
Experimental results and test — stand configuration is briefly
described.

Experimental apparatus

All the measurement results presented were obtained in
PlasmaTechnikum of Rafflenbeul Engineers in Germany.
Test — stand configuration allowed to rapidly change the
exhaust air treatment system configuration and operational
parameters. Both direct and indirect methods were
examined. Two exemplary configurations of the exhaust
treatment systems are presented in Fig. 1. The practical
construction of the test — stand is depicted in Fig. 2.
Measurement equipment is listed in Table 1.

Typical exhaust gas flows of 200 Nm*h were used.
However the overall flow, inlet concentration and pollutant
type, plasma power and catalyst type and temperature were
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controllable and adjusted during experiments. A plate — to
plate DBD reactor manufactured by Rafflenbeul Engineers
was used. Power supply was a resonant — type, high
efficiency converter [7].

REACTION
CHAMBER

@

CATALYST WITH
HEATER

REACTION
CHAMBER

FAN

Fig.1. Exemplary configurations of the test — stand: a) direct
plasma treatment; b) indirect, plasma — supported catalysis.

B Gas outlet
Reaction g
| chamber

Fig.2. Experimental system setup.

Experimental results
Initially a direct plasma based system was
investigated for varying inlet concentrations, pollutant types



and constant plasma power. Measurement results for
ammonia, methanol and formaldehyde removal are
presented in Fig. 3. As previously discussed a decreasing
removal rate was noticed for increased input
concentrations.

Table 1. Measurement equipment specification

Measured guantity Device type Device model
Ammonia Handheld ionizing Tox-Meter PID Ex
concentration detector
UV spectroscope Probe preparation —
Desaga
Gasprobennehmer
GS212, GS 312
Analysis — Hach —
Lange DR 6000
Methanol Flame ionization Bernath Atomic
concentration detector Modell 3005
UV spectroscope Probe preparation —
Desaga
Gasprobennehmer
GS212, GS 312
Analysis — Hach —
Lange DR 6000
Ozone Ozone monitor MLU 450
concentration
Plasma reactor Digital oscilloscope LeCroy 6100 A
power Wave Runner
a)
Direct plasma treatment of NH; and CH,0OH
é 40,00%
E 30,00%
’ .
Reduction rate NH3 [5%] Reduction rate CH30OH [%]
b)

Removal rate plasma [%]

120,00%
100,00%
80,00%
60,00%
40,00%
20,00%
0,00%
700 12,00 1700 22,00 27,00 32,00 37,00
Inlet HCHO concentration [mg/Nm3]

»o

Fig.3. results of direct plasma treatment: a) removal of ammonia
and methanol; b) removal of formaldehyde.

Indirect, plasma assisted removal system, as
presented in Fig. 1 b), was also examined under varying
conditions. Exemplary results for ammonia removal are
presented in Fig. 4. As can be noticed excellent removal
rate of over 90% was achieved. A Cu-Mn-O catalyst was
used with 230°C bed temperature. Methanol removal rate is
presented in Fig. 5.
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Removal rate [%]
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ea 180 200 220 60

Removal rate NH, [ma/Nim’]

Fig.4. Ammonia removal rate for varying input concentrations.
Squares represent plasma module removal efficiency.

Summary
A large — scale, plasma — assisted exhaust treatment
facility was investigated for possible formaldehyde,

methanol and ammonia removal operation. Plasma was
proven to be effective but only for limited input
concentrations, no significant differences between indirect
and direct methods was noticed. Over 90% of removal
efficiency was recorded for plasma — assisted catalytic
treatment for a very broad range of input concentrations of
all pollutants.
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PRZECIWDZIALANIE SKUTKOM SYNDROMU CHOREGO
BUDYNKU W INTELIGENTNYCH SYSTEMACH AUTOMATYKI
BUDYNKOWEJ

Marek B. HORYNSKI
Lublin University of Technology

Abstract. The building is said to be sick when its users complain about the onerous conditions of microclimate. This problem appeared upon the
emergence of large office buildings fitted with a sealed bulkhead. It was assumed that the building is classified as sick as ca. 30% of people residing

in it complains about bad indoor climate conditions.

Streszczenie. O chorym budynku méwi sie wtedy, gdy jego uzytkownicy skarzg sie na ucigzliwe warunki mikroklimatu. Problem ten pojawit z chwilg
pojawienia sie duzych budynkéw biurowych wyposazonych w szczelne przegrody. Przyjeto, ze budynek jest klasyfikowany jako chory, gdy ok. 30 %
0s6b przebywajacym w nim uskarza sie na zte warunki klimatu pomieszczen.

Keywords: sick building, intelligent building, sensors, concentration, automation.
Stowa kluczowe: chory budynek, inteligentna instalacja, czujniki, stezenie, automatyzacja.

Wstep

W Polsce w okresie transformacji ustrojowej wiele
budynkéw zmienito przeznaczenie. Czesto taczyto sie to z
remontami w wyniku, ktérych poprawiata sie szczelno$c
budynkéw oraz pogarszaty warunki wymiany powietrza.
Zbyt oszczednosciowe projekty wentylacji powodowaty
pojawienie sie¢ wkrétce u mieszkancow przykrych
dolegliwos$ci, ktore sg razem definiowane, jako czynniki
powodujgce syndrom chorego budynku (SBS). Jak
wykazaty badania Swiatowej Organizacji Zdrowia zaliczajg
sie do nich:

Niewtasciwa temperatura i wilgotno$é powietrza,
. Niewtasciwe oswietlenie,

Zta jako$¢ powietrza,

Hatas.

SBS powoduje typowe reakcje alergiczne, takie jak
zapalenie spojowek, problemy z uktadem oddechowym, np.
zapalenia oskrzeli, astmy oskrzelowej i niealergiczne
objawy takie jak - bol glowy, podraznienie, zaburzenia
koncentracji.

Zrédtami zanieczyszczenh powietrza w pomieszczeniu
moga by¢ organizmy zywe (np. produkty uboczne
oddychania, pocenia sie, grzyby, plesnie), materialy
budowlane i elementy wyposazenia wnetrz (np.
rozpuszczalniki, impregnaty drewna, zwigzki emitowane
przez farby malarskie, azbest), systemy wentylacji i
klimatyzacji (np. mikroorganizmy zyjgce w nieczyszczonych
przewodach wentylacyjnych), powietrze zewnetrzne (np.
zanieczyszczenia chemiczne powietrza w  duzych
aglomeracjach  miejskich) albo samo uzytkowanie
pomieszczen (np. palenie tytoniu).

W 1984 Swiatowa Organizacja Zdrowia informowata, iz

syndrom SBS wystepuje az w 30% nowych i odnawianych
budynkéw na swiecie.
W Polsce przyktadem chorego budynku byt wybudowany na
przetomie lat siedemdziesigtych i osiemdziesigtych budynek
Intraco Il w Warszawie. Zbyt mata ilos¢ swiezego powietrza
dostarczanego do pomieszczeh stata sie przyczyng
czestych omdlen pracownikow.
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Wybrane klimatu
pomieszczen

Cziowiek jest gatunkiem statocieplnym o temperaturze
organizmu 36,60C.

Zmiana temperatury ciala moze nastepowac na skutek
czynnikdw wewnetrznych (1) lub zewnetrznych (Il):

I: zaburzenia psychofizyczne, np. choroba, zmeczenie
stres.

Il: warunki $rodowiskowe, m.in.: temperatura otoczenia,
wilgotnos¢ powietrza.

Optymalna temperatura dla czlowieka zawiera sie w
zakresie 21-24°C, wiasciwy jej dobor zalezy od czynnosci
aktualnie wykonywanej przez dang osobe, np. w czasie snu
(18-19°C).

Organizm zostat wyposazony w systemy uruchamiajgce
procesy obronne pozwalajgce utrzymaé statg temperature
ciata:

pocenie sieg,

skurcze migsni (termogeneza drzeniowa).

W zyciu codziennym bardzo wazne jest réwniez, jaka jest
temperatura odczuwalna, poniewaz wplywa to w znaczny
sposob na zachowanie cziowieka.

Na temperature odczuwalng majg wplyw inne warunki
srodowiskowe: wilgotnos¢ powietrza, predkos¢ wiatru i inne.
Wilgotnos¢ powietrza (%) informuje o zawartosci pary
wodnej w powietrzu.

Dla cziowieka optymalna jej wartos¢ zawiera sie w
przedziale 40-60%. Dla wyzszych wartosci zaczynajg sie
pojawia¢ problemy z oddychaniem.
Jezeli jednoczes$nie organizm poddany jest dziataniu
podwyzszonych temperatur (25-29°C) nastepuje
zdecydowanie szybsze zmeczenie.

Kolejnym waznym elementem klimatu wewnetrznego

budynkéw jest sktad chemiczny wdychanego powietrza,
ktory ma wptyw na kondycje psychofizyczng cziowieka.
Powietrze powinno by¢ zblizone jak najbardziej do sktadu
chemicznego powietrza atmosferycznego.
Niewtasciwy skiad, np. nadmierne stezenie niektérych
zwigzkow (COZ), (CO - 100,200 ppm — bdl gtowy) moze by¢
niebezpieczne dla czlowieka i powodowaé dolegliwosci:
ostabienie, zaburzenia koncentracji, zawroty, depresje,
arytmia serca.

parametry wewnetrznego



Wazne jest roéwniez utrzymanie statej cyrkulacji

powietrza w pomieszczeniach uzytkowanych przez
cztowieka. Kazda osoba potrzebuje w ciggu godziny ok. 30
m? Swiezego powietrza. Na samopoczucie cziowieka ma
réwniez wpltyw szybkos¢ cyrkulacji powietrza.
Oprocz sktadu chemicznego powietrza, istotny jest takze
odpowiedni poziom jego zjonizowania. Nadmiar jonow
dodatnich moze powodowaé béle gtowy, zwiekszone tetno,
alergie i obnizong odporno$¢. Stwierdzono natomiast
pozytywny wplyw jondw ujemnych. Stopien jonizaciji
powietrza w atmosferze waha sie w zaleznosci od pory roku
oraz od lokalizacji, ale stosunek jondw dodatnich do
ujemnych utrzymuje si¢ na statym poziomie i wynosi od 1
do 1,2. W skupiskach ludzkich z duzg iloscig sprzetu
elektronicznego i przemystem wystepuje zwigkszenie
wytwarzania jonéw dodatnich.

Kolejnym czynnikiem, ktéry znaczgco i dtugotrwale

wptywa na cztowieka jest stopienn i jakos¢ oswietlenia
obiektéw, w ktorych on przebywa.
Promieniowanie stoneczne pozytywnie wptywa na uktady
kostne, sercowo-naczyniowe, immunologiczne. Dodatkowo
zapobiega osteoporozie, atakom serca, udarom, sklerozie,
cukrzycy.

Systemy zapewniajgce komfort w budynkach

Zmiana standardow, ktore pozwalajg na zdefiniowanie
poziomu luksusu, we wspétczesnych warunkach oprocz
poprawy komfortu przyczynita sie do lepszego
zabezpieczenia uzytkownikéw przed syndromem chorego
budynku SBS. Poprawita sie jednoczesnie funkcjonalnosc
budowli. Wprowadzone zmiany, czesto dzigki rozszerzeniu

zakresu stosowania automatyzacji, pozwalajg na
zaoszczedzenie energii poprzez efektywne systemy
obnizajgce zuzycie energii elektrycznej. Dzieki nim

mikroklimat kontrolowany przez inteligentne systemy o
Scisle okreslonych parametrach komfortu stwarza bardzo
dobre warunki do odpoczynku oraz do pracy zwiekszajgc
tym samym efektywnos¢, jednoczesnie minimalizujgc
prawdopodobienstwo dotkniecia syndromem chorego
budynku.

Do systemoéw zapewniajgcych komfort zalicza sie:

Podsystem ogrzewania i chtodzenia
Podsystem wentylacji i klimatyzacji
Podsystem oswietlenia

W zaleznosci od czynnikéw wptywajgcych na powstawanie
tego syndromu oraz ze wzgledu na choroby wywotane tymi
czynnikami powinno dobra¢ sie odpowiedni sposob
przeciwdziatania. Wigze sie to oczywiscie z ponoszonymi
kosztami zwigzanymi z wprowadzeniem poprawek oraz
innowacji w pomieszczeniach. Do gtéwnych sposobdw
przeciwdziatania mozemy zaliczy¢ dwie grupy:

Rozwigzania naturalne,
Rozwigzania techniczne.

Rozwigzania naturalne opierajg sie gtéwnie na
zdroworozsgdkowym uzytkowaniu z danych pomieszczen
czy to mieszkalnych czy to biurowych przy zachowaniu
czystoéci, wysokiej higieny, dobrego oswietlenia, natezenia
dzwieku oraz dobrej jakosci powietrza i innych czynnikach
Srodowiskowych. Odpowiednie dbanie o Srodowisko
wewnetrzne i korzystanie z urzgdzen elektrycznych oraz
optymalne  wykorzystanie systeméw bedgcych na
wyposazeniu w danym miejscu réwniez stanowi pewng
mozliwo$¢ waliki i przeciwdziataniem przeciwko danemu

syndromowi.
Natomiast rozwigzania techniczne  wykorzystujg
dostepng wiedze i nowe technologie pozwalajgce

zapobiega¢ syndromowi chorego budynku. Stanowig one,
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poprzez wprowadzenie odpowiednich rozwigzan
technicznych, silny fundament pozwalajgcy przeciwdziata¢
SBS. Dodatkowo umozliwiajg monitorowanie parametrow
srodowiskowych wewnatrz pomieszczen i sprawdzenie, czy
wszystkie parametry znajdujg sie na okreslonym poziomie.
Poza tymi zaletami wartoscig dodang jest zwiekszenie
efektywnosci pracy dzieki poprawieniu samopoczucia, np. z
pomocg systemow podnoszgcych komfort. Mozna tutaj
wskazaé na istotng role wtasciwego natezenia o$wietlenia.

Waznym elementem rowniez jest zapewnienie
odpowiedniej kolorystki $cian, stwierdzono bowiem istotny
wptyw barwy na zachowanie cztowieka. Ma on podioze
psychologiczne oraz fizjologiczne.

W  Laboratorium Energooszczednych Instalacji
Budynkowych opracowano stanowisko badawcze, dzieki
ktéremu mozliwe jest badanie czynnikéw wptywajacych na
klimat pomieszczen. Szczegdlng uwage zwrécono w nim na
implementacje do tego celu systemdéw inteligentnego
budynku. Na  stanowisku laboratoryjnym  zostaty
przeprowadzone pomiary, ktére wyjasniajg koniecznosc
stosowania czujnikéw parametrow otoczenia do stworzenia
w petni integralnej i funkcjonalnej sieci inteligentne;.

W celu zbadania warunkéw srodowiskowych w danych
pomieszczeniach tj.: sala konferencyjna, biuro, sale szkolne
i przedszkolne oraz miejsce zamieszkania i miejsca, w
ktérych wentylacja jest ograniczona przydatny jest sensor

jakosci powietrza (air quality sensor). Konstrukcja
stanowiska umozliwia prowadzenie symulacji
odzwierciedlajgcych rzeczywiste warunki panujgce w
budynku. Na podstawie obserwacji i manipulacji

przyciskami czujniki odczytujg stany logiczne na wejsciach i
odpowiednio reagujg na zmiane temperatury, czy tez ruch
W pomieszczeniu.

Podsumowanie

Syndrom chorego budynku jest nadal trudny do
identyfikacji ze wzgledu na niskg $wiadomos¢
spoteczenstwa oraz niski procent przebadanych pod tym
katem budynkéw. Brak jest rzetelnych badan i doswiadczen
przedstawiajgcych szkodliwo$¢ syndromu chorego budynku
dla czlowieka. Czesto bagatelizuje sie SBS, ktéry moze
okaza¢ sie do$¢ powaznym problemem w wielu miejscach,
ktéore dotychczas nie byly brane pod uwage, np.
przedszkola, czy domy opieki paliatywne;.
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TRANSPOZYCJONERY NADPRZEWODNIKOWYCH TASM
ROWNOLEGLYCH JAKO ALTERNATYWA DLA KABLA
ROEBELA

Grzegorz WOJTASIEWICZ, Tadeusz JANOWSKI, Stawomir KOZAK, Janusz KOZAK,
Michat MAJKA, Beata KONDRATOWICZ-KUCEWICZ

Electrotechnical Institute in Warsaw

Streszczenie. W budowie transformatoréw HTS koszt uzwojen stanowi ponad pofowe kosztéw catkowitych, co przesadza o matym zainteresowaniu
energetyki. Dotychczasowe doswiadczenie autorow w zakresie projektowania i budowy modeli fizycznych elektrycznych urzgdzen
nadprzewodnikowych (elektromagnesy, transformatory, ograniczniki pragdéw zwarcia) wskazuje, ze wyréwnanie reaktancji w taSmach réwnolegfych
uzwojen transformatora mozna wykonac dla catych cewek w odpowiednich ,transpozycjonerach”, uzyskujgc efekt jak w kablu Roebela CTC.

Abstract. The construction cost of the HTS transformer windings is more than half of the total transformer cost, which determines the low interest in
the energy sector. Previous experience of the authors in the design and construction of physical models of superconducting electric devices
(electromagnets, transformers, fault current limiter) indicates that the alignment of the transformer windings reactance, in parallel connected tapes,
can be made for all coils in the appropriate "trans-positioners" to give effect similar as in the cable Roebel CTC (Continuously Transposed Cable).

Stowa kluczowe: transformatory nadprzewodnikowe, tasmy nadprzewodnikowe HTS drugiej generaciji, kabel Roebela, budowa uzwojen
Keywords: superconducting transformer, 2G HTS tapes, Roebel Cable, windings construction

Wstep (Continuously Transposed Cable) —kabla Reobela, o ciggtej
Obecnie wszystkie projekty energetycznych  transpozycji przewodu nadprzewodnikowego [3]. Idea tego

transformatoréw nadprzewodnikowych zaktadajg wykonanie

uzwojen transformatoréw z tasmy nadprzewodnikowej HTS I I'

2-giej generacji (2G) [1]. Nadprzewodnikowe przewody

HTS 2G majg strukture warstwowg, w ktorej grubosc I

warstwy nadprzewodnika wynosi okoto 1um. O catkowitej |
I

-

grubosci tasmy, (0,05 — 0,1) mm, decydujg warstwy podtoza

[TIT TITTTT sesede T TTTTIT T

i stabilizatorow. Duza rezystywno$¢ warstw poditoza III

powoduje, ze straty indukowane w  warstwie

nadprzewodnika przy pradzie przemiennym sg bardzo III | I

mate. /\/ . L
W przypadku, gdy prgdy robocze uzwojen sg wieksze °"Lj'”§f‘1mm AN |

od pradu krytycznego uzytej tasmy nadprzewodnikowe;j, Yt %o Xs o X a | 2

4 lub 12 mm

|
| |
1 o
1 ‘ 1
uzwojenia wykonuje sie pakietem tasm réwnolegtych. I ! ! ! \ }
Poszczegdlne tadmy w pakiecie potgczone sg rownolegle, a ! L
konce pakietu potgczone sg do zaciskéw zasilajgcych [2]. e e ! ]
Przy wielu tasmach w potaczeniu réwnolegtym, najbardziej 5
oddalona od szczeliny powietrznej tasma jest skojarzona z
najmniejszym strumieniem rozproszenia, zas$ tasma Rys. 1. Schemat uzwojenia nadprzewodnikowego nawinietych
potozona najblizej szczeliny — z najwiekszym (rys. 1). czterema tasmami réwnolegtymi: hy — vyz’artoé(: ghyvilowa natezenja,

Reaktancja poszczegdlnych tasm uzwojenia— ze pola magnetycznego, ai, a; — szeroko$¢ uzwojen, L, — wysokos¢
wzgledu na rézne skojarzenie tasm ze strumieniem uzwojeni, & — szczelina powietrzna
rozproszenia, nie sg jednakowe. Jezeli przyjmiemy ze
reaktancia Xi > Xz > Xs > X, to poptyng prady
wyrownawcze |y < lw2 < lwz < lwn. Wyréwnanie reaktanciji
poszczegdlnych warstw uzwojenia mozna uzyskaé przez
transpozycje tasm.

w przypadku uzwojen transformatorow
konwencjonalnych wykonanie transpozycji nie stwarza
wiekszych trudnosci [2]. Natomiast wykonanie ,klasycznej,
transpozycji tasm nadprzewodnikowych jest w zasadzie
niemozliwe ze wzgledu na ich wiasciwosci mechaniczne
oraz proporcje w szerokosci i grubosci tasmy.

Obecnie najwigksze nadzieje na ograniczenie prgdow
wyrownawczych w uzwojeniach nadprzewodnikowych
transformatoréw wigze sie ze stosowaniem przewodu CTC

kabla polega na odpowiednim uksztattowaniu i ztozeniu
(zapleceniu) pakietu réwnolegtych tasm
nadprzewodnikowych (wczesniej odpowiednio wycietych),
ktorych liczba w pakiecie zalezy od wymaganej wartosci
pradu krytycznego przewodu oraz spodziewanej wartosci
pradu krytycznego kabla [4].

.Bazowe” tasmy nadprzewodnikowe wykonane z
nadprzewodnika HTS 2G o szerokosci 12 mm lub 40 mm i
grubosci 0,1 mm — 0.2 mm tnie sie na odpowiednio
uksztattowane wezsze ,tasiemki” o szerokosci 2 mm lub 5
mm. Prad krytyczny tasmy o szerokosci 5 mm wynosi okoto
100 A, a tadmy o szerokosci 2 mm — okoto 50 A.

Aby uzyskaé¢ kabel Roebela o pradzie krytyczny 1000 A
nalezy uzy¢ 10 tasiemek o szerokosci 5 mm (kabel 10/5)
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lub 20 tasiemek o szerokosci 2 mm (kabel 20/2). Dla innych
wartosci pradu krytycznego liczba tasiemek w kablu bedzie
inna. Rysunek 2 przedstawia strukture kabla Roebela 5/5, o
pradzie krytycznym 500 A, a rys. 3 kabla 10/5, o pradzie
krytycznym 1000 A. Rysunki te poza tym dobrze obrazujg
idee statego przeplotu (transpozycji) tasm.

e 0

Rys. 2. Kabel Roebela 5/5 — 500 A. Kolorami oznaczono uktad
poszczegolnych tasiemek w kablu

Rys. 3. Kabel Roebela 10/5 — 1000 A

Ze wzgledu na wymagania technologiczne stawiane
procesowi ciecia tasmy bazowej oraz procesowi ciggtej
transpozyciji, a takze ze wzgledu na duze straty w materiale
tasmy bazowej podczas ciecia, cena kabla Roebela jest
wysoka. Przyktadowa cena 1 metra kabla Roebela 10/5 (10
tasm / 5 mm szerokich — fgczna szerokos$¢ kabla — 12 mm)
0 pradzie krytycznym 1000 A wynosi okoto 3000 USD (dane
producenta). Z tego wzgledu kable te nie sg powszechnie

dostepne i produkowane sg tylko na zamodwienie.
.Tradycyjne” nawiniecie uzwojenia transformatora
pakietem tasm  nadprzewodnikowych potgczonych

réwnolegle jest rozwigzaniem znacznie tanszym. Liczba
tasm w pakiecie zalezy od pradu krytycznego uzwojenia, a
zatem od warto$ci pradu krytycznego zastosowanych tasm
HTS. Za takim rozwigzaniem przemawia cena tasm
nadprzewodnikowych 2G, ktdra jest kilkakrotnie mniejsza
od ceny kabla Roebela.

W tablicy 1 podano liczbe wybranych tasm HTS 2G,
produkcji SuperPower Inc o szerokosci 4 mm i 12 mm
dedykowanych na uzwojenia transformatorow
nadprzewodnikowych, potaczonych réwnolegle w celu
nawiniecia uzwojenia na prad krytyczny 1000 A, grubosc
pakietu tasm oraz cene jednostkowg takiego pakietu .

Tablica 1. Liczba tadm w pakiecie, grubos¢ i cena pakietu o pradzie
krytycznym 1000 A

Liczba tasm Grubo$¢ pakietu Cena

Tasma potaczonych t?sé“ @ pakietu
réwnolegle uwzglednieniem tasm,

izolacji), mm usD/m
chslggio 10 15 850
SF1460(J52\ @ 10 11 650
SgﬂS3%)%O§O 4 06 -
ES © 4 05 460

Grubos¢ kabla Roebela 10/5, 1000 A — okoto 2 mm
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Aby catkowicie wyréwna¢ rozptyw pragdu w tasmach
HTS 2G, potagczonych réwnolegle, konieczne jest
opracowanie technologii ich fgczenia przy uzyciu
specjalnych tgcznikéw — transpozycjoneréw, ktére pozwolg
na swobodne taczenie tasm pomigedzy warstwami.
Dotychczasowe analiza zjawisk, zachodzacych w
uzwojeniach nadprzewodnikowych transformatorow
energetycznych, rozwazania teoretyczne, a takze
doswiadczenie autoréw w tgczeniu tasm
nadprzewodnikowych oraz wykonywaniu uzwojen urzadzen
nadprzewodnikowych  (elektromagnesy, transformatory,
ograniczniki prgdu zwarcia) prowadzi do hipotezy, ze
sprzeplecenia tasm” mozna zrealizowa¢ poza zwojami
uzwojen  przez transpozycjonujgce faczniki. Idee
transpozycjonowania tasm HTS potaczonych réwnolegle
przedstawia rys. 4

o i o T o

1 1 2 1| 2| 3 1l 2| 3 4 1 2] 3| 4 5

< <| < <l <| < <|< <] < <l ||« <

(=3 o o (=3 (=3 (=] =3 E=] (=3 (=] o|lo|o (=3 (=]

2y S2YSY SyYSyy SysSysSyy SYSySySy <y
e | [ [ | [l
2l 1 3] 2 1 al 3| 2| 1 5| 4[3] 2|1

o I o i o

a b e

Rys. 4. ldea zastosowania transpozycjoneréw (tp.) tasm HTS 2G
potagczonych réwnolegle (b — e): a — pojedyncza tasma HTS o
pradzie krytycznym 100 A

Liczba i miejsce umieszczenia tgcznikéw zalezy od
parametrow, wymiaréw i ksztattu uzwojen. Rozmiar i ksztait
tacznika oraz liczba ,realizowanych” przeplecen zalezy od
miejsca jego umieszczenia oraz liczby tasm potgczonych
réwnolegle, a takze ich szerokosci (4 mm lub 12 mm) i
wartosci pradu krytycznego.
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OVERCURRENT CHARACTERISTICS
OF SF4050 2G SUPERCONDUCTING TAPE

Leszek JAROSZYNSKI, Dariusz CZERWINSKI

Lublin University of Technology, Institute of Electrical Engineering and Electrotechnologies

Abstract. Authors made measurement for the SF4050 high-Tc superconductor coated tape produced by SuperPower Inc. The measurements were
performed for the AC current amplitudes exceeding the critical value of this tape. The numerical model of the tape was build using PSpice
environment. The model assumes the nonlinearities of tape parameters as the functions of temperature, as well as the variable cooling conditions
during transient state. Simulation results were compared with measurement data.

Streszczenie. Autorzy przeprowadzili pomiary dla tasmy nadprzewodnikowej SF4050 produkowanej przez SuperPower Inc. Badania wykonano dla
pradu zmiennego o amplitudach przekraczajgcych warto$¢ krytyczng pradu tasmy. Przy wykorzystaniu Srodowiska PSpice zbudowano model
numeryczny uwzgledniajgcy nieliniowos$¢ parametrow tasmy i warunkéw chtodzenia. Wyniki symulacji poréwnano z danymi pomiarowymi.

Keywords: high temperature superconductor, HTS coated tape, superconducting fault current limiters, quench propagation.
Stowa kluczowe: nadprzewodnik wysokotemperaturowy, tasma nadprzewodnikowa drugiej generacji, nadprzewodnikowy ogranicznik

pradéw zwarciowych, propagacja strefy rezystywne;.

Introduction

Advancements in the manufacturing of the second
generation (2G) high-T¢ superconductor coated tapes,
allows for the production of superconducting fault current
limiters (SFCL) of unique characteristics. The analysis of
the phenomena in YBCO coated conductors during
transient state is very important for the reliable operation of
superconducting device. A study of transient voltage
responses in HTS materials has been performed in the past
twenty vyears; transitions of thin YBCO films from
superconducting to resistive state and back induced by a
current pulse have been observed [1]-[3].

In our earlier research we developed efficient PSpice
models for bulk HTS components and first generation (1G)
tapes used for SFCLs [4-6]. Then, we modified the model
for 2G HTS coated conductors [7]. Emphasis was put on
the temperature dependent material parameters and the
heat exchange in LN, bath for currents higher than the
critical value. In this paper we continue the verification of
this approach and we compare simulation results and
laboratory data for SF4050 2G HTS tape produced by
SuperPower Inc.

Measurements

The HTS layer thickness in the SF4050 tape is around
1um, what gives relatively high critical current value
ranging from 110 A to 115 A at 77 K (self-field). Substrate is
made of nonmagnetic metal alloy — Hastelloy C276. This
tape has no copper stabilizers. Basic tape parameters are
shown in Table 1.

Table 1. The parameters of the SF4050 tape

Parameter Value

Tape width 4 mm

Tape thickness 55 uym
Critical current at 77 K (DC, self-field) 110-115 A
Critical temperature 93 K

HTS (Re)BCO layer thickness 1pum

Silver overlayer thickness (upper/lower)) 2.0/1.8 um
Buffer stack thickness 0.2 ym
Substrate (Hastelloy C276) thickness 50 um
Substrate resistivity 125 pQcm
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The experiment involved voltage measurements on the
probes soldered to the HTS tape (7 probes spaced 2 cm, 6
tape segments) when it was supplied for a short period of
time with AC current greater than the critical value. The
tape was immersed in liquid nitrogen bath (LN2) under
atmospheric pressure. The voltages were measured
differentially on each of tape segments (Fig.1).

NI DAQ 6212 acquisition card

voltage

probes
on 1-6 tape
segments

current
measurement

shunt
resistor

Iy

=
~
~

SF4050 HTS tape

Computer
controlled
supplying system

computer
~ . controlled

short-circuit

switch

-
v load
resistor

Fig.1. Measurement arrangement of HTS tapes

Test stand, shown in Fig.2, consists of three main
elements: examined tape, data acquisition stand and
supplying system. The SF4050 tape with soldered
measuring probes is placed in the liquid nitrogen bath (1).
Computer controlled supplying system (3) allows for
automatic switching of the supply voltage and for the
computer control of current amplitude. Data acquisition
stand (2) contains: National Instrument DAQ Card, PC
computer and data acquisition software written in LabView
environment.

Before the overcurrent test, current of low value was
passed through the tape for the observation of waveforms
in steady state. After this, the overcurrent switch was turned
on automatically by computer controlled supplying system.
The amplitude of the quench current was also set in the
supplying system. Current and corresponding voltage
waveforms were recorded for supplying current higher than
the critical value.



Fig.2. Test stand for measuring the overcurrent response of the
tape: 1 — HTS 2G tape in LN, bath, 2 — data acquisition, 3 —
computer controlled supplying system

For the tape batch the manufacturer reported the critical

current value 1c=113 A. The exemplary measurement
results are presented in Fig.3.
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—<— Segment 3
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+ 100
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Current (A)

+-100

-200

02
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Fig.3. Voltage and current waveforms for tape segments that lost
stability (In/1c=1.584)

Numerical model

HTS coated tape simulations for SFCL devices can be
performed with the use of FEM. The ratio of thickness of
superconducting layer to HTS tape width can be high as
1:10000. These extremely thin subdomains are very difficult
to mesh and to analyse using finite element method [8]. In
this case, computer simulation of the SuperPower 2G HTS
tape was completed using PSpice and its analogue
behavioural modelling blocks. Non-linear components were
built of voltage- and current-controlled sources [4-7].

Electric properties of the SF4050 tape may be described
in a simplified form as shown in Fig. 4.

i Ag R(T)_Ag
I
|4
i tape | i HTS R(i,T)_HTS
i_sub R_sub

st |

|4
v_tape

Fig.4. Equivalent circuit of the HTS tape
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Equivalent circuit of a single tape section consists of two
non-linear resistors representing high temperature
superconductor and silver over-layer and the linear resistor
of the substrate. YBCO buffer stack was not considered
here.

Resistivity of the silver over-layer is considered as
temperature-dependent. Hastelloy resistivity is stable in
wide temperature range and its temperature dependence is
ignored.

Neglecting magnetic field influence,
properties can be described by equation (1).

HTS electric

@ E(J) =Ec[3/3cMD

where: E — electric field strength, Ec — constant (transition
criterion for HTS), J — current density, Jc — temperature
dependent  superconductor critical current density,
n — temperature dependent power law n-exponent.

The tape cooling rate was determined by the different
modes of liquid nitrogen boiling i.e.: nucleate, transition and
film boiling.

Conclusion

The simplified approach makes the model fast and
reliable as well. The numerical results show very good
compatibility with the measurements made for SF4050
tape. The applied model is versatile and may represent,
after simple parameter modifications, other types of YBCO
coated conductors and superconducting coils built of 2G
HTS in some cases.
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CONDUCTED ELECTROMAGNETIC DISTURBANCES CAUSED
BY THE IGNITION ELECTRODE OF THE GLIDARC PLASMA
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Streszczenie. Artykut przedstawia zagadnienia zwigzane z przewodzonymi zaburzeniami elektromagnetycznymi jakie emitujg wytadowania elektrod
zaptonowych reaktora plazmowego typu GlidArc. Na wartosci emitowanych zaburzen elektromagnetycznych mogg mie¢ wptyw rézne parametry
pracy reaktora oraz parametry zasilania reaktora w tym w szczegélno$ci zaburzenia pochodzgce od elektrod zaptonowych. W pracy
zaprezentowano rézne pomiary napie¢ zaburzeri przewodzonych na liniach zasilajgcych reaktor plazmowy.

Summary. The article presents issues connected with conducted electromagnetic disturbances, which emit ignition electrode discharges of a
plasma reactor type GlidArc. Various parameters of the working reactor as well as power of the reactor including especially disturbances coming
from ignition electrodes can have an influence on numbers of emitted electromagnetic disturbances. The paper presents different measurements of

voltage disturbances conducted in the plasma reactor power lines.

Keywords: Electromagnetic compatibility, conducted electromagnetic disturbances, plasma reactor, arc discharges.
Stowa kluczowe: Kompatybilno$¢ elektromagnetyczna, zaburzenia przewodzone, reaktor plazmowy, wytadowania tukowe.

Introduction

Plasma reactor with sliding arc discharge called also as
GlidArc is a generator of non thermal plasma. Plasma is
produced by discharges, which occur between working
electrodes of the reactor [1].

Side view

of ggs flow |

Diréction

~ 71 Arc extinguishing
i zone

Top view

| _— Gliding arc

3 working

7 electrode

Ignition
electrode

| Arc ignition zone

1 —

Power supply

Gas inlet
Fig.1. The diagram of plasma reactor type GlidArc

Discharges between electrodes are serial and their
initiation frequency depends on many parameters of
working reactor, such as the speed of working gas flow,
voltage of working electrodes and the shape of electrodes.

In order to lower the voltage on working electrodes
needed to initiate the arc we need to apply additional
ignition electrode, which ionizes the working gas between
working electrodes.

Discharges produced on ignition electrode are also the
source of conducted disturbances. For this reason we need
to take them into account during reactor measurement in
the scope of electromagnetic compatibility.
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Measurement of voltage conducted disturbances

Measurements of voltage conducted disturbances were
carried out on the system presented on picture number 2.
Two line impedance stabilization network were connected
to the system, one triphase in the system of working
electrodes and monophase in the ignition electrode system.

The system of working electrodes was supplied with
three separate transformers, and ignition electrode was
supplied with a single high voltage. In the power supply
system of both working electrodes and ignition no additional
electronic elements were used, which as a result could
affect the values of measured voltage disturbances.

Fig.2. Measuring system of voltage conducted disturbances of
plasma reactor type GlidArc

Line impedance stabilization networks fulfiled the role
both filter, which made it impossible to flow the voltage
disturbances from the external energy network to
measuring system and measuring system to connect
measuring device.



Measurings were done with out of order electrodes, and
discharges inside the reactor came solely from ignition
electrode system. Moreover, circuit diagram in power
supply ignition electrodes system was changed. The same
situation happened with the value voltage of their power
supply and the value of air flow in column reactor.

Measurements were mostly carried out with the use of
quasi peak and average detector worth with observation
time of one second and 9 kHz filter. Due to long time of a
single observation, measurements were carried out on
selected frequencies from the full measuring scope from
150 kHz to 30 MHz.
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Fig.3. Values of voltage disturbances on the line powering working
electrodes L1

For a better depiction of voltage disorders level, on
picture number 3 we can see the values of measured
voltage disorders with electrodes both working and ignition.
Moreover, on this picture acceptable disturbances values
for industrial environment specified by harmonized norm are
marked [2].
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Fig.4. Values of voltage disturbances on the power supply line L1

(working electrodes) with working only ignition electrode
(monoelectrode system)
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Fig.5. Values of voltage disturbances on the power supply line L
(ignition electrode) with working only ignition electrode
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Conclusions

Measurements of voltage conducted disturbances on
lines powering the plasma reactor type GlidArc both in
working system and ignition indicates that acceptable levels
specified by environmental norm are significantly exceeded
[2]. These values are exceeded both with working reactor
and with working only ignition electrodes. The level of
voltage conducted disturbances depends on the place of
measurement of disturbances on powering lines, ignition
electrodes system and the value of ignition electrodes
powering voltage and the flow of working gas.

Before putting the plasma reactor into operation, values
of voltage conducted disturbances need to be measured in
laboratory or at the place where it was installed — as a
stationery installation [3]. As presented results show the
measurements of voltage conducted disturbances coming
from only discharges designed solely to ionize the working
gas are slightly of a lower value than the levels of
discharges coming from plasma reactor working. Such
information needs to be taken into account both when
designing the elements lowering values of voltage
conducted disturbances and In the course of its further use.
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Abstract. We present the possibility to study magnetic properties of thin magnetic films using Raman spectrometer. The method is based on the
observation of standing spin waves. Experimental data are presented for Si(111)[NiFe(2nm)/Au(2nm)/Co(0,8nm)/Au(2nm)]s multilayers which exhibit

perpendicular anisotropy of cobalt film and giant magnetoresistance.

Streszczenie. Przedstawiamy mozliwo$¢ badania wiasciwo$ci magnetycznych cienkich warstw metali ferromagnetycznych za pomocg spektrometru
ramanowskiego rozpraszania $wiatfa. Metoda opiera sie na obserwacji stojacych fal spinowych. Przedstawiono wyniki eksperymentu dla struktur

Si(111)[NiFe(2nm)/Au(2nm)/Co(0.8nm)/Au(2nm)]s charakteryzujgcych si¢ prostopadtg anizotropig warstwy kobaltu,

gigantycznego magnetooporu.

oraz wystepowaniem

Keywords: standing spin waves, magnetic multilayers, giant magnetoresistance.
Stowa kluczowe: stojgce fale spinowe, wielowarstwy magnetyczne, gigantyczny magnetoopoér.

Introduction

Magnetic  multilayer  structures  exhibiting giant
magnetoresistance (GMR) and perpendicular anisotropy
attract much attention due to possibility to apply them
commercially in high density data storage devices and
magnetic field sensors. In particular, an increasing attention
is devoted to [NiFe/Au/Co/Auln multilayer systems, where
the NiFe(2nm) layer exhibits parallel anisotropy, the
Au(2nm) layer provides weak interlayer coupling and the
Co(0.8nm) layer exhibits perpendicular anisotropy [1,2].

Magnetic properties of thin films were investigated in
the past by Brillouin light scattering and spin wave
resonance [3]. However, these methods are limited to small
wave vector [3]. It was predicted theoretically, that
measurements of large wave vector spin waves would allow
determination of microscopic quantities [4]. So far, large
wave vector spin waves were investigated by magnetic
neutron scattering, however, interaction of neutrons with
spin waves is to weak to measure thin magnetic films. The
most recent publications on the topic present experimental
data which shown that with the spin-polarized electron
energy loss spectroscopy, by measuring scattering on
standing spin waves, it was possible to determine exchange
coupling constant of thin cobalt film [5,6].

Experimental details
[NiFe(2nm)/Au(2nm)/Co(0,8nm)/Au(2nm)]s  multilayers
were deposited onto Si(111) substrate using molecular
beam epitaX)é in an ultra-high vacuum chamber (base
pressure 10™ mbar range; from PREVAC). The deposition
rates, calibrated using quartz microbalance (Maxtec), were
0.05 nm/s, 0.06 nm/s, and 0.05nm/s for NiFe, Au, and Co,
respectively. Giant magnetoresistance was measured using
four-point probe (home made) in a current-in-plane
geometry. The magnetic field range was H=+2 T. Magnetic
force microscopy (MFM) studies were performed in air
using easyScan 2 AFM system (from Nanosurf) operating in
MFM dynamic mode. The maximum scan area was
10x10um®. Raman light scattering spectra were recorded at
room temperature using inVia Raman microscope (from
Renishaw) operating in a 180° backscatter geometry. The
excitation wavelength was 785 nm. Dielectric edge filter
allowed to record Raman spectra from 100 to 3200 cm™.
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Results and discussion

The GMR(H) data obtained for multilayers
[NiFe(2nm)/Au(2nm)/Co(dco)/Au(2nm)]s grown on Si(111)
substrate are plotted in Figure 1. For perpendicular
anisotropy of cobalt film (dc,=0,8nm) in remanence, the
demagnetization field, originating from each of the magnetic
stripe-like domains of cobalt, causes a shift in the local
magnetic torque of NiFe layer. This leads to a reduction in
effective angle between the magnetic moments of the
layers and reduces the magnetoresistance. At the value of
magnetic field, in which the magnetic stripe domains of
cobalt sublayers are nucleated or annihilated, characteristic
growth of magnetoresistance, which value depend on direct
changing of magnetic field, is observed. In the magnetic
field range exceeding +1T only the NiFe contribution is
observed. The inset presents a 5x5 um2 MFM image of
phase contrast in dynamic mode MFM (the tip sample

distance was 65 nm). Stripe-like magnetic domain structure
was observed.
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Fig.1 Room temperature giant magnetoresistance for
perpendicularly  applied magnetic field measured for

[NiFe(2nm)/Au(2nm)/Co(dco)/Au(2nm)]s on Si(111).



The Raman spectrum obtained for
[NiFe(2nm)/Au(2nm)/Co(dco)/Au(2nm)]s multilayer on
Si(111) is presented in Figure 2. The first, second, and third
order Raman optical modes of Si substrate yields energy
519 cm™, 950 cm™, 2500 cm™ respectively. The peak
observed around 301 cm™ arises from second order Raman
scattering by transverse acoustic phonons also of Si
substrate. Based on the literature, other excitations could
originate from standing spin waves [4-6].
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Fig.2. Raman spectra obtained at room temperature
[NiFe(2nm)/Au(2nm)/Co(0,8nm)/Au(2nm)]es on Si(111).
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Conclusions
We present an accessible metod to determination of
microscopic quantities in ultrathin magnetic films. This

38

metod is based on observation of high energy and high
wave vector standing spin wave modes using Raman
spectrometer in comparison to theoretical studies [4], and
the results of experiments [5,6].
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Abstract. The aim of the study was to determinate charge distribution in the PVDF nanocomposites with organically modified clay based on
motmorillonite. Sample microstructure investigation revealed that the addition of organoclay can induce the piezoactive crystal phase — 8-PVDF in all
prepared composites.The results of space charge measurements made by the electrically stimulated acoustic wave method (ESAW) have shown the
differences in space charge value and distribituion between the pure PVDF and its composites.

Streszczenie. Celem prezentowanej pracy byto okre$lenie rozktadu fadunku przestrzennego w nanokompozytach PVDF z dodatkiem napetniaczy w
postaci organicznie zmodyfikowanego montmorylonitu. Wyniki pomiaru fadunku przestrzennego, wykonane metodg elektrycznie stymulowanej fali
akustycznej (ESAW), wskazujg na réznice w warto$ci i rozktadzie tadunku w czystym polimerze PVDF i nanokompozytach na jego bazie.

Keywords: ESAW method, electret, montmorillonite, nanocomposite.
Stowa kluczowe: metoda ESAW, elektret, montmorylonit, nanokompozyt.

Introduction

Analysing scientific publications in recent years can be

seen that one of the most intensively studied groups of
materials is now composite materials.
It has long been known ceramic, polymer and ceramic-
polymer composites, but a new group of materials —
nanocomposites has attracted a great interest of late. The
addition of various kinds of nanoparticles significantly
changes the physical and chemical properties of the
composite. They differ from these using conventional fillers.
Nanocomposites can exhibit an exceptionally high thermal
conductivity, a very good electrical conductivity, high
thermal and chemical stability or very good mechanical
properties [1, 2]. One can also obtain materials having high
non-flammability.

A particularly interesting group of nanocomposites are
polymers with the addition of inorganic nano-fillers,
organically modified. Properties of these compounds are
closely related to the properties of the base polymer. They
have been used, for example in the automotive industry for
the production of extremely high mechanical strength car
parts [3, 4].

One of the intensively investigated nanocomposites is
polyvinylidene fluoride (PVDF) with organically modified
clay - montmorillonite. The first data on the composites
obtained on the basis of PVDF polymer with nanofillers
were published by Priya and Jog [5]. According to previous
experience and literature, the addition of
organomontmorillonite  (OMMT) into polymer matrix
influences not only physical and mechanical properties of
the material but also has significant effect on the
crystallization. The presence of clay particles causes
preferred orientation of polymer chains thus imparting
anisotropy to the material. In the presence of nanofillers
PVDF crystallized in desired B phase. The content of this
phase is greater than in the unmodified polymer. The
presence of this phase is responsible for the piezo-, pyro-
and ferroelectric effect of polymer and thus has the greatest
impact on the application of the material for the construction
of various types of sensors and transducers [6].
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The subject of the research presented in the paper are such
composites manufactured on the basis of PVDF with
organoclay fillers.

Sample preparation and characterization

Polymer composites with nanofillers were prepared in
the Polymers Engineering and Technology Division at the
Wroclaw University of Technology.

Composites based on poly(vinylidene fluoride) with 5 wt.%
organoclay (OMMT) were prepared in extrusion process.
For the testing three types of samples were prepared
(denoted as R1, R2, R3) and a reference sample (neat
PVDF). All composites were prepared based on poly
(vinylidene fluoride) but with different type of nanofillers.
Changes in supermolecular structure of the composites
after the addition of nanoparticles were studied by Wide-
Angle X-ray Scattering (WAXS). Results revealed that the
addition of organoclay induced the piezoactive crystal
phase — 3-PVDF in all prepared samples.

For the preparation of electrets from polymer with
nanofillers corona discharge method at an elevated
temperature was used. For all tested composites the same
polarization parameters were applied: t=15 min, Up in the
range of -9 kV to -6kV, T,=60°C ). Application of electric
field during polarization process allowed dipole alignment.

Experimental

In this work determination of the spatial charge
distribution in all tested composites was carried out using
electrically stimulated acoustic wave (ESAW) technique.
This non-destructive method was originated by Takada,
Maeno and co-workers [7,8]. The measurement procedure
used during experiment is described in detail in works [9,
10].
Measurements were made on samples which were a two-
layer system: polarized and unpolarized film is connected
with a thin layer of silicone grease. The samples were
placed in the measuring chamber. The pressure wave
generated by step voltage propagated through the sample
was detected by PVDF thin foil detector. Electrical signals



generated in PVDF transducer were measured using digital
oscilloscope. Then mathematical calculations necessary in
the processing of the recorded voltage signals were
applied.

Results

The example of space charge profiles obtained after the
numerical analysis of electroacoustic signals recorded for a
sample of pure PVDF and one of nanocomposites are
depicted in in Fig. 1 and in Fig. 2, respectively.
The presented curves show space charge distribution (qy )
through the sample thickness (d) and dependence charge
profiles on applied step voltage (us) and polarising voltage

(Uo).
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o ujtU, = +1,0kvV
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Fig.1. Space charge density profile for a neat PVDF
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Fig.2. Space charge density profile for a PVDF sample with
organoclay nanofiller (nanocomposite R2)

Conclusions

The results of research carried out lead to the following
conclusions:
It is possible to achieve an electret state in the
composite structure of PVDF polymer with organoclay
nanofillers.
For the polarization of a new type of nanocomposites
corona discharge at elevated temperature can be
applied;
The method of electrically stimulated acoustic wave
(ESAW) allowed to investigate the spatial charge
distribution in polymer composites with nanofillers in
the form of organoclays;
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e Space charge distribution is different for tested samples

and depends on the type of filler used in
nanocomposites;

In the nanocomposites with a commercial filler (sample
R2) the highest value of the accumulated electric
charge was observed;

The shape of curves (with many of irregularities)
depicting the spatial charge distribution as a function of
the sample thickness shows a large influence of
interphases on charge accumulation and distribution
inside the polymer nanocomposite material.

Studies on the distribution of electric charge in polymer

with the montmorillonite nanofillers, as indicated by the
literature, have not yet been performed. The results of work

seem to be promising and may provide a basis for further
research carried out in the future.
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Institute of Electrical Engineering Fundamentals, Wroctaw
University of Technology.
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Abstract. The work presents the influence of the Zr and Ce oxides doping into BiSrCaCuO ceramic superconductors on their critical parameters.
Metal oxides were added in sol-gel form. The basic physical low-temperature properties of obtained samples have been studied. The optimal
concentration of Zr-Ce, for which the critical parameters reached the highest values, was determined. However, even the sample with optimum
content of Zr-Ce dopant has shown worse superconducting properties compared to the pure superconductor.

Streszczenie. W pracy przedstawiono wptyw dodatkow tlenkéw Zr i Ce na parametry krytyczne nadprzewodnikéw ceramicznych typu BiSrCaCuO.
Tlenki metali dodawano w postaci zol-zelu. Wskazano optymalne stezenie Zr i Ce, dla ktérego parametry krytyczne majg najwyzsze wartosci.

Keywords: superconductor; critical current; BiSrCaCuO
Stowa kluczowe: nadprzewodnik; prad krytyczny; BiSrCaCuO

Introduction

The common problem for high temperature ceramic
superconductors is their relatively low value of critical
current density [1-5]. This fact is related to the granular
microstructure of these materials. They are built of weakly
connected grains between which there are regions of low
superconductive  properties. This causes important
problems for supercurrent flow and decreases the value of
critical current density.

There are many methods that can be applied for
improvement of transport superconducting properties of
ceramic materials. One of them is silver addition in the
appropriate  amount. Silver atoms locate between
crystallites of base superconducting phase improving
connection between them and their crystal order.

In the previous works we pointed that the addition of
silver or some metal oxides strongly affected the jc value of
YBa,CuzOx superconductors. For technology and practical
applications the materials with higher critical temperature
than superconductors from Bi-Sr-Ca-Cu-O system are more
interesting. In the presented study the Zr and Ce oxides
were choosen as admixtures for Bi-based superconductors.
In order to facilitate the penetration of the oxides into the
superconducting BiSrCaCuO material and surrounding of its
particular grains they were added in the sol-gel form.

Sample preparation

For the experiment the samples of Bi,Sr.CaCu,Oy with
critical temperature T,=80-90 K were prepared. The main
reaction was carried out from precursors (Bi2Os, SrCuOs,
CaCuOs and CuO) at temperature of 800°C for 8 h and at
860°C for 48 h.

The additional metal Ce and Zr admixtures were
prepared in sol-gel form. Ce(NOj3)s*6H.O was solved in
HNOs; and ethyl glycol. Similar procedure was applied for
Zr. Both components were mixed with powder of base
BiSrCaCuO phase. The samples were sintered at 850°C for
various times in the range 198-396 h.

Measurements of superconducting properties

The obtained samples were tested by measurements of
their voltage-temperature U(T) and voltage-current U(l)
characteristics at fixed liquid nitrogen temperature (77 K).
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Measurements were carried out by four-point method. The
results of critical temperature T¢, transition width AT. and
critical current density j. for all samples are collected in
tab. 1.

Table 1. Properties of samples: critical temperature T, transition
width AT, and critical current density jc

Sample P1 P2 P3 P4 P5 P6
T, [K] 102.0 | 20.2 [ 1035 [ 855 | 101.0 | 86.0
AT, [K] 15.0 [ 305 | 17.0 9.0 22.0 | 9.0
jc [Acm™] 36.0 | 70.4 | 12.0 | 11.0 | 28.0 | 05

Conclusions

The addition of Zr-Ce oxides into BiSrCaCuO ceramics
in a meaningful way affects their superconducting
properties. With the increase in Zr-Ce concentration the
basic critical parameters (T, AT, jc) are subjected to
noticeable changes.

For both T. and j. parameters there is the optimal
concentration of Zr-Ce admixtures for which they reach
maximum values. This maximum exists for 3.3% wt. ZrO»-
CeOs content. At this point critical temperature is T¢=103 K
and critical current density is j=18 Acm?. The further
enhancing of admixture concentration leads to decrease in
both T¢ and j. values.

The characteristic feature of doped samples is the
evident sensitivity of their T. values on doping
concentration.  Critical temperature decreases with
increasing of Zr-Ce concentration. The only exception is
sample with 10% wt. Zr-Ce. Its T. is relatively large. It can
be caused by longer time of annealing. This fact is
confirmed by increasing j. value after additional annealing.
It can be connected with further forming of chemical stable
superconducting phase in Bi-Sr-Ca-Cu-O system.

Unfortunately, critical parameters of modified samples
are worse than for superconductors without admixtures.
Nevertheless, it seems that the properties of doped
superconductors can be improved as a result of
optimization of other preparation conditions such as
annealing time and temperature.
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ANALYTICAL ANALYSIS OF HTS TRANSFORMER
INRUSH CURRENT

Grzegorz KOMARZYNIEC
Lublin University of Technology

Abstract. In this study we analyzed the inrush current of a one-phase superconducting transformer. We presented relations describing unidirectional
current in two states of winding’s functioning: superconductive state and resistive state. The relations were given for inrush current flow measured for

HTS transformer of 8.5 kVA power.

Streszczenie. W pracy dokonano analizy pradu wigczania jednofazowego transformatora nadprzewodnikowego. Podano zalezno$ci opisujgce prad
Jjednokierunkowy dla dwdch stanéw pracy uzwojenia: stanu nadprzewodzenia i stanu rezystywnego. Podane zaleznosci odniesiono do przebiegu
pradu wigczania uzyskanego z pomiaréw transformatora HTS o mocy 8,5 kVA.

Keywords: inrush current, superconductivity, transformer

Stowa kluczowe: prad wigczania, nadprzewodnictwo, transformator.

Introduction

Value and decay time of inrush current in no-load
transformer depend on transformer’s electric and magnetic
features, the power network impedance, and the initial
conditions while switching the transformer on, that is
instantaneous value of the voltage and core magnetization.

The flow of inrush current can be divided into two
constituents: 1) fixed component representing transformer’s
no-load current and (2) transient component. The transient
component appears with transformer’s core saturation and
it's the unidirectional current, described by the following
formula [1]:

R .
YSIH wt —cosawt +

(1) _ J2EX
T 72 LY
z (Rsin¢9+cos¢9je x(40)
X
) Z=yR*+X?
Bn - Bm B Br
3) cosezBi

m

where: R — transformer’s primary winding resistance, X —
reactance coil without the iron core, E — voltage, B, — core
saturation induction, By — rated induction, B, — residual
magnetism induction, w — pulsation.

Inrush current transient component. can be many times
higher than the transformer’s rated current and can cause a
variety of disadvantageous phenomena both in the
transformer and in the power network [2] [3]. The fixed
component makes for only a small percentage of the inrush
current and can be omitted.

HTS transformer inrush current

Formula (1) is correct, when transformer's primary
winding resistance is greater than zero (R>0). The
resistance causes reduction in the first inrush current
impulse and damping of the following.

In the case of superconducting transformer (HTS) its
primary winding resistance is greater than zero when the
superconductor goes into normal state. This occurs only
with significant transformer overloads. The transition is very
quick, but not discrete and it depends on the
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superconductor's material type (Fig. 1) [4]. Loss in
transformer's superconductive state occurs anytime a
critical parameter of superconductor is crossed, i.e. critical
temperature, critical field intensity or critical current density.

a: YBCO
b: YBCO+1 wt % BTO

t
I

200+ *

1200

1000 -

800+

600 -

4004

Resistivity (uf2em)

1
i
50 100 150
Temperature (K)
Fig. 1. Superconductor’s material characteristics for resistivity and
temperature

0

0 200 250

In HTS transformer’'s normal exploitation conditions the
superconductor is in superconducting state, so the winding
resistance equals zero (R=0). Formula (1) is reduced to the
following relation:

J2E

(4) i=——
X

It is concluded from relation (4), that in superconducting
state there is no damping of the transient component. The
unidirectional current has a set value, dependant on
winding’s reactance and momentary voltage value, as well
as residual magnetism induction at switching transformer
on.

In Figure 2 inrush current flow of a one-phase 8.5kVA
HTS transformer was presented [5].

With great inrush current values, when transient
component is greater than superconductor’s critical current,
transformer’'s windings lose superconductivity. It is
concluded from Figure 1, that at switching 8.5 kVA
transformer on, only the first impulse of inrush current
exceeds the critical current (I;=115A) of the superconductor
of which the windings are made. The impulse analysis is

(cosat —cosh)



presented in Figure 3. Points (a) and (b) marked on the
curve of unidirectional current i designate moments in time,
when loss in superconductive state and returning to it
happen respectively.
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Fig. 2. HTS transformer inrush current [6] [7]; | - critical current of
the superconductor, |, - rated current of the transformer

ot

0 3

Fig. 3. Course of inrush current unidirectional constituent

In range between —@ and —y and between « and &
unidirectional current does not exceed superconductor’s
critical current and the winding’s resistance equals zero
(R=0). In this range of angles unidirectional current is
described by formula (4). In range between —y to A
exceeding of critical current occurs and superconductor
goes into normal state. At point (a) there’s a discrete
increase in winding’s resistance (R>0) and unidirectional
current is described by formula (1).

In superconductor’s resistive state according to Joule’s
law amount of heat discharged by winding increases.
Unidirectional current effective value can be derived from

the relation:
1
Ao 2
| = EJ. i2dt
2 d-rle

where current i is described by formula (1).

Increase in winding’s temperature results in increase in
its resistance, according to this known relation:
(6) R =R, (L+0aAT)

So the force of unidirectional current damping is a
function of changes in winding’s temperature. In Table 1
HTS 8.5 kVA transformer’s winding resistance was given for
chosen values of temperature [8].

®)
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Table 1. HTS 8.5 kVA transformer’s winding resistance [8]

Superconductive Resistive state, Resistive state,
state, 77K 77K 293K
0.055-10° 0 0.594 Q 6.36 Q

Range of A (Fig.3) depends on temperature reached by
the winding, its thermal capacity and the capacity of cooling
system. For great values of unidirectional current A can
equal the & range. Winding's resistive state can persist. In
extreme case the superconductor might not get back into
superconducting state before another impulse of inrush
current occurs.

Conclusions

The above analysis of superconducting transformer’s
inrush current allows describing the course of unidirectional
current wave in superconductive and resistive state of
primary winding. From the formulas given the effective
current value in resistive state can be derived, and by the
same token the amount of heat discharged in winding can
be estimated.

The research was conducted in scope of the project "Analysis
of inrush current phenomenon and the phenomena related in
superconducting transformers". The project was financed with
means of National Science Center given with the decision no. DEC-
2012/05/D/ST8/02384
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MEDIUM VOLTAGE SUPERCONDUCTING
FAULT CURRENT LIMITER

Janusz KOZAK, Michat MAJKA

Electrotechnical Institute, Warsaw

Abstract. The superconducting fault current limiter (SFCL) is a device allowing for a more effective use of the existing power network infrastructure.
The limitation of short-circuit currents by the SFCL to safe levels will result in the network elements being susceptible to smaller electrodynamic and
thermal overloads. This paper presents the electrical scheme and design of the 15 kV class SFCL prototype.

Streszczenie. Nadprzewodnikowy ogranicznik pradu zwarciowego (NOPZ) jest urzgdzeniem pozwalajgcego na lepsze wykorzystanie istniejgcej
infrastruktury sieciowej. Ograniczenie przez NOPZ pradéw zwarciowych do bezpiecznego poziomu sprawi, ze elementy sieci bedg narazone na
mniejsze przecigzenia ciepine i elektrodynamiczne. W artykule przedstawiono schemat elektryczny i projekt prototypu NOPZ na napiecie 15 kV.

Keywords: Superconductivity, superconducting fault current limiter.

Stowa kluczowe: Nadprzewodnictwo, nadprzewodnikowy ogranicznik pradu zwarciowego.

Introduction

The fault current limiter (SFCL) introduces minimal
impedance to the power system under normal conditions
and high resistance during faults, limiting short circuit
current. The SFCL responds before the first cycle peak and
provides an effective means to limit excessive fault currents
to safe levels without the disadvantages of conventional
fault current mitigation methods. The SFCLs provide an
economic solution for protecting transformers, switchgear
and other components against excessive short circuit
currents in case of faults [1]-[8]. The application of a SFCL
leads to an increase of the allowable short-circuit power at
the point of connection of new power generating sources,
which is determined by the short-circuit parameters of the
power network. This, in turn, will result in an increase of the
capability of the power network for connecting distributed
generation energy sources based on renewable energy
sources. This will lead to the achievement of an
environmental effect of reducing CO, emissions.

The design of the SFCL

A design of a 1-phase inductive type superconducting
limiter is presented in Figures 1-4. The limiter was designed
to work in a 15 kV power system. Its main parameters are
presented in table 1. A three-winding superconducting fault
current limiter has two primary windings and one secondary
winding [1], [4], [5]. The primary winding, placed on the
outer ring, is made of a copper wire. The second primary
winding, placed in the inner ring, is made of a 2G
superconducting tape. The third winding is a shorted
secondary winding made of a 2G superconducting tape,
placed in the inner ring. The primary winding made of 2G
tape is connected in parallel with the copper primary
winding. All three windings are magnetically coupled. The
magnetic coupling between the 2G tape windings in the
inner ring is greater than the magnetic coupling between the
2G tape winding and the copper winding in the outer ring.
The limiter will be placed in a cryostat with an external
vacuum insulation and cooled in a liquid nitrogen bath
(Fig. 1). The cryostat of the limiter will be made of GFRP
(Glass Fiber Reinforced Polymer). It will be fitted with four
copper current leads (Fig. 1) to which the primary, both
copper and HTS, windings terminals will be connected. This
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will allow to record the distribution of currents in these
windings during short-circuit tests.

Ants . Acu

Cryostat

Fig. 1. Design of the SFCL (six identical units connected in series)

Primary HTS and secondary HTS windings structure

Primary Cu winding structure (outer ring)

Fig. 2. View of one unit of the SFCL



The limiter consists of six identical modules connected
in series (Fig. 1 - 4), which allows to lower the voltage of the
individual windings.

GFRP structure Primary copper winding Cul

Internal connections of the HTS windings

Primary HTS | and secondary HTS Il windings
Fig. 3. Structure cross-section of SFCL

Each module consists of two carcasses of different
diameters which are made of composite materials
reinforced with fibreglass. The copper winding will be
wound onto an external bobbin and the superconducting
windings on an internal bobbin. In each of the six modules
the primary copper winding has 36 turns and is connected
in parallel with two primary superconducting windings. The
primary superconducting windings have 12 turns each and
are connected in series. The secondary superconducting
windings consist of two shorted superconducting windings,
each with 12 turns. Both the primary and the secondary
superconducting windings are wound onto a single bobbin
in such a way that their turns are positioned one on top of
the other, which provides a very good magnetic coupling
between the windings and this, in turn, reduces the voltage
during the SFCL’s performance in nominal conditions.

Table 1. Parameters of SFCL

Parameter Value
Nominal voltage Un 15 kV
Nominal current In 140 A
Voltage on the limiter @ Iy Uscre <1V
Prospective peak current ipeak 40 kA
First peak limiting ip 4.7 kKA
Limitation time tiim 160 ms
Operating temperature T 77.4 K
Cryostat high H 1m
Cryostat diameter O.D. 0.85m
Copper winding diameter I.D. 0.578 m
HTS windings diameter I.D. 0.506 m
Number of copper turns Ncu 216
Number of primary HTS turns NHTS | 144
Number of secondary HTS turns NuTS I 144
Length of copper winding lcu 393 m
Length of primary HTS winding lutsi 229 m
Length of secondary HTS winding lursi 229 m

The primary copper winding will be wound using a 3 mm
X 6 mm copper wire. The superconducting windings will be
wound using the SF12050 superconducting tape with 2 ym
silver layer and a resistance of HTS tape 0.311 Q/m in
resistive state at 77.4 K [3]. The primary and secondary
superconducting windings are of the same length and have
the same number of turns. A Kapton tape will be used to
insulate the superconducting windings. Figure 4 represent
the connections of the windings of each of the six modules.
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b 2dles
3a N
HTS Il fos
(secondary HTS winding 2 x 12 turns)
36 2c
Cul 2bles,
HTS | 12
(primary HTS winding 2 x 12 turns) HTS 1
la ' 22
Acu enit 1 AHTS

Current leads
Fig. 4. One unit electrical connections of the SFCL

Conclusions

The developed design in which the superconducting
windings are wound simultaneously onto a single bobbin
allows to obtain a very high coupling factor between the
windings and minimize the leakage reactance of the limiter,
which minimizes the voltage in the limiter in the stand-by
state. In case of a 2-winding design in which the primary
copper winding is magnetically coupled with a secondary
HTS winding, there always occurs leakage reactance,
which causes losses in the stand-by state. The use of a
connection in parallel of a copper coill and a
superconducting coil in the primary winding protects the
short circuit from opening in case when the
superconducting tape is damaged. The fault current limiting
capability of a 3-winding limiter is determined mostly by the
impedance of the copper winding coupled in parallel with
the primary superconducting winding.

This work was supported in part by the National Centre
for Research and Development under Grant UMO-
2012/05/B/ST8/01837.
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Streszczenie W artykule przedstawiono wyniki badan eksperymentalnych analizy wplywu uzwojenia wtérnego ogranicznika, zwartego elementem
nadprzewodnikowym na parametry nadprzewodnikowych ogranicznikow pradu typu transformatorowego i przedstawiono wynikajgce z analizy
wnioski. Przedstawiono zasade budowy i dziatania nadprzewodnikowego ogranicznika pradu typu transformatorowego. Omoéwiono funkcjonalny
model fizyczny takiego ogranicznika.

Abstract. The paper presents the results of experimental research of the analysis of the impact of the secondary winding limiter, shorted with a
superconducting element, on the performance of superconducting current limiters of a transformer type and the conclusions from the analysis are
introduced. The paper presents the principle of construction and operation of superconducting current limiter of transformer type is presented.
Functional physical model of such a limiter is described.

Keywords: transformer type superconducting fault-current limiter, secondary winding impedance.
Stowa kluczowe: nadprzewodnikowe ograniczniki prgdu zwarcia typu transformatorowego, impedancja uzwojenia wtérnego.

Wprowadzenie Ogranicznik sktada sie z transformatora
Nadprzewodnikowe  ograniczniki  prgdu  zwarcia  konwencjonalnego 10 kVA z wtéornym  uzwojeniem
(superconducting fault current limiter, SFCL) skiadajg sie z  miedzianym zwartym elementem nadprzewodnikowym. Na
nieliniowych, nadprzewodnikowych elementéw o zmiennej rys.1l. przedstawiono idee budowy i dziatania
impedancji, wtagczanych szeregowo w obwdd elektryczny  nadprzewodnikowego ogranicznika prgdu zwarcia typu
[1]. Wykazujg one matg impedancje podczas pracy w transformatorowego. Ogranicznik ~ sktada sie z
warunkach znamionowych chronionego obwodu  konwencjonalnego transformatora z uzwojeniami
elektrycznego oraz duzg impedancje w warunkach zwarcia  miedzianymi  oraz elementu nadprzewodnikowego Ry,
w obwodzie chronionym. Szybki powrét zdolnosci do  zwierajgcego wtérne uzwojenie transformatora
ograniczania pradu po ustgpieniu zwarcia oraz dtugi czas  konwencjonalnego. Element nadprzewodnikowym jest
pracy przy niewielkich kosztach eksploatacyjnych to zwykle cewka, indukcyjna lub bifilarna, nawinieta tasma
podstawowe zalety ogranicznikow nadprzewodnikowych. nadprzewodnikowg HTS.
W tabeli 1 przedstawiono parametry modelu
Projekt i wykonanie modelu nadprzewodnikowego transformatora konwencjonalnego Cu.
ogranicznika zwarcia pradu typu transformatorowego

W Pracowni Technologii Nadprzewodnikowych w Tabela 1. Parametry modelu transformatora z uzwojeniami

konwencjonalnymi Cu [1]

Lublinie zostat zaprojektowany i wykonany funkcjonalny Parametry ransformatora

model jednofazowego nadprzewodnikowego ogranicznika Rdzeh magnetyczny zwijany ciety o przekroju 70 x 70 mm?’=

pradu typu transformatorowego [1]. 4900 mm? — RZC 70/ 230-70 By — 1,5 T
Ir— T T Przewdd nawojowy GN (pierwotne), mm Cu2x4
€ — E Przewdd nawojowy DN (wtérne), mm Cu2x4
MY\%— I Napigcie zwojowe, V/ zw 1,74
! = M Napiecie GN, V 230
| transformator Cu L2 I Napiecie DN, \V 115
Us g <# | Prad znamionowy uzwojenia GN 44
S | E 1|2 Prad znamionowy uzwojenia DN 88
[ = | Wymiary uzwojenia
| nadprzevrw{odniknwy B | a,. m 0,008 Iu . m 01132
! T g 3. m | 0,004 | lyon/lson M 0,513/0,424
| U eal N I b:, m | 0,0777 | Zwoje zgn / Zon 132/ 66
| __ _transformatorowego b, m 0,0655 | Warstwy mgn/ Mpn 4/2
r, m 0,0857 | Zwojéw / warstwe 33/33
Rys.1. Budowa nadprzewodnikowego ogranicznika pradu zwarcia 2, M 0,0695 | 5, m 0,01

typu transformatorowego [1]:
I, — prad strony pierwotnej transformatora, I, — prad strony wtérnej
transformatora, U; — napiecie strony pierwotnej transformatora,

Elementem nadprzewodnikowym jest cewka
nadprzewodnikowa sktadajgca sie z dwoéch niezaleznych

U, — napigcie strony wtérnej transformatora, uzwojet wi, wz nawinigtych na wspdlinym karkasie.
L; — indukcyjnos¢ wiasna strony pierwotne;j, Uzwojenia nadprzewodnikowe chtodzone sg w kapieli w
L, — indukcyjno$¢ wiasna strony wtérnej, Us — napigcie sieci, ciektym azocie. Parametry uzwojen nadprzewodnikowych
M — indukcyjno$é wzajemna uzwojen, Z, — obcigzenie, zamieszczono w tabeli 2.

R, — rezystancja ograniczajgcego elementu nadprzewodnikowego.
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Tabela 2. Parametry cewek nadprzewodnikowych w; i
wykonanych z tasmy HTS 2G SCS4050 [1]

W2

Parametr Uzwojenie 1 (w;) |[Uzwojenie 2 (w,)
Srednica zewnetrzna, m 0,068 0,066
Grubo$¢, m 0,001 0,001
Wysoko$¢, m 0,132 0,132
Liczba zwojéw 132 66
Indukcyjnosé, mH 1,72 0,4

Oba uzwojenia wykonano z tasmy nadprzewodnikowej
HTS 2G SCS4050 produkcji SuperPower. Jest to tasma o
szerokosci 4 mm i grubosci 0,055 mm, dwustronnie
laminowana miedzig, o prgdzie krytycznym I = 115 A.

Maksymalny prad Znamionowy uzwojen
nadprzewodnikowych réwny jest skutecznej wartosci pradu
krytycznego nadprzewodnika wynoszgcej 82 A.

Badania laboratoryjne modelu nadprzewodnikowego
ogranicznika pradu typu transformatorowego

Badania eksperymentalne przeprowadzono w celu
sprawdzenia mozliwo$ci ograniczenia pragdu zwarcia przez
ogranicznik pragdu typu transformatorowego oraz okreslenia
poziomu ograniczenia prgdu ze wzgledu na parametry
elementu nadprzewodnikowego (konfiguracja uzwojen
HTS) [1].

transformator separujacy

It

uklad |

regulator napiecia 14 kVA
230/0-230,81 A

DAQ USB-6212

&

oscyloskop

il 1 I
konfiguracja uzwojen HTS

Rys.2. Zwarciowy uktad pomiarowy nadprzewodnikowego
ogranicznika pradu typu transformatorowego [1]

Badania zostaly przeprowadzone w  Pracowni
Technologii Nadprzewodnikowych w uktadzie pomiarowym
przedstawionym na rys. 2. Model nadprzewodnikowego
ogranicznika prgdu zasilany jest z regulatora napiecia
potgczonego z siecig poprzez transformator separujacy.
Boczniki uzyte do przeprowadzenia pomiaru pradu majg
wartos¢ 1 mV/1 A. Pomiary wykonano za pomoca karty
pomiarowej PC DAQ Card oraz oprogramowania LabView
Software. Zwarcie bylo inicjowane przez ukfad zwarciowy.
Czas trwania zwarcia 0,05s. Parametry elektryczne
uzwojen dla kazdej konfiguracji cewek HTS przedstawiono
w tabeli 3.

Tabela 3. Parametry uzwojen nadprzewodnikowych dla trzech
konfiguracji uzwojen wy i w; [1].

Konfiguracja | 1l Il

Indukcyjnos$¢ Lirs, mH 1,72 0,40 0,30
Reaktancja Xurs, Q 0,55 0,12 0,09
Rezystancja Rurs, Q (W 77 K) 0,61 0,30 0,20
Impedancija Zyrs, Q 0,82 0,32 0,22

Analiza zostata przeprowadzona dla nastepujgcych
konfiguracji uzwojeh nadprzewodnikowych ws, 1 wa:
Konfiguracja | — wtérne uzwojenie transformatora Cu zwarte
cewka wy,konfiguracja Il — wtdrne uzwojenie transformatora
Cu zwarte cewka wy, konfiguracja Ill — wtérne uzwojenie
transformatora Cu zwarte cewkami w; i w, potgczonymi
réwnolegle.
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Rys.3 przedstawia przebiegi pradéw po stronie
pierwotnej i wtérnej ogranicznika dla wybranej konfiguracji
uzwojen.

400

wiomy

ograniczenie pradu udarowego

a2
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Rys.3. Przebiegi pradéw pierwotnego i wtérnego dla Il konfiguracji
uzwojenia nadprzewodnikowego [1]

Impedancja zwarciowa ogranicznika Z,y, jest sumg
impedancji transformatora Cu — Z;wcy Oraz impedancji
uzwojenia nadprzewodnikowego Zurs. Jezeli zatozymy dla
uproszczenia rozwazan, ze Z,,cy ma warto$¢ statg, to
warto$¢ impedancji Z,y zalezy od wartosci reaktancji Xurs i
rezystancji Rurs uzwojenia nadprzewodnikowego HTS, a
zatem od konfiguracji uzwojenia oraz rezystywnosci uzytej
tasmy nadprzewodnikowej w temperaturze 77 K. Czym
wieksza wartos¢ Ruyrs i Xurs, a zatem impedancja
uzwojenia  nadprzewodnikowego, tym wieksze jest
ograniczenie prgdu zwarcia. Czas, po ktérym ograniczony
prad udarowy osiggnie spodziewang warto$¢ ustalonego
pradu zwarcia wynosi, dla Il konfiguracji uzwojenia HTS,
okoto 6 ms.

WniosKki

Przeprowadzone analizy i wyniki badan
eksperymentalnych wskazujg, ze mozliwa jest budowa
nadprzewodnikowego ogranicznika pradu typu
transformatorowego, wykorzystujac istniejacy transformator
konwencjonalny z uzwojeniem wtérnym zawartym przez
uzwojenie nadprzewodnikowe wykonane z tasmy HTS.

Poziom ograniczania pradu zwarcia, zwlaszcza
pierwszego impulsu prgdu udarowego, zalezy od wartosci
impedancji zwarciowej ogranicznika, bedgcej sumg
impedanciji transformatora Cu i impedancji uzwojenia HTS.
Impedancja uzwojenia HTS zalezy od konfiguracji
uzwojenia (cewki indukcyjne lub bifilarne, lub wiele cewek
potgczonych szeregowo badz réwnolegie) oraz od
rezystywnosci tasmy nadprzewodnikowej. Poprzez wyboér
odpowiedniej tasmy HTS oraz odpowiednig konfiguracje
uzwojenia nadprzewodnikowego, przy zatozeniu statej
wartosci impedanciji transformatora Cu, mozemy zbudowaé
nadprzewodnikowy ogranicznik pradu typu
transformatorowego na dowolny poziom ograniczania pradu
zwarcia.
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ANGLES ON POLYMERIC MATERIAL EXPOSED ON PLASMA
GENERATED IN DIELECTRIC BARRIER DISCHARGE
PLASMA JET

Michat KWIATKOWSKI, Piotr TEREBUN, Piotr KRUPSKI, Jarostaw DIATCZYK,
Joanna PAWLAT, Henryka D. STRYCZEWSKA

Lublin University of Technology, Institute of Electrical Engineering and Electrotechnologies

Abstract. For the polystyrene material surface properties a significant role is hydrophobicity of the surface of the material. The hydrophobicity is one
of the main surface properties of polystyrene. This work shows the influence of non-thermal plasma on contact angle material treated using a reactor

type barrier discharge jet.

Streszczenie. Dla wifasciwo$ci powierzchni materiatdw polistyrenu istotng role odgrywa hydrofobowo$¢ powierzchni materiatu. Niniejsza praca
przedstawia wptyw plazmy nietermicznej na kat zwilzania materiatu poddanego obrébce przy zastosowaniu reaktora typu dysza z wytadowaniem

barierowym.

Keywords: dielectric barrier discharge, atmospheric pressure plasma jet, contact angles.
Stowa kluczowe: wytadowanie dielektryczne, dysza plazmowa pracujgca pod ciSnieniem atmosferycznym, katy zwilzania.

Introduction

Materials made from plastics such as acrylonitrile-
butadiene-styrene (ABS), homopolymer polypropylene (PP-
H), and high impact polystyrene (HIPS) are characterized
by different mechanical and thermal properties. Their
common feature is the ease of heat and mechanical
processing, as well as high resistance to chemical
compounds. They are widely used in many fields, eg.
buildings, advertising, food industry (packaging and pallets
for food products), etc. [1, 2].
One feature of such materials is their hydrophobicity.
It is the tendency of the chemical particles to repel water
molecules apart (Fig. 1). As a measure for the
hydrophobicity of the polymeric materials the surface
contact angle can be defined [3, 4]. By the appropriate
treatment (mechanical, thermal or chemical) hydrophobic
properties may be changed depending on the current
needs. One of the methods used to convert these
properties is the use of non-thermal plasma [5-7]. This
paper aims to examine the effectiveness of the plasma
treatment on ABS, HIPS and PE-H materials by using a
plasma jet reactor with dielectric barrier discharge.

a) 0-=017 =
b) )

0-=08n 0,

C

‘ HCE :

Fig.1. Good wetting (A) , poor (B), complete lack of wetting C) [8].

Experimental metod

Study the properties of materials treated with non-
thermal plasma was carried out using a plasma jet type
reactor, which construction is shown in Figure 2. The
reactor was supplied by voltage of 4.43 kV with frequency
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of 17.3 kHz, distance between plasma jet and sample was
20 mm.

Ring electrodes

"

Dielektric tube

'

Plasma

Gas

Plasma

Power

supply
Fig.2. Diagram of DBD reactor in system of two ring electrodes on
a ceramic tube.

All test samples had a size of 30 mm x 40 mm with a
thickness of 2 mm. All measurements were made for gas
temperature below the softening temperature of material
with the smallest thermal resistance, which was 70 °C [9].

After applying plasma, all samples were placed in a
specially prepared rack. Then the individual samples were
wetted with 10 pl of distilled water using automatic pipette.
After wetting, the picture of the sample was taken using a
camera mounted in the same rack. Angle measurements
were performed for each drop in the graphics processing.

Results

Figure 3 shows contact angles for PP-H, depending on
the addition of air. Time of the plasma operation on the
surface of the sample was 30 seconds. The contact angle
of the control sample was approximately 79 degrees. The
impact of the plasma on the surface decreased contact
angle. The change in flow or increased air addition had no
significant effect.

The contact angle for ABS (control angle of
approximately 70 degrees) is shown in Figure 4. It can be
seen that due the action of plasma, the contact angle
decreased. Different results of plasma treatment for this
material were observed with increased flow rate of helium
(1.67 I/min).



The contact angle for the control sample of HIPS was material and the greatest for the PP-H material. For this
about 85 degrees. During the plasma treatment, slightly case small angle increase with increasing addition of air
increasing trend in contact angle value with increasing air  was observed.
flow can be observed in Fig. 5. Again, higher helium flow

rate (1.66 I/min) caused different results. 65
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Fig.3. Contact angle of polypropylene homopolymer (PP-H) . .
duration of plasma treatment: 30s. Figure 7 shows comparison of the contact angles

according to the duration of plasma at a constant flow rate

a6 (helium-1.33 I/min, air- 0.03 I/min). The change of plasma
a1 exposure time had no significant effect on the result of the
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Figure 6 shows the comparison of contact angles with
three materials treated with plasma jet during 120 seconds.
The smallest contact angles were achieved for HIPS
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NUMERICAL MODELING OF SUPERCONDUCTING TAPE
IN XCOS/COSELICA

Michat LANCZONT

Lublin University of Technology

Abstract. Usually numerical simulation of superconducting devices are made in FEM software, like FEMM or Comsol. It is possible to made an
model in visual programming environment like Simulink or Xcos. The model made this way might take into account the multipath of the occurring
phenomena. OpenSource software, as Xcos, gives possibility to create new modules tailored to individual needs.

Streszczenie.

Zazwyczaj symulacje numeryczne urzgdzeni nadprzewodnikowych wykonywane sg w wyspecjalizowanych narzedziach

obliczeniowych MES, takich jak Femm czy Comsol. MoZliwe jest jednak budowanie modeli w $rodowiskach programowania wizualnego, takich jak
Simulin czy Xcos. Mozliwe jest budowanie modeli ztozonych obwodowo-polowych. Oprogramowanie OpenSource umozliwia ponadto dostep do
kodu zrédfowego i nierzadko daleko idgce dostosowanie oprogramowania do indywidualnych potrzeb.

Keywords: Scilab, Coselica, Visual Programming, Numerical simulation, Superconductor.
Stowa kluczowe: Scilab, Coselica, Programowanie wizualne, symulacje numeryczne, nadprzewodniki.

Introduction

Computer’'s simulations are impotent tools to modeling
and analysis of electrical devices and phenomenon. There
are two ways to build computer model, by using FEM
software, or equivalent circuit model. Second of listed
method, in spite of necessity of applying wider simplification
then in FEM, it ensure that results will be in good
compatibility with measurements, whereby the procedure of
model build and modify is much easier[2, 3].

One of the computer adding tools for numerical
simulations is Scilab/Xcos with Coselica toolbox. Coselica
provide a wide set of tools for simulation of electrical
circuits and thermal phenomena. Moreover, as an open
software, it provide to modify and add user define
calculation’s blocks.

Paper presents numerical model of superconducting
tape and description of authorial calculation blocks used in
built computer model of superconducting tape.

Superconducting tape

The main application of superconducting materials are
tapes, used to build complex superconducting devices, like
fault current limiters, transformers, separators or SMES.
There are two types of superconducting tapes, first and
second type, as shown In Fig. 1. Currently the second type
superconducting tape, call thin film tapes, are more popular.
They are formed by sputtering of each layer to the substrate
construction.

2 pm Ag
1 um HTS (epitaxial)

”=D‘ Buffer stack
! .~ =50 pm
Fig.1. The structure of thin film HTS tape[1]
Electrical attribute of superconducting tape, like

resistivity, strongly depends on three parameters: current
density in superconductor, external magnetic field density
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and temperature of the superconductor. Exceeding of the
critical value corresponding to each of listed parameters,
causes a sharp increase in the value of superconductor
resistance. This may result in overheating of the tape and
consequently can lead to burnout it.

An important issue is therefore to analyze and study the
spread of the resistive zone in the superconductor.

Coselica

Coselica is a free implementation of the Coselica for
Scilab/Xcos environment. It provides tools to support
mathematical calculations, modeling of electrical circuits,
heat issues and problems of mechanics. It is possible to
create conjugate models, eg thermo-electrical.

An important feature of Coselica is open source code,
which allows to modify and add new blocks.

For the purposes of the test model was developed two
new blocks. First applicable superconducting element, as
shown in Fig. 2, take account effect of two critical
parameters on the operating state of the superconductor.

—

N
"\

'sC

Fig.2. New calculating block of superconducting element

The second of created blocks simulate heat exchange
between the metal and the liquid nitrogen, as shown
in Fig. 3.

Fig.3. New calculating block of heat Exchange In LN



Model of the superconducting tape

Numerical model of superconducting tape was made
base on second type of the tape, as show In Fig. 1. The
simplifying assumption was made, during model
preparation, to limit number of tape layer to two,

B B B B B

superconducting and metallic, and that only the metal layer
comes in contact with liquid nitrogen.

The analyzed tape was divided into ten parts, thus
giving off ten sections of the model coupled with each, as
shown in Fig. 4.
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Rys.4. Numerical model of superconducting tape

The proposed model of superconducting tape include
nonlinearity of superconducting material, current spreading
between the parallel-to-serial connected section of
superconductor-resistor, distribution and heat exchange
between the tape and the cooling medium.
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ELECTRICAL PERFORMANCE OF
CARBON NANOTUBE FIBRES

Agnieszka LEKAWA-RAUS
University of Cambridge, UK

Abstract. Carbon nanotube fibres are new types of electrical conductors, which may find wide application in electrical and electronic engineering.
However, their application is still limited by the insufficient control over their electrical performance. The following paper presents an overview of the
recent results of the research on electrical conduction in carbon nanotube fibres. These studies are used to explore the mechanisms behind the
electrical transport in nanotube fibres and their correlation with intrinsic structure of the fibres.

Streszczenie. Widkna z nanorurek weglowych stanowig nowy rodzaj przewodnikéw elektrycznych, ktére moga znalezé szerokie zastosowanie
elektrotechnice i elektronice. Zastosowanie tych przewodnikéw jest jednak wcigz ograniczone przez niewystarczajacg kontrole nad ich
wiasciwosciami elektrycznymi. Ponizszy artykut przedstawia przeglad ostatnich wynikéw badan nad przewodzeniem wtékien nanorurkowych. Wyniki
tych badan postuzyty do analizy mechanizméw odpowiedzialnych za przewodzenie elektryczne we widknach i ich korelacji ze strukturg widkien.

Keywords: carbon nanotube fibres, electrical conductor, resistance-temperature dependence, magnetoresistance.
Stowa kluczowe: widkna z nanorurek weglowych, przewodniki elektryczne, zaleznos$¢ rezystancji od temperatury, magnetorezystancja

Introduction

It has been recently suggested carbon nanotubes
(CNTSs) could replace conventional conductive metals in the
electrical wires [1]. Considering the unique physical
properties of individual carbon nanotubes mainly ballistic
electrical transport and very high current carrying capacity
as well as low volumetric density and excellent mechanical
strength it may be expected that wires made of carbon
nanotubes should easily outperform traditional conductors.
The only concern may be related to the feasibility of transfer
of these unique properties into macroscale. The recently
produced wire-like macroscopic assemblies made purely of
carbon nanotubes — CNT fibres seem to be very promising
in this respect. The recent theoretical calculations confirm
that CNT fibres with very well controlled structure should be
able to transport charge carriers practically like one long
carbon nanotube [2]. However, up to now this goal has not
been achieved in currently produced CNT fibres. Instead,
due to their highly complex morphology as well as the
nature of individual CNTs the fibres constitute very
interesting material for the exploration of basic electrical
transport in conductive materials. They are additionally
interesting due to the severe differences between the fibres
and traditional crystalline conductive metals, which entails
that if CNT fibres are to replace copper or aluminium their
electrical performance needs to be well explored and
understood.

Morphology of CNT fibres

CNT fibres which would be ideal for electrical wires
should comprise only very long armchair single-wall CNTs
of one chirality [2-4]. The nanotubes should be of small
diameters and defectless [5,6]. The fibre should be well
condensed, free of impurities and the nanotubes well
aligned in the axial direction of the fibre [1]. These
conditions will ensure the ballistic electrical conduction
within carbon nanotubes and practically resistanceless
transfer of charge carriers between CNTSs.

None of the currently employed fibre manufacture
processes can produce fibres characterized by all these
features. Some of the processes may give longer
nanotubes, others less impurities etc. [1]. However, the
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overall morphology of all the fibres still remains very
complex. Figure 1 presents an example of an internal
structure of carbon nanotube fibre produced via floating
catalyst chemical vapour deposition (CVD) process.

=

108rm

ARA

Fig.1. Scanning electron microscope image of carbon nanotube
fibre.

In practice the electrical transport in these assemblies is
the most similar to the disordered conductors such as
conductive polymers, whose transport, depending on the
type of disorder and doping levels, may be characterized by
such phenomena as localization of charge carriers, hopping
conduction or fluctuation induced tunnelling [7]. These
mechanisms are recognised based on changes of electrical
conductivity of the sample at low temperatures and in high
magnetic fields.

However, the description of the electrical conduction in
case of carbon nanotube fibres is not straightforward due to
the large variety of morphologies of CNT fibres. Only the
systematic  studies of the resistance-temperature



characteristics and magnetoresistance of CNT fibres
provides some insight into the transport mechanisms and
may provide some information on the bulk morphology of
the CNT fibres. As an example Figure 2 presents the
differences in the resistance changes with temperature of
17 samples produced via floating catalyst chemical vapour
deposition process using four types of feedstock. It was
recognised that structural changes in the CNT fibres due to
change of feedstock produce systematic changes in the
resistance-temperature plots [8].
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Fig.2. Resistance-temperature plots for 17 samples of various CNT
fibers spun directly from the CVD reactor. Resistance values are
referenced to the resistance of a given sample at 273 K

Similar changes may be observed in magnetoresistance

of various fibres. Figure 3 presents examples for very good
quality (Fig. 3 a)) and standard quality (Fig. 3 b)) fibres [9].

metallic 2

60

o

Fig.3. Magnetoresistance of a) good and b) standard quality
samples produced via floating catalyst chemical vapour deposition
process.
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Finally, the differences in the electrical transport of fibre and
any other standard conductive metal may be observed in
the high currents transport as the fibres are very porous
which facilitates the heat removal [10]. Also the changes in
resistance upon tensile forces are strongly influenced by the
nature of fibres constituents [11].

All these aspects of CNT fibres electrical performance need
thorough exploration and understanding, before the fibres
may be used in any large-scale applications.

Conclusions

Carbon nanotube fibres are very promising materials for
the next generation of electrical conductors due to their
unique building blocks — carbon nanotubes. However,
before the CNT assemblies may be applied in real-life
applications their structure needs to be optimized and their
electrical transport well-understood. The current research
concentrates on such aspects as electrical conductivity at
low temperatures and at high magnetic field as well as
under mechanical load and in the region of high currents.
Although, a lot of research has already been performed in
this area further studies are still necessary.
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THERMAL-HYDRAULIC ANALYSIS OF THE IMPROVED LTS
CONDUCTOR DESIGN CONCEPTS FOR THE DEMO TF COIL

Monika LEWANDOWSKA®, Kamil SEDLAK?
West Pomeranian University of Technology, Szczecin (1), EPFL-CRPP, Villigen PSI (2)

Abstract. The improved design concepts for the LTS TF coil system of DEMO have been proposed in 2013 by EPFL-CRPP PSI Villigen and ENEA
Frascati. The present study is focused on the thermal-hydraulic analysis of the conductor designs, which includes: hydraulic analysis, heat removal
analysis and assessment of the hot spot temperature and the maximum pressure in each conductor during quench.

Streszczenie. W 2013 r. zespoty z EPFL-CRPP i ENEA Frascati opracowaty udoskonalone koncepcje projektowe kabli dla poszczegdinych warstw
cewki TF tokamaka DEMO. W pracy przedstawiono analize cieplno — przeptywowg projektéw kabli obejmujgca: analize hydrauliczng, oszacowanie
zdolnosci usuwania ciepta oraz oszacowanie maksymalnej temperatury oraz maksymalnego cisnienia podczas utraty stanu nadprzewodzenia.

Keywords: thermal-hydraulic analysis, hot spot temperature, DEMO, TF coil.
Stowa kluczowe: analiza cieplno-przeptywowa, temperatura gorgcego punktu, DEMO, cewka TF.

Introduction

Long—term efforts of the European community towards
the realization of fusion energy are currently focused on the
design of DEMO - a demonstration fusion power plant
producing net electricity for the grid at the level of a few
hundred MW. It is foreseen that DEMO will start operation
in the early 2040s [1]. The core of DEMO is an inductively
driven tokamak with 16 toroidal field (TF) coils and the
major radius of about 9 m [2]. Current design and
assessment studies in the superconducting magnets for
DEMO include activities both on low (LTS) and high (HTS)
T, superconductors, as well as engineering integration. LTS
technology is fully mature, so the related activities are
focused on the design and construction of coils which would
fulfil the specific DEMO requirements. A parallel HTS R&D
program includes studies, testing and development of
different HTS cable concepts, such as e.g. twisted stack
cable, Roebel assembled coated conductor (RACC) or
conductor on round core (CORC), for possible future
application to fusion [3]. Our work is a part of LTS activities.

Two preliminary design concepts for the LTS TF coil
system of DEMO have been proposed in 2012 by EPFL-
CRPP PSI Villigen and ENEA Frascati. The mechanical,
electromagnetic and thermal-hydraulic analyses of the both
preliminary design concepts revealed that they required
some modifications. The improved design concepts have
recently been proposed [2] and subjected to comprehensive
analyses. The present work is focused on the thermal-
hydraulic analysis of both candidate designs. The feedback
from the analysis results will lead to further optimization of
the conductor layouts.

Conductors’ characteristics and model assumptions
The LTS TF coil designed for DEMO consists of 9

graded double layers (DLs) wound using:

a) CRPP design: “react & wind”, flat multistage cables with
two side cooling channels (Fig. 1a),

b) ENEA design: “wind & react”, rectangular CICC with a
central cooling channel separated from the bundle
region with a thick steel perforated tube (Fig. 1b).

The six inner DLs (DL1-DL6) in a high magnetic field region,

are made of NbsSn superconductors, whereas the three

outer DLs (DL7-DL9) are made of NbTi. The conductors’
parameters relevant for the present analysis, are compiled
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Fig.1. Schematic layout of (a) CRPP and (b) ENEA conductor.

Table 1. Conductors’ characteristics used in the analysis

pL| L © | Dnp | Avess | A Acur | Acuz | Aseet | Bo
(M) | @ [(mm)|mm?] mm? |[(mm?)|mm?)|mm?)| (T)
CRPP design
1 (438.3{0.19|0.91| 227 | 276 | 276 | 413 | 3272 (13.24
2 |445.3|10.19{0.92| 203 | 162 | 162 | 536 |3290 |11.86
3 1452.1|10.19{0.92| 195 | 126 | 126 | 559 |3237|10.89
4 1458.8|0.19|0.92 | 195 114 114 | 584 | 3127 |10.07
5 |543.0/0.19 | 0.92 | 183 94 94 | 575 | 2650 |9.24
6 |550.8|0.19 |0.92| 183 82 82 | 599 |2650]8.12
7 |558.6|0.28 | 0.92 | 437 | 265 | 397 | 487 |2016|6.91
8 |566.2|0.27 {0.93| 375 | 160 | 400 | 436 |2161|5.68
9 1491.9|0.27 [0.93| 375 | 160 | 400 | 436 | 2044 |4.15
ENEA design

1| 512 |0.25|0.54| 486 | 353 | 353 | 696 |1858 (13.08
2 | 520 |0.24 {0.53| 470 | 203 | 203 | 991 |1853(11.43
3| 528 |0.24|0.53| 419 151 151 | 941 | 1764 ({10.21
4 | 536 | 0.24 |0.53 | 396 127 127 | 944 | 1748 | 9.33
5| 544 |0.24 053 | 396 | 101 | 101 | 980 |1740|8.27
6 | 552 |0.24]0.53| 388 75 75 |1017(1735|7.11
7 | 440 |0.27(0.60| 531 | 411 | 616 | 336 | 2044 |5.80
8 | 446 | 0.27 | 0.59 | 492 91 137 | 1046 | 2021 | 4.80
9 | 410 | 0.27 | 0.59 | 437 46 68 |1030 (1907 | 3.57

in Table 1. In the 2" column we show the lengths, L, of the
inner (shortest) conductor in each DL. We calculated the
effective bundle void fraction, ¢, listed in the 3 column,
under the assumption that the outer copper layer is a part of
the bundle. Symbol Dyg denotes the hydraulic diameter of
the bundle, A is the cross section of different cable
components and By is the expected magnetic field at the
nominal current I, = 82.4 kA. In both designs copper in
superconducting strands (index Cul) has RRR = 100,
whereas copper in segregated strands and in the outer
layer (index Cu?2) is characterized by RRR = 400 and 300 in



the CRPP and ENEA design, respectively. The inner
diameter of the cooling channel is D;, = 6 mm for all ENEA
conductors, whereas in the CRPP design D;, = 10 mm for
the conductors in DL1 and 6 mm in the rest of DLs.

Our thermal-hydraulic analysis of both candidate
conductor designs includes: (i) hydraulic analysis
calculation of the mass flow rates in each conductor at the
expected value of pressure drop in the coil at operating
conditions, (ii) heat removal analysis — calculation of mass
flow rates and the helium outlet temperatures in each
conductor as functions of the heat deposition rate, (iii)
assessment of the hot spot temperature and the maximum
pressure in each conductor during quench. It is performed
according to the methodology described in [4]. The quench
simulations are done using two different tools, namely (i) a
simple model representing the extreme scenario for
maximum pressure: whole conductor is in normal state and
all channels of flow are blocked and (ii) a more realistic
scenario of quench development is obtained, using the
CryoSoft code THEA [5], version 8.0 delta. In the THEA
model we analyse two cases with different magnetic field
profiles along the conductor: (a) B(x) = By, = const, (b)
constant field everywhere except a 10 m long region around
X 300 m, where the peak field follows the profile
calculated for the DEMO TF coil.

Results

The results of the hydraulic analysis are presented in
Fig. 2. The total mass flow rate in the TF coil, in case when
there is no heat deposition, was assessed to be 224 g/s and
124 g/s for the CRPP and ENEA design, respectively.

36

CRPP design

I ENEA design

total mass flow rate (g/s)

1 2 4 5 6

Double layer
Fig. 2. Total mass flow rates in the shorter conductor in each DL of
CRPP and ENEA coil (no heat deposition in the coil).

7 8 9

The expected nuclear heat deposition in the DL1 is of
about 100 W. The safe operation of a cable is ensured if the
temperature margin T - Tox > 1.5 K. In Table 2 we show the
values of the helium outlet temperature in the inner
conductor of DL1 calculated for the heat deposition rate

Q=100 W (the most pessimistic scenario — all power

deposited in the inner conductor) and 50 W (heat deposited
evenly in both conductors of DL1). It is seen that the
temperature margin in the ENEA conductor is too small,
even at the smallest expected heat deposition.

Table 2. The outlet helium temperature for the inner conductor in
the first DL for the expected heat deposition rate

T =50wW =100 W
Design © Q Q

(K) Tom (K) Tcs 'Tom (K) Toul (K) Tcs 'Tout (K)
CRPP | 6.99 4.93 2.06 5.22 1.77
ENEA | 6.31 5.89 0.42 6.64 -0.67

The maximum hot spot temperature and maximum
pressure during quench, calculated using different
approaches are presented in Table 3. It is seen that in the
hot spot temperatures calculated with THEA in CRPP
conductors are above the 250 K criterion specified in [6].
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Table 3. Maximum temperature and pressure in the DEMO TF
conductors calculated with the simplified model and with THEA.

Simple model THEA Case a THEA Case b
DL

Tmax pmax Tmax pmax Tmax pmax

(K) (bar) (K) (bar) K) (bar)

CRPP design
1 68 166 214 58 220 53
2 65 161 220 115 244 93
3 65 160 237 118 273 92
4 63 156 227 104 266 76
5 70 172 266 123 322 93
6 66 163 250 101 309 66
7 53 130 62 96 67 94
8 54 131 73 94 85 89
9 46 110 63 73 76 67
ENEA design

1 58 141 64 97 69 87
2 51 123 51 89 61 74
3 54 131 58 87 69 74
4 53 130 58 79 70 68
5 51 124 55 73 68 61
6 48 117 52 69 66 57
7 47 114 46 70 46 61
8 38 90 37 60 38 51
9 38 89 37 58 37 48

Conclusions

It results from our analysis that both CRPP and ENEA
designs require some modifications in the next iteration of
the design. To increase the heat removal capability and the
related temperature margin we recommend to increase the
diameter of the central cooling channel in the ENEA DL1
conductor. The copper cross section in CRPP DL2-DL6
conductors should be increased to reduce the hot spot
temperature during quench.
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WLASCIWOSCI PIEZOELEKTRYCZNE MASYWNYCH PROBEK
ZnO DOMIESZKOWANYCH Y,03

Jan ZIAJA, Anna KISIEL, Marcin LEWANDOWSKI

Instytut Podstaw Elektrotechniki i Elektrotechnologii, Politechnika Wroctawska

Abstract. A process of the production of massive samples of ZnO is presented in this paper. The samples of ZnO were doped with Y,Og3 in order to
improve the piezoelectric properties The obtained results confirm the positive effect of doping ZnO on the piezoelectric properties.

Streszczenie. W pracy przedstawiono proces wytwarzania masywnych prébek ZnO. W celu polepszenia wtasciwosci piezoelektrycznych otrzymane
probki domieszkowano Y>0s. Uzyskane wyniki wskazujg na pozytywny wptyw domieszkowania ZnO na jego witasciwo$ci piezoelektryczne.

Keywords: piezoelectric properties, ZnO doped Y,0g, factor das

Stowa kluczowe: wtasciwosci piezoelektryczne, ZnO domieszkowane Y,03, wspdiczynnik das

Wstep

Rozwdj przemystu wymusza miniaturyzacje urzadzen i
przyrzgdow, ktére jednoczed$nie spetniajg warunek
energooszczednosci. Dlatego tez istnieje potrzeba
poszukiwania nowych materiatdw o $cisle okreslonych
wiasciwosciach elektrycznych. Do takich materiatdw mozna
zaliczy¢ tlenek cynku (ZnO), ktoéry znajduje szerokie
zastosowanie w:
a) przemysle elektrotechnicznym (zastosowanie w uktadach
ochrony przepieciowej, ekrany chronigce ludzi i sprzet
przed szkodliwym dziataniem pola elektromagnetycznego
(1,2]),
b) przemysle elektronicznym (zabezpieczen czutych
elementéw i uktadow elektronicznych, takich jak: uktady
scalone, tranzystory, oscyloskopy czy mierniki o duzych
doktadnosciach[3]; elementy piezoelektryczne, warstwy
izolacyjne w tranzystorach TFT [4], diody laserujace,
technologie swiatltowodowe [5])
c) przemysle chemicznym ( pigment do farb i lakieréw,
wypetniacz, katalizator uwodorniania alkoholi, produkcja
amoniaku (NHs), metanolu (CH3;OH),
d) medycynie (wypetniacz stomatologiczny,
nadajgcy wiasciwosci antyseptyczne i sciggajace),
e) kryminalistyce.

Zmieniajgc parametry technologiczne oraz stosujgc
odpowiednie domieszki, mozna regulowaé przewodnictwo

sktadnik

elektryczne warstw od typowo elektronowego do
dziurowego. Otrzymywane warstwy moga byc¢
przewodzgce, poOtprzewodzace Ilub dielektryczne. Te

wiasciwosci powodujg duze zainteresowanie przemystu
oraz os$rodkow badawczych, o czy $wiadczy ciggle
wzrastajgca ilos¢ publikaciji.

Technologia wytwarzania masywnych probek ZnO

W prezentowanej pracy przedstawiono wyniki badan
wplywu czasu wygrzewania probek czystego tlenku cynku
(Zn0O) oraz domieszkowanego tlenkiem itru (Y2O3) w iloSci
10% wag. na warto$¢ wspotczynnika dss. Do badan
wyselekcjonowano prébki wykonane z ZnO o wymiarach
ziaren 32 i 72 um. Po sprasowaniu probki wygrzewano w
temperaturze 1100°C w czasie od 2 do 10 godzin.
Wspétczynnik dzz mierzono przyrzgdem piezometr PM3500
dsz Meter. Charakterystyki pradowo - napieciowe mierzono
elektrometrem Keithley 617.
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Wyniki

Na rysunku 1 oraz 2 przedstawiono charakterystyki
prgdowo - napieciowe otrzymanych probek ZnO dla
réznych wartosci czasu spiekania i réznych wielkosci ziaren
(rysunek 1 —d =32 um, rysunek 2 —d =72 um.)
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Rys.1. Charakterystyka I=f(U) dla prébek ZnO o $rednicy ziaren
d = 32 um i czasie spiekaniat =2, 5i 10 godzin
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Rys.2. Charakterystyka I=f(U) dla prébek ZnO o $rednicy ziaren
d =72 um i czasie spiekaniat =2, 5i 10 godzin



Na rysunku 3 przedstawiono charakterystyki prgdowo -
napieciowe prébek ZnO domieszkowanego w 10% Y203
dla r6znych wartosci czasu (wielkosci ziaren d = 72 um.).

350,0u 4 ——m==2h
—m==5h
300,0p —m=10h

250,0p

0,0- T T T T
20 30 40 50

U[Vv]

Rys.3. Charakterystyka 1=f(U) dla prébek ZnO domieszkowanych w
10% Y,03 o Srednicy ziaren d = 72 um i czasie spiekaniat =2, 5 i
10 godzin

Wartosci  wspdtczynnika dss
przedstawiono w tabeli 1

dla otrzymanych prébek

Table 1. Warto$ci wspotczynnika dss.

numer érz(iagrnr:;a sp%zgnia domieszka wspotezynnik
probki d [um] t[h] ds3 [pC/N]

1 32 2 - 3,3

2 32 5 - 3,2

3 32 10 - 3,6

4 72 2 - 3,6

5 72 5 - 3.0

6 72 10 - 3,2

7 72 2 10% Y,05 6,3

8 72 5 10% Y,05 6,7

9 72 10 10% Y,04 6,5
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Whnioski

zastosowanie domieszki Y03 zwieksza dwukrotnie
bazowa wartos¢ wspétczynnika dass,

w prezentowanej technologii czas spiekania probek nie
ma wigkszego wplywu na wiasciwosci piezoelektryczne
badanych prébek,

wspétczynnik  nieliniowosci w  charakterystykach
prgdowo — napieciowych wskazuje na staby charakter
warystorowy otrzymanych probek.
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NUMERICAL ANALYSIS OF MEDIUM VOLTAGE CLASS
INDUCTIVE SUPERCONDUCTING FAULT CURRENT LIMITER

Michal MAJKA, Janusz KOZAK, Slawomir KOZAK, Grzegorz WOJTASIEWICZ

Electrotechnical Institute, Warsaw

Abstract. This paper presents the numerical model and the calculated electrical parameters of the new 15 kV class coreless superconducting fault
current limiter (SFCL) prototype. The coreless SFCL consists of three windings: a primary and secondary windings made of SF12050 tape and a
parallel connected primary copper winding. The FEM-circuit numerical model of SFCL was used to analyze the current, resistance and temperature

of SFCL in the limitation state.

Streszczenie. W artykule zaprezentowano model numeryczny nowego prototypu nadprzewodnikowego ogranicznika pradu typu indukcyjnego dla
sieci 15 kV. Bezrdzeniowy nadprzewodnikowy ogranicznika pradu skfada sie z trzech uzwojen: pierwotnego i wtérnego wykonanego z tasmy
SF12050 oraz rownolegle podigczonego pierwotnego uzwojenia miedzianego. Polowo-obwodowy model numeryczny ogranicznika zostat uzyty do
wykonania analizy przeptywu pradéw oraz zmian rezystancji i temperatury uzwojen ogranicznika w czasie ograniczania pradu.

Keywords: superconducting inductive fault current limiter, SFCL, superconducting tape, numerical analysis.
Stowa kluczowe: nadprzewodnikowy ogranicznik pradu typu indukcyjnego, SFCL, tasma nadprzewodnikowa, analiza numeryczna.

Introduction

The electrodynamic forces occurring during the course
of a fault current may damage the devices of the electric
power system, such as transformers, generators or busbars
in switching stations, within tens of milliseconds. Every such
failure of an electric power network entails expensive and
time-consuming repairs. A rapid increase of the resistance
of a superconductor on crossing the current critical value I¢
makes it possible to build reliable superconducting fault
current limiters (SFCLs) [1, 2, 4, 5]. SFCLs react very
rapidly by limiting the first, the most dangerous, surge
current during a current fault condition, thus protecting the
devices of the electric power network from the dynamic
effects of current faults.

Design of the SFCL

A design of a 1-phase inductive type superconducting
limiter is presented in fig. 1. The limiter was designed to
work in a 15 kV power system [1, 3]. Its main parameters
are presented in table I. A coreless three-winding
superconducting fault current limiter has two primary
windings and one secondary winding . The primary winding,
placed on the outer ring, is made of a copper wire. The
second primary winding, placed in the inner ring, is made of
a 2G superconducting tape (SF12050). The third winding is
a shorted secondary winding made of a 2G
superconducting tape (SF12050), placed in the inner ring.
The primary winding made of 2G tape is connected in
parallel with the copper primary winding. All three windings
are magnetically coupled. The limiter will be placed in a
cryostat with an external vacuum insulation and cooled in a
liquid nitrogen bath. The cryostat of the limiter will be made
of GFRP (Glass Fiber Reinforced Polymer).

Numerical model of SFCL

The numerical model of the limiter was developed in the
“Transient Magnetic” FEM-circuit Flux2D software. The
geometry of the actual model of the limiter was substituted
with a simplified axially symmetric geometry (Fig. 1c).
Simulations were performed for models of limiter whose
parameters are presented in table I. Thanks to the
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performed simulations, courses of a fault current in the
circuit with and without the limiter were obtained (Fig. 2), as
well as the changes of resistance and temperature of
individual limiter windings during the limitation of the fault
current (Fig. 3).

Cryostat

Current lead B
BHTS

Current leads

;\ Auts bt

unit :ﬂ

.......

axis of symmetry

§
{ Primary winding - HTS I

i =

E Secondary winding - HTS 11

AHTS
HTS and copper Current lead A

a) windings

b)

c)

Fig.1. Design (a) and electrical circuit of the limiter consists of six
identical units connected in series (b). Geometry of numerical
model in Flux2D (c).

Table 1. Parameters of SFCL

Parameter Value
Nominal voltage Un 15 kv
Nominal current In 140 A
Voltage on the limiter @ Iy UscrL <1V
Prospective peak current ipeak 40 kA
First peak limiting ip 4.7 kKA
Limitation time tiim 160 ms
Operating temperature T 774K
Cryostat high H im
Cryostat diameter 0O.D. 0.85m
Copper winding diameter 1.D. 0.578 m
HTS windings diameter 1.0. 0.506 m
Total number of copper turns Ncy 216
Total number of prim. HTS turns NuTs| 144
Total number of sec. HTS turns NuTs I 144
Length of copper winding (3 mm x 6 mm) lcu 393 m
Length of prim. HTS winding (SF12050) lurs i 229 m
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Fig. 2. Current waveforms in the circuit with and without SFCL

In the stand-by state, i.e. the first 40 ms of calculations,
the superconducting windings of the limiter are in the
superconducting state and a nominal current of 140 A flows
through the limiter (Fig. 2). The voltage value in all models
of the limiter is lower than 1 V, which results from a minor
leakage reactance.

During a short-circuit lasting from 0.040 sec. to 0.200
sec., a fault current flows through the limiter. The peak
value of the current in the shorted circuit ip = 40 kA was
limited to 4.7 kA (Fig. 2). The course of the fault current
causes the HTS windings to heat up very rapidly. The
temperature of the windings increases from an initial
temperature of 77.4 K to a maximum temperature Tmax
which is reached at the moment of switching off of the
short-circuit (Fig. 3c). The performed simulation shows that
the temperature of the superconducting windings increases
much faster than the temperature of the copper windings,
and it reaches different values at the moment of switching
off of the short-circuit. In designing the limiter, it was
assumed that the maximum temperature of the limiter's
superconducting windings at the moment of a short-circuit
occurrence would not exceed 200 K and the fault current
peak value would be below 5 kA.

Conclusion

An analysis of the results of the numerical simulations
confirmed that it is possible to build an inductive type
coreless superconducting fault current limiter that will
effectively limit the peak value of the fault current from 40
kA to 5 kA within 160 ms. The developed design in which
the superconducting windings are wound simultaneously
onto a single bobbin allows to obtain a very high coupling
factor between the windings and minimize the leakage
reactance of the limiter, which minimizes the voltage in the
limiter in the stand-by state. In case of a 2-winding design in
which the primary copper winding is magnetically coupled
with a secondary HTS winding, there always occurs
leakage reactance, which causes losses in the stand-by
state. The use of a connection in parallel of a copper coil
and a superconducting coil in the primary winding protects
the short circuit from opening in case when the
superconducting tape is damaged. The fault current limiting
capability of a 3-winding limiter is determined mostly by the
impedance of the copper winding coupled in parallel with
the primary superconducting winding. The number of turns
in the primary copper winding and the superconducting tape
length in the superconducting windings must be such that
the temperature of the HTS windings does not exceed the
maximum allowed temperature of the superconducting tape.
Due to a substantial increase of the temperature of the
limiter's HTS windings, the short circuit must be switched off
by a conventional circuit breaker before the temperature of
the HTS winding reaches the maximum value.
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Abstract. This paper presents investigations of the tuning characteristic of microwave plasma source designed for the hydrogen production from
liquid fuels. The aim of the research was to estimate the electrons concentration n. and electrons frequency collisions v in the plasma generated in

a mixture of nitrogen and ethanol vapor.

Streszczenie. W niniejszej pracy przedstawiono badania charakterystyki strojenia mikrofalowego Zrédfa plazmy przeznaczonego do produkcji
wodoru z paliw ptynnych. Celem prowadzonych badan byfo oszacowanie koncentracji ne oraz czestotliwo$ci zderzeri v elektronéw w plazmie

generowanej w mieszaninie azotu i par etanolu

Keywords: microwaves, microwave plasma source, tuning characteristics, electric field distributions.
Stowa kluczowe: mikrofale, mikrofalowe zrodto plazmy, charakterystyka strojenia.

Introduction

Recently, the non-thermal microwave plasma has been
used efficiently not only for the harmful gas [1]
decomposition but also for the production of hydrogen by
means of the plasma reforming of methane [2]. To meet
industrial requirements for the production of hydrogen the
MPS require optimization with the goal of improving the
power coupling efficiency, i.e. the efficiency of power
transfer from electric field to plasma, and stability of the
MPS operation.

The efficiency of power transfer from electric field to
plasma can be expressed as ratio Pg/P,, where P,, Py are
the power of the incident and reflected microwaves,
respectively. Tuning characteristic of the MPS is
a dependence of Pg/P, on the position of the movable
plunger I/, (44 is the microwave wavelength in the WR 430
waveguide). The MPS is efficient when the value of ratio
Pr/P, is small, operates stable when the ratio does not
depend on the movable plunger position.

In this paper, we analyze tuning characteristic of
a waveguide-supplied  metal-cylinder-based nozzleless
MPS [3] designed for hydrogen production from liquid fuels.
We anticipate that the use of liquid source of hydrogen can
decrease the cost of hydrogen production due to much
easier handling and greater availability than gaseous
sources.

By comparing the calculated with the measured tuning
characteristics of presented MPS the electron concentration
n. and electrons frequency collisions v in the plasma
generated in a mixture of nitrogen and ethanol vapor were
estimated. The parameters n, and v are the basic properties
that characterize plasma. Knowledge of these parameters is
essential in the process of optimization of MPS construction
(improving the power coupling efficiency).

Description of microwave plasma source

Sketch of the MPS is shown in fig. 1. This MPS was
used by us for destruction of freon HFC-134a [4] and for
producing hydrogen H; in the process of plasma reforming
of methane CHj, [5].

The MPS, operating at atmospheric pressure and
frequency 2.45 GHz, is based on a standard rectangular
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waveguide WR 430 with a reduced-height section in the
discharge region and two tapered sections on both sides.
Microwave power is supplied to the MPS input plane (A-A’)
via a standard rectangular waveguide WR 430. A movable
plunger on the other side of the MPS (output plane B-B’) is
a means of tuning, which allows for impedance matching
and efficient transfer of the microwave power to the plasma.
The plasma flame is generated inside a quartz tube which
penetrated MPS through circular gaps on the axis of the
waveguide wide wall and protruded below bottom
waveguide wall. On the outside of the waveguide the quartz
tube was surrounded by a metal cylinder with a slit for
visualization. Working gas was introduced to the plasma by
four gas ducts which formed a swirl flow inside the quartz

tube.
Gas *ﬂ <Cas
A inlet j —L inlet BL_ [
Microwaves \jj ;
|:>WR 430 E/
A B’ Movable
plunger

Plasma flame —
Reducedheight section

Quartz tube and tapered sections

Metal cylinder—»|

v Gas outlet

Fig. 1. Sketch of the microwave plasma source, A-A’ — MPS input
plane, B-B’ — MPS output plane

Experiment and analysis of results

Nitrogen was used as a working gas. The nitrogen is
one of the less expensive gases. The experiment test were
performed with the working gas flow rate 2700 NL/h and
incident microwave power P,=3kW. Ethanol (C;HsOH)
was introduced into the plasma using inductively heated
vaporizer. The amount of C,HsOH was 0.8 kg/h. The purity
of C,HsOH used in this investigations was 96%. For these
working conditions tuning characteristics of presented MPS
was measured (Fig. 2).



A method for calculating tuning characteristics of the
MPS is presented in detail in ref. [6]. This method is treating
the MPS as a two-port network, finding its scattering matrix
coefficients and then calculating the reflection coefficient
from analytical expressions. In this method, it is very
important to properly assume volume of the plasma, spatial
distribution of the electron concentration n, and dielectric
permittivity &, of the plasma.

In our investigations we assumed that plasma takes the
form of a cylinder with the diameter of 1.6 cm and length of
12 cm (as observed experimentally). The axis of the plasma
cylinder coincident with the axis of the quartz tube. Further,
we assumed that the dielectric permittivity ¢, of plasma can
be calculated from the Lorentz formula [6] and the
concentration of electrons n, at each point of the plasma
cylinder is the same.

1.0

0 Measured 0

0.4 ; T
tuning characteristic

0.2 4 Calculated
tuning characteristic

0.0 T T 1 T ' 1 T T

0.0 0.1 0.2 0.3 0.4 0.5
/2
8i~g
Fig. 2. Comparison of measured and calculated tuning
characteristics

The calculated tuning characteristic is dependent on the
values of parameters n, and v [6], which are unknown.
These values can be estimated by comparing the calculated
and measured tuning characteristics. A good agreement
was found between the tuning characteristics obtained
experimentally and numerically. For the present case of
microwave discharge the best fit was obtained for the
concentration n, equal to 7.83x10™ cm™ and collision
frequency v = 9.24x10° s™* (Fig. 2).

Top view ! IEVE,
Microwaves /@ . B
X 4
WR 430
> Quartz tube Plasma flame
Side view T ! 3
Microwaves ( < -
=4 2 Li]]
|’
WR 430 ] X 2
", _
Plasma flame ‘ 2 Reducedheight section
Z :
Qs tibe 1 and tapered sections "
Metal cylinder —»
PP, =013 0
1/x,=0,08
E,=30271 V/m

Fig. 3. Electric field distribution inside the MPS

62

Obtained tuning characteristics strongly depend on the
position of the movable plunger. Fig. 2 show that the both
characteristics measured and calculated has a minimum in
I42, = 0.08. This means that for this position of the movable
plunger the efficiency of power transfer from electric field to
plasma in MPS is highest. For this position the three-
dimensional (3-D) distribution of electric field modules |E| in
the MPS was determined by us numerically employing
COMSOL software [7] (Fig. 3). In fig. 3 |E| were normalized
to E; =30271 VIm (E, - amplitude of the electric field in a
lossless and perfectly matched waveguide WR 430 for
P, =3 kW). The adoption scale |E|/E, allowed to observe
that in this position of the movable plunger the plasma
cylinder is surrounded by electric field five times greater
than the E,,.

Conclusions

The method by Nowakowska et al. [6] for calculating the
tuning characteristic of MPS allows to estimate the
concentration n, and frequency collisions v of electrons in
the generated plasma. For the present case of microwave
discharge (mixture of nitrogen and ethanol vapor) estimated
parameters n, and v are equal to 7.83x10™ cm™ and
9.24x10° s, respectively.

Results of present investigations allow us to optimize
the construction of the tested MPS towards the improved
power coupling efficiency. The aim of the optimization
(modeling) of the MPS will be finding the optimal
dimensions of the structural elements of the device which
will ensure the minimum ratio Pg/P, in the wide position
range of movable plunger.
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Abstract. Fiber type multi-channel optical wave microphones system was developed for detection of changes in density of atmosphere such as
sound waves. We applied the multi-channel optical wave microphones to detect ultrasonic waves emitted from atmospheric pressure plasma.
Frequency analysis for measured ultrasonic waves in each channel was discussed.
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Introduction

Plasmas use the energy for generation of reactive
species, optical emission, heat, and so on. We are focusing
on discharge sound that ranges from audible to ultrasonic
waves emitted from electric discharges because our
concern is the energy transfer from a discharge to
atmosphere in the form of pressure waves.

In the first line of research, we had used an optical wave
microphone, which works based on Fraunhofer diffraction of
a probe laser, for detecting discharge sound. Moreover, it
was combined with a computer tomography scanning to
cover the two dimensional visualization for ultrasonic waves
emitted from a surface discharge. However, the method
required longer scanning time and the assumption for
stability of plasma in time.

Because state of plasma and atmosphere around the
plasma changes in time especially in a closed space, we
are developing a multi-channel optical wave microphones
system to realize real-time observation for discharge sound.
The use of optical fibber is necessary to increase spatial
resolution, stability, sensitivity and signal to noise ratio of
the system. The utilization of the system to a surface
discharge is reported in this paper.

Experimental setup

Figure 1 shows an illustration for geometrical
relationship between a surface barrier discharge device and
four channels of a multi-channel optical wave microphones.
Multi-channel optical wave microphones system was
constructed using a fiber coupled semiconductor laser, a
fiber divider, lenses and photo-detectors. The fiber coupled
laser was divided into four outputs of fibers by the fiber
divider. Optical power of each channel where sound is
passed through was about 7.6 mW and its wavelength was
637 nm. Each laser beam was Fourier transformed with
lens and conducted to the detector through a fiber. Distance
between channels was 25 mm. The system (CH1) was set
5 mm over the top electrode of the surface discharge
device. The four channels were arranged perpendicular to
the direction of discharge sound propagation. The
amplitude and frequency of the applied voltage to the
electrode and the kinds of atmosphere around the surface
discharge device were varied.
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Fig.1. An experimental setup for multi-channel optical wave
microphones.
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Results and discussion

The multi-channel optical wave microphones improved
its electromagnetic noise suppression drastically due to the
use of optical fibers to detect discharge sound precisely.
Therefore, slight ultrasonic sound could be identified even
at position of CH4.

Attenuation and distribution of ultrasonic wave emitted
from the surface discharge were analyzed using results
measured by the four channel optical wave microphones
system. Figure 2 shows Fast Fourier Transform analysis for
ultrasonic waves, which were emitted from the surface
discharge, detected by the four-channel optical wave
microphones. The main frequency component was higher
by a factor of two than that of power supply for the surface
discharge because discharges occur mainly two times in
one cycle of applied voltage and it was observable even at
CH4. It can be considered that there is strong relation
between applied electric field and ionic species for
generation of ultrasonic wave.

Summary

In this work, we firstly employed the new system of
multi-channel optical wave microphones system to detect
and analysis ultrasonic wave propagation for surface
discharge. The main frequency component of detected
ultrasonic wave was higher by a factor of two than that of
power supply for the surface discharge and it was
observable even at CH4.
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Abstract. Nowadays development of systems for hydrogen production are of high importance. Recently, several plasma methods have been
proposed for the small-scale H, production. This paper is a short review of the plasma methods proposed for H, production mainly from gaseous
fuels. The plasma methods for gaseous fuels processing to produce hydrogen are critically evaluated from the view point of H, production efficiency
defined by the H; production rate (g(H.)/h) and energy yield (g(Hz)/(kWh) and some other parameters.

Streszczenie. W niniejszej pracy przedstawiono przeglad plazmowych metod produkcji wodoru z paliw gazowych. Metody poréwnano pod katem
efektywnosci produkcji wodoru wyrazonej przez wydajno$¢ masows i energetyczng procesu (g(Hz2)/h i g(Hz)/(kWh), stopienr przemiany surowca (%)

oraz stezenie wodoru w gazie podprocesowym (%).

Keywords: plasma, reforming, hydrogen.
Stowa kluczowe: plazma, reforming, wodér.

Introduction

Currently more than 80 % of the world energy supply
comes from fossil fuels, resulting in strong ecological and
environmental impacts. Such factors as the exhaustion of
reserves and resources, air pollution and modification of the
atmospheric composition, impacts on climate and on human
health, are now of primary importance. It is a wide opinion
that hydrogen has a great role to play as an energy carrier
in the future energy sector.

Several processes have been developed for producing
hydrogen mainly from fossil fuels and to some extent from
water. Hydrogen can be produced from fossil fuels (or
biomass and biomass-derived fuels) using such processes
as steam reforming (mainly of natural gas), partial oxidation,
auto-thermal reforming, and coal gasification. From any
primary energy source (nuclear, wind, solar) converted into
electricity hydrogen can be produced by the electrolysis of
water. Hydrogen can also be produced using photochemical
energy (photo-catalysis, bioconversion). At a large-scale in
the chemical industry hydrogen has been produced as a by-
product of sodium or potassium chloride electrolysis that
gives chlorine and caustic soda or potash. Also hydrogen is
a by-product of catalytic reforming of petroleum naphtha,
made to improve the octane number, and of steam cracking
of hydrocarbons for the production of ethylene. Smaller
volumes of hydrogen are by-products in coke-ovens. In all
the last cases hydrogen is mainly kept for internal use.
More on various technologies related to hydrogen
production by a so-called conventional methods can be
found in a review of [1].

Recently another technology has been proposed for
distributed hydrogen production [2]. This technology uses
thermal and non-thermal plasmas for reforming gaseous
and liquid compounds containing hydrogen. They can
originate from fossil fuels and biomass.

This paper is a short review of the plasma methods
proposed for hydrogen production mainly from gaseous
fuels. In this review the plasma methods of gaseous fuels
processing for hydrogen production are described and
critically evaluated from the view point of hydrogen
production efficiency defined by such parameters as the
hydrogen production rate (g(Hz)/h), and energy vyield
(g(H2)/(kwh)), precursor conversion degree (%) and volume
hydrogen concentration in the outgas (%).
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Plasma methods for hydrogen production

The majority of plasmas proposed for hydrogen
production from gaseous fuels are generated by: electron
beam, dielectric-barrier discharge, gliding arc, plasmatron
arc and microwave discharge. Table 1 shows the energy
yields of hydrogen production from CH, for different plasma
methods. Methane is the most popular gaseous fuel used in
the plasma production of H,. For comparison, information
on the energy yield of H, production by the conventional
steam reforming of CH,4 (with a catalyst), water electrolysis,
as well as dielectric barrier discharge and gliding arc, both
employing alcohols as fuels, is given in Table 1.

Recently developed microwave plasma sources (MPSs)
operated at atmospheric pressure exhibit a high potential
for hydrogen production via pyrolysis, wet and dry reforming
of various gaseous (natural gas, methane) and liquid fuels
(gasoline, heavy oils and biofuels). They provide a plasma
environment in which the heavy particles (atoms and
molecules) have temperatures of 2000-6000 K while the
electron temperature reaches 10000 K. Besides, the
plasma contains ions and reactive radicals (H, OH, and O)
which enhance conversion of hydrocarbon containing
compounds into hydrogen. The wide range of the offered
gas plasma temperatures enables choosing the
temperature optimum for a given reforming path. This
results in higher selectivity of hydrogen production. The
other advantages of the use of plasma for hydrogen
production are the compactness of the plasma system due
to high energy density of the plasma and fast response time
achieved by being powered by electricity.

We found that the most promising design of microwave
plasma source for hydrogen production from gaseous fuels
is the waveguide-supplied metal-cylinder-based system
which at present exhibited a hydrogen production yield from
methane above 40 g(H2)/kWh ([9], Table 1).

When the waveguide-supplied metal-cylinder-based
MPS is properly optimized and a swirling gas is injected into
the operation region, the plasma is generated inside a metal
cylinder or in the quartz cylinder inserted in it. The gas swirl
stabilizes the plasma and also protects the cylinder wall
(metal or quartz) from the discharge heat. The presented
MPS showed stable operation at power levels from about
600 W up to 6000 W, provided that the total gas flow is
sufficiently large (from 30 up to several hundred I/min).



Table 1. Conventional and plasma methods of H, production

. Comparison of the energy yields of hydrogen production

. " - Energy yield
Production method Initial composition NL (Hz)/kWh o (H)JKWh Reference
. . 60
Conve”t'o(’:‘ﬁ' steam reforming of| - 1 64 air 672 Established  |K. Randolph, U.S. DoE, 2013, [3]
, (catalyst) . '
industrial process
Water electrolysis H,O 224 - 448 20 -40 K. Randolph, U.S. DoE, 2013, [3]
Electron beam radiolysis CH4+H,0 40 3.6 T. Kappes et al., 2002, [4]
CH4+CO,/ H,O 5.6 0.5
Dielectric barrier discharge CH3;OH+CO,/ H,0 37 3.3 B. Sarmiento et al., 2007, [5]
CH;3CH,0OH+CO,/ H,0 75 6.7
Gliding arc CH4+H,O+air 448 40 J.M. Cormie, |. Rusu, 2001, [6]
Gliding arc (alcohol spray) Alcohols+ Ar 2100 176 R. Burlica et al., 2011, [7]
Plasmatron with catalyst CH,+H,0O+air 2520 225 L. Bromberg et al., 2000, [8]
Metal-cylinder-based MPS CH, +CO,+H,0 480 42.9 M. Jasinski et al., 2013, 4.5 kW, [9]
‘\:’Z\j‘t’;%ggg dS“MpF‘,’geveitfi‘;?;;ts't CHa+H,0 703 62.8 M. Jasifiski et al., 2014, 2.5 KW,[10]

Table 2 Comparison of the efficiency of dry and combined steam reforming processing of methane in the waveguide-supplied metal-

cylinder-based MPS. Absorbed microwave power - 3.5 kW.

H. production . H. production Energy yield
MPS type method Flow rate, NL/min rate NL(H,)/h NL(Ha)/kWh 9(Ha)kwh Reference
CH, — 50, Swirl s
Dry reforming CO, — 50, Swirl 790 230 20 M. Jasinski et al., 2013, [11]
Metal- CH, — 100, Swirl Lo
cylinder- CO, — 100, Swirl 1000 295 26 M. Jasinski et al., 2013, [11]
based Combined CH, — 50, Swirl
steam CO, — 50,Swirl 1520 466 42 M. Jasinski et al., 2014, [10]
reforming H,Ogas — 62, Swirl

The dry and combined steam processing of methane
were studied using the waveguide-supplied metal-cylinder-
based MPS. In our experiment, CHa, CO, and HyOgas Were
mixed before entering the four inlets of MPS to form
a gaseous mixture.

Table 2 summarizes results of the reforming of methane
in these two processes. It is seen from Table 2 that the
energy yield of hydrogen production is higher for the
combined steam reforming and it equals 42 g(H2)/kWh at
3.5 kW of absorbed microwave power. Although this value
is lower than a target of 60 g(H.)/kWh proposed by the U.S.
Department of Energy, some improvements of the
microwave source and technology to increase the energetic
parameters are still possible.

Conclusions

Our investigation showed that the microwave plasma
method (using either the metal-cylinder-based or resonant-
cavity-based MPS) has a potential to become attractive in
terms of the performance and hydrogen production rate and
energy vyield. At present the achieved energy yield of
hydrogen production from methane is close to the DOE’s
2020 target of 60 g(Hz2)/kWh. Our preliminary experiment on
hydrogen generation from a mixture of nitrogen and ethanol
by the metal-cylinder-based MPS showed potential of the
microwave discharges for hydrogen production from liquid
fuels (the energy yield was several tens g(H2)/kWh at a
relatively low ethanol concentration).
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TOLUENE CONVERSION IN A NEW TYPE OF GLIDING
DISCHARGE REACTOR SUPPLIED BY
A FERRO-RESONANCE SYSTEM
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Abstract. A new type of gliding discharge reactor with a conical chamber with six high-voltage electrodes was investigated. The electrodes of the
plasma reactor are supplied by a 6-phase ferro-resonance system formed of resonant capacitors and stray inductances of the high voltage
transformers supplied from a digital inverter. Toluene decomposition was studied in this reactor.

Streszczenie. Przeprowadzono badanie rozktadu toluenu w nowym typie reaktora z wytadowaniem $lizgowym ze stozkowg komorg wytadowczg , w
ktérej umieszczono sze$¢ elektrod. Reaktor zasilany byt za pomocg 6 fazowego ferro-rezonansowego uktadu utworzonego z transformatoréw
wysokiego napiecia o wysokiej indukcyjnosci i kondensatoréw rezonansowych.

Keywords: non-equilibrium plasma, gliding discharge, toluene conversion.
Stowa kluczowe: plazma nieéwnowagowa, wytadowanie $lizgowe, rozkfad toluenu.

Introduction

The emission of hazardous substances, especially
volatile organic compounds (VOCs), is a serious problem
for a number of industrial processes. These are compounds
which cause stratospheric ozone depletion, exhibit
carcinogenic properties and give rise to the greenhouse
effect. Another problem which significantly limits application
of the gas after biomass pyrolysis for the production of
electricity is a content of tar (higher hydrocarbons) in the

gas, which is deposited on the surface of internal
combustion engines or gas turbines.

Toluene, one of the aromatic volatile organic
compounds (VOCs) is commonly used for industrial

application in production of fiber, films or resin, including
polymer fibers which are used for manufacturing household
fabrics, carpets, and clothing. Toluene is also a model
compound of the tars occurring in the biomass gasification
process.

Over the last decade non-thermal plasma has been

used as a new method of conversion of very stable
chemical substances. The efficacy of the reaction in non-
equilibrium plasma depends on the power supply, electron
energy, gas flow rate and concentration of reagents. The
shape of the discharge zone and the residence time have a
serious influence on the process.
The non-thermal plasma of a gliding discharge has been
tested in recent years for the decomposition of toxic and
particularly stable chemical substances, conversion of
methane and cleaning of water waste [1-3]. It is especially
attractive due to the high quantity of radicals produced.
Another advantage of this method is the possibility of using
gas mixtures containing solid particles and of considerable
humidity, and to perform the process at high flow rates.

In the commonly used gliding discharge reactors the fast
gas stream is introduced between the electrodes. As a
result, the reagents residence time in the plasma zone
might not be long enough to achieve expected reaction rate
or product yield. High voltage and large gas streams are
used to expand the discharge chamber, which is created
where the distance between the electrodes is the smallest.
It causes problems with larger reactors and can result in
gas passing by the reaction zone.
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The purpose of this work was to study the effect of the
initial concentration of toluene on the process of its
decomposition in a new type of a reactor. The investigations
were conducted in large-scale gliding-discharge reactor
supplied by a ferro-resonance system.

Experimental

In this study a new construction of the reactor (Fig. 1) [4]
and power supply was used [5]. The reactor consists of a
cyclone gas chamber, and a conical chamber, where the six
high voltage electrodes were placed. In the reactor rod
electrodes were used. The gas inlet to the cyclone chamber
is located tangentially to the inner wall. In the cyclone gas
chamber the gas was introduced into a vortex flow by three
nozzles and then it was introduced into the conical chamber
through the Venturi orifice. The liquid reagent was
introduced to the reactor by the nozzle placed in the upper
part of cyclone chamber. The cyclone shape of gas inlet to
reactor resulted in the very high vortex velocity of the gas
introduced to the plasma zone. Due to that the reagents at
the plasma zone inlet were very well mixed and the
residence time of reagents in discharge zone became
appreciably longer (Fig. 1).

The new power supply applied for the presented gliding
discharge reactor was manufactured by Ertec-Poland. The
new general idea of ferroresonant transformers supplied
from transistor inverters allows for design of poly-phase
multi-electrode reactor systems, where a high capacity
utilization rate is reached with the user-set value of the total
discharge current. The group of high-voltage transformers
supplied from the three-phase inverter can deliver the
output voltage of 1000-2000 V to each electrode. This
feature has been attained by using a ferro-resonance
system formed by resonant capacitors and stray
inductances of the high-leakage-type transformers. In the
presented power supply, the set of 6 transformers were
used. The transformers have an increased level of the
dispersion of the magnetic flux, achieved by branching the
main flux with a magnetic shunt. The voltage ratio is
230/2100 V and the power range is 0.5 to 2 kW for every
transformer. The power supplied to the reactor was
measured by an energy meter in a low voltage circuit and



by digital oscilloscope in a high-voltage circuit (Fig. 2).
Voltage and current courses were measured by a Tektronix
DPO 3034 oscilloscope with high voltage probe Tektronix
P6015 and c1urrent probe TCP 0030 (Fig. 3).

AA

2

=

Fig. 1. Reactor with the rod electrodes for liquid substances
decomposition. A - Cross section of the reactor with electrodes
1 - liquid nozzle, 2 — gas inlet, 3 — cyclone chamber, 4 - Venturi
orifice, 5 — ceramic reactor body, 6 - electrodes, 7 - conical
chamber, 8 — thermocouple, 9 — gas outlet; B - image of the

reactor’s body.
ealls
M_

toluene

GFM

Fig. 2. Experimental setup. A1, A2 sampling points; EC energy
meter; GFM gas flow meter; MFC 1, MFC 2 mass flow controllers;
Os oscilloscope; P1 manometer; R reactor, T1 thermocouple.
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Fig 3. Current and voltage characteristics obtained in air from a
single electrode. Overall discharge power ~ 1 kW.

The gases were analyzed by two chromatographs:
Chrompack CP-9001 with HP 5 column and FID detector for
hydrocarbons up to C7 and Chrompack CP-9002 with
Carboplot P7 column and TCD detector for H,, CO and
COs.

The study was conducted for three gas flow rates: 4.2
Nm3/h, 5Nm’h and 6 Nm3/h, and toluene concentration in
range 0.9 — 2%. The discharge power was in the range 850-
950 W, the frequency was 50 Hz. The overall toluene
conversion strongly depended on the toluene initial
concentration. It reached a value close to 1.0 for toluene
initial concentration of about 1.1% and a gas flow rate of
4.2 Nm*/h. A significant effect of gas flow rate on the overall
toluene conversion was observed. With the increase of gas
flow rate the overall toluene conversion decreased.
However, for every used gas flow rate it is possible to reach
an overall toluene conversion close to 1.0 (Fig. 4). The
main products of the toluene decomposition were carbon
dioxide and water. Carbon monoxide was observed when a
low concentration of toluene was used. For a toluene initial
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concentration above 1.3 %, when the temperature reached
600°C, the overall toluene conversion exceeded 90%.
Under these conditions the conversion of toluene into
carbon monoxide decreased below 0.05 (Fig. 5).

1.0
0.8

0.6

0.4

0.2

overall toluene conversion

0.0

0.6 0.8 1.0 1.2 16

toluene initial concentration, %

14 1.8 2.0

Fig. 4. Effect of gas flow rate on toluene conversion. Gas flow rate
a —4.2 Nm¥h, b - 5 Nm¥h, ¢ - 6 Nm*h. Discharge power ~ 900 W,
frequency 50 Hz

1.0 1
0.8 1

0.6 4

0.4 4

toluene conversion

0.2 4

0.0 T T T T T
0.6 0.8 1.0 1774 1.6

toluene initial concentration, %
Fig. 5. Effect of initial toluene concentration on toluene
conversions: a — overall, b — into CO,, ¢ —into CO. Gas flow rate
6 m*/h. Discharge power ~ 900 W, frequency 50 Hz

Conclusion

The overall toluene decomposition mostly depends on
the initial pollutant concentration and gas flow rate. The
main products of the process were carbon dioxide and
water. Small amounts of CO were observed when a low
initial toluene concentration was used. In the toluene
decomposition in a large-scale gliding discharge reactor
soot or higher hydrocarbons were not detected. One can
conclude that a use of the new construction of the reactor
and power supply proved that in this system it is possible to
achieve the toluene conversion of 100%. The effect of the
initial concentration of toluene and gas flow rate on the
conversion of toluene and selectivity of toluene conversion
to CO and CO; was observed.
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Abstract. Remote communities suffer from geographical isolation in many regards which include logistics of supply of commodities and, especially,
supply of electricity. This is particularly serious in countries with vast expanses between settlements such as Australia. This paper addresses the
power supply needs of a remote community in South Australia and proposes a hybrid system integrating renewable energy with existing internal
combustion engine driven generators, taking into account the geographical peculiarities of the site.

Streszczenie. Odlegle geograficznie miejscowosci doswiadczaja izolacji roznego rodzaju, m.in. zwiazanej z logistyka dostaw towarow i surowcow,
szczegolnie zasilania w energie elektryczna. W artykule prezentowana jest propozycja hybrydowego ukladu integrujacego energie odnawialna z
istniejacym generatorami elektrycznymi,, bioraca pod uwage szczegolne cechy geograficzne osiedla w Poludniowej Australii.

Keywords: renewable energy, isolated power systems, hybrid energy systems, geographical conditions.
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Introduction

In Australia, the federal government has made a
commitment to ensuring that ‘20% of Australia’s electricity
supply comes from renewable sources by 2020° [1].
Renewable energy, despite being a sustainable and clean
source of energy, is quite stochastic in nature and hence an
unreliable source of power. Consequently, it is common
practice to integrate renewable energy with conventional
sources of energy such as diesel or Liquefied Petroleum
Gas (LPG) generators [2] into so-called hybrid energy
system.

Hybrid power systems in Australia

In July 2000, the Australian government introduced an
initiative known as the Renewable Remote Power
Generation Program (RRPGP) [3]. The various goals of the
initiative are to:

e support the progress of the Australian renewable energy
industry;

e provide cost effective electricity to remote off-grid
communities;

o develop energy infrastructure in aboriginal communities;
reduce greenhouse gas emissions.

As a result of the RRPGR, hybrid power systems have
been established in many remote and rural parts of
Australia to provide reliable, grid quality electricity to people
residing in those areas.

The state of South Australia (SA) has thirteen remote
off-grid communities, also known as Remote Area Energy
Supply (RAES) sites (see Fig. 1) [4].

Oodnadatta: some background

The work presented in this paper focuses on
Oodnadatta, which is a remote community in South
Australia (SA). SA has a total surface area of 983,483km2,
which is more than three times that of Poland. Furthermore,
the SA area is more than that of Germany and France
combined.

The area of Oodnadatta covers approximately 7,680km
and is located 1,011km north of Adelaide, with a population
of 277, of which 103 are indigenous Australians. The town
has a number of facilities, namely, a petrol station, general
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store, post office, police station, medical centre, school and
hotel. The power infrastructure in the area is owned and
operated by the SA government [4].

The power supply in Oodnadatta is unreliable; for
instance, the community experiences approximately five
blackouts a year, which usually last more than 24 hours [5].
Te reference [6] states that the dependability of a
standalone diesel generator can be enhanced through
integration with renewable energy technologies. Thus,
establishing a hybrid power system in Oodnadatta is bound
to improve the reliability of the power supply for the
residents.

WESTER

Marlg:,
R “{0odnadatta {
\ tenarrircha @ |
l\
Noober Pedy
\ s &=
\ W Mapree >
| S Andameoka | =
Kingoonya™ (Glendambo -
-
1 und N tWeonea | -
undroo Patachilnal) =]
i, R N\ " @Blinmen | O
\ Hannhiu-.,(“”.‘!m_f‘
a =
v >_
\
1 Marnahil & Marty Pgriso %ok LD A feara
2 Bhm 7 Kinoo ’ Gratforeo |
3Parkchiva & Glendaeo \ | £ ”*”»":( wakere |
4 Na 2 Nunds ! = e, )
e e gl od =
X AV | (
Gourct oures 1) Saveae,
10 Coobar Pady i A N
Privatoly Owned Kangaoo. \ \ =,
11 Andamsdia iy e E
12 Yurta N o]
Wngsonsed T
Supplied From Broken Hill (NSW Grid) \ ©
13 Cacktum (A Govemment Distritution Systom) Ao
\ &
\ N\ Garmitier

Fig.1. Remote Area Energy Supply (RAES) locations in SA

Oodnadatta: solar data

The mean daily global solar radiation per annum on a
horizontal surface in Oodnadatta is approximately
6.29kWh/m?, while on a solar module tilted at an angle of
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37.6°, it amounts to 6.74kWh/m? [7]. While there is little
variation between these values, the purpose of tilting the
modules is to maximise power output during the winter
months.

Another parameter used for assessing the solar
potential of an area is the sunshine duration. hours per day.

The sunshine duration in Oodnadatta is comparable to
that in Egypt and Saudi Arabia, the two countries with the
greatest solar potential. The mean daily sunshine hours in
these countries are 11 hours [8] and 8.9 hours [9],
respectively.

Hybrid system design

HOMER software [10] performs three tasks: simulation,
optimisation and sensitivity analysis. In the simulation
process, HOMER investigates the performance of a
particular power system configuration for each hour of the
year to determine its technical feasibility and lifecycle cost.

eneratar 1
Primary Load 1
4 4 Mw'hid
m 287 kKW peak
Generatar 2 P
m Corverter

Generator 3

AC
Fig.2. Proposed hybrid power system

Simulation of the hybrid power system (Fig.21) with the
95kW photovoltaic (PV) array and the 84kW inverter
produced the following results. The PV array produces
225MWh of energy per year which is equivalent to 14% of
the total energy produced by the hybrid power system. The
energy contribution of Generator 1 (185kW) is 8%. This is a
5% reduction in energy produced by the generator when
modelled in the conventional power system. Please note
that Generator 2 (185kW) is a backup used only in
emergency. The output of Generator 3 (254kW) has also
decreased. When part of the conventional power system, its
output comprised 87% of the total energy produced while in
the hybrid power system it produces 80% of the total
energy.

Integrating the PV array with the conventional power
system in Oodnadatta has reduced the operating hours of
Generator 1 from 3650 to 1644hours/yr. This is a 55%
reduction compared with its operating hours in the
conventional system.

Economic analysis

The capital cost of the PV array takes into account the
cost of purchasing the 538 modules. In addition, the
installation costs associated with the array and the inverter
are included. The bulk of the overall capital cost of the
hybrid system is due to the capital cost of the PV array
(91%).

On average the Generator 1 operates for about four
hours per day, between 5 pm and 9pm. Its fuel consumption
has decreased by 55%, totalling to 20,628 litres of diesel
per year.
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On the other hand, the operating hours of Generator 3
have remained at 8760 hours per year. Nevertheless, its
fuel consumption has also reduced, however, by only 7%.

Comparing the replacement as well as operation and
maintenance (O&M) costs of the hybrid system and the
conventional power systems it is evident that the costs have
increased (5% and 13%, respectively).

A large proportion of the costs incurred are due to
Generator 3. On the other hand, Generators 1 and 3 require
less fuel to operate which has reduced the fuel cost by
16%. However, it still comprises a considerable share
(78%) of the total net present cost (NPC), which decreased
from $5 million (conventional power system) to $4.9 million
(hybrid system).

Conclusions

The designed hybrid power system produces 1606 MWh
of energy per year. The solar contribution is 14% or
225MWhlyr. The two generators (240kW and 185kw)
supply 86% of the energy. The 185kW generator operates
for 1644hours/yr, which is a 55% reduction in its operating
hours compared to its usage in the conventional system. On
the other hand, the operating hours of the 240kW generator
do not change. Due to the reduced operating hours of the
hybrid system, it consumes less fuel thus emitting less
carbon dioxide (633,113kg/yr). The conventional power
system emits 745,337kg/yr. Thus the designed hybrid
system offers economical and environmental benefits over
the traditional system, in the particular geographical
circumstances of a local remote South Australian
community of Oodnadatta.
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Abstract. In this study, influence of ozone treatment on physical properties of soil was investigated. We used a quartz container for ozone treatment
of soil. The amount of soil used for treatment was 100 g. Treating time was changed. Flow rate of ozone gas was 1.5 L/min. We measured
characteristics of soil such as inorganic nutrient (NO3-N, NO-N, and NH,4-N), pH(H20), fungi, and DNA of soil before and after ozone treatment.

Keywords: ozone sterilization, soil treatment, nitrate, and pH(H,O).

Stowa kluczowe: sterylizacja ozonowa, obrébka gleby, azotan, i pH (H20)

Introduction

Recently, there are numerous studies about reactive
oxygen species such as ozone and their effects on seeds,
plants, residual toxic, virus, and pests. We have proposed
the potential of ozone treatment for agricultural soil.

Ozone sterilization is one of the most important
techniques to ensure the safety of food processing in
agriculture. Sterilization of soil using pesticides is one of
effective ways to resist the spread of diseases in the soil.
However, contamination such as residual pesticides in the
produce and NO; in groundwater caused by the overuse of
chemicals has become a serious issue in agricultural fields.
Therefore, we proposed the use of ozone in soil alternative
to pesticide. Ozone has high oxidation energy compared to
that of fluorine and does not produce residual toxins.

In this study, we developed an equipment for the
sterilization of soil, which induced a quartz container rotated
by a motor. The ozone generator, which uses the surface
dielectric barrier dlscharge provides a maximum ozone
concentration of 78 g/m at a flow rate of 1.5 L/min. We
investigated the characteristics of soil such as inorganic
nutrient content (NO3-N, NO»-N, and NHs-N), pH(H20),
fungi, and DNA of soil before and after ozone treatment.

Experimental setup

Fig. 1 shows the schematic illustration of the ozone
treatment system for soil. An ozone generator that uses a
surface dielectric barrier discharge provides the maximum
ozone concentration of 78 g/m3 at a flow rate of 1.5 L/min.
The generated ozone gas was injected into the soil directly
in a quartz container that performed a rotation function.
There was no leakage of gas in this equipment. The soll
used for ozone treatment was andosol. The amount of
andosol used for ozone treatment was 100 g. The treatment
time was changed. The ozone dose rates, which are
defined as ozone dose weight per unit weight of soil, were
from 0.1 to 10.5 %. We measured the characteristics of soll
such as inorganic nutrient content (NOs-N, NO»-N, and
NHs-N), pH(H20), fungi, and DNA of soil before and after
ozone treatment.
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Fig.1. Schematic illustration of the ozone treatment system for soil.

Results and discussion

Contents of NO3-N and NH4-N increased after treatment
and subsequently kept a constant quantity regardless of
treating time, even though the number of nitrite and nitrate
bacteria, 8x10° /mg and 2x10’ Img respectively, were not
changed. However, these were maintained at a constant
value with time as shown in Fig. 2. NO3-N and NH4-N with
high ozone dose rate were higher than that with low. It was
revealed that ozone treatment could induce the generation
of nitrogen nutrients in the soil due to the strong
decomposition power of ozone.
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Fig.2. Inorganic nutrients change before and after ozone treatment.

The pH(H2O) decreased just after ozone treatment
regardless of treating time. However, the pH(H20) value



recovered gradually with time as shown in Fig. 3. It
considered that the buffering function for soil acidity
performed after the ozone treatment. Exchangeable positive
ions that adsorbed onto the surface of the soil colloid
changed the positions with H* ions in the soil solution.
Subsequently, the pH(H20) value recovered because of a
decrease in H" ions in the soil solution.
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Fig.3. Recovery curve of pH(H,O) after ozone treatment.

Conclusions

In this study, influence of ozone treatment on physical
properties of soil was investigated. We used a quartz
container for ozone treatment of soil. The contents of NO3z-N
and NHs-N increased after ozone treatment and
subsequently kept a constant quantity. NOs-N and NHs-N
with high ozone dose rate were higher than that with low.
The pH(H20) decreased just after ozone treatment
regardless of treating time. However, the pH(H20) value
recovered gradually with time. It considered that the
buffering function for soil acidity performed after the ozone
treatment.
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APPLICATION OF LOW-TEMPERATURE PLASMA FOR
TREATMENT OF OFF-GASES FROM BITUMEN PRODUCTION
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Abstract. In the experiment degradation of volatile organic compounds from asphalt industry, including odour causing compounds, was conducted.
With this end in view a special plasmachemical reactor was developed. In analytical part solid phase microextraction and GC-MS was applied for
identification and quantitative measurements. It was observed that compounds containing heteroatoms were easier degradable than compounds

containing condensed rings and aliphatic substituted benzene rings.

Streszczenie. Przedstawiono wyniki badan poéttechnicznych rozktadu zwigzkéw organicznych powstajgcych podczas produkcji asfaltow pod
wpfywem Srodowiska plazmy niskotemperaturowej. W badaniach zastosowano reaktor plazmochemiczny o specyficznej konstrukcji z elektrodami

siatkowymi zasilany pragdem o zmiennej czestotliwoSci.

Keywords: low-temperature plasma, bitumen production, PAHs

Stowa kluczowe: plazma niskotemperaturowa, produkcja asfaltu, WWA

Introduction

Bitumen is one of the products derived from oil refining
process and is mainly used in road construction and
roofing. In paving operations bitumen is heated and mixed
with mineral aggregates. Hot bitumen emits vapours and
aerosols (fumes) that contain various compounds. These
include polycyclic aromatic hydrocarbons (PAHs) and
sulphur-containing  organochemicals. Bitumen fumes
contain 1-5 ring unsubstituted PAHs, alkylated PAHSs,
heterocyclic PAHs and terpenoids which may exhibit
mutagenic and carcinogenic activity. Moreover some of
these compounds are odour causing chemicals.

One of the effective ways of biochemical and chemical
deactivation of carcinogenic and odour causing compounds
can be the application of low temperature plasma
environment [1,2,3,4]. The main property of low-
temperature plasma is the possibility of causing non-
equilibrium reactions in ambient temperature. Highly
energetic electrons generated in plasma environment are
able to degrade pollutants present in off-gases. These
electrons provide an energy sufficient to break the bonds of
practically every gas molecule as a result of inelastic
collisions with pollutant molecules. As a consequence of
these reactions, under the influence of ionisation, excitation
and dissociation, secondary electrons as well as highly
reactive particles (radicals, ions and molecules such as
ozone) are also formed [5]. These formed particles being in
transition state also affect the conversion degree of
pollutants found in effluent gases.

Materials and methods

The research on treatment of exhaust gases produced
in bitumen mixing plant located in Lublin, south-eastern
Poland, was conducted with the use of plasmachemical
reactor of own construction [6]. Before proceeding with
laboratory tests, an identification of the compounds arising
in the course of technological process by means of
chromatographic analysis was made [7]. The samples of
gases were afterwards subject to degradation in the low-
temperature plasma environment.

A scheme of laboratory stand used in the tests is
depicted in Figure 1. The main element of the experimental
set-up for the degradation of organic compounds arising
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during asphalt production constitutes a plasmachemical
reactor with mesh electrodes. The reactor was powered
from the system of inverter and high voltage transformer
operating with the frequency of 1500 Hz and producing
sinusoidally alternating voltage up to 10 kV. The
measurement of the active power was carried out with the
use of Kyoritsu power meter type KEW6310 with the
EW8128 clamp sensor. The tests were carried out with
different gas flow rates through the discharge zone.

Analytical system

Plasmachemical
reactor

Sampling point
for analysis

AR

Sampling point
for analysis

Centrifugal
fan

Gas
inlet

Gas outlet
=

Fig.1. Scheme of laboratory test stand for treatment of compounds
from asphalt production under non-thermal plasma conditions

Electric power
supply sytem

Bitumen mass
heating

Gas flow Humidity Temperature
meter meter measurement

In the experimental set-up several systems are included,
namely the electric power supply, the measurement and the
analytical system. Conditions prevailing in electric discharge
zone can be changed through the modification of the
voltage powering the reactor. The set-up was equipped with
systems for the constant measurement of temperature,
humidity, gas flow rate and ozone concentration. The whole
experiment was monitored onboard and the measurement
data were archived with the use of DAQ card and personal
computer.

The structure of the plasmachemical reactor is of tubular
shape. As a dielectric a sodium-silicon glass tube was used
with the outer diameter of 37 mm and the thickness of 1.5
mm. The tube was covered on the inside and the outside
with mesh electrodes made of acid-proof steel. Individual
elements were joined in parallel and placed in a casing thus



creating a modular plasmachemical reactor with four

discharge elements (Figure 2).
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Fig.2. Plasma-chemical reactor with mesh electrodes, 1-insulating
bracket, 2-dielectric, 3-high-voltage mesh electrode, 4-high-voltage
cable, 5-reactor casing, 6-grounded mesh electrode, 7-power cable
for grounded electrode

Identification of carcinogenic compounds present in off-
gases from bitumen mixing plant was made with the use of
gas chromatograph coupled to mass spectrometer Trace
Ultra — POLARIS Q (by Thermo Electron) according to the
method previously applied by Cai [7].

For air samples, the five litre Tedlar sampling bags were
used. The bags are made of polyvinyl fluoride (PVF) with
the thickness of 0.05 mm which is characterized by a very
low permeability level as well as low surface-wall
adsorption. Extraction of the gas samples was conducted
with an SPME method (Solid Phase Microextraction) based
on the partition between a mobile phase (gaseous) and a
stationary phase coated on the fiber of SPME. In the
analysis SUPELCO fibers coated with 100 um of
polidimethylosiloxane (PDMS) were utilised.

Results

During the experiments two kinds of asphalt were
applied: the one modified with dicyclopentadiene and the
35/50 asphalt type.

In the analysed samples were detected alkylated
monoaromatic hydrocarbons (styrene, xylenes,
ethylbenzene, isopropylbenzene) as well as polycyclic
aromatic hydrocarbons (ethylated naphthalenes,
anthracene,  phenanthrene and their = methylated
derivatives). Practically in every sample the traces of
pyrene were also present.

An example of total ion current chromatograms before
and after the degradation in low-temperature plasma
environment as well as retention times of the compounds
present in off-gases for the first type of asphalt are depicted
in Figure 3.
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Fig.3. Total ion current chromatogram (TIC) before (A) and after (B)
the low temperature plasma treatment of the vapors above the
dicyclopentadiene modified asphalt (DCPD) heated to about 150 °C
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The highest degradation levels were noticed for
dicyclopentadiene (asphalt modifier) — 96.3% and styrene
(SBS modified asphalts) — 89.2%. With respect to samples
of non-modified asphalts the highest degradation degrees
for bicyclic organic compounds were observed. Moreover,
the decrease in aliphatic hydrocarbon chain length was
noticed.

It was observed that compounds containing
heteroatoms were easier degradable than compounds
containing condensed rings and aliphatic substituted
benzene rings.

Conclusions

Application of plasmachemical reactor containing a
discharge element in the form of metal mesh attached to
the surface of glass dielectric allowed to obtain
technologically interesting results.

Preliminary research results have shown that the
method of utilizing low-temperature plasma environment
can be an effective way of treating effluent gases arising
during the bitumen production process. However, these
techniques can be applied only in specific conditions and
after conducting precise tests determining parameters of
the process and identifying the products formed during the
reactions.

Application of low-temperature plasma environment
exhibits many advantages, such as low running costs and
no wastes.

Degradation degrees of trace pollutants contained in
gas mixtures emitted during bitumen production process
allow to state that the method could also prove
effectiveness as far as full-scale off-gas treatment is
concerned.

REFERENCES
Kuwahara T., Okubo M., Kuroki T., Yamamoto T., Odor
removal characteristics of laminated film-electrode packed-bed
nonthermal plasma reactor, Sensors, 11 (2011), 5529-5542
Monani F.A., Treatment of air containing volatile organic
carbon: elimination and post treatment, Environmental
Engineering Science, 24 (2007), 1038-1047
Ogata A., Miyamae K., Mizuno K., Kushiyama S., Tezuka M.,
Decomposition of benzene in air in a plasma reactor, effect
reactor type and operation conditions, Plasma Chemistry and
Plasma Processing, 22 (2002), 537-552
Shi Y., Ruan J-J., Wang X., Li W., Tan T., Evaluation of
multiple corona reactor models and the application in odor
removal, Plasma Chemistry and Plasma Processing, 26 (2006),
187-196.
Kogelschatz U., Dielectric-barrier discharges: Their History,
Discharge physics, and industrial applications, Plasma
Chemistry and Plasma Processing, 23 (2003), 1-46
Ozonek J., Fijalkowski S., Energetyczne i procesowe aspekty
produkcji i zastosowan ozonu w technice, Monografie Komitetu
Inzynierii Srodowiska Polskiej Akademii Nauk, 47, Polska
Akademia Nauk, Lublin, Poland, (2007) (in Polish)
Cai L., Koziel J.A.,, Lo Y.C., Hoff S.J., Characterization of
volatile organic compounds and odorants associated with
swine barn particulate matter using solid-phase microextraction
and gas chromatography-mass spectrometry-olfactometry, J
Chromatogr A., 1102 (2006), 60-72

(1]

(2]

K]

(4]

(5]

(6]

(7]

Authors: prof. dr hab. inz. Janusz Ozonek, Politechnika Lubelska,
Instytut Inzynierii Ochrony Srodowiska, ul. Nadbystrzycka 38D, 20-
618 Lublin, e-mail: jozonek@wis.pol.lublin.pl; dr inz. Adam
Piotrowicz,  Instytut  Inzynierii  Ochrony  Srodowiska,  ul.
Nadbystrzycka 38D, 20-618 Lublin, e-mail:
a.piotrowicz@wis.pol.lublin.pl; mgr inz. Krzysztof Jahotkowski,
Wydziat Elektrotechniki i Informatyki, ul. Nadbystrzycka 38D, 20-
618 Lublin, e-mail: k.jaholkowski@pollub.pl.


http://www.springerlink.com/content/0272-4324/
http://www.springerlink.com/content/?Author=Ulrich+Kogelschatz
http://www.springerlink.com/content/0272-4324/
http://www.springerlink.com/content/0272-4324/
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cai%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koziel%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lo%20YC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hoff%20SJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/16297922
http://www.ncbi.nlm.nih.gov/pubmed/16297922
mailto:a.piotrowicz@wis.pol.lublin.pl

PAN

POLSKA AKADEMIA XAUK
CHMRELAL W LUBLENTE

8th International Conference
Electromagnetic Devices and Processes in Environment Protection ELMECO-8

joint with 11th Seminar Applications of Superconductors AoS-11
September 28 - October 1, 2014, Nateczow, Poland

ATMOSPHERIC PRESSURE PLASMA JET
FOR STERILIZATION OF HEAT SENSITIVE SURFACES
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Abstract. The paper presents bactericidal results obtained using RF atmospheric pressure plasma jet. Decontamination effect for E. coli was clearly
visible for 55 and 57°C of post discharge gas temperature after 5 min. treatment. This temperature is below pasteurization point what suggests that
APPJ could be used for decontamination purposes without changing rigid properties of treated material.

Streszczenie. W artykule oméwiono mozliwo$ci usuwania bakterii E. coli przy uzyciu niskotemperaturowej dyszy plazmowej zasilanej z generatora
czestosci fal radiowyc i pracujgcej po cisnieniem atmosferycznym. Najlepsze rezultaty osiggnieto dla 5 min. cyklu dekontaminacyjnego przy uzyciu
gazu o temp. 55 i 57°C. Uzycie gazu post-pazmowego o temperaturze nie przekraczajgcej temperatury pasteryzacji umoZzliwia zastosowanie dyszy
do dekontaminacji materiatow nieodpornych na dziatanie wysokiej temperatury.

Keywords: low temperature atmospheric pressure plasma jet, decontamination
Stowa kluczowe: niskotemperaturowa dysza plazmowa, dekontaminacja

Introduction

Many research groups concentrate on the efforts of
designing plasma sterilizing device working in the ambient
conditions [1-9] using variety of methods such as barrier
discharge, pulsed corona reactors or plasma jets.

7]

shield

electrode

: plasma 7

1

] — Ti
| plasma :

plasma generator

RF matching

RF generator
box

|

——<I>

u

U
oscilloscope
1 I "

Fig 1. Atmospheric pressure plasma jet (A)
and its electrical supply (B).
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To maintain the uniform discharge under atmospheric
pressure mainly quite expensive gases as helium and argon
are used in high concentrations. Plasma disinfection time
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given in the literature varies from several minutes to even
hours. Treatment can be considered as a surface one.

This work presents bactericidal results obtained with RF
atmospheric pressure plasma jet [10-14], which is
applicable toward broad range of materials and surfaces
without damaging them irreversibly and is also operator-
and environmental- friendly.

Experimental set-up

Proposed experimental set-up consisted of gas
and liquid dosing sub-system, electrical discharge
generating sub-system, control and data acquisition
sub-system, and chemical and biological analyzing
sub-system.
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Fig 2. Current voltage characteristics
for oxygen/helium gas mixture.

The main part of the device, which is presented in
Fig. 1A, is RF-powered changeable rod electrode of
tungsten or acid-proof stainless steel. 3 types of electrode
shapes: flat surface, screw-type and turtle-type surface of
5mm diameter were tested. The electrode was powered by
a regulated RF supply (AG 1021 RF generator, T&C Power
Conversion) via impedance matching network (Fig. 1B).



It was possible to power plasma reactor with frequencies
from 10 kHz to 20 MHz. Example of the current-voltage
characteristic for oxygen/helium mixture is depicted in
Fig. 2. Gas temperature was measured using K-type
thermocouple with electronic temperature compensation
multimeter. For this case, effects of charged particle
irradiation on the thermocouple can be neglected. AFM
(NT-MDT Ntegra Spectra) was used for observation of the
surface structure of the samples.

. Experimental results and discussion

Ozone concentration was measured in dependence on
the gas type, gas flow rate, power and the type of electrode
via continuous gas sampling from sealed container (Fig. 3).
Achieved ozone concentrations ranged 0.82 g/m3 (at 50 W
and 40%02/60%He feed gas mixture).

0,9
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0,6
0,5
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0,3 -
0,2
0,1
0 T T T
0,5 1 1.5
Gas flowrate, [m3/h]

Ozone Concentration, [g/m3]

2,5

Fig 3. Gaseous ozone concentrations
(f =14.23 MHz), P = 50 W, 40%0,/60%He.

Gas control Negative control

Time: 10 min., 57 °C

—

Fig 4. Plasma treatment influence on E.coli.

Decontamination properties of atmospheric pressure
plasma for solid surfaces were tested for several selected
pathogenic organisms. The best results were obtained for
planctonic E. coli bacteria, placed overnight on polystyrene
Petri dishes with 50 ml of LB-agar in liquid form to achieve
OD600 = 0,4 in following incubation conditions: temperature
37°C and 220 RPM. Petri dish with LB agar was
homogenously inoculated with 50ul of post-incubation
solution. Then samples were compared with the control to
evaluate influence of plasma, gas flow and gas
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composition. Further step was observation of colonies
growth in 37°C (optimum for E.coli) in 24 hours time.
Experiment was done for variety of operation distances
from the nozzle and gas flow regims effecting in change of
surface temperature of the sample. Results presented in
Fig. 4 concern 55 i 57°C temperature. Moreover gas control
was performed without plasma ignition only with helium and
oxygen gas.

Decontamination effect was clearly visible for 55 and
57°C after 5 min. treatment in comparison to negative and
gas controls, where homogenous layer of microorganisms
was observed. Treatment time extension resulted in further
reduction of observable colonies, however increase of
temperature and slight evaporation were also observed.
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GALVANIC ISOLATION CIRCUIT FOR MEASURING SYSTEMS IN
STRONG ELECTROMAGNETIC DISTURBANCES ENVIRONMENT
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Abstract. Measuring systems operating in environments with strong electromagnetic disturbances require proper technical solutions preventing
excessive errors and measurement uncertainties. Commonly used solutions include shielding, earthing and galvanic isolation. This work presents
a proposal for a new galvanic isolation circuit using a Light-to-Frequency Converter (LFC) working alongside a LED.

Streszczenie. Systemy pomiarowe pracujgce w Srodowisku silnych zaktécen elektromagnetycznych wymagajg stosowania odpowiednich rozwigzan
zapobiegajgcych pojawianiu sie nadmiernych btedéw pomiarowych. Stosuje sie w tym celu ekranowanie, uziemianie oraz separacje galwaniczng. W
pracy przedstawia sie propozycje nowego uktadu izolacji galwanicznej wykorzystujacego przetwornik $wiatto-czestotliwos$c¢ sprzegniety z diodg LED.

Keywords: galvanic isolation, Light-to-Frequency Converter, LFC, electromagnetic disturbances, linear optocoupler.
Stowa kluczowe: izolacja galwaniczna, przetwornik $wiatto-czestotliwo$¢, zaburzenia elektromagnetyczne, transoptor liniowy.

Introduction

Modern measuring systems often have to work in
environments with strong electromagnetic disturbance. The
result of this are additional measurement errors, increased
risk of damage to devices and risk of equipment damage
and danger of electric shock to human personnel. There are
a few ways, in which interferences may occur in measuring
systems: direct galvanic connection, capacitive coupling,
magnetic coupling and electromagnetic radiation. In order to
reduce such effects, proper shielding, earthing and galvanic
isolation are used. Usage of galvanic isolation breaks the
loop of common ground connecting each point of the
measuring system with different potentials. Therefore, we
have some beneficial effects: currents flowing in the
common ground wires, which are the source of interference,
are terminated; common mode voltage and the risk of
electric shock are reduced. Galvanic isolation may be used
in many points of the measuring system. Figure 1
represents a simplified block diagram of a measuring
system containing: sensor S, signal conditioning systems C,
acquisition systems ADC, digital processing DSP and
display D. Galvanic isolation Gl marked with a dotted line
may be introduced in many points of a measuring system,
between GND ground points with different potentials. Due
to measuring errors, the most beneficial mode of conduct is
using GI1 galvanic isolation near the sensor S, where the
signal is the weakest and the interference is the strongest.

i i | |
S | C [—>{ADC —{DSP|—>| D
T T4 T od Lod T
GND1 en GND2 G2 GND3 B GND4 G4 GND5

Fig.1. Simplified block diagram of a measuring system

Light-to-Frequency Converter

Modern galvanic isolation circuits use magnetic fields
(transformers), electrical fields (capacitors) and light
radiation (optocouplers) to transmit signals through the
isolation barrier [1]. Galvanic isolation for analogue signal
(GS1 and GS2 on fig. 1) requires a proper linear
optocoupler. Commonly used optocouplers contain a LED,
optically coupled with two photodiodes, which enable
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negative feedback, increasing the system’s linearity. Many
independent manufacturers offer such optocouplers.

Currently, there are also Light-to-Frequency Converters
(LFC) [2], which enable a new type of galvanic isolation
circuits. Using frequency as an information-carrying signal
in the measuring system is very beneficial. Frequency, in
comparison with the voltage signal, is much more resistant
to interference and it can be sent over large distances
without losing information and be precisely converted into a
digital form using simple and cheap counters [3] or
microcontrollers, without using expensive analogue-to-
digital converters.

LFC is a monolithic integrated circuit containing a silicon
photodiode connected to a current-to-frequency converter
(CFC). A simplified electric diagram of such converter is
presented on figure 2.

Fig.2. Simplified electric diagram of Light-to-Frequency Converter

Photodiode PD converts the incident irradiance E. to
photodiode current Ipp with the constant of proportionality
equal to sensitivity of the photodiode Spp. Integrator
containing amplifier A and capacitor Cyy, comparator K,
oscillator O and reference capacitor Crer Create a current-
to-frequency converter. Reference capacitor Cggr is
periodically charged to the reference voltage Vgee and
connected via switch S to the integrator input. Negative
feedback in this circuit causes the average current value
lrer supplied by the capacitor Cger to the integrator to be
equal to the photodiode’s current value Ipp. Output
frequency Fq is proportional to the incident irradiance E, :

Fo = SPD

1) =
VRerCrer

Ee+FD=ReEe+FD,



where: R, is the LFC responsivity given in kHZ/(pW/sz), Fp
is the output frequency for dark condition (E.=0). According
to the manufacturer’s information, such converters have a
dynamic range of even 160 dB, nonlinearity error of 0.1% of
the measurement range and output frequency up to 1 MHz
[2]. Since the frequency Fp is very small, so in most
application it can be omitted.

Proposed new galvanic isolation circuit

Using a LFC together with a LED enables a galvanic
separation circuit for analogue signals. An appropriate block
diagram is shown on figure 3. The LED converts the current
Ir to radiant flux @., which uses the transmission medium
TM to fall on the photodiode PD placed in the LFC. Output
frequency Fq is proportional to the current I flowing through
the LED :

@ CTR

Fo=— "
VRerCrer

=

where: CTR — current transfer ratio of the photodiode
current lpp to the LED current Ig.

IF dz i E@i ]PD CFC EJ.L“—"- FO
LED % = ::% PD .
:Gl L,_T ____________ L,F,C,'
GND1 i GND2

Fig.3. Galvanic isolation circuit

Static properties of the circuit

In order to assess metrological parameters of the
proposed solution, a system was built in accordance with
figure 3, using TSL235R TAOS Light-to-Frequency
Converter [2] and IRL81A LED. Listed sensitivity of the LFC
is 580 Hz.uW™'cm? for 635nm light wavelength, but
maximum sensitivity occurs for 760 nm light wavelength. In
order to obtain nominal output frequency Fo=500 kHz, a
incident irradiance E, of 0,7 mw-cm? is required. The
IRL81A diode generates a flux @, with a radiant intensity of
le=1 mwW.-sr! for current 1.=20 mA, maximum radiation for
880 nm light wavelength. In order to obtain proper optical
coupling (with medium value of CTR on fig. 4), both
elements have been placed in the free air, 1 cm of each
other, and enclosed in a lightproof case with black internal
walls. Then, static processing characteristic of the system
has been designated experimentally for three different CTR
values, using a logarithmic scale on figure 4.

N
o

-

1 1 —— 1 — 0

0,1+
0,0001

0,01 0,1 1 10 100
LED current 7, [mA]

0,001

Fig.4. Static characteristic of the galvanic isolation circuit for
different values of CTR: 1-high, 2-medium, 3-low
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The circuit operates correctly within about 120 dB, which
corresponds to frequency values Fq of the LFC from 0,5 Hz
to 800 kHz. Nonlinearity depends on the CTR, it is better for
higher values of the CTR.

Circuit operation in dynamic conditions

In dynamic conditions, the LED current value It is
changing, therefore output frequency Fq is also changing. In
order to determine instantaneous values of input signal
(current Ig), it is necessary to measure instantaneous
frequencies Fo. It requires usage of a proper system, which
enables measuring all subsequent time intervals between
subsequent output signal impulses of the converter [3]. The
instantaneous frequency may be determined easily as the
inverse of the time between subsequent impulses and
should be assigned to the moment in time present midway
in this time. Therefore, received results are placed
irregularly in time, which makes their further processing
more difficult. In order to obtain signal samples placed
regularly in time, an approximation of the converter’s output
signal phase using polynomials may be used, and after
calculating its derivative — new samples at regular time
intervals may be specified [3].

In order to assess the operation of the system in
dynamic conditions, a measuring system with a National
Instruments NI 6602 measuring card connected to a PC has
been used, along with appropriate LabVIEW software [3].
Figure 5 shows possible results for harmonic current with a
constant of 0,5 mA and an amplitude of 0,3 mA, changing
with the frequency of 200 Hz. The graph also shows that for
lower current values, the signal samples are spread less

frequently, and for higher values — more frequently,
therefore sampling is nonuniform.
1000
< 800 . .
= P rd
g 600 \\ \\
3
3 400 7 N ya
4 200 rd rd
0
0 1 2 3 4 5 6 7 8 9 10
Time [ms]

Fig.5. Sample measuring results in dynamic conditions

Summary

A new concept of a galvanic isolation system using a
Light-to-Frequency Converter working alongside a LED is
presented. Besides introducing the isolation barrier, using a
frequency-measuring  signal additionally  increases
resistance to strong electromagnetic interference. Results
from a prepared system confirm proper linearity of static
characteristic. After using an appropriate measuring system
and an additional data processing algorithm, the circuit may
also operate in dynamic conditions.
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EMOTIONAL SPEECH RECOGNITION BASED ON ARTIFICAL
NEURAL NETWORK
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Abstract. These article presents the issue of emotion recognition based on Polish emotional speech. Researches were conducted with use of the
Polish database of emotional speech prepared by Medical Electronics Division of the Lodz University of Technology. Four layer artificial neural
network has bed used as emotion classifier. Conducted researches were focused on the following parameters extracted from normalised speech
signal: speaker's sex, average value of speech signal, the minimum and maximum sample value for a given signal, energy of signal and standard
deviation from samples. Six of the following emotional states were the object of research: joy, sadness, anger, fear, boredom and neutral state.

Achieved results reached 57% of accuracy.

Streszczenie. Artykut prezentuje mozliwe zastosowanie sztucznych sieci neuronowych do identyfikacji stanéw emocjonalnych méwcy w oparciu
sygnatu mowy. Do badan zostata wykorzystana polska baza mowy emocjonalnej opracowana przez Zaktad Elektroniki Medycznej Politechniki
t odzkiej. Badania skupiajg sie wokot nastepujgcych stanéw emocjonalnych: radosci, smutku, ztoSci, strachy, znudzeniu i stanu neutralnego.

Keywords: emotional state recognition, artificial neural networks, speech signal processing.
Stowa kluczowe: identyfikacja stanu emocjonalnego, sztuczne sieci neuronowe, przetwarzanie sygnafu mowy

Introduction

The recognition of the emotional state of a speaker,
based on the analysis of speech signals, is a relatively new
issue. However, Polish speech was in this researches
omitted. During last few years only several polish academic
centres begun to conduct researches involving this issue.
One of the reasons of such a direction of changes is
increase the importance of emotions in systems based on
the human - computer type of communication and its
dynamic development.

Support vector machine (SVM) and the k-Nearest
Neighbours algorithm (or k-NN for short) are mostly
common classifiers used in issues connecting with Polish
emotional speech recognition [1, 2, 3].

Conducted researches were focused on well known, but
omitted in publications about Polish emotional speech,
artificial neural networks. The second aim of this research
was to find the optimal input parameters for an artificial
neural network allowing an effective recognition of the
emotional states of a speaker. Carried out researches were
based on databases contained samples matched with
specific emotional tone of the voice.

Analysis of issue

One of prepared and commonly used emotionally
touched voice samples set is Berlin Database of Emotional
Speech [4]. This database contains recording prepared by
10 actors of both sexes, speaking sentences in seven
emotional states: joy, sadness, anger, fear, boredom,
disgust and neutral state [5]. Collections of files, contained
records, prepared based on radio and television programs
are also available. Polish emotional speech database was
prepared and shared by The Lodz University of Technology
[2].

The most important issue in researches in automatic
emotion recognition is to find the proper feature vector,
which comprehensively describes the speech signal.
Descriptors, commonly use in this issue, do not significantly
vary from the ones used the analysis and processing of
speech signals. Signal energy or basic frequency are
parameters which are wildly applied as that kind of
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descriptors [6]. Mel-frequency Cepstrum (MFCC) [7, 8],
Perceptual Linear Predictive (PLC) and Linear Predictive
Coding (LCP) factors are contemporary standards in
detection of speech [9]. They also used in cases connected
with emotional speech analysis.

The sets of attributes, determine based on speech
signal parameters, are input vector for emotional speech
classifiers. Support Vector Machine [10] and k - Nearest
Neighbours algorithm [3] are used as Polish emotional
speech classifier. However, global trends help draw the
assumption of equally good performance of artificial neural
networks in the analysis of the above issues [11].

Speech signals parameters and proposed classifier

Carried out research has not resulted in the
determination of an universal set of features for speech
analysing process so far. It results in a heuristic approach
adoption [10]. This approach involves as many parameters,
designated from signal, as possible. After this
experimentally or by using algorithm, those parameters
which best describe the case are selected. Among the
parameters extracted from the signal the most useful ones
are: the laryngeal tone, energy of the signal, formant
values, and MFCC, LPC, PLP factors [1, 10].

Energy, average value and standard deviation of
speech signal

The carried out researchers focused on both statistic
and physics values of speech signal, that is average value,
standard deviation from samples and energy. The average
value of the whole signal is defined by equation (1) [12]:

X = lim = iX(n)

n—oo n=-N

@
2N +1

where: xy — average value of signal, N — total number of
samples, x(n) — value of n — sample.

In probability theory and statistics, the standard
deviation measures the amount of variation from the
average. A low standard deviation indicates that values
tend to be very close to the mean a high standard deviation
indicates that values are spread out over a large range of



values. The standard deviation from samples is described
by the following formula [12]:

@)

where: SD — standard deviation, N — total number of
samples, xy — average value of signal, x — n-sample value.

The energy of the signal is defined as the integral of the
square of the signal, that is, energy emitted with unitary
resistance. For digital signals it is described by the following
formula [12]:

N
®) E, =Y x*(n)
n=0

where: E, — signal energy, n — sample number, x*(n) —
square value of n —sample.

Before the determination of mentioned above
parameters samples were undergone of normalisation
process for the purpose of research. A standard algorithm
of signal processing is based on three basic stages:
preparation of the data set, the designation of the feature
vector and classification. Thanks to the high quality of
recordings the first stage has been limited to normalisation
process.

The second step is to determine the feature vector
describing the analysed matter as accurately as possible. In
conducted researches this set of parameters was limited to
six elements: the sex of the speaker (1 - woman, 0 - man),
the energy of the signal, both the minimum and maximum
sample value for a given signal, the standard deviation from
samples and the average value of the whole signal.
Mentioned above parameters become an input vector for
used artificial neural network.

The last stage is classification. A four layer neuron
network has been proposed as a classifier. The input layer
was built by 6 neurons, two hidden layers contained 12 and
18 neurons, respectively, the output layer is composed of
six neurons.

Neurons were activated by sigmoidal function. The
research has been carried out in MatLab, where the neural
network has been trained with the back-propagation
algorithm with momentum and adaptation factor (traingdx).
The learning process ended with either the achievement of
the given number of epochs, that is, 1000 in the analysed
cases, or the achievement of a normalised result different
from the expected one by no more than 0.1. The achieved
results have been depicted in figure 1. The confusion matrix
has been shown in Table 1.
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Fig.1. The effectiveness of recognition of individual emotional state

Table 1. Confusion matrix

Actual emotional state
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Conclusions

The explicit designation of emotional tone in the voice
sample is not a trivial issue and the achieved results are far
from ideal. Research conducted by Swiss scientists show,
that the estimation of an emotional state is difficult even for
a human being. They shown that average person can
identify another, unknown person emotional state properly,
only in 60% of all cases [13]. However it is possible to
improve results achieved by used artificial neural network.
One of the first step should be expansion of feature vector
and extraction from speech signal more distinctive for
emotion recognition features. As it was mentioned above
MFCC and LPC factor are becoming a standard in analysis
speech signals especial if we focused on English. It is
absolutely necessary to include this parameter into feature
vector. It is necessary to rearrange ANN, change activation
function or transform it into another for of ANN, the
Kohonen network for instance. The effectiveness of emotion
recognition can be also increased by combining a voice
analysis system with semantic analysis.
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Abstract. The paper describes an author’s experience in electric arc discharge methods of carbon nanotubes synthesis under reduced pressure.
Although in the arc discharge systems pressure does not exceed a half of atmospheric pressure it is assumed that the plasma is near local
thermodynamic equilibrium state. The discussed problems are related to the anode jet parameters and its influence on containing carbon nanotubes
cathode deposit.

Streszczenie. Artykut opisuje doswiadczenia autora zwigzane z zastosowaniem wytadowania fukowego do syntezy nanorurek weglowych pod
obnizonym ci$nieniem. Chociaz ci$nienia w reaktorze tukowym nie przekraczajg 0,5 atm, autor zatozyt, ze plazma tworzaca depozyt katodowy jest w
stanie bliskim réwnowagi termodynamicznej. Przedstawiona tematyka badar zwigzana jest z parametrami strumienia anodowego tworzgcego
zawierajgcy nanorurki weglowe depozyt katodowy.

Keywords: carbon nanotubes, cathode deposit, arc discharge
Stowa kluczowe: nanorurki weglowe, depozyt katodowy, wytadowanie tukowe

Introduction

The most common methods for carbon nanotubes
(CNTs) synthesis are various types of chemical vapour
deposition (CVD) and arc discharge methods. In CVD
methods usually as a source of carbon for CNTs formation
gases containing carbon are used. In arc discharge
methods carbon comes from graphite anode. In the arc
reactors two types of carbon nanotubes can be collected:
single-wall carbon nanotubes (SWNTs) and multiwall
carbon nanotubes (MWNTs). MWNTs usually are located
inside the cathode deposit. Synthesis of SWNTs usually
needs application of catalysts and are deposited on the

reactor walls, especially on the top of the reactor and in the ——— L
anode area. Fig. 1: View inside reactor where:1- diagnostic window, 2 — carbon
elements on reactor walls, 3 — cathode deposit, 4 — cathode, 5 —
The system for carbon nanotubes synthesis cathode holder
Generally the arc discharge method is the easiest way o .
for carbon nanotubes production. In investigated reactor Cathode deposit is composed of different forms of

two graphite electrodes were used — anode with dia. 6 mm ~ carbon, but up to 30% are carbon nanotubes. The final
and cathode with dia. 50 mm. Graphite rods were placed product is a mixture of components and requires separating
inside the sealed chamber which was filled with inert gas ~ hanotubes from the soot. Fig. 2 shows examples of
cathode surface and formed containing carbon nanotubes
systems such as Co [1], Gd [2], mixes with graphite Co:Y,

(helium) at low pressure (between 100 and 700 mbar). The  deposits for different catalysts.

distance between electrodes was about 1 mm. Temperature I !

cathode deposit. Fig. 1 illustrates system for arc plasma e [
CNTs synthesis. -
Co:Fe, NitY, Ni:Mg, Ni:Fe, Ni:Cu, Ni:Pt, Ni:Ti, Ru:Pt [3-5]

but the most common are ferrous group metals [6-9].

of the arc discharge near the anode surface was higher
than boiling point of carbon. This temperature caused
vaporization of carbon elements and formation of plasma
jet. The jet moved carbon elements toward relatively cold

Arc discharge methods enable synthesis of multiwall i -
carbon nanotubes. In cases when single wall carbon
nanotubes are needed it is necessary to application of
catalysts. There are many catalysts in arc discharge

Introduction of the catalyst influence on plasma parameters 41_0",1

and geometry. Among several methods of catalysts
introduction a method where a mixture catalyst-carbon is

placed in a hole in the anode. wt.); b) Y as catalyst (5% wt.)

Fig. 2. Examples of cathode deposits where a) Ni as catalyst (5%
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It was noticed that ferromagnetic nanotubes appear only
on the walls of the reactor. In presented research set-up
Co, Ni, Fe were used as catalysts.

The plasma jet

Although the applied systems use approximately half of
the atmospheric pressure it is assumed that the plasma
column is in the near local thermodynamic equilibrium state.
Due to high evaporation ratio the local pressure between
two electrodes is relatively high. Assumption that plasma is
in the local thermodynamic equilibrium means that:
temperatures (the average kinetic energy of particles) all
of plasma components are equal,
velocity distribution of all kinds of particles is described
in Maxwell's law,
distribution of particles with different energy levels is
defined by the Boltzmann law,
the plasma components concentration is defined by the
Saha-Eggert equation,
concentration of the individual components of chemical
reactions is determined by the Guldberg-Waage law of
mass action.
Due to the small distance between electrodes diameter
of the radius of the plasma column ry is relatively high

Fig. 3. Plasma column (right) and its crossection (left) where: T —
temperature, r — distance from the axis, v - velocity

Due to the small distance between electrodes diameter
of the radius of the plasma column ry is relatively high. To
measure plasma column temperature method of two
spectral lines of the same element can be used [10]. The
plasma column have different temperatures (T) with
different distances (r) from the column axis. Moreover,
plasma column is rotating what may be stabilized by
additional external magnetic field [11].

b
-]

)
D

==C and C+

b

composition %w/w

=]
-4

2

-6 -2 0
distance from the plasma column [mm]

Fig. 4. Plasma column composition with carbon
composition (top).

deposit
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Knowledge about temperature and knowledge about
carbon elements decomposition in high temperatures
enable determination of plasma jet composition.

Fig. 4 shows plasma column composition influence on
deposit composition. The core containing carbon nanotubes
grow in the zone of domination of small carbons and carbon
ions. The hard shell is characteristic for the multiatom
carbons flux.

Results

The results of experiments and calculations have a
great practical potential in modeling of phenomena which
occurs during the synthesis process. A new approach to the
problem will improve the currently used technologies and
increase the carbon nanotubes creation efficiency

The average velocity of the plasma jet decreases
with distance from the electrode (2,5-4,5 m/s)
Metal vapor stream radius decreases with the
distance from the electrode (1,6-2,4 mm)

Metal vapor flux density decreases with distance
from the electrode (0,08-0,14 kg/m3)

The partial pressure of the catalyst decreases with
distance from the electrode (0,5-3 Pa)
Effective ionization potential increases
distance from the electrode

with

Acknowledgment:
Scientific work has been financed from the budget for
science in the years 2013-2014 as a research project.

REFERENCES
(1]
(2]
K]

lijima S., Ichihashi T., Single-shell carbon nanotubes of 1-nm

diameter, Nature 363 (1993), pp. 603-605

Subramoney S. et al., Radial single-layer nanotubes, Nature

366 (1993), p. 637

Kiang C.H. et al., Subramoney S. et al., Catalytic effects of

heavy metals on the growth of single-layer carbon nanotubes

and nanoparticles, Journal of Physical Chemistry, Vol. 57

(1996), pp. 35-39

Saito Y. et al., High yield of single-wall carbon nanotubes by

arc discharge using Rh-Pt mixed catalysts, Chemical Physics

Letters, Vol. 294, Issue 6 (1998), pp. 593-598

Flahaut E. et al., Synthesis of single-walled carbon nanotubes

using binary (Fe, Co, Ni) alloy nanoparticles prepared in situ by

the reduction of oxide solid solutions, Chemical Physics

Letters, Vol. 300, Issues 1-2 (1999), pp. 236-242

[6] Saito Y. et al., Cobalt particles wrapped in graphitic carbon

prepared by an arc discharge method, Journal of Applied

Physics, Vol. 75, Issue 1 (1994), pp. 134-137.

Seraphin S., Zhou D., Single-walled carbon nanotubes

produced at high yield by mixed catalysts, Applied Physics

Letters, Vol. 64, Issue 16 (1994), p. 2087.

Ebbesen T.W., Nanotubes, nanoparticles, and aspects of

fullerene related materials, Journal of Physics and Chemistry of

Solids, Vol.58, Issue 11 (1995), pp. 1979-1982.

[9] Lambert J.M., Ayajan, P.M., Bernier, P., Synthesis of single and
multi-shell carbon nanotubes, Synthetic Metals, Vol. 70, Issues
1-3 (1995), pp. 1475-1476.

[10] Raniszewski G., Temperature measurements in arc-discharge
synthesis of nanomaterials dedicated for medical applications,
Eur. Phys. J. Appl. Phys. (2013) 61:24311

[11] Raniszewski G., Pyc M., Kolacinski Z., Optimization of

magnetic field assisted synthesis of carbon nanotubes for

sensing applications, Sensors (2014) (in printing)

(4]

(5]

(7]

(8]

Authors: Dr Grzegorz Raniszewski, Lodz University of Technology,
Stefanowskiego Str. 18/22, 90-924 Lodz, Poland,
grzegorz.raniszewski@p.lodz.pl


mailto:grzegorz.raniszewski@p.lodz.pl

p N 8th International Conference

Electromagnetic Devices and Processes in Environment Protection ELMECO-8

joint with 11th Seminar Applications of Superconductors AoS-11
POLSKA AKADEMIA SAUK September 28 - October 1, 2014, Nateczow, Poland

CHMRELAL W LUBLENTE

PLASMA — CATALYTIC CONVERSION OF CYCLOHEXANE
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Abstract. The conversion of cyclohexane in a 3-phase gliding discharge reactor has been tested. Two gas flow rates of an air+cyclohexane mixture were used
(1000 and 1400 NI/h). The studies were conducted in a homogeneous (without catalyst) and hybrid plasma-catalytic system (with NiO/cordierite and NizAl
catalysts). It was observed that the higher gas flow rate and higher initial cyclohaxane concentration have a positive impact on unit energy consumption.

Streszczenie. Przedmiotem badar byta konwersja cykloheskanu w 3-fazowym reaktorze w ktérym generowano wytadowanie $lizgowe. Zastosowano dwa
natezenia przeptywu gazu (1000 i 1400 Ni/h). Badania prowadzono w ukfadzie homogenicznym (bez katalizatora) a takze w ukfadzie plazmowo-katalitycznym.
Zaobserwowano, ze wyzsze natezenie przeptywu gazu, a takze wyzsze poczatkowe stezenie cykloheksanu korzystnie wptywa na jednostkowe zuzycie energi.

Keywords: VOCs removal, gliding discharge, non-equilibrium plasma.
Stowa kluczowe: usuwanie LZO, wytadowanie slizgowe, plazma nieréwnowagowa.

Introduction supplied from the three—phase inverter with adjustable limits
Cyclohexane is widely used as a non—polar organic of both the amplitude and frequency can deliver the output
solvent and is also the starting material for adipic acid and  voltage of 1000 — 2000 V to each electrode. The power
caprolactam production, which are precursors of nylon [1].  supplied to the gliding reactor was in the range of 1 — 2 kW.
Unfortunately, due to a high vapour pressure, cyclohexane  The energy was measured by an energy meter.
is classified as a volatile organic compound (VOC). VOCs 8
have a harmful effect on human health and the T s
environment. They cause photochemical smog and P :
pollution of the biosphere. Moreover, some of them are
carcinogenic. For these reasons emission of VOCs to the
atmosphere is limited. There are many gas purification
methods which can be applied in decomposition of volatile
organic compounds (VOCs) including thermal and catalytic
oxidation, biological methods, adsorption, absorption and I«
condensation [2]. These methods often require the use of
complex and expensive installations, whereas using
conventional technologies such as catalytic or thermal
oxidation, energy is wasted on gas heating [1]. Another
method, adsorption on activated carbon is very effective. N
However, activated carbon is quite expensive and has to be N
regenerated thermally [3]. In recent years many studies \
were focused on the application of new technologies based
on non—equilibrium plasma. Gliding discharge is especially
attractive due to the high quantity of radicals produced and
a possibility to perform the process at high gas flow rates. A
disadvantage of plasma methods is often incomplete  fjg 1 Three-phase gliding discharge reactor. 1 — gas inlet,
conversion, leading to even more toxic by-products. Inorder 5 _ ga5 nozzle, 3 — starting electrode, 4 — ceramic lining, 5

to solve this problem a plasma-catalyst system is used.  _ glectrode, 6 — catalyst bed, 7 — thermocouple, 8 — gas
Currently the main effort is directed to finding a catalyst g tjet.

which will improve the conversion and selectivity of VOC

decomposition. Conversion of cyclohexane was tested in air at normal
. pressure. Two gas flow rates: 1000 NI/h and 1400 NlI/h were
Experimental _ used. Moreover, the effect of catalyst on conversion of
~ The conversion of cyclohexane was tested in a 3—phase cyclohexane was investigated. For that purpose, two
gliding discharge reactor (Fig. 1). The reactor, made of a jfferent catalysts were selected: NiO on cordierite carrier
quartz-glass tube with a 60 mm internal diameter, ang alloy NisAl. To obtain the NiO/cordierite catalyst
contained three converging duralumin electrodes [4]. The (¢containing about 3 wt. % of metal) commercial cordierite
gas inlet was located at the bottom, between the electrodes.  coramic was impregnated with an aqueous solution of
The power supply applied for this gliding discharge reactor  nickel nitrate, dried and calcined for 3 hours at 400°C. The
was manufactured by Ertec, Poland. The new general idea  mjcrocrystalline NisAl foils with the nominal composition of
of ferroresonant transformers energized from transistor  Ni_22 1AI-0.26Zr-0.1 (at.%) were prepared in the shape of
inverters allows for the design of a poly—phase multi- 4 “honey—comb” structure [5]. Tests in the homogeneous

electrode reactor systems, in which a high capacity system “were conducted in a wide range of initial
utilization rate is reached with the user set value of the total  ¢yciohexane concentrations (0.1 — 1% vol.) In tests with a

discharge current. The group of high-voltage transformers

350

vA
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catalyst bed two initial concentrations of cyclohexane (0.5
and 1% vol.) were used.

The gas temperature measured at the vessel axis over
the upper ends of the electrodes reached 270 — 500°C,
depending on the discharge power and presence of
catalyst. The gaseous products were analyzed by gas
chromatography using Agilent 6890N with HayesepQ
column and the FID detector. Inorganic products (CO, and
CO) were analyzed by Chrompack CP — 9002 with a
Carboplot P7 column and a TCD detector.

The aim of this work was to investigate the effect of the
gas flow rate, initial cyclohexane concentration and kind of
catalyst on unit energy consumption.

Px3.6
@ Uec=—F——
w [Ce le]
where: Uec — unit energy consumption/MJ*moI'lcele
P — power computed from energy meter/W
WI[CsH12] — cyclohexane flow rate at the outlet/mol*h™

Results and discussion

The main products of CgH12 decomposition were carbon
oxides and water. Trace amounts of C2 — C3 hydrocarbons
were also observed. With the increase of discharge power
and gas flow rate, a decrease of unit energy consumption
was observed (Fig. 2). It should be noted that this process
is economically favourable for higher initial concentrations
of cyclohexane (Figs. 2-4).

180

150 A

120 4

g 1000 NI/h 1400 NI/h
;_’ 90+ --O-- 010% —e—
S 5 SeA- 050% —a—
3 ’ O 090% —O—

60

304

1500 2000 2500

Power/W

500 1000 3000
Fig.2. Effect of the initial cyclohexane concentration and
gas flow rate on unit energy consumption in the
homogeneous system.
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Fig.3. Effect of initial concentration of cyclohexane and
catalyst on unit energy consumption. Gas flow rate — 1000
NI/h. Discharge power — 1000 W.
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Fig.4. Effect of initial cyclohexane concentration and
catalyst on unit energy consumption. Gas flow rate — 1400
NI/h. Discharge power — 1000 W.

The effect of the catalyst on the energy consumption may
be seen especially for the lower initial cyclohexane
concentration. The highest unit energy consumption was
obtained for NiO/cordierite and the lowest for NisAl. It may
suggest that NisAl has better catalytic properties than
NiO/cordierite.

Conclusions

It was shown that the unit energy consumption depends on
the initial cyclohexane concentration, gas flow rate and kind
of catalyst. A positive impact on unit energy consumption
was noted for the higher initial concentration of cyclohexane
and the higher gas flow rate. The greatest catalytic effect
was obtained for NizAl.
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SELECTED ISSUES OF THE TRANSPORT CURRENT FLOW IN
MULTILAYERED HTc SUPERCONDUCTORS
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Abstract. In the paper is analyzed influence of multilayered structure of HTc superconductors on the peculiarities of the transport current flow in
these materials. The flow of the current in superconducting planes as well as in the direction perpendicular to the planes is regarded. The generation
of the intrinsic Josephson’s junctions is discussed, while for in-plane current flow description, mathematical model has been elaborated taking into
account interlayers interaction, which well corresponds to experimental data, measured on BiPbSrCaCuO HTc superconductor.

Streszczenie. W pracy zbadano wptyw wielowarstwowej struktury nadprzewodnikéw wysokotemperaturowych na specyfike transportu pradu przez
te materiaty. Rozpatrzono przeptyw pradu wewnatrz ptaszczyzn nadprzewodnikowych, jak tez w kierunku prostopadfym. Zanalizowano powstanie
wowczas samoistnych ztgcz Josephsonowskich oraz przedstawiono model przeptywu pradu wewnatrz ptaszczyzn nadprzewodnikowych.

Keywords: multilayered HTc superconductors, applications, transport current flow.
Stowa kluczowe: wielowarstwowe nadprzewodniki wysokotemperaturowe, zastosowania, przeptyw pradu transportu.

Introduction

HTc superconducting materials in the technical form of
second generation tapes, as well as in microscopic scale of
their crystal structure, are multilayered materials. Such
peculiar structure influences the critical current and current-
voltage characteristics in the respect to the current direction
and interlayers interaction. These important technically
topics are considered in the present paper.

Losses generated in multilayered tapes

In Fig. 1 is shown multilayered structure of the YBaCuO
based second generation tape. HTc superconducting layer
is epitaxially growing here on the hastelloy substrate, which
is magnetic material containing more than 50 % of Ni.

1.8um
— 20pm

Fig. 1. Multilayered structure of the second generation HTc
superconducting tape: 1- Cu stabilizer, 2- Ag layer, 3 — YBaCuO
epitaxial film, 4 — Buffer layers, 5 — Hastelloy substrate

Multilayered structure leads therefore to enhancement of
magnetic losses generated during the alternating current
flow through the second generation superconducting tape.
These losses are determined by the magnetic
characteristics of the nickel substrate as it shows Fig. 2, in
which is presented calculated influence of the magnetic
characteristics of the magnetic substrate on the generated
losses in units reduced to the current density.

Anisotropy of the current flow in multilayered HTc
superconductors

Multilayered crystal structure of HgBaCuOa+«x HTC
superconductor, achieving largest known critical tempera-
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Fig. 2. Dependence of the losses L reduced to alternating current
density j in multilayered structure of HTc superconducting tape as
the function of the substrate magnetic characteristics: B = a th
(0,6 H), where (1) a.=0,7,(2) 0,6, (3) 0,4

ture above 150 K, is presented in Fig. 3. Existence of CuO»
layers and CuO chains is well seen here. Such structure
leads to anisotropy of the transport current flow through this
material. While in-plane current theoretically is described by
the Ginzburg-Landau type relation:

Fig. 3. Multilayered crystal HTc

superconductor

structure of HgBa,CuOg.x
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the interlayered currents are Josephson’s like currents
flowing through the intrinsically formed Josephson'’s
junctions:
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¥, is electrons pair wavefunction in n-th plane, e, m —
electron charge and mass, h reduced Planck’s constant, ¢
light velocity, A magnetic field vector potential, while
indexes Il and L denote parallel and perpendicular to the
layers components, w is buffer layer thickness. In the
present paper model has been proposed, for description
intra-layers currents, based on Ginzburg-Landau theory,
taking into account the capturing interaction of the pancake
shape vortices with nanoscale defects, arising in the
technological process of preparation superconducting tapes
and then coils. Model leads to generation of the energy
barrier AU, which should pass vortex during the flux creep
process. This barrier is described by the relation:

@ 80 =210 [z arcsin(2)- £ [1- (|

Hc is thermodynamic critical field, | superconducting layer
thickness, jc critical current density, § coherence length, po
magnetic permeability. Decrease of the barrier with current
amplitude leads to the pancake vortices initially creep and
next flow leading to electric field generation. Model has
been extended on the case of deformation of the elasticity
energy of vortex lattice during capturing process and
interlayers interaction has been taken into account in model
too. In model has been assumed regular arrangement of
the pinning centers. However its extension on other
distribution of centers is under consideration Current-
voltage characteristics are obtained in this way. The results
of 1-V curves calculations in individual plane are shown in
Fig. 4 for various number of interacting planes.

v [“V] n=9 7 531
0,4
0,2
j[10°A/cm?]
0
0 0,4 0,8 1,2 1,6

Fig. 4. Calculated current-voltage characteristics of individual plane
in HTc multilayered superconductor in the function of the number of
interacting planes, denoted by index n.

Observed here change of current-voltage characteristics in
individual plane with number of interacting planes is
connected with such effect that vortices of pancake form in
surrounding planes induce shielding currents in given plane,
influencing this way total current flowing through it. Total
current-voltage characteristic of sample will be the sum of
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these individual characteristics. For better recognition and
confirmation of theoretical model the comparison of it with
experiment has been performed. The current-voltage
characteristics of the superconducting
Bi1 6Pbo.3Sr.Ca,Cus 060s ceramic have been measured in
liquid nitrogen temperature and static magnetic field.
External magnetic field was generated by using copper
solenoid coil immersed directly into liquid nitrogen bath.
HTc superconducting sample mounted in sample holder
was cooled to 77 K. Measured current-voltage characteristic
were then the base of fitting procedure in theoretical
calculations. One of the fitting parameters taken into
account at calculation procedure was magnetic field. The
comparison of measurements and results of theoretical
calculations is shown in Fig. 5. The magnetic field values
given at each curve are theoretical and correspond within
the accuracy of few milliteslas to experimental data. Good
agreement between theory and experiment has been
observed, which indicates therefore on confirmation of
validity of this model.

100
Viuv)

B=21,56mT

50

B=19mT

B=14mT
B=0mT

200

300 400 500 600 700 8001{mA) 900

Fig. 5. Theoretical (—) and experimental () current-voltage
characteristics of multilayered structure Bi;ePbosSrCa,Cusos0s
superconductor in static magnetic field and T=77 K

Conclusions

Analysis of the transport current flow in multilayered HTc
superconductors has been performed. It indicates on an
importance of current direction against the layers
orientation. From one side multi-layered structure limits the
critical current value and causes strong anistropy, while
from other side opens new possibility of an applications of
HTc superconducting multilayered materials, especially in
electronics. Between layers intrinsic Josephson’s junctions
are formed, which can be useful in superconducting
electronic devices construction. Issue of transport current
flow through such highly anisotropic, multilayered materials
has meaning also for the work of large power devices,
especially HTc cryocables [1], in which critical current is
among other determined just by the capturing interaction of
vortices with nano-sized defects.
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EFFICIENT COUPLED NUMERICAL FEM MODEL
OF COATED CONDUCTOR IN SELF MAGNETIC FIELD
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Abstract. The paper is focused to develop efficient numerical model of coated conductor for modelling with full thermal electromagnetic coupling and
critical parameters of superconductivity taken into account. The model is based on ANSYS APDL (ANSYS Parametric Design Language)
procedures. In order to ensure efficient calculations 2D geometry has been selected. A time step for transient analysis under pulse load has been
selected in a correspondence to E-J power law. As the results parameters of the transition from superconducting to normal state were derived.

Streszczenie. Artykut po$wigcony jest opracowaniu wydajnego w petni sprzezonego modelu numerycznego tasmy nadprzewodnikowej 2G,
uwzgledniajgcego wptyw parametrow krytycznych. Model bazuje na procedurach ANSYS APDL. Geometria 2D zapewnia wydajno$¢ obliczen. Krok
analizy stanu nieustalonego przy wymuszeniu impulsowym dobrano uwzgledniajgc zalezno$¢ potegowg E-J. Jako wynik wyznaczone zostaty
parametry przejscia tasmy ze stanu nadprzewodzgcego do stanu normalnego.

Keywords: coated conductors, FEM modelling, ANSYS, quench propagation.
Stowa kluczowe: nadprzewodniki 2G, modelowanie MES, ANSYS, propagacja quenchu.

Introduction

Recent development of industrial superconducting
applications  influences on the development of
manufacturing of superconducting wires and tapes.
Development and optimisation of wires requires numerous
tests of properties of different similar structures. Laboratory
test are usually very expensive and time-consuming. A very
efficient method for analysis and optimization is numerical
modelling. In electrical engineering two types of modelling
are commonly used, circuit modelling and FEM modelling.

In this paper a method for FEM modelling of HTS coated
conductor is presented, based on commercial software
ANSYS. A variety of models and modelling method is
reported in literature [1], [2]. A model reported in this paper
is a transient, fully coupled (electromagnetic and thermal)
2D model [3]. It allows to analyse the quench development
and propagation is HTS tapes. Similar models reported in
literature are usually simplified models with equivalent heat
generation applied to the model [4]. The model, 2D with
smooth mesh variation across the geometry allow to
calculate results with very short time step, and high width to
height tape ratio ensures minimisation of geometry
simplification error. Presented in this paper results are an
example of tape modelling under low frequency pulse load.
This type of load has been selected because of some
advantages. The most important is possibility to compare
results of modelling to the results of non-destructive
laboratory tests. Presented results were obtained for
SuperPower® High Current wire (2G) with width of 4 mm
and rated current 100 A.

Geometry of model

A geometry of the model has been transformed from 3D
to 2D geometry assuming a width of the tape as infinitely
long. An idea of such transformation is presented in Fig. 1.
A final geometry is called as longitudinal geometry [5], and
is different than the usual transverse geometry (based on
wire/tape cross-section). Very important aspect of the
model geometry is density of mesh. It results from big
difference between thickness of layers in 2G tape. Smoothly
varying mesh density in a part of model is shown in Fig. 2.

87

trans-
verse

current direction

Fig.1. Definition of 2D longitudinal and transverse models
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Fig.2. The geometry and mesh (part) in 2D longitudinal model

Material parameters and boundary conditions

The second important part of numerical model is a set of
material parameters and boundary conditions. Properties of
superconductors of respect of material parameters are very
complicated. It results of surface of critical parameters —
currents, temperature and magnetic fields and their mutual
dependence. Additionally the transition from
superconducting to normal (resistive) state is very rapid. In
classical materials resistivity of conductor depends only on
temperature. In superconductors this dependence is a
function of three parameters. It is impossible to take directly
into consideration using a commercial software. The
dependence of critical parameters on the resistivity has
been included into model using advanced programming
based on APDL (ANSYS Parametric Design Language) and
the procedure reported in literature as ARA (Adaptive
Resistivity Algorithm) [6].



The boundary conditions were applied to the model in a
classical way used for thermal — electrical modelling.

Influence of magnetic field

Resistivity of superconductors depends on surface of
critical parameters. In 2D longitudinal model there is
impossible to calculate distribution of magnetic field. In the
model magnetic field was derived from 2D transverse model
(magnetic field distribution is near the same in both
superconductivity and resistive state). Because in 2D
longitudinal model a tape width is infinitely long magnetic
field was averaged to single value. It is shown in Fig. 3. The
resistivity of superconductor was calculated using formula
based on E-J power law [7]. Such material parameters of
model are valid only for self-magnetic field influence.
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Results of modelling under pulse load

Two types of results has been calculated. The first are
waveforms of the voltage across the tape length and the
temperature (at given location). The second are spatial
distributions of current density, temperature and electrical
potentials. In Fig. 4. waveforms of voltage and temperature
calculated for one pulse of sinusoidal current (with
amplitude of 110 A) is shown. One can observe oscillations
resulting from ARA algorithm.
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Spatial distribution of current density at maximum value
of load current (110 A) is shown in Fig. 5. One can observe
hot spot of quench and current sharing in neighbour to
superconductor layers (mainly in copper and silver).

Presented in this sections results are only an example of
numerical modelling concerning 2G tapes. Such analysis
can be carried out for variety of quantities (of circuit and
field) important in respect of tape optimization

Q

. 333E+10 C999EF10 L133E+11
L167E+10 .500B+10 8338410 L117E+11

Fig.5. The current distribution during the quench at max. current

Conclusions

Described in the paper longitudinal 2D FEM model is an
efficient tool for numerical characterization and optimization
of 2G HTS tapes. It allows to take into account all
parameters of critical surface. Advanced dependence of
those parameters has been modelled by means of APDL.

Longitudinal 2D model is very important for modelling of
quench propagation. It is more efficient than 3D one and
more precise than 1D models.

Presented in the paper results shows that applications
of ARA algorithm results with high amplitude oscillations. It
can be reduced by applications of additional averaging
procedure. It will be the goal of the future research.
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THE INFLUENCE OF CONSTRUCTION OF BIFILAR WINDING
ON EFFICIENCY OF ELECTROSTATIC PRECIPITATOR

Andrzej SUMOREK

Lublin University of Technology

Abstract. This paper presents a pilot scale version of the new construction of filter to remove pollution from the gas. The construction of the filter is
based on the bifilar windings. The filter is designed for the removal dielectric dust particles from the air. A new chassis of bifilar winding is introduced
recently. The most recent results of the filtering efficiency are presented in this paper.

Streszczenie. W artykule zaprezentowano pétporzemystowg wersje filtru nowej konstrukcji do usuwania zanieczyszczen z gazu. Konstrukcja filtru
oparta jest na uzwojeniach bifilarnych. Filtr zaprojektowano w celu usuwania czgstek zanieczyszczen dielektrycznych z powietrza. W ostatnich
testach wprowadzono nowg rame uzwojenia bifilarnego. W pracy zamieszczono najnowsze wyniki skuteczno$ci odpylania zmodyfikowanego filtru.

Keywords: electrostatic precipitator, electrofilter, bifilar filter.
Stowa kluczowe: odpylacz elektrostatyczny, elektrofiltr, filtr bifilarny.

Introduction

There are two methods of the removal dust from the gas
— dry and wet. In the group of the dry dedusters we can find
mechanical dedusters and electroseparators. There are
discharge electrofilters and bifilar electrofilters in the group
of electric precipitators. Discharge electrostatic precipitators
have been widely applied for dust collection [5, 11].

The wires of windings are wounded alternately in bifilar
separator. The neighbouring wires are connected to the
opposite potential of a power source. The characteristic
feature of the bifilar winding is the lack of inductance [7, 8].

The dust particles are dielectric particles typically. The
most of organic dusts are classified as dielectric materials.
The electric charges are distributed uniformly in this kind of
particles. The powered wires of bifilar winding are source of
electric field. Under the influence of the electric field the
distribution of the electric charges changes in the particle. It
is possible to notice an electric moment under the influence
of the field. The result of electric field influence on dielectric
charges in the dust particle is an electric force. Generated
electric force acts on the particle (Fig. 1) [4].

Dust particle

Wires of bifilar
winding

Fig. 1. Example of distribution of forces acting in a bifilar winding
system [6]

It is possible to use DC and AC power source. In an
alternating electric field the changes of the polarization of
charges on the surfaces of dust and insulation follow the
field changes. The direction of attracting force is constant.
The precise calculation of the value of force is not easy [2,
10]. The attraction force depends on the intensity of the
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electric field and on free charge quantity that, in turn,
depend on dust electric properties. The attraction force is
influenced by the construction of the system of electrodes

(diameter, distance between electrodes, dielectric
permittivity and insulation conductivity) and dust particle
parameters (dimensions, dielectric  permittivity and

conductivity) [4, 9].

Test stand

The main part of electrofilter is a filter chamber. The
bifilar windings are situated inside a filter chamber. The
area of bifilar winding covers the cross-sectional area of the
filter chamber at 80 %. The dust particles are attracted to
the windings from the air stream flowing over the windings
(Fig. 2) [7]. There are three bifilar windings inside a filter
chamber. The bifilar windings are connected together into a
cassette. The mounting method of winding allows changing
angle of windings in relation to the air flow.

A pilot scale version of filter chamber consists of
standard ventilation profiles and it is made of steel. The
complete length of filtration system is equal to about 1.0 m
[6, 8]. The filtration cassette is placed inside a chamber
(Fig. 2). The typical method of dusts removal consists in the
use of impact mechanism through the striking the

electrodes [3]. The ,impact”’ cleaning method can be used in
the bifilar electrofilters [1]. The frame of filtration cassette is
so strong that it is possible to remove pollution using an
“impact” method.

Y

Fig. 2. Filter chamber equipped with cassette with bifilar windings



Two types of bifilar windings were utilized during
filtration tests. First construction of winding was based on a
bent copper pipe. The copper pipe was the backbone of the
winding. The wires of winding were wound side by side (Fig.
3a). This construction is lightweight and even allows the
flow of air between the wires of the winding. The
disadvantage of the construction is moving relative to each
other of the wires during exploitation of the filter (Fig. 3b).
The resulting gap could lead to reduction of the dedusting
efficiency.

Fig. 3. Bifilar winding with a metal frame: a) general view, b) detail
view

Because of windings deformation, a new construction of
the winding is introduced. This construction of winding is
based on an ebonite plate. The ebonite plate is the
backbone. This heavy, ebonite construction is resistant to
damage. Even after tests of dedusting of the gas and
cleaning of the windings, bifilar windings wires are intact.

The windings of bifilar filter are made by using typical
electric wire. The wire has a copper core and insulation
made from PCV. The wires have cross-section surface area
equal 0.5; 1.0; 1.5; 2.5 i 4 mm?®. This paper presents the
resuzlts relating to the cross-section surface area equal 1
mm®.

Results

The dust samples are real dust derived from “flour and
pasta factory”. The samples are picked from the following
places in the factory line: a porridge line (sample A); a pasta
line (sample B), a flour line (sample C). The fourth sample
(sample D) is dust on the basis a wheat flour. The relative
moisture content of dust material is 11.4 %+19.3 % at
relative humidity 31+51 % [6, 8].

The temperature of air on the inlet of the chamber is
24.1+27.1°C at air pressure 995-998 hPa. The air velocity is
0.18 m's™. The voltage of bifilar windings achieves value of
13 kV (maximal value for working without electric
discharges in this configuration) [6, 8]. The following results
are referred to the wire with cross sectional area of 1 mm?
and gas velocity of 0.18 m-s™.

90,00 v~

Efficiency of filtering [ %]

85,00 +lia

10kV
Voltage [kV]
Fig. 4. Average dedusting efficiency for enhanced version of bifilar

winding with chassis made of solid ebonite (wire cross-section 1.0
mm?, gas velocity 0.18 m-s™)
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The filter chamber without voltage captures 90.0-91.8%
of pollutants. The dust falls down on the bottom of the
chamber under the influence of gravity forces. The
application of voltage increases removal effectiveness to
95.8-96.9%.

New filer cassette is equipped with bifilar windings with
a solid ebonite chassis. After changing the filter set, a
similar set of tests were carried out. The filter chamber
without voltage captures 90.2-92.3% of pollutants.

The application of voltage increases dust removal
effectiveness to 97.9-98.9%. As before, the effectiveness
increases together with the voltage increase. As before, the
most effective removal has occurred for the particles of dust
of type B (Fig. 4).

Conclusions

1. The filtration efficiency practically does not change
when the filter chamber operates without electric power
regardless of the type of the winding. The filtration efficiency
increases slightly by 0.1-0.5%. It means that even in the
winding with “empty” frame, air flows over the filter
structure.

2. The filtration efficiency increases when enhanced
version of bifilar winding with chassis made of solid ebonite
is used. The filtration efficiency increases by 0.8-1.0 % at
voltage of 5 kV. The filtration efficiency increases by
2.0-2.1 % at voltage of 13 kV.

3. Change the construction of bifilar winding introduces
greater mechanical strength of filter cassette. There are no
damages caused during bifilar winding cleaning. It has
a positive influence on lifecycle of the device.
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PLASMA REACTOR FOR CONTINUOUS PROCESS
OF CNTs SYNTHESIS

Lukasz SZYMANSKI, Zbigniew KOLACINSKI, Emilia GRYSKA

Lodz University of Technology

Abstract. There is a lot of nanotubes production methods. The paper presents the research results of CNTs synthesis in a microwave plasma
system in the atmospheric pressure.The magnetic properties of the synthesized CNTs are used for exploring possibilities of inducing hyperthermia

and thermal ablation of cancer cells.

Streszczenie. Nanorurki weglowe sg produkowane w wielu réznych procesach. W artykule zaprezentowano rezultaty syntezy nanorurek weglowych
z uzyciem reaktora mikrofalowego pracujgcego w cisnieniu atmosferycznym. WiasciwoSci magnetyczne wyprodukowanych nanorurek sg
wykorzystane do zbadania mozliwo$ci wywoftania hipertermii i termicznej ablacji komoérek rakowych.

Keywords: carbon nanotubes, synthesis of carbon nanotubes, nanotubes in magnetic field.
Stowa kluczowe: nanorurki weglowe, synteza nanorurek weglowych, nanorurki weglowe w polu magnetycznym.

Introduction

Carbon-Nano-Tubes (CNTs) are required for many

technological applications such as electron emitters,
supercapacitors, rechargeable batteries, photovoltaic cells,
etc [6]. One of the main challenges to obtain the optimal
product properties is to work out a process of continuous
synthesis and uniform dispersion of CNTs on a substrate.
The method widely used for this purpose is the CVD
(Chemical Vapor Deposition).
It involves the pyrolysis of substances that contain carbon.
In the next step the catalytic "formation of graphenes"” in the
structure of CNTSs takes place. The carbon can be delivered
with acetylene, benzene, ethylene, methane, propylene, CO
and other gases containing carbon and also from
evaporated solid material such as ferrocene. Catalysts are
mainly iron, cobalt and nickel. Synthesis appears during a
flow of carrier gas such as Ar or N> mixed with carbon
containing gases at temperature range from 700 to 1100 K.
In this method there are some difficulties with the activation
of catalyst being in liquid or solid state. The use of the
catalyst as a fluid injected to the furnace or as a solid/liquid
evaporated from containers (boats) which mostly requires a
horizontal furnace, do not guarantee the uniformity of the
process.

Carbon nanotubes have gained interest of scientists as
their properties offer multiple potential applications in
various fields, including medicine and bioengineering.
Catalytic synthesis using metal compounds as catalysts
yields a production of metal-doped particles. Their
ferromagnetic behavior as opposed to pure CNTs has been
proved [7]. The magnetic functionalization stands a
promising opportunity for inducing hyperthermia or thermal
ablation in biological cells. Ferromagnetic particles can be
efficiently heated when placed in an altering magnetic field.
The particles exhibit a hysteretic behavior when placed in
the field and the hysteresis losses due to changing
particles’ magnetization cause heating [8]. The magnetic
field can be obtained in a radio frequency (RF) generator.
RF is a non-ionizing radiation and the magnetic field
presents good penetration in human tissue. Additionally no
harmful effects on human body have been proved so far
which justifies common use of the radiation in medicine.
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Experimental Setup for CNTs synthesis

Synthesis of carbon nanotubes is followed in a steel
chamber on a metal substrate, which is ideal for this
purpose. Fig. 1 shows schematic diagram of the continuous
microwave plasma system for CNTs synthesis (1 — reactor
space, 2 - substrate — metal steel, 3 — microwave plasma
head, 4 - microwave plasma torch, 5 — CNTSs, 6 - cassettes
to move metal substrate).

Fig.1. Schematic diagram of the continuous microwave plasma
system for CNTs synthesis

In the system argon and nitrogen are used as the
plasma gases whereas the hydrogen, ethylene provide
carbon for CNTs formation. Carbon carrying gas is supplied
through a microwave nozzle plasma where it is
decomposing. Plasma heats the substrate with catalyst
applied on the surface. The - ferrocene working as catalyst
has been at first dissolved in xylene and before the plasma
treatment the substrate surface has been covered with
catalyst solution by a deep coating method. The
temperature of substrate was controlled by IR thermometer.
Fig.2. shows the photo of the reactor.

B/
Fig.2. Photo of plasma system



Thermal decomposition of gaseous reagents

The synthesis process is composed of several stages
such as venting, substrate annealing, and reduction with
hydrogen. Every step has own parameters (gas flow, time
and temperature). At the beginning of the work some
computer simulations were made. In these simulations we
used hydrogen, ethylene, acetylene, methane and other
gaseous reagents. Fig. 3. shows the thermal decomposition
of mixture: 1l of ethylene with 3l of hydrogen. This
proportion has been used in our research. The temperature
800K it's the minimum temperature to obtain the carbon in
solid stage that is suitable for synthesis of carbon
nanotubes.
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Fig.3. Thermal decomposition of mixture: 1l of ethylene with 3l of
hydrogen

CNTs for hyperthermia and thermal ablation

CNTs produced in the continuous synthesis method
(Fig. 4) were used to investigate the influence of magnetic
field on the temperature rise of CNTs suspension consisting
of CNTs, sodium dodecyl sulfate (SDS) as a dispersing
agent and water.

Fig.4. CNTSs forest SEM photo (left) and CNTs carpet covering both
sides on stainless steel # 0.01 mm

Prior to temperature measurement the suspension
underwent sonic dispersion for total 4 hours 45 minutes with
250 Hz frequency, 750 W power and 40% amplitude to
destroy nanotubes agglomerates. In our experiment the
radio frequency generator of a frequency range 10-13MHz
was used to investigate the temperature changes of CNTs
suspended in the aqueous solution. These frequency
ranges have been previously used for similar purposes and
proved to be effective [9,10]. The experimental setup used
for temperature measurement is presented in Fig 5. The 5
ml syringe was placed inside the generated field and the
temperature was measured with a fibre optic thermometer
probe Luxtron 812.
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Fig 5. Experimental setup for temperature measurement

Results

The CNTs diameter obtained in experimental setup was
in the range from 20 to 200 nm, CNTs length was up to
100pm on steel. In the reactor most synthesis was the
MWNTs — up to 99% and some double and single-wall
nanotubes. Efficiency of the conversion was up to 60%.
The temperature rise measurements in magnetic field
showed satisfactory results which will be presented
separately.
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WATER CONTACT ANGLES ON HIGH IMPACT POLYSTYRENE
EXPOSED TO RADIO FREQUENCY ATMOSPHERIC PRESSURE
PLASMA JET
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Abstract. For some applications of polystyrene, important role is played by wettability of the material. In the present study, the radio frequency
atmospheric pressure plasma jet source has been applied for the surface modification of the high impact polystyrene film.
The measurements show that water contact angle change is dependent on the composition of working gas, the flow rate value and the distance
from the plasma zone.

Streszczenie. Dla niektérych zastosowan polistyrenéw istotng role odgrywa zwilzalno$¢ materiatu. W niniejszej pracy do obrébki powierzchni
polistyrenu wysokoudarowego (HIPS) uzyto reaktora plazmowego typu plasma jet, pracujgcego z czestotliwos$cig radiowg przy ci$nieniu
atmosferycznym. Otrzymane wyniki wskazuja, Ze istotng role w zmianie kata zwilzania materiatu ma sktad gazu roboczego, warto$¢ jego przeptywu
oraz odlegtosc od strefy plazmy.

Keywords: atmospheric pressure plasma jet, high impact polystyrene, contact angles.
Stowa kluczowe: dysza plazmowa pracujgca pod cisnieniem atmosferycznym, polistyren wysokoudarowy, katy zwilzania

Introduction argon with oxygen and helium with air. During the
High impact polystyrene (HIPS) is a thermoplastic and  measurements, the reactor was directed perpendicularly to

antistatic polymer that is easy to machine and fabricate. Itis  the surface of the sample.

characterised by good impact resistance, machinability, Immediately after plasma treatment, 10 ul water drop

dimensional stability and low cost. HIPS boards are mainly ~ was injected onto a treated surface for calculating the

used in advertising, industry sector and food processing average contact angle from pictures made by CMOS

applications [1-2]. For some applications, important role is  camera.

played by contact angle which determine the hydrophobicity

or hydrophilicity of the material. One of the method for Results

modification material properties such as contact angle, is The results obtained for the different working gases are

using non-thermal plasma [3-11]. In relation to the chemical,  shown in figure 1.

the use of plasma may allow not only to reduce costs but

may also be more environmentally friendly [11]. Additional *®

reduction in manufacturing cost can be achieved by the use a0 e —TS
of plasma reactors that do not require the use of vacuum, T amen i + 0.2 e

such as the atmospheric pressure plasma jet (APPJ). Due n
to the selectivity of energy, a non-equilibrium plasma jet
reactors also allow to perform efficient physicochemical
reaction at relatively low gas temperature which does not
cause changes in deeper part of material [3-6]. The article
presents results of research on water contact angles on
HIPS exposed to non-equilibrium APPJ operating at radio 30
frequency (14.355 MHz). The measurements were
performed for the main factors that may affect the amount
of generated active particles that reach the surface of the e —
sample: composition of working gas, the flow rate value and 0 2 e &0 8 100 120 140

. . Exposure time, s
the distance from the end of discharge. Fig. 1. The dependence between contact angle and treatment time

for different gas mixtures

Contact angle, ©

=

— =

Experimental method
In this study, a commercially available high impact The smallest change was observed for a mixture of
polystyrene was used. Test samples had a size of 30 mm X helium with air, but after two minutes of treatment angle
40 mm with a thickness of 2 mm. All measurements were  decreased more than three times compared to control
made for gas temperature below the softening temperature  sample (90°). Better results obtained for mixtures containing
of material, which was 90 °C [12]. oxygen can be explained by greater amount of oxygen
The measurements were performed using radio radicals (like ozone) which can influence the behaviour of
frequency plasma jet with high voltage electrode inside the  the sample surface. In these cases, 30 s plasma treatment
nozzle. The operating voltage, frequency and power are  enabled to reduce the contact angle of less than 22°.
500 V, 14.355 MHz and 40 W, respectively. Measurements Figure 2 shows results for two flow rates of mixtures of
were made for three mixtures of gases: helium with oxygen,  helium and oxygen for the same proportion of gases.
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Increasing the flow rate by 50% resulted in less impact on
the change of contact angle, which may be explained by a
stronger gas spread over the surface of the sample and
less concentration of active particles. Simultaneously it
excludes the assumption of strong influence caused by the
drying gas flow compared to the plasma treatment.
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Fig. 2. The dependence between contact angle and treatment time
for different flow rate

The results obtained at various distances from the end
of reactor (figure 3) show significant influence of distance
for treatment times less than one minute. For two minutes
the angle was the same for all distances, which could allow
to treat objects with more complex surfaces more freely.
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Figure 4 shows the comparison of the results obtained
for a mixture of helium and argon immediately after the
measurement, and after one day from the time of treatment.
After one day, the contact angle started to return to its
previous value, which is particularly evident at longer
exposure times. This may indicate that the effect of plasma
treatment in the material is not too deep, and the process is
reversible.

Summary

The obtained results allow to conclude an effective
change in contact angle through the use of the radio
frequency APPJ source. Significant changes in the angle
could be seen for treatment time of 15 seconds, which may
be important in reducing the cost of modifying low cost
materials such as HIPS. For the study, in the surface
modification the most important role is played by the
composition of working gas, which decides on the number
of reactive species involved in changing the hydrophobicity
of the material.
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GAS COMPOSITION INFLUENCE ON THE HALOCARBONS
DECOMPOSITION IN THE NON-EQUILIBRIUM PLASMA

Bogdan ULEJCZYK

Warsaw University of Technology

Abstract. The argon concentration influence on the process of trichlorethylene and chloroform decomposition is show in this paper. The chemical
structure of halocarbons influences the process of theirs decomposition is also show. The study was performed in the barrier discharge powered by
pulsed current. It was found that argon concentration in the gas, which was introduced into the reactor strongly influenced the halocarbons
conversion. The halocarbons conversion increased with the increase of the argon concentration.

Streszczenie. W niniejszym artykule przedstawiono wplyw stezenia argonu na proces rozktfadu trichloroetylenu i chloroformu. Przedstawiono takze
wpfyw budowy halogenoweglowodoréw na przebieg procesu ich rozktadu. Proces prowadzono w wytadowaniu barierowym zasilanym pradem
impulsowym. Stwierdzono, ze wzrost stezenia argonu w gazach wprowadzanych do reaktora powoduje wzrost stopnia przemiany

halogenoweglowodoréw.

Keywords: plasma, trichloroethylene, chloroform, decomposition.
Stowa kluczowe: plazma, trichloroetylen, chloroform, rozktad.

Introduction

Plasma technology is one of the rapidly developing
world science disciplines. New reactors and power supply
systems are designed and tested extensively. New
constructions are designed to improve efficiency of plasma
processes [1-5].

The paper concerns the study of the decomposition of
trichloroethylene (C,HCIz) and chloroform (CHCIs) in the
pulsed dielectric barrier discharge. These compounds are
contained in set of the halocarbons. Halocarbons exhibit
toxic properties and causes the greenhouse effect, but
effective method of halocarbons utilization has not yet been
developed.

Experimental set-up

Process of halocarbons decomposition was performed
in the followed conditions:
air and air-argon gas mixtures were used as carrier
gases,
e argon concentrations in air-argon gas mixture were 25,
50 and 75%,
the halocarbons concentration was 0.4% vol.,
total gas flow rate was 10 Nl/h.
Process of halocarbons decomposition was performed
in the reactor, which is shown in Fig. 1. The reactor
consisted of a quartz tube, high-voltage and grounded
electrodes. The high-voltage electrode was made of a
stainless steel porous tube with an outer diameter of 10 mm
and an open porosity of 19%. Gas was introduced by the
porous electrode into the active zone of discharge
(discharge gap). The grounded electrode was made by
applying silver paste on the external part of the quartz tube.
A wall thickness of the quartz tube was 1.3 mm. A
discharge gap width was 3.3 mm.

The pulsed power supply system generated short (~1
us) discharge pulses of high voltage (18 kV). Frequency of
pulse repetition ranged from 130 to 850 Hz.
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Fig. 1. Schema of the reactor. 1 — high-voltage electrode, 2 —
grounded electrode, 3 — dielectric barrier.

Results

Argon  concentration influenced  the  electric
characteristics of the discharge. The energy of a single
pulse increased with the increase of the Ar concentration in
gas (Fig. 2). Consequently, the discharge power increased
at the same frequency. The effects of discharge power and
argon concentration on the overall conversion of C,HCl3
and CHCI; are show in Figs. 3 and 4 respectively. The
overall conversion of C2HCIz and CHClIs increased with the

increase of the discharge power and the argon
concentration.

2 3,0

8 2.0 +—
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Fig. 2. Argon concentration influence on the energy of single pulse.

The effect halocarbons chemical structure on the overall
halocarbons conversion is present in Figs. 3 and 4. The
overall conversion of CHCl; was lower than overall
conversion of CyHCls. The difference between overall
conversion of C;HCIl; and CHCIl; decreased with the
increase of the argon concentration. The overall conversion
of CoHCI; was ~3 times higher than the overall conversion
of CHCI; for the process of halocarbons decomposition
performed in air. For the process of halocarbons



decomposition carried out in gas mixture of high Ar
concentration (75%), the overall conversion of C,HCI; was
only ~10% higher than the overall conversion of CHCls.
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Fig. 3. The influence of discharge power and Ar concentration in
gas mixture on C,HCl; overall conversion.
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Fig. 4. The influence discharge power and Ar concentration in gas
mixture on CHCI; overall conversion.

Discussion

The results (Figs. 3 and 4) indicate that Ar presence in
gas mixture influences the mechanism of the halocarbons
decomposition.

The process of the halocarbons decomposition in the
dry air should be initiated by impact with the oxygen (O°)
and nitrogen (N°) radicals or high-energy electrons (e). Due
to the presence of unpaired electrons in radicals and
negative charge of the electron, these molecules should be
directed to the H atom in CHCIlz and C,HClz. On this atom
there is located a partial positive charge (Figs. 5 and 6).
The C-H bond dissociated as a result of the impact with O’
N" or e. The main differences between C,HCl; and CHCls;
are the presence of a double bond C=C and positive partial
charge on the C atom in C;HClz. An independent rotation of
CCl, and CHCI is disabled by a double bond C=C, therefore
their relative spatial orientation is established. In C;HCls,
distances between H and Cl atoms are larger than in CHCls.
As a result, the electron and radicals have easy access to
the double bonds. The double bond consists of o and T
bonds. The 1 bond is a weak bond (2.5 eV) and it is very
easy to dissociate. The o bond is stronger (3.8 eV).
Therefore, 1 bond dissociation does not cause
decomposition of the C,HClz but unpaired electrons may
migrate towards the Cl. As a result, a molecule may be
decomposed in the detachment of chlorine anion (CI') or
free radicals (CI’).
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The process of halocarbons decomposition of Ar
presence in the gas mixture may be initiated by the reaction
of Ar". Ar" should be directed to Cl atoms, because on
these atoms there is located the partial negative charge
(Figs. 5 and 6). The C-CI bond dissociated as a result of
impact with Ar’. The rate of reaction with Ar" should
increase with the increase concentration of argon.

Cl  5-

5+H

o

o-1 Cl Cl  o-

Fig. 5. Location of partial charges in C,HCls.

5+H €l 5-

) |

6-1 Cl Cl o-

Fig. 6. Location of partial charges in CHCls.

Conclusions

The experiments show that the reactor can effectively
decompose halocarbons in gas mixture with high argon
concentration. For Ar concentration of 75% conversions of
CHCI; and C;HCIl; reached 86 and 97% respectively.
Decomposition of halocarbons in air was less effective. In
air, overall conversions of CHCI; and C,HCI3 reached 33
and 79% respectively.

Discharge power influenced the overall halocarbons
conversion. The overall halocarbons conversion increased
with the increase of discharge power for each carrier gas.

This work was supported by The National Center for

Research and Development (agreement No.
PBS2/A1/10/2013).
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Abstract. The new 2G superconducting tapes with high resistivity in the normal state allow to build transformers with high short-circuit strength. The
short-circuit current limiting feature of the superconducting transformer, which is the most important benefit of replacing the conventional windings by
the superconducting ones, provides protection and significantly reduces the wear and tear of circuit breakers and other substation power equipment.
This paper describes the design and test results of a model of a 1-phase, 9 kVA superconducting transformer with windings made of 2G HTS tape. A
special regard is given to the ability of the transformer’s superconducting winding to limit of the short-circuit current.

Streszczenie. Dostepne obecnie tasmy nadprzewodnikowe 2G, o duzej rezystancji w stanie rezystywnym, stwarzajg mozliwo$¢ budowy
transformatoréw energetycznych odpornych na zwarcia. MozZliwo$¢ ograniczania prgdu zwarcia przez uzwojenia nadprzewodnikowe transformatora
Jest gtownag korzyscig ptynaca z zastgpienia uzwojen konwencjonalnych Cu uzwojeniami nadprzewodnikowymi.

W artykule przedstawiono wyniki badan eksperymentalnych modelu 1-fazowego transformatora nadprzewodnikowego o mocy znamionowej
9 kVA, z uzwojeniami wykonanymi z tasmy HTS 2G, ze szczeg6inym uwzglednieniem zjawiska ograniczania pradu przez uzwojenia transformatora.

Keywords: 2G HTS tapes, HTS transformer, fault current limitation.
Stowa kluczowe: tasmy nadprzewodnikowe drugiej generaciji, transformatory nadprzewodnikowe, ograniczanie pradu zwarcia.

Introduction

The resistance of superconducting transformers to
short-circuit, which is the result of the fault current self-
limitation effect of superconducting windings, is the most
important benefit of replacing the conventional windings
with the superconducting ones [1], [2]. The level to which
the fault current is limited by the superconducting
transformer depends on the operation characteristics of the
transformer, construction of the windings and on the
parameters of the HTS tapes used (i.e. their resistance at
77 K) [3], [4]. After transition of the superconducting
transformer to the resistive state, the increase of the total
winding resistance, which depends on the resistivity of the
superconducting tape, causes, compared to its impedance
in the superconducting state, a few to several hundred fold  Fig. 1. Model of a single-phase 9 kVA HTS transformer and
increase in the impedance of the transformer. A properly  configuration of their windings
designed and built superconducting transformer reduces
fault currents in a power network. A low short-circuit voltage ~ Table 1. Specification of the model of HTS transformer

current leads

causes the voltage fluctuation at changes of power network Electrical parameters
load to be smaller. Thus, generators can have a lighter Frequency, Hz 50
excitation and as a result they will be cheaper. Also, the use Voltage. primary (HV) / s?conda:jy (L), \é 220;110
of superconducting transformer allows us to reduce both the E?;erat(i:g”em of primary / secondary winding, A 40280
cost of fau_lt protection system and the frequency of power Magnefic core dimensions
network falll_Jres (11, [3]. . Iron core limb cross section, m” 0.0049
~ This article presents the results of an experimental Iron core yoke cross section, m? 0.0049
investigation of a 1-phase model of a 9 kVA Height/length of iron core window, m 0.23/0.07
superconducting transformer designed [5], built and tested Windings dimensions
in the La_boratpry of Supercondu_c_tlng Technology. A special 5=0.01m 5=0.001 m
regard is given to the _aplllty of the _tra_nsformer’s a. m 0.001 0.001
superconducting winding to limit of the short-circuit current. 2, M 0.001 0.001
b;, m 0.0765 0.0685

Design of the HTS transformer by, m 0.0655 0.0655

The single-phase model of a HTS transformer on ry, m 0.0775 0.0695
which the tests were performed is presented in Fig. 1 [5]. rz, M 0.0665 0.0665
This transformer consists of three windings: two HV Lw, m 0.132 0.132
windings and one LV winding (Fig 1 b.). One of the HV Dav, M 0.900 0.840
windings is wound directly on the LV winding while the other layers Myim = Msec 4/2 42
one is wound on a separate bobbin. Such construction length of HTS tapes, HV/LV, m 64127 57127
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gives the possibility to configure the windings of the
transformer to work with two values of air gap width: 6=0.01
m and 6=0.001 m. In this way, we can determine the
impact of the air gap on the performance of the HTS
transformer and its short-circuit current limiting features, as
the values of short-circuit reactance X; depend on the value
of &. All the windings are placed in a non-metallic cryostat
with liquid nitrogen, while the iron core is situated at a room
temperature. Table 1 presents the specifications of the HTS
transformer with two air gap width values..

All the superconducting windings are made of
SuperPower SCS4050 tape with critical current 1.=115 A.
The rated currents of transformers windings are lower that
Icrms = 82A

Experimental investigation

The experimental studies included the determination of
short-circuit tests in order to verify the ability of the
superconducting winding to limit the short-circuit current [5],
[6].

The primary winding is supplied with a voltage regulator
coupled with the power source via a separating transformer.
Loaded secondary winding is shorted by a short-circuit
system. All the measurements are realized with a PC DAQ
Card and the LabView Software. The short-circuit test
results are represented by the waveforms in Fig. 2 and
Fig. 3 for the windings with 6=0.01 m.
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The short-circuit duration was 0.05 s. The time At, after that
the surge current was limited to the value of steady-state
short-circuit current, was about 0,006 s for both value of d.
That means that when the short-circuit current crosses
the value of the critical current, short -circuit impedance Z;
increases from values in the superconducting state (I) to the
values in the resistive state (ll), respectively from 0.28 Q (I)
to 1.91 Q (Il) for a transformer with an air gap.
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Since the HTS transformer limits the fault current as a
result of an increase of the HTS windings resistance, the
short—circuit reactance of the transformer can be small.
However, it is impossible to completely eliminate the short
circuit reactance because there will always be an air-gap
between the windings, so there will be a leakage
inductance. Still, the contribution of short-circuit reactance
to the limitation of the fault current, especially of its first
peak, is significant because the steepness of the fault
current ramp in the first quarter of its period is much greater
than that resulting from the sinusoidal wave of the rated
current. Fault current limitation (increasing of short - circuit
reactance) occurs even before the fault current reaches the
critical current of HTS winding, thus the limitation is more
effective

Conclusion

Using the new 2G HTS tapes with proper values of
resistivity in the resistive state at a temperature of 77 K, it is
possible to build short-circuit resistance HTS transformers
with small value of short-circuit voltage us since the
increase of short-circuit impedance in the resistive state is
sufficient to limit the fault current.

After the transition of the superconducting windings to
the resistive state, the occurrence of the windings
resistance causes a significant increase in the impedance
of the transformer compared to its impedance in the
superconducting state. The SCS4050 2G tape is suitable
for this task as shown the results of the experimental
examination of the transformer model

REFERENCES
[1] Janowski T., Gtowacki B., Wojtasiewicz G., Kozak S., Kozak J.,
Kondratowicz-Kucewicz B., Majka M., Wozniak M., Fault
Current Limitation in Power Network by the Superconducting
Transformers Made of 2G HTS, IEEE Trans. on Appl.
Supercond., Vol. 21, No 3, 2011, 1413-1416
Hayakawa N., Kojima H., Hanai M., Okubo H., Progress in
Development of Superconducting Fault Current Limiting
Transformer, |IEEE Trans. on Appl. Supercond., Vol. 21, Vo. 3,
2011, 1397-1399
Kojima H., Kotari M., Kito T., Hayakawa N., Hanai M., Okubo
H., Current Limiting and Recovery Characteristics of 2 MVA
Class Superconducting Fault Current Limiting Transformer
(SFCLT), IEEE Trans. Appl. Supercond., Vol. 21, Vo. 3, 1401-
1404, 2011
Shirai Y., Nii T., Oda S., Shiotsu M., Current Limiting
Characteristics of Transformer Type HTS Superconducting
Fault Current Limiter with Rewound Structure, Journal of
Physics Conference Series, Vol. 234, Article No. 032053, 2010
Wojtasiewicz G., Janowski T., Kozak S., Kozak J., Majka M.,
Kondratowicz-Kucewicz B., Tests and Performance Analysis of
2G HTS Transformer, IEEE Trans. on Appl. Supercond., Vol.
23, Vo 3, Article No: 5500505, 2013
Lim S. H, Ko S., Han T. H., Analysis on current limiting
characteristics of a transformer type SFCL with two triggering
current levels”, Physica C- Supercond. and its Applications,
Vol. 484, 253-257, 2013

(2]

K]

(4]

(5]

(6]

Authors: dr inz. Grzegorz Wojtasiewicz, prof. dr hab. inz. Tadeusz
Janowski, prof. dr hab. inz. Stawomir Kozak, dr inz. Janusz Kozak,
dr inz. Michat Majka, mgr inz. Beata Kondratowicz-Kucewicz,
Electrotechnical Institute in Warsaw, Laboratory of
Superconducting Technologies in Lublin, Nadbystrzycka 36a,
20-618 Lublin, E-mail: g.wojtasiewicz@iel.waw.pl,
t.janowski@pollub.pl, s.kozak@iel.waw.pl, j.kozak@iel.waw.pl,
m.majka@iel.waw.pl, b.kondratowicz-kucewicz@iel.waw.pl



mailto:g.wojtasiewicz@iel.waw.pl
mailto:t.janowski@pollub.pl
mailto:s.kozak@iel.waw.pl
mailto:j.kozak@iel.waw.pl
mailto:m.majka@iel.waw.pl
mailto:b.kondratowicz-kucewicz@iel.waw.pl

P N 8th International Conference
Electromagnetic Devices and Processes in Environment Protection ELMECO-8

joint with 11th Seminar Applications of Superconductors AoS-11
POLSKA AKADEMIA SAUK September 28 - October 1, 2014, Nateczow, Poland

CHMRELAL W LUBLENTE

INFLUENCE OF SUPERCONDUCTING TRANSFORMER’S
PARAMETERS ON TRANSIENT CURRENT LIMITING

tukasz WOZNIAK"? Grzegorz WOJTASIEWICZ?, Pawet SURDACKI', Grzegorz KOMARZYNIEC?

Politechnika Lubelska, Instytut Podstaw Elektrotechniki i Elektrotechnologii (1), ENEA Wytwarzanie S.A. (2),
Instytut Elektrotechniki w Warszawie (3)

Abstract. In this paper, the analysis of the parameters of the superconducting transformer, which allows to limit transient currents, has been
performed. The proper designing and carrying out the superconducting winding as well as selecting a proper superconducting 2G HTS tape allows to
limit transient currents to the value of winding’s rated current. The stage of computer modelling of the transformer transient behaviour will enable the
optimization of the parameter and material design for superconducting transformer manufacture.

Streszczenie. W artykule dokonano analizy parametréw transformatora nadprzewodnikowego, ktére pozwalajg ogranicza¢ prady w stanach
przejsciowych. Poprawne projektowanie i wykonanie uzwojeri nadprzewodnikowych wraz z doborem parametréw tasmy nadprzewodnikowej 2G
pozwala na ograniczenie prgdéw w stanach przej$ciowych do wartosci ich prgdu znamionowego. Etap modelowania komputerowego uzwojen
pozwoli na optymalizacje doboru parametrdw | materiatbw do produkcji transformatoréw nadprzewodnikowych. (Wpfyw parametréow
transformatora nadprzewodnikowego na ograniczanie pragdu w stanach przej$ciowych).

Keywords: superconducting transformer, fault current limitation, superconductivity
Stowa kluczowe: transformator nadprzewodnikowy, ograniczanie prgdéw zwarcia, nadprzewodnictwo

Introduction
Currently using of the superconducting tapes HTS 2G in Table 1. The percentage voltage of short circuit in conventional and

non-superconducting state have large resistance. Thanks to  superconducting transformers depending on the unit power [1,2,3]

it, there is possibility to build superconducting transformers,

which limit current in transitional states such as short circuit Transformer  L1he percentage voltage of short circuit - u;%
or plugging a transformer into power grid [8]. The resistance Cow power Convigt'ona' S“pefg”dga'”g

f winding is increasin r ex ing critical curren —

o) ding is increasing after exceeding critical current High power 10.15 <6-10

density of a transformer to the value which allows to limit
fault current [6].
To the main advantages of a transformer with
superconducting winding belong:
e minor losses in windings,
e elimination of Joule’s losses in the superconducting
phase because of zero resistance,
e reducing the dimensions and mass of the
transformer,
¢ lack of oil in cooling system of the transformer,
e resistance to short circuits. The fault current can not
exceed the value of the critical current.

In transformers with superconducting windings the
percentage voltage of short circuit is much smaller than in
transformers with conventional windings. The higher the
unit power is , the difference between the voltage is
increasing.

The voltage of fault current in conventional transformers
and superconducting transformers is proportional to the
surface area of a trapezium (fig.1)

i

Parameters allowing to limit current in a short circuit
phase

One of the main advantages of replacing conventional
transformers by transformers with superconducting winding
is their resistance to short circuits thanks to the restriction of
fault current by superconducting winding. The value of
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limitation of fault current depends on the construction of 5
superconducting winding and the parameters of a particular asmrs D b Azmrs
| |

superconducting belt (tape) HTS 2G. The resistance to
short circuit of the superconducting transformer is possible
thanks to a minor value of the percentage voltage of short

circuit. The electro-dynamic force at short circuits and the J
value of fault current depend on the basic transformer

parameter, in other words on the voltage of u,, given in per :
cents. In table 1 there was shown the percentage voltage of !
short circuit u,% in conventional transformers and in ! .

superconducting transformers. The height of windings and
the width of slits between windings is the same in both

transformers [6]. Fig. 1. The impact of the thickness of the transformer winding on

the value of the short circuit voltage
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Where:

aints — the thickness of
superconducting transformer
axqts — the thickness of the second winding of a
superconducting transformer

aicu — the thickness of the first winding of a conventional
transformer

azcu — the thickness of the second winding of a conventional
transformer

& — the width of a slit between windings

the first winding of a

The thickness of windings in superconducting
transformers is much smaller than the thickness of windings
made of copper, by the same size of air slit §, that is why
the surface area of a trapezium is also smaller. The smaller
surface area of trapezium means the smaller percentage
voltage of short circuit. In designing a superconducting
transformer we can assume omitting the thickness of
windings of superconducting transformers since they are
very thin (acv>>anrs) (Fig. 1). The percentage voltage of
short circuit in superconducting transformers will depend
only on the width of an air slit 6 [7].

The selection of the proper percentage voltage of short
circuit in conventional transformers depends on the
acceptable value of fault current. In powerful transformers
the value of fault current is supposed to be the smallest in
order to limit dynamic effects of short circuit. Presently used
method to limit fault current, which is also associated with
dynamic force, is increasing the percentage voltage of short
circuit in transformers. Next, the voltage increase of short
circuit is made by the width increase of an air slit 6
between windings [6].

In superconducting transformers, overcoming the critical
current as a result of short circuit is that a superconductor
comes into a resistant state which causes appearing the
effect of self-limiting of fault current. The transition of the
superconductor into a resistant state and the time of this
transition depends on the characteristic of a current-
voltage superconductor. In figure 2 there is presented the
effect of fault current self-limitation in the winding of a
superconducting transformer [4].

i

The cusrent Ematation baczuss of e increass of winding

QLR

The cusrent incrozse
baczzas of abort Sircua < !
R>>0 (rosdstant state)

| Ic {criScal correns)
In < ic (rat0d current)

N
VARV

R =0 (supercondocive
st29)

-1

£Ts — tramason Sme of windings
from supercondootive st2te 0

resdzon state
ATk — fos Sme when
reaches the valve of ors
suparcondocior

Fault corrent withost 2oy
Emzation by resntance
MTTO2IS

Fig. 2. The effect of self-limiting of fault current in the winding of a
superconducting transformer

The superconducting winding in a superconductive state
has zero resistance R . In the superconductive state, rated
current I, of a superconductor is smaller than critical current

Ic (In<lc). . During short circuit , rated current |, of winding
begins rising and at the time t; reaches the value of critical
current Ic (In=I¢). After overcoming the value of critical
current , superconducting winding turns into a transitional
state, which lasts by the time t,. At this time
superconducting winding turns from the superconductive
state into the resistant state. The resistance of winding
reaches the value R>>0 and fault current is restricted to the
value I > | >l,. The duration of the time of a transitional
state At in operation of superconducting winding is much
shorter than V4 of the duration of the time of fault current
and it does not exceed 1 ms [5].

Conclusion

Fault current in superconducting transformers depends
on the sort of a superconducting belt, the length and the
thickness of winding, the width of a slit, the critical current of
a superconductor and the percentage voltage of short
circuit. Therefore the proper selection of these parameters
will allow to create an optimal superconducting transformer
at this stage of designing, thanks to which there will be
possibility to limit current in transitional states (short circuit
of transformer, plugging transformer into power grid). In
order to achieve this aim we need to create a program
which will reflect a real characteristic and  verify
calculations during a designing phase.
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BACKPACK-TYPE OZONE-MIST STERILIZATION SYSTEM
DEVELOPED FOR NON-CHEMICAL AGRICULTURE PROCESSES
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Fumiaki MITSUGI®, Tomoaki IKEGAMI®, Henryka D. STRYCZEWSKA?, Joanna PAWLAT?,
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Lublin University of Technology (4), Lunghwa University of Science and Technology (5)

Abstract. Chemical reaction of ozone gas with air and water generates highly reactive radicals. These radical species show strong
sterilization effect on harmful insects living on plants and nematodes in soil. We have proposed portable ozone sterilization system which is
expected to be used at small scale agriculture farms generating water-mist and an ozone-mist spray with 4 nozzles. The sterilization
experiments have been performed mostly at eko-farms in China, Taiwan and Japan.

Streszczenie. Ozon reagujgcy z wodg powoduje powstanie rodnikéw hydroksylowych o silnych wtasciwoS$ciach utleniajgcych, ktére mogg
by¢ wykorzystane do usuwania naziemnych szkodnikéw roslinnych oraz nicieni bytujgcych w glebie. Przedstawione bedg wyniki testow
przeprowadzonych w gospodarstwach eko-rolniczych w Chinach, Japonii i na Tajwanie przy uzyciu przenos$nego sterylizatora do

zastosowar agrarnych produkujgcego wode ozonowang i mgte ozonowa.

Keywords: ozone-mist , ozone sterilization, dielectric barrier discharge, harmful insect ,nematode, non-chemical agriculture.
Stowa kluczowe: mgta ozonowa, sterylizacja ozonowa, wytadowanie barierowe, szkodniki roslin, nicienie, eko-rolnictwo.

Introduction

We have required environmentally friendly sterilization
method for agricultural production which is not polluted by
agricultural chemicals. We have developed portable
backpack-type ozone-mist sterilization system for small
scale agriculture at remote rural areas [1-3]. The ozone-mist
matter is generated injecting high dense ozone gas into
sterilization space surrounded with water-mist. The
sterilization characteristics was studied for harmful insects
such as aphids and worm at various treatment conditions.

Most nematodes in soil are beneficial ,feeding on
bacteria, fungi, or other microscopic organisms and are
used as biological control organisms to help manage
important insects. On the other hand, plant —parasitic
nematodes feed on live plants and are detrimental to
agricultural farms.

We have applied our ozone sterilization system to Kkill
the nematodes in agricultural soil. High dense ozone gas
was exposed to the soil. The effect of ozone treatment on
free-living nematodes in soil is studied.

Experimental

Ozone-mist sterilization system developed consists of
an ozone generator, a water-mist supply system, an AC-DC
inverter connected to Li-ion battery, a lightweight oxygen
vessel (FRP) with a pressure regulator, a water tank and a
movable spray rod with ozone-mist nozzle as shown in
Fig.1 [1-3]. Surface dielectric barrier discharge is used to
generate high dense ozone. The AC electric power for the

high frequency generator (15kHz, Vp-p=8kV) was supplied
from the AC-DC inverter with Li-ion battery.

Oxygen cylinder

Inverter power system

Dielectric
barrier
discharge
tube

Mixture nozzle

Fig.1 Structure of ozone-mist sterilization system

Ozone-mist is generated to introduce ozone gas into the
water mist area formed by pumping water into four nozzles.

In this experiment, the target samples such as
aphids were captured on the mesh sheet placed at
the bottom of a test PET cup (top diameter 90mm, bottom
diameter 60mm).

In the cultivation of crops, soil deseases is infected with
nomatodes in the soil. The nomotodes that live in the soil
were separated by using the Bellmann method. A
microscope was used to count the number of nematodes
contained in a water drop of the separated water.
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Results and discussion

Fig.2 shows a typical picture of red aphid sterilization

experiment under a treatment condition of ozone
concentration 70 g/m3 with 1 liter/min, mist-water
300ml/min, treatment time 30sec. In this case the

sterilization rate was about 98%.

Fig.2 Red aphids after ozone-mis treatment.

Fig.3 shows sterilization rate as a function of treatment
time. This result shows that sterilization rate rapidly lowers
with decrease of treatment time. In the practical sterilization
at farms, the treatment time on the targets object lower than
about 10 sec is usually required keeping sterilization rate
over 90%. We have to improve the spray system to give
higher sterilization rate for many kinds of insects.

Sterilization rate

100
95
90

85
0 10 20 30 40

Treatment time (sec)

Sterilization rate(%)

Fig.3 Sterilization rate of red aphids as a function of

Fig.4 is a typical microscopic image of a nematode in
agricultural soil (30g) before ozone treatment for the soil.
The length of the aphid is about 0.8mm.

Fig.4 A nematode sepatated from soil

Fig.5 shows sterilization effect on nematodes treated by
ozone and agricultural chemical (Fenitrothion). Although
average number (denoted by non) of nematodes in non-
treated soil is 5, few numbers were detected in the cases of
ozone(709/m3, 20min) and chemical sterilizations. The
developed sterilization is considered to be a promising
method to promote non-chemical sterilization in agriculture.

Soil sterilization by ozone

0,4 —fll—non
0,3 === 0z0ne
=
bl 0,2 —4—Chemi
0,1 |
\‘lj
0

0 2 4 6 8 10 12 14

Nomatode count per a water drop ( x)

Fig.5 Normal distribution function F(x) of nomotode number (x) in
ozone and agricultural chemical treatemnts for soil.

non: non-treat soil before treatment, Ozone: ozone(70g/m3) treatment

Conclusion

A portable ozone sterilization system was developed to
control the pests in agriculture. The system was applied to
studying the effect on aphids living on plants and
nematodes dwelling in soil. The experiments show that the
survival rate for the aphids is about 10% for treatment time
of 10—20 sec. Most of nematodes in soil were killed by the
20min treatment of 70g/m* ozone gas and the agricultural
chemical treatment.

The non-chemical ozone sterilization method developed
here will be a promising technology in agriculture.

We would like to express sincere thanks to Professors
Emeritus Chikahisa Honda and Masahisa Otsubo for their
kind support and encouragement to promote this R&D
project.
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WPLYW ZMIAN WTRACENIOWYCH W FERROMAGNETYKU
NA PETLE HISTEREZY ROZNICOWEJ DLA ROZNYCH
CZESTOTLIWOSCI STRUMIENIA MAGNETYCZNEGO

Effect of insertion changes in a ferromagnet at the differential hysteresis loop for various frequencies
of magnetic flux

Andrzej WAC-WLODARCZYK, Piotr ZIN, Tomasz GIZEWSKI

Lublin University of Technology

Streszczenie. Wykorzystujgc wspofczesne techniki pomiarowe pojawiaja sie nowe mozliwosci znalezienia dodatkowych funkcjonalnosci dla
klasycznych uktadow elektrotechniki. W artykule przedstawiono prébe wykorzystania mostka pomiarowego zmiennoprgdowego Maxwella w
uktadzie poréwnawczym ze wzorcem. Ukiad ten wykazuje zdolnosci do identyfikacji, a w nastepnych krokach klasyfikacji zmian wtrgceniowych w

ferromagnetykach.

Abstract. Using modern measurement techniques, there are new opportunities to find additional functionalities for the classical electrical
engineering systems. The article presents an attempt to use the AC Maxwell bridge circuit in the comparative system with the pattern. This system
demonstrates the ability to identify, and in the next steps, the classification of insertion changes in ferromagnet.

Stowa kluczowe: histereza réznicowa, mostek pomiarowy Maxwell’a, identyfikacja

Keywords: identification, differential hysteresis, Maxwell bridge

Wstep

Zmiany petli histerezy ferromagnetyka moga
wskazywac¢ na fluktuacje parametréw fizycznych materiatu.
Dlatego, wazne jest by méc zmierzy¢ te zmiany oraz w
nastepnych krokach sklasyfikowa¢ badany ferromagnetyk.
Warto zauwazy¢ ze pole petli histerezy obrazuje straty
zwigzane, miedzy innymi, z przemagnesowywaniem
ferromagnetyka.

Do pomiarow zastosowano model defektoskopu
indukcyjnego, wykonanego w IPEIE Politechniki Lubelskiej

(2]3]-

015

0.1

Rys.1. Uproszczony schemat magnetowodéw stanowiska
pomiarowego.
Urzadzenie to pracuje w uktadzie mostka
pomiarowego zmiennopradowego, w ktorym istniejg dwa
magnetowody z cewkami (Rys.1.) oraz zestaw cewek

bedacych opcjonalnymi elementami urzgdzenia
badawczego.
Uktad pomiarowy

W  przeprowadzonych badaniach  zastosowano

klasyczny uktad mostka Maxwella z indukcyjno$ciami

nieliniowymi w ramionach pierwszym oraz trzecim [4].
Zastosowane elementy indukcyjne stanowig jednakowe
cewki z rdzeniami ferromagnetycznymi, wzorcowym oraz
badanym. Defekt materiatowy badanego rdzenia, powoduje
zmiany jego strumienia magnetycznego, co prowadzi do
pojawienia sie zmiany napiecia nieréwnowagi Uw

(1) Y= d (lpi _Sys)

dt
gdzie: Uw — napiecie nierbwnowagi mostka, %1 oraz ¥s —

strumienie magnetyczny skojarzone z cewkg ramienia
pierwszego oraz trzeciego mostka pomiarowego [1].

Pomiary

Przyktad petli histerezy réznicowej dla czestotliwosci
80Hz pokazany jest na rys.2. Dla czestotliwosci ponizej 200
Hz petla ta ma ksztatt liter S [5].

rdzen ciggly

4E-5-]

@ 0]
165

007 ' " 0 0 ' v
40 40 -20 00 20 40 6O

H [A]
Rys.2. Przebiegi i petla scatkowanego napigcia niezrownowazenia
mostka dla rdzenia ciggtego i z wtrgceniami
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Petle histerezy rdéznicowej mozna uzyskaé podajgc
napiecie  powstale w  wyniku przeptywu pradu
magnesujgcego na oktadziny odchylania poziomego oraz
scatkowane napiecie nierbwnowagi mostka na oktadziny
odchylania pionowego oscyloskopu. Jak wida¢ na rys.2.
pod wplywem zmian wtrgceniowych rdzenia, przyktadowo
nacigcie na obwodzie, petla histerezy zmienia ksztaft, oraz
rozmiary. Rozmiary petli wyraza amplituda
miedzyszczytowa scatkowanego napiecia nierbwnowagi
mostka.

Napiecie skuteczne niezréwnowazenia
Na rys.3. przedstawione =zostaly pomiary zmiany
napiecia skutecznego na gtéwnej przekatnej mostka dla
réznych czestotliwosci przy zmianach wtrgceniowych w
rdzeniu. Kwadraty oznaczajg punkty pomiarowe dla rdzenia
z nacieciem, romby pomiary rdzenia ciggtego.
Rdéznice bezwzgledng ilustrujg tréjkatne punkty pomiarowe.

0,016 |
0,014 —L:LL,,,,
= o T
=) ! ./
0,01
0,008 / S
0,006 +—-
, g=_2
0,004 pres
0,002
0
] 100 200 300 400 500 600 700
f, [Hz]
Rys.3. Napiecie niezréwnowazenia mostka dla réznych
czestotliwosci.
Warto$¢  roznicy wzglednej napiecia  skutecznego

niezréwnowazenia dla rdzenia z i bez naciecia pokazana
jest na rys.4. Rdznica wzgledna jest liczona wzgledem
wskazan z rdzeniem ciggtym.

90%
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80% . * *
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50% %
40%
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Rys.4. Réznica wzglgdna napigcie niezrownowazenia mostka dla
réznych czestotliwosci.

Amplituda miedzyszczytowa scatkowanego napiecia
niezrownowazenia

Warto$¢ amplitudy miedzyszczytowej scatkowanego
napiecia niezrownowazenia mozna zobaczy¢ na rys.2, jako
wysokos¢ petli histerezy réznicowej lub odlegtos¢ w pionie
miedzy szczytami w przebiegu napiecia. Pomiary zostaty
zebrane i pokazane na rysunkach 5 oraz 6. Zmiany
scatkowanego napiecia na gtdéwnej przekatnej mostka dla
réznych czestotliwosci przy rdzeniu ciggtym ilustrujg punkty
pomiarowe w ksztatcie rombu, rdzen z nacigciem to punkty-
kwadraty. R6znice bezwzgledng wskazujg tréjkatne punkty
pomiarowe. Na rys.6. przedstawiono wykres réznicy
wzglednej wzgledem pomiaru z rdzenia bez naciecia.
Wida¢ z niego ze wartosci te po duzym rozrzucie przy

czestotliwosciach ponizej 200Hz stabilizujg sie na poziomie
80% wzrostu amplitudy.
8

s
\

U, [x107-5V]
=y

f,[Hz]

Rys.5. Scatkowane napiecie niezrdwnowazenia mostka dla ré6znych
czestotliwosci
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Rys.6. Réznica wzgledna scatkowanego napigcia
niezréwnowazenia mostka dla réznych czestotliwosci.

Whnioski

» Zmiany napiecia skutecznego niezréwnowazenia pod
wptywem zmian wtrgceniowych w rdzeniu sg znaczgco
wyzsze powyzej 100 Hz.
Naciecie na rdzeniu ma wplyw na wielko$¢ petli
histerezy réznicowej, przy wzroscie czestotliwosci ten
wptyw stabilizuje si¢ na okoto 80% powigkszeniu petli.

» Ze wzrostem czestotliwosci petla histerezy réznicowej
zmienia ksztatt z litery S na zblizony do elipsy.
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Abstract. The quality of work the installation and the electrical equipment (especially industrial) interacts strongly on the quality of electricity. The
paper will present the results of preliminary studies and analyzes carried out in the power supply circuit of the plasma reactor. The analysis applies

to low-frequency disturbances.

Streszczenie. W artykule zostang zaprezentowane wyniki wstepnych badar i analiz przeprowadzonych w torze zasilania reaktora plazmowego typu

Glid-Arc, w zakresie zaburzen czestotliwo$ci przemysfowej.

Keywords: quality of energy, electromagnetic compatibility, Glid-Arc plasma reactor.
Stowa kluczowe: jakos¢ energii, kompatybilno$¢ elektromagnetyczna, reaktor Glid-Arc

Introduction

Considering the problems of electromagnetic
compatibility, we need to analyze their impact on the
energy system. Every electrical appliance or installation
is located in a certain electromagnetic environment, so
there are still some impact.

Quality in relation to electricity can be assessed
based on its indicators. The parameters defining the
electricity quality include: voltage, distortion sine wave
voltage, voltage fluctuations, frequency variations,
voltage dips, surges, voltage imbalance.

Plasma reactor

For technical or scientific generates a low-
temperature plasma in devices called plasma reactors.
One of the types of plasma reactors with an expansion
arch is reactor Glidarc. Its main feature is the possibility
of generation of non-thermal plasma in a polluted gas
directly at atmospheric pressure and under conditions in
which the exhaust gases are emitted into the
atmosphere.

The reactor consists of three working electrodes and
the plug placed in the discharge chamber. The gas flows
through the chamber and is subjected to a plasma
treatment. Due to the research nature of the reactor
operation, the working fluid was a mixture of air fed to the
discharge space. The working electrode are arranged at
120 degrees radially from the axis of the discharge
chamber. Width of the gap between their measured from
the axis of the discharge chamber electrode is approx.
2.5 mm in the discharge ignition zone.

Measurements of power quality parameters are
normally executed by a special device - power quality
analyzers. Meters measure the voltages and currents,
and are capable of calculating and displaying multiple
standard parameters. Measurements are made in
accordance with the guidelines contained in the
standards of PN-EN 61000-4-30, PN-EN 61000-4-15,
PN-EN 61000-4-7. The basis for assessing the
conditions of supply requirements are included in the
polish Regulation of the Minister of Economy of 4 May
2007 on the detailed conditions for the operation of the
power system and the guidelines of PN-EN 50160.

105

Tested installation

Evaluation of the quality of reactor system associated
with the recommendations of compatibility requires a lot
of testing in the laboratory. In order to comply with the
requirements of the EMC Directive, the installation of the
reactor must be in accordance with the requirements
specified in harmonized standards.

Fig.1. Measurement position — plasma reactor Glid-Arc
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Fig.2. Levels of currents and voltages in the circuit of the reactor
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Measurements were made in the installation of Glid-
Arc plasma reactor. There located in the building Asppect
in the Laboratory of Electromagnetic Compatibility. The
study done by use of analyzer "Sonel PQT700", clamps
"C5" and the software "Sonel Analysis".

Measured current and voltage of the primary power
supply and made waveforms during operation of the
plasma reactor with gliding arc discharge.

On the first picture presented investigated the
position. The next graphs, are the screenshots of the
software that was used to analyze the quality of
electricity in the circuit of the reactor.

Arcing is highly nonlinear and asymmetric load
associated with the dynamically changing phenomena of
temporary and short-circuit. This translates into a well on
the random nature of electromagnetic disturbances.

In few minutes operation of the reactor detected
significant harmonics of both even and odd. This
confirms the highly deformed nature of the course of the
current. This phenomenon is observed in all phases.

The reactor is the source of disturbances acting
through the power path to the local energy system. This
situation forces the growth of interest in problems of the
harmonious operation of the reactor in an environment
other equipment and power systems.

Obtained from the study disturbance size will be the
basis for solutions that improve the quality of power
supply circuit of the plasma reactor. Will also help ensure
compliance with the standards of the level of
electromagnetic compatibility.

Conclusion

The study is a preliminary identification of threats that
may enter the plasma reactor system to the local power
system. The resulting studies show strongly non-linear
and unbalanced nature of the reactor. Observed crossing
the harmonic content in all phases of the power supply.
Also identified problems associated with high
electromagnetic interference, which increase the
uncertainty of measurement of the analyzer.

Further research is planned to track the quality of
energy supply and the development of a new
measurement method takes into account the increase
compatibility with the installation of the measuring circuit
of the reactor.
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Abstract. This research investigates the deposition of functional coatings by cool, atmospheric pressure plasma. Dry plasma deposition of
functional coatings has many advantages. The objective is to find a generic plasma process that delivers Soft Plasma Polymerization (SPP)
for depositing coatings comprising large bio-molecules. Key SPP criteria are excellent cross-linking/polymerization to deliver coating
durability with minimal damage to precursor molecules delivering the full functionality of the original monomer. In this work, two very simple
models were used to estimate specific plasma energies, found to be the key parameter in the achievement of SPP.

Streszczenie. Obecne badania majg ma na celu uzytkowy rozwoéj techniki (SPP) do otrzymywania nowych powierzchni materiatow.
Zasadniczo dotyczg zoptymalizowania parametréw procesu tej technologii do rozwoju wysokiej wartosci bio-funkcjonalnych powiok z
prekursoréw o duzej masie czasteczkowej. W tej pracy oparto sie na dwdch prostych modelach w celu oszacowania gestosci energii.

Keywords: soft plasma polymerization (SPP), plasma deposition, functional coatings

Stowa kluczowe: SPP soft plazma, wigzanie/ polimeryzacja

Introduction

Plasma is widely used across industry in the
processing of semiconductor and microelectronics,
paper/packaging, plastics (adhesion), metals, etc. Non-
thermal equilibrium plasmas where the free electrons are
hot (~10,000 K) but the ion and neutral populations are
close to room temperature combine a cool system
(electron mass negligible) rich in active species
generated by fast electrons including ions, excited states,
photons, radicals and molecular fragments. Two non-
thermal plasma pressure regimes are used by industry.
Low pressure plasmas easily maintain a controlled gas
atmosphere and, thus, controlled plasma chemistry to
run repeatable processes. They also easily generate
cool, large volume plasmas for materials processing.
Cool atmospheric pressure plasmas (APP) are harder to
generate and control as the higher the pressure, the
more the plasma tends to reduce in volume and
thermalise towards the temperatures of typical thermal
equilibrium plasmas ~1000K. However non-thermal APP
is attractive to industry due to reduced equipment cost
and the ability to handle demanding substrates and use
coating precursors that cannot survive vacuum offering
potential for innovation.

Plasma polymerisation using low pressure plasma
technology to produce polymeric coatings — plasma
enhanced chemical vapour deposition (PECVD) -
bombards gas/vapour phase precursors with aggressive
plasma species producing fragmentation and re-
arrangement of precursor monomers and a variety of
random fragments which deposit on a substrate. The
resulting thin film layer contains many of the atoms
present in the starting monomer but the coating shows
little resemblance to the original precursor molecule and
deposited films show little or no repeating structure and
no definable molecular weight distribution. Coating
functionality is limited to simple materials such as SiOy,
SiN or TiO, and complex chemistry cannot be deposited
using such systems.

The APP technique used in this work is simple, low
cost and, critically, can put down coatings that are both
polymerised (i.e. cross-linked) to give durability and
contain large, high molecular weight molecules that have
not been damaged or denatured by the process. The
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process of putting down large, undamaged molecules in
a cross-linked coating is called soft plasma
polymerisation (SPP).

The work determined that a ‘pin corona’ type plasma can
achieve SPP [ 1]. Figure 1 shows the plasma emitted as
a jet or spray discharge from a sharp point when a high
voltage is applied to the pin:

Figure 1: Generation of pin corona plasma

This type of plasma has been found to have a very low
energy density, just enough to cross-link gas or vapour
monomer precursor molecules injected into it but not high
enough to damage them. The potential importance of the
technique is that it could extend dry, rapid and low cost
industrial plasma coating technology by providing a new
capability to deposit high molecular weight polymerised
coatings of largely undamaged molecules which retain
the large majority of the monomer functionality. Plasma
has many advantages for industry over wet and/or heat
based processing but has been prevented from reaching
its full potential because of the problem of molecular
damage. The technique shows potential to remove that
roadblock.

Experimental

Coating analysis using solvent wash and high resolution
XPS was applied to pin corona deposited coatings on
silicon wafers generated from Heptadecafluorodecyl
acrylate (HDFDA) monomer injected into the plasma in
vapour state. Excellent cross-linking via the
polymerisable vinyl group was demonstrated by the
coating surviving repeated solvent wash. XPS showed
survival of the functional long perfluoro chain. Curve



fitting of high resolution C1ls XPS spectra as shown in
Figure 2 showed two peaks at 292.4 and 294.6 eV being
the CF, and CF; species. The peaks are well resolved
and ratio of CF; to CF3z is 5.8:1. This is lower than the 7:1
of the starting monomer and indicates some monomer
degradation has occurred. But peak ratios suggest that >
80% retention of the perfluoro- chain has been achieved.
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Figure 2: Curve fitting of the C1s XPS spectrum of
HDFDA deposited on Si wafer for 30 seconds

Modelling

Empirical work [2, 4] of Warburg (1909) and Becker
(1920) connected key plasma discharge parameters with
the efficiency of chemical reactions in the discharge.
Becker showed that the governing reaction parameter, R,
is proportional to the power input per flow of gas, i.e. to
the specific energy in J/cm®. Studies by Rutscher and
Wagner (1993) and Hegemann (2007) showed that in
non-isothermal plasma chemistry (including plasma
polymerization) the specific energy [J/cm?] is indeed the
decisive parameter. Direct measurements of plasma
voltage and current were carried out on the pin corona
plasma as shown in Figure 3:

Hs

Figure 3: Voltage vs. Time (light trace) and Current vs.
Time (dark trace) Corona Discharge characteristics

The data was used to calculate the effective power
density with two models:
Model 1
e All discharge energy is coupled uniformly into the
gas volume enclosed by tube.
e The discharge energy is partitioned evenly over
all elementary entities (atoms/molecules).
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e The gas mix of helium plus HDFDA precursor is
modeled as an Ideal Gas at SLC (Standard
Laboratory Conditions)

Model 2

e The helium is only an inert background gas and
the plasma directly or indirectly, e.g. via helium
metastables, eventually imparts all energy to the
HDFDA.

e Such energy is partitioned evenly over all
HDFDA molecules.

e The HDFDA gas is, again, modeled as an Ideal
Gas at SLC.

Application of the models gave the following results:
Model 1: Specific energy = 0.029 Jlem?® or 0.72 kd/mol or
0.02 eV/entity

Model 2: Specific energy = 54 Jiem® or 1327 kJ/mol or 35
eV/entity

We can compare these figures against real molecular
bond dissociation energy values: C-C 348 kJ/mol, C-O
360 kJ/mol, C-H 413 kJ/mol, C-F 488 kJ/mol, O=0 498
kJ/mol and the pi-bond of the C=C bond approximately
264 kJ/mol. It is clear that both models are wrong and
represent extremes. However, Model 2 is closer to
reality, particularly when the energy lost to tube surfaces,
helium atoms, etc. are considered.

Conclusion

Soft Plasma Polymerisation from a gas state precursor at
atmospheric pressure was seen to deliver coatings
largely replicating the chemistry of the monomer
precursor.

The process uses cool, atmospheric pressure, highly
non-isothermal equilibrium corona discharge.

Retention of chemical functionality is likely to be due to
low energy density [J/cms] coupled into the plasma.

It appears that this corona plasma type is inherently
predisposed to deliver low specific energy into the
reaction zone and, hence, to SPP, even using gas
precursors.

The Corona plasma energy density appears to be high
enough to break C=C bonds to enable cross-linking but
no higher energy bonds thus allowing minimal molecular
damage and de-naturing and retention of functionality.
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