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Abstract:

Biomass, especially waste biomass, as an alternative energye sstioclay's significant issue
Pyrolysis is a process of thermal degradation of raw matanal one of its products is biochar.

This product is characterised by high carbon congerd improving its quality through activation
allows for its wider useChemical activationmprovesthe quality of carbon materials by applying

high temperatueand an activator, e.g. KOH. This method allaMesainingsorption materials with

ahighly developed specific surface area of more than 120§, Pyrolysis ofvaste biomass, which
consisted of corn cobs and cherry stones, was performed. The results of the study of the adsorption
capacity of organic pollutants from the aqueous phase by the activated biocarbon are presented.
An aqueous solution of Rhodamine B wesed as a model pollutant. Teteidy discusses the effect

of waste biomass type on organic pollutants' adsorption cgpacit

Keywords:
pyrolysis, chemical activation, waste biomass, activated biocarbon, adsorption

Introduction

Waste biomasimcludes solid or liquid biodegradable substances of animal or plant origin, which
come from the food industry, agriculture, forestry production, and processing ingilisty.

It consists mainly of carbohydrate polymers such as cellulesmicellulose, and lignir3].
Theproportions of the individual components depend on the origin of the biomass and influence its
properties, and the nemutritive part can be used in further procesduig A distinction is made
between hard and soft biasg5]. Soft biomass, such as chestnut wood, linden wood or willow wood,
contain less lignin thahardbiomass (e.g. fruit stones or oak wogHpg].

Waste biomassone of the most popular sources of renewable enesgysed in thermal
conversion to valable products. The thermal conversion of chemical energy from biomass can be
accomplished by combustion (direct process) or gasification/pyrolysis, during which one form of fuel
is transformed into another (indirect proces$&g).

5
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Pyrolysis is the proas of degradation of a complex molecule of a chemical compound occurring
in an anaerobic atmosphere unddrigh temperature. Three products, namely, solid (char), liquid
(oil) and gas fractiorare received in the procgdd]. The main factors determirgrhow the process
is carried out are temperature and heating rate. Therefore, four types of pyrolysis can be distinguished:
low-temperature (456 0 0 C) -@mpérative (9062 200 C) , f[12]st and sl ow

Raw char has a low commercial value, can bectlyéncinerated. Nevertheless, the product can
also besubjected to activation processes to improve its quality and adsorption profdelti4].

The different structures and properties of chars are due to differences in the feedstock [dihterial
15]. The basic raw materials usamproduceactivated carbons include coal and lignite, wood, peat,
fruit stones, and shellfl, 16-18]. Due to their sorption properties, activated biocarbon find
applications in many fields such as water treatment, energggstocatalysis and gas purification
[19-21].

During activation, either chemical or physical, an cstidj agent is acted on the carbon material
[9]. The first stage in both processes is usually cagaton, while the second step involves the
action of agaseous oxiding agent (steam or carbon dioxide) on the chars at18000 (J22]C
This process is widely used on an industrial scale, but chemical activation is of greater interest on
alaboratory scale. Chemical activation can be carried oubireatep or twestep process. The first
method involves impregnating the biomass with an activating agent (€u,HZnChkb) and then
subjecting the mixture to high temperatui¢ the same timehe second requires prior carbsation
of the biomass, ftbwed by impregnation with an activator (KOH, NaOH, an@&s) and annealing
of the mixture at high temperatytz3-25]. The chemical activation of chars with alkaline substances
produces alkali metals and carbonates, which imptioestability of the cason matrix and expand
the space between carbatom layers, thus increasing the efficiency and adsorption capacity of the
resulting activated carbd25]. Another factor affecting the properties of sorption materials is the
ratio of activator to carbon prarsor. Generally, increasing the activator ratio results in the
development of a microporous structure at the expense of the mesoporous structure. In conclusion,
chemical activation is a better method than physical activation, even though it requiresariore
due toeliminatingactivator residues. Nevertheless, it produces microporous materials with a higher
specific surface arg26, 27].

Despite significant progress in the preparation and charsatten of carbon materials, a method
to obtain productwith high structural parameters from les@st raw materials, such as waste biomass,
is still being soughf8]. In this regard, this work presents a higfficiency method to obtain active
biochar from corn cobs and cherry stones by chemical activatidm patassium hydroxide.
Thechoice of raw materials was dictated prithaby Poland'dargest producer of cherries in the
European UnionThese fruits are used in the processing industry in more thajZB)%orn cobs,
in turn, are an agricultural wasted an example of soft biomass with a high calorific value and low
nitrogen and sulfur contefi29, 30]. Therefore, he obtained biocarbon were chemically activated,
their structure was charactgrd, and their ability to adsorb organic model polligdndm the
agueous phase was evaluated.
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Materials and methods

Two types of waste biomass were chosen as substrates for pyrolysis: cherry stones and corn cobs.
The corn cobs eregroundinto the homogeousmaterial in a size of 0-8.5 cm. Raw materialvere
pyrolysed in a muffle furnace type BEM in stainless steel readervolatile fraction was generated
during the pyrolysis process, transported in the pipe and collectedstegi¢ank after cooling with
thewatec ool er. The process was carr i drdeatnasphere,n bo
without flow gas.

Chemical activation

Before the activation process, the solid fraction from the pyrelgh®s was ground in a mortar
to a particle size of about 1 mm, in both cases. 3 geof the char was weighed and mixed with an
equivalent amount of KOH (1:1) in tlease of corn cobs, while twice the mass excess of activator
(2:1) was used for cherry kernels. Then, 30 mL of distilled water was added and stirred for 2 h at
50 C. The ef fiingthe rato \of activatorion theé high swface area of char was
conducted previously for both samples3 1] . The samples were dried
materials in porcelain crucibles were placed uartg tubs in a horizontal cylindrical furnace at
9 0 Ofor@ h under an atmosphere of nitrogen as an inertdtes.the activation proceshlielscher
ultrasonic homogerer was usetbr 3 minutes twice to remove residual KOH. The water excess (200
mL) was added for dilution of activator and to the solid fraction sediment duriig BiBe liquid
alkali solution wa decanted and neutrd with the solution of hydrochloric acid. The suspension
was fitratelu nder vacuum using a B¢gchner funnel (0.
Thesolid residue was washed with water to newaéibbn the filtrate. The activated carbons were
dried overnight at 80 C and further analysed.

Characteristics of activated biocarbon

The obtained activated carbons were subjected to nitrogen adsorptionsamaiysrding to the
Brunauer, Emmett and Teller (BET) model of multilayer adsorption isotherms, to determine their
specific surface areadSy) and pore volume (3. Samples were degassed 2 h prior to measurement.
Before the measurement, the degassed lesmre weighed and then analysed using a BET specific
surface area analyser (Micrometrics Gemini V). The parameters are determined to allow the pore
diameter (B) to be determined using the following form{s2].

o — (1)

where:

Vp i pore volume [rig];

Sseti surface area [fg];

Dpi pore diameter [m].

Fourier transform infrared spectroscopic {IR) analysis was performed to determine the effect
of the chemical activation process on the formation of surface functional grotgbshe 0.551 mg
of the obtained activated carbons were weighed, thesgota bromide was addeghd a tablet was
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made from the mixture using a hydraulic prdasally, the obtained tablet was analysadd the
spectrum was recorded (Nicolet iS10).

The morphology of the samplegas analged using scanning electron microscopy (SEM)
(Hitachi SU3500).

Adsorption studies

In order to study the adsorption capacity of organic pollutants from the aqueousiphasadel
organic compound Rhodamine B was used. A stock solution of the RhodamineOBW{@0Q) was
prepared in deionised water was diluted to a concentration-&0Q0ng/L to prepare a series of
standard solutions for the calibration curve. In order to determine the rate of RhB adsorption, the
experiments were conducted with different anmtewf adsorbent at a constant initial concentration
of Rhodamine B, temperature, pH and particle size. The activated carbon (AC) was added at different
doses in the range from 2150 mg into 10 mL RhB solution (30 mg[B3]). The samples were
mixed and |& overnight. The samples were then filtered at the same time intearalsthe
concentrations of dye solutions were analysed byW% spectrophotometer at 553 nm (WXIS
Evolution 220, Thermo Scientific).

Results and discussion

Structure characteristics of activated carbons

During the &perimental engineeringtudy, the KOH : char mass ratio was optiets based on
which the most effective activation ratios for both biomass samplesseleced31]. In this work,
the samples with the highest specBiaface area(SSA) are presented. The analyses of the specific
surfaces of the obtained activated biocarbon indicate the effectiveness of the chosen method of
chemical activation with KOH. As a result of the activation process, two activated carbeyasoAC
and AGenerystone Were obtained. The carbon material #6eon had a specific surface area of
1143.2m?/g, while AGhemstonehad a specific surface area of 1116.2gnThese values indicate
ahighly developed surface morphology of thietained activated carbons. According to literature
data, the char of corn cobs has a SSA of about/g, end the char of cherry stones has a SSA of
80 m?/g, which indicates the high efficiency of the chemical activation process carrifg#ps5].

Tab. 1. Surface areadsS), pore size (¥) and pore density (&) of the activated carbons obtained from the corn cob
and cherry stones

KOH:AC (mass

2 3
ratio) Seer [m/g] Ve [cm¥/g] Dp [nm]
ACCOFT‘ICOb l.l 11432 057 199
ACcherrystone 2.1 11162 056 201
Source]31]

The results presented in Table 1 confirm the highly developed specific surface area and porous
structure (Tab. 1). The pore diameter belonging to the micropore range (2 nm) indicates high
penetration of the carbon material by activator KOH and indicatepdtbentially high sorption
capacity of the obtained carbon materials. Fl@. Erdoganduring the chemical activation of cherry
seeds with KOH obtained activated carbons with a specific surface area of 138 [86)].

8
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Thedifference in specifisurface areas compared to the literature value may be due to the longer
impregnation time of the biochar, as well as the use of the ultrasonic activation technique at 200
300C in the mentioned studi¢36].

The morphology of activated carbon samples waalysed by scanning electron microscopy
(SEM), and the results are shown in Fig The structure of the chars before activation was more
irregular, jagged and uneven. Residues of the inorganic fraction are also observed (as white marks).
In contrast, #er the activation process, the structure became more uniform and ordered. Furthermore,
it was observed that as the specific surface area increased, the number of individual particles
decreasedand the structure became less jagged. The activation presedts in the formation and
enlargement of pores, but the original spatial skeleton is retained. In the case of corn cob biomass
products, the characteristic structure of hexagons with holes is observed. Similar observations were
made in the work ad. Ka ¥ mi e[B7@.z a k

Moreover, activation results in the reduction of inorganic residues after the pyrolysis of biomass.
Themicrographs obtainecbnfirm that chemical activation by KOH favours the formation of a-well
developed microporous structure inside taw material, which is responsible for the corresponding
specific surface area. SEM images confirm significant between the chars obtained by pyrolysis of
corn cobs and cherry stoned and the products obtained by their chemical actitiiweger, he
materials differ significantly in the arrangement, number and size of pores.

CORN COBS

v

ACTIVATED BIOCHAR

CHERRY STONES

Fig. 1. Comparison of corn cob and cherry seed samples before and after chemical activation: SEM micrographs
Source{31]

Chemical activation of both corn cob and cherry stones char samples resulted in enrichment of
the structures with oxygen groups such as hydroxyl, carbonyl and ester. In addition, in the case of the
AC from the fruit studied, a vibration characteristic loé tyanide group was observed. Due to the
presence of cyanoglycosides in the cherry stohgdrogen cyanide can be released during the
pyrolysis process. The concentration of this substance reaches 4.6 mg/kg of3&uit

9
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Thecharacteristic vibrations oarring in the giverwave numbers are shown in tteble below
(Tab.2).

Tab. 2. Description of the characteristic vibrations obtained for the activated carbons and char studied

Wave number [cr] Description

35007 3300 O-H stretchlngwbr_atlons, characteristic of hydroxyl
groups in alcohols and phenols

33007 2700 O-H stretching V|brat|ognrso,u([:)haracterlstm of a carbo;

24007 2350 C-N stretching wbrauo:;:sc,J Sgaractensnc of the cyan

16707 1630 C=0stretching vibrations, characteristic of carbon

and ester groups

1150i 1080 C-O stretching vibrations, characteristic of 1st ani

2nd order alcohols and esters
Source]31]

In the case of cherry stone char, vibrations characteristic of hydroxyl analeygroups of slight
intensity are observed (Fig. 28)n the other handhé chemical activation process caused significant
material enrichmenih oxygen groups, which is observed on thelRTspectrum (Fig. 2b). This is
revealed by an increase in thensity of the bands for-O stretching vibrations characteristic of
first and seconarder alcohols and estemsdthe band corresponding to- D stretching vibrations
characteristic of hydroxyl groups.

a) b)

Transmittance [%]
Transmittance [%]

T T T T T T T 0 T T T T T
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500

T T
1000 500
% [em ] % [em™)

Fig. 2. FFIR spectra of (a) cherry stone carbon black, (b) activated carbon from cherry stone biomass
Source]31]
AC used as an adsorbent in wastewater treatment
The sorption properties of the carbon materials obtained were investigated ussagniiies
with high specific surface area AC from cherry stone char (1118¢) and corn cob char (1143.2
m?/g). Various model organic compounds were used as modgnic contaminants, such as
methylene blue and bromothymol bl{@9,40]. In this work Rhoamine B (RhB) was chosen.

A solution for the standard curve was prepared from RhB standard solution (30 ppm). Various doses
of sorption materials were used:

10
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1 activated carbon from corn cobs: 2.75; 5.2B.02 15.23 20.74 30.28 40.5Q 51.17% 80.98
103.6 and 149.28 mg,
1 activated carbon from cherry stone: 2.81.27 15.68 30.24 39.98 50.9Q 79.7Q 98.57 and
149.88 mg.
Particle size, temperature, contact time, initial concentration, and residual ion concentration were kept
constant in all dye reaval experimentsThe mixtures were then filtereahd the liquid was subjected
to UV-VIS analysis. The colours of the resulting solutions are compared in the tables below (Tab. 3).
The first picture presents the colour of the solutions without addingatedi carbon (reference
experiment), whereasther pictures are of samples withfferent additionparts of AC. In all
experiments of dye removal, temperature, contact,tand initial were kept constant. Activated
carbons used in different quantitativeoportions resulted in the discol@ation of the RhB dye
solution. As expected, the adsorption efficiency increased with increasing amounts of activated
carbon used in the experiment until the solution was completely discoloured. The remaining colour
of the solution measured by UVIS spectrometry is shown in Tab. 3 and RBgRhodamine B, as
amodel wastewater pollutant, is adsorbed by small amounts of activated carbon. A different degree
of solution discolouratiors observed depending on the mass of the sorption material (Tab. 3).
Tab. 3. Discolouration of RhB solution after application of activated carbon obtained by pyrolysis of corn cobs and

cherry stones chemical activation with KOH. The photographs shoeotberation of the solutions
after using appropriate doses of activated bio

Activated biocarbon from cherry stones (1:1)
30ppm 2.81 mg 11.27 mg 15.68 mg 30.24 mg

39.98 mg 50.90 mg 79.70 mg 98.57 mg 149.88 mg
Activated biocarbon from corn cobs (2:1)

30 ppm 2.75mg 5.23 mg 11.02 mg 15.23 mg 20.74 mg
T PR | F e e | o | o |

30.28 mg 40.50 mg 51.17 mg

80.98 mg 103.60 mg 149.28 mg

Source: own elaboration

As the weight of carbon increases, the concentration of Rhodamine B decreases. In the case of
activated carbon from cherry stones char, complete decolourisation was observed after applying

11
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79.70mg of the product, whereas for corn cobs at 30.28 mg. Furthermore, the dye was wholly

adsorbed for samples@Gland 13, and complete decolourisation of g@utions occurred.

a)

0 *

o fRhB/ACKq

—e—f(RhB/AC)=%

—e—o— o

r 100
+ S0
I 80
F 70
I 60
F 50
- 40

F 20
+ 10

% dye adsorption [%]

b) 50

o

0.002 0003 0004 0005 0003 0004 0008 0008

RhB/AC (m/m)

0 Lo

®

&

®

—e— f(RhB/AC=q

—e—fRhB/AC)=3%

0.003 0.002 0.004 0.006 0.008 0.010 0.011 0.014 0.018 0.038 0.046

RhB/AC (m/m)

r 100
F 90
I 80
70
I 60
F 50

F 30
F 20
F 10

% dye adsorption [%]

Fig. 3. Plots of the dependence of RhB concentration after adsorption and % dye removal on the RhB/AC ratio (m/m),
(a) activated carbon from cherry stones, (b) activated carbon from corn cobs

Source]31]

Tab. 4. The adsorptigparaneters

Beforeadsorption After adsorption
No Activated | RhodamineB | RhB/AC (mass
carbonmg] [mg] ratio) q[mg/L] % dyeremoval
w1 149.9 0.6 0.002 0.1 99.5
W2 98.6 0.6 0.003 1.0 96.8
W3 79.7 0.6 0.004 0.5 98.2
w4 50.9 0.6 0.005 2.9 90.3
W5 40.0 0.6 0.003 16.2 46.1
W6 30.2 0.6 0.004 16.9 43.7
w7 15.7 0.6 0.008 16.9 43.7
w8 11.3 0.6 0.011 17.3 42.3
w9 2.8 0.6 0.045 174 42.1
K1 103.6 0.6 0.003 n.d. 100.0
K2 149.3 0.6 0.002 n.d. 100.0
K3 81.0 0.6 0.004 n.d. 100.0
K4 51.2 0.6 0.006 n.d. 100.0
K5 40.5 0.6 0.008 n.d. 100.0
K6 30.3 0.6 0.010 n.d. 100.0
K7 20.7 0.6 0.011 7.2 76.0
K8 15.2 0.6 0.014 7.9 73.5
K9 11.0 0.6 0.018 9.6 68.0
K10 5.2 0.6 0.038 9.9 67.0
K11 2.7 0.6 0.046 17.3 42.5
Source]31]

The obtained results of high surface area activated carbons cdinéipotential possibility of
beingused as an adsorbent in wastewater treatment. Furthermore, AC freencofabiomass has
a higher sorption capacity than activated carbon from cherngelee AC from corn cobs has a more

12
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developed mesoporous structure than AC from cherry kerdéle mediurrsized pores are
responsible for the adsorption of larger molecules, such as the Rhodamine B molecule. The sorption
capacity values obtained are lovikan the literature data. In the work Mf Abdolrahimj almond

shell activated carbon with an area of 125Zgmand pore size of 4 nm was charaststiby an
adsorption capacity of 255 mg#yl]. The differences in specific surface area of samples follow from
variousbiomass types, pyrolysis conditions, and activation methods used in compared experiments,
which influencdarger AC pores obtained in the present work.

Conclusion

A methodfor chemical activation dbiocarbon with using KOH, to improve the specific surface
area and sorption properties of the matenals describedWaste biomass samples derived from
agricultural (corn cobs) and food industry (cherry stones) werkfaséhis study. Highly developed
specific surface area (over 1106/g) and porous structure (diameter over 2 nm) allthe useof
the obtained sorbent materials as valuable products for wastewater tre&umtiermore, etivated
carbon produced froomaise cob had a higher sorption capacity than activated carbon from cherry
kernels as shown byvater's sorption studies of the model pollutant Rhodamine B

Activation of solid fraction from pyrolysis processaynbe costeffective whenconsidering
awide range of applications as adsorbents in methane and hydrogen storage processes, as phast
change materials (PCMs), substrates for plant cultivation (fertiliser carrier) and electrode materials
[42].
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Abstract:

Monitoring the technical condition of engine oils is a very important issue in the aspect of car
diagnostics. Based on the quality parameters of fresh and aged engine oil, the condition of the internal
combustion engine can be determined. The developnfighe @conomy and technical progress in

the field of motorization constantly forces changes in the production of engine oils. Currently, very
high demands are placed on engine oils. There are many methods that allow you to determine the
technical conditiorof the engine oil. Laboratory methods allow you to carry out very precise tests,
however, they are laborious and thim@nsuming. In the case of dine methods, it is possible to
control the technical condition of the oil on an ongoing basis, howeveg thethods do not provide
precise results.

Keywords:
engine oil, viscosity, aging, monitoring

Introduction

The use of lubricants dates back to antiquity. During the construction of their buildings, the
Egyptians used animal and vegetable fatsrémsport boulders more easily. There are many
references to the use of lubricants throughout history. In each case, the idea was that the lubricant had
the appropriate characteristics. On the one hand he facilitate sliding relative to each other two
elemants, the other responsible for maintenance of the components and sealing of various joints.
Currently, it is difficult to compare vegetable and animal fats to the lubricating oils used.
Thedevelopment of research and practice allowed for the creatigpadf@iate mixtures that fulfill
anumber of functions and allowed them to be used in many friction nodes. Monitoring the technical
condition of engine oils is a very important stage in the diagnostic process of oils. Detailed laboratory
analysis of bothresh and used engine oil gives a lot of important information, both about the quality
condition of the engine oil and the technical condition of the engine. Adequate and precise diagnostics
can, on the one hand, ensure the efficient operation of theudrityeand, on the other hand, reduce
fuel consumption and the emission of harmful substances into the atmosphere.
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Characteristics of engine oils

Motor oils are a type of lubricating oil that is used in engines to lubricate intaymgdonents.

The main task of engine oils is to reduce the coefficient of friction between the mating surfaces and
to reduce wear and minimize the possibility of corrosion. In addition, they are responsible for cooling
the lubricated elements, removing aaminants arising during operation, sealing the lubricated nodes
and damping vibrations. In a word, engine oils are responsible for protecting the working components
of the internal combustion engine.

Motor oils are designed to fulfill specific tasks in emernal combustion engine. The first
essential task is to meet the tribological aspects. They are based on ensuring the functional reliability
of all friction areas under all operating conditions. It is important that the engine oil works properly
with bath low and high loads in the friction junctions. Currently used engine oils have such a wide
range of applications that they can be used both at extremely low and high temperatures, and their
properties allow the lubricated systems to function properlgdtiition to the essential tribological
functions, the task of the engine oil is to seal the cylinder and piston and to cool the piston by
removing heat from it. In addition, engine oil carries sediments, contaminants, sludge and soot from
engine componestto the oil filter, where they are separated from the oil. Apart from the
aforementioned functions, engine oil should protect engine components against corrosion, and any
water that may be present in the lubrication system should be emulsified by tbaniufdr].

In order to ensure the aboweentioned functions and tasks, the engine oil must have
appropriate properties which depend to a greater or lesser extent on the elemental composition of the
oil. Motor oils consist of an oil base and a number afitaces. As a standard, appropriate additives
or packages of additives are added to the engine oil, which significantly improve its properties [1, 2].
The use of an appropriate base divides engine oils into mineral, synthetic andgys#ratic
(amixtureof mineral and synthetic bases). Currently, there are about 30 different additives added to
base oils [1]. There are the following types of additives [2]:

Aviscous;

Aantioxidant;

Adispersing washing;
Adepressants;
Alubricating;
Aprzeciwpienne;
Aaromatic;

Acorrosion inhibitors;
Adyes;

Amultifunctional additives.

All the additives used are an indispensable and necessary element in the composition of engine
oils. Due to the fact that currently used oils are called multigrade oils, it is necessaiyntain the
appropriate viscosity value both at low and high temperatures. For this reason, viscosity additives are
very important, as they maintain the appropriate lightness of the oil at low temperatures (basically it
happens spontaneously) and allowraintain the appropriate viscosity at high temperatures.
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Aging characteristics of engine oils

The aging of oils is nothing more than the course of changes in the properties of a given product
over time. The aging characteristics of engine oils consishacking how the properties of engine
oil have changed after an appropriate operating time in relation to the properties of fresh engine oil.
The change in properties is related to the loss of basic oil components and the simultaneous increase
in unnecessg components. In the case of basic ingredients, these are base hydrocarbons and
additives. During the use of engine oil, the loss of hydrocarbons may occur, which is not a serious
problem for the properties of the engine oil, and additives whose tashknigptove the properties,
which creates certain risks. Loss of additives is a known and natural problem, as a result it leads to
the loss of class for a given engine oil and it is necessary to replace it with a fresh one. In addition to
the loss of certaisubstances in the oil, wear products, mechanical impurities, water, fuel and other
operating fluids used in the engine are also formed, which in turn also affects the negative assessment
of the class of a given oil. Therefore, it is very important toogkeally change the engine oil, and
an even better solution is to monitor the condition of the oil on the basis of the obtained results
describing the parameters of the aging change of engine oils. It is not always necessary to change the
engine oil aftedriving a certain number of kilometers, it all depends on the operating conditions of
the engine and the driving culture of the driver. As a result of aging processes, i.e. thermochemical
processes and oxidation as well as the formation of external imeputfie chemical composition of
fresh engine oil changes, which results in the formation of aged (usé&al).dil

thermal processes

\ \
\ |
} chemical processes } Aged oil

Fresh ail

external pollution

g

Change in
chemical
composition

Fig. 1. Changes in the chemical composition of engine olil
Source]3]

Changes in the chemical composition occur as a result of the factors mentidfigd in
Thermal and chemical processes always occur as a result of the operating conditions in which the
engine oil is used. On the other hand, external pollutants magréater or lesser extent, affect the
aging processes, depending on the efficiency of the systems, tightness of connections and the age of
the vehicle, engine and its components..

Methods and devices for the assessment of technical condition

Examination ofthe technical condition of engine oils is the basis for assessing their usability.
The analysis of engine oils is based on checking their quality both before use in an internal
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combustion engine and after a specified period of use. In practice, the gfaigine oil is not
assessed before it is used in a vehicle engine, as the oil manufacturers indicate it on the packaging.
However, after the period of use, the used engine oil should be subjected to qualitative and viscosity
assessment in order to detémne how the properties of a given product have changed and whether
this may affect the condition of the engine or fuel system of the vehicle. There are many more or less
advanced methods for assessing the technical condition of engine oil. Dependiegherdh and
conditions, their use is more or less justified and profitable. The technical condition of engine oils is
assessed on the basis of quality parameters that can be determined in laboratory conditions as well as
on an ongoing basis after takingample directly from the place of its use.

One of the methods of assessing the technical condition of engine oil is the use of Fourier
transform infrared spectroscopy (FTIR). This method is based on the study of the spectra of chemical
compounds with speiat bonds of a given, tested substance. Thanks to the use of this method, it is
possible to determine the level of engine oil degradation in a relatively short time together with the
determination of the content of other liquids in the oil. FTIR analysva the determination of
contamination, loss of additives, the presence of soot, water, fuel and coolants in the engine oil.
Determining this type of substances in engine oil gives a lot of important information showing both
the technical condition of ¢éhinternal combustion engine and the level of oil degradation. However,
it should be noted that the FTIR method allows to determine the presence of a given substance in
engine oil, however, in order to determine the degree of oil degradation, a serexss# [aboratory
tests with a thorough analysis of the causes and effects [4]. The infrared spectroscopy method also
allows to estimate the acid number (TAN) and base number (TBN) values in used oils [5]. The FTIR
method allows you to quickly determinesthuality of engine oil. The work [4] shows the evaluation
of the quality of engine oils on two devices. Six engine oil samples from different manufacturers of
the same lightness class were selected for the test. Samples were subjected to operatimgsarf engi
different vehicles and evaluated for oxidation, nitration, the content of carbon black, base number and
content of additive expressed as a percentage. The study used an infrared spectrometer. The authors
of the study stated that it was possible &iedmine all parameters assumed before the study.
Theobtained results made it possible to evaluate the degree of degradation of engine oils in
comparison to fresh oil. It was unequivocally stated that the devices, due to their mobility and speed
of operaion, made it possible to perform the tests. For the test, the samples did not have to be specially
prepared and they gave the result almost immediately. These types of devices allow you to use them
in the field and determine the time of changing the dihviresh oil on an ongoing basis. During the
FTIR analysis it is possible to quickly determine the technical condition of the internal combustion
engine. Unfortunately, as the authors state, the obtained results do not necessarily correspond to the
resultsobtained in specialized laboratory tests, which may indicate the need for additional tests [4,
5].

One of the basic parameters of engine oil is kinematic viscosity, which allows to determine
whether a given oil is degraded due to oxidation, contaminatiafilution with another product.

As aresult of oxidation in engine oil, products of high molecular weight are formed, which translates
into an increase in the value of oil viscosity. Unfortunately, the value of viscosity as a result of aging
may be distded as a result of dilution with fuel, which in turn translates into a reduction of engine
oil viscosity [6]. Laboratory methods of measuring the lightness of engine oil are very well known
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and allow to determine the technical condition of the testeduptasgithout any major problems.

It is possible to monitor the viscosity of the engine oil on an ongoing basis, Hieeanethods of
monitoring the viscosity. This solution aims to show the technical condition of engine oil in a short
time and at limitectosts, without the need to perform tho@nsuming and complicated laboratory
tests. High demands are placed on the equipment for monitoring the technical condition of engine
oils on an ongoing basis, as they must function for a long time with infreqakintatons and
maintenance, in difficult environmental conditions; high engine temperatudnéviscometer use

to measure lightness of the method of maalfects, vibration and acoustic methods. In the case of
the displacement of bodies on a macralecthe analogy to laboratory methods is used. A capillary

is installed in the engine's oil flow system, which allows the pressure (its drop) to be measured at
afixed flow. Unfortunately, the result may be affected by impurities in the capillary aftegar

period of use and the fact that the oil flow in the engine is not constant, but changes depending on the
operating conditions. The devices used to monitor the viscosity of engine oil on an ongoing basis
include: Brookfield rotational viscometer, alling piston viscometer and an electromagnetic
viscometer, which uses in its structure the movement time of a piston placed between two
electromagnetic coils [7]. Other ways to measure the viscosity of enginelimie@are methods based

on vibration andacoustics. In this case, no moving parts are used that can move and may wear or
even be damaged. In the case of vibrating devices, the dynamic viscosity of the engine oil is checked
on the basis of the phase difference between the vibrating signal feowbthting device and the
natural vibration signal of the device. Acoustic viscometers are based on the transmission of waves
through a liquid. On one side of the oil pipe there is an acoustic wave generator, which induces an
acoustic wave in the liquidnd on the other side, a receiver whose task is to receive the propagating
wave by the liquid. The main problem of this type of viscometers is the fact that the speed of the
acoustic wave does not only depend on the viscosity of the liquid, but alsocamtamination with

wear products and the presence of air bubbles [7].

An important aspect in the examination of the technical condition of the lubricant is the content
of soot in the oil as a result of working in the internal combustion engine. Theraaydaboratory
methods to check the soot content of the engine oil. These methods relate to thermogravimetric
analysis, infrared, sedimentation, Blotter, and photon correlation spectroscopy. Thermogravimetric
analysis is based on an accurate measurer#émt soot content expressed as a percentage by mass.
Infrared analysis is a fast and relatively well developed method. Its use is absolutely wide and most
suitable for the determination of soot in engine oil. A disadvantage is the increase in infriatexhrad
absorption, which is due to the increase in the size of the soot particles. Engine oil sedimentation is
based on the separation of insoluble substances from those that are dissolved. The disadvantage of
this method is that everything that does rissdlve is weighed, and in addition the type of solvent
chosen to dilute the oil can have a big influence on the result. The Blotter method is based on the
determination of the insoluble substances by visual method after applying a small sample of oil to
chromatography paper. This analysis is simple, relatively quick, however, it does not provide
information on the amount of the substance, but only allows to determine the presence of soot in the
oil. Photon correlation spectroscopy is a relatively com@atamethod. This method uses dynamic
scattering of laser radiation. Thanks to this, it is possible to determine the size of the distribution of
soot particles contained in the engine oil [8].
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Unfortunately, it is important to have reahe information abouthe technical condition of the
oil in order to keep your engine in top shape. For this purpose, there are several methods and devices
for monitoring the technical condition of engine oils installed in motor vehicles. The currently used
devices for monitong the presence of soot contained in engine oils are carried out using optical and
electrical methods. Electrical methods are based on the measurement of electrical conductivity and
permeability, which change due to the consumption of oil in the veshagfine. Fresh engine oil is
characterized by high electrical resistance and low permeability. Along with soot contamination of
the engine oil, the indicated parameters change. Electrical methods can be applied by integrating
appropriate devices into tHabrication system. The general structure of the electric sensor for
measuring soot in engine oil is showrHQg. 2.

Electric

Sensitive Indicator

element

measuring

unit light

Fig. 2. Schematic diagram of the construction and operation of electric devices for determirdagttiomtentin oil
Source]8]

The principle of operation is based on the measurement of resistance by an electrical measuring
unit through a signal received from a sensitive element consisting of electrodes. As the soot content
in the oil increases, thesistance between the electrodes decreases, which translates into an increase
in the conductivity of the oil. When the soot concentration in the oil reaches a critical level, the signal
lamp [8] lights up. This solution is very sensitive to electricab@pso it is more advantageous to
measure the total conductivity of the engine oil using an alternating current rather than a direct current.

In the case of optical devices, an important aspect is to ensure a short and constant optical path,
and the oil fow should be through a narrow aperture. The measurement is based on the absorption of
optical radiation, which in this case depends mainly on the soot contained in the oil. Due to the fact
that water, coolants and fuels have a lower absorption coeffitientcontent in the engine oil does
not affect the result of the soot content measurement. The measurement of the soot content in the
engine oil can be done using a photometric device where tweqaatex lenses are in contact with
each other in the biThe corresponding diode produces radiation that is focused on the photodetector,
after amplifying the signal, the radiation is transferred to the voltage indicator, which converts the
voltage to the concentration of soot in the oil using a calibratiaphg Another way to keep the
optical path constant is to use the principle of total internal reflection between the optical material
and the oil under test. This is based on the absorption of the radiation after passing through a layer of
a certain thickass and refractive index. In this case, the main disadvantage is that after some time
the surface of sensitive measuring elements becomes contaminated, which may result in distortion
and false results [5].

Currently, there are a lot of devices and labayattevices that allow you to monitor the
technical condition of engine oils. Laboratory methods allow you to perform a number of tests and
determinations with relatively high precision, but they provide information about the condition of the
oil only aftersome time. The test methods provide the result on an ongoing basis while the engine is
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running, while driving, however, they are not always able to reflect the actual condition due to design
constraints and difficult working conditions.

Conclusions

The presented paper is based on the presentation of modern equipment to monitor the status of
motor oils. The subject area is very extensive and a detailed analysis is related to many aspects.
Theproposed development is designed to give general informeglated to the topic and not the
detailed develop. Summarizing the aspects discussed in the study, the following conclusions can be
made.

1. Due to their properties and composition, engine oils have a wide range of applications and
can be used depending thre needs in various types of friction nodes that occur in internal
combustion engines.

2. During the use of oil in a vehicle engine, a number of processes and changes in properties
take place, as a result of which an aged engine oil is formed, which aégaim period of
use (mileage) loses its properties and must be changed to fresh oil.

3. There are many methods of monitoring the technical condition of engine oil, both in
laboratory conditions and on an ongoing basis in the vehicle's engine lubrigatem s

4. FTIR analysis allows to indicate changes in the properties of engine oils by determining the
presence or not of a given chemical compound, unfortunately, when determining the content
of the aging product in the oil, thorough and precise tests dudalmry analyzes are
required.

5. When measuring the kinematic viscosity-lore, it is possible to quickly measure this
parameter, but to a large extent, dilution with other substances may lower the result and only
laboratory measurements are able to a¢elyrdetermine the level of engine oil degradation.

6. In the case of measuring the soot content in engine oil, the main problem at present is to
make sensitive elements with appropriate coatings, which are able to ensure a longer
operation time of the devisén the condition of test cleanliness.

Practically speaking, the device and methods of research related to the determination of the
technical state of motor oils is associated with one hand with the measurement date and the
determination of quality changend the viscosity directly in the operation of the vehicle, however,
identify the causes and possible effects is related fundamentally to the performance of accurate and
time-consuming research and analysis in laboratory conditions.
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Abstract:

3D printing is the new, alternative method for creating concrete constructions. Nowadays it is more
and more often used instead of current technologies. This modern method also appears to be more
efficient than the ones used until now. Materials, whictuaegl for thre@limensional printing, must

fulfill requirements from standards, just as materials used in conventional execution. In this article it
is described which specific requirements should the concrete mixture fulfill to be used in 3D printing
andwhat are the opportunities of using this method. Furthermore, in the article there are included
restrictions for materials used in 3D printing such as maximum height of the printed element. Another
aspect appearing in the article concernsalgimina cemets as an alternative binder in the concrete
mixture. This paper presents selected aspects of the use of high alumina cement in 3D printing.

Keywords:
high alumina cement, 3d printing, cement mixture

Introduction

In the structural design over the pssteral years it is endeavoured to automate and computerize
the erection of the constructions as much as it is possible.-@hmemsional printing is becoming
one of the most popular methods which are being developed nowadays. It is required to be more
beneficial in the aspect of economics when the duration of the execution and the use of additional
materials are considered. However, it must meet specific requirements and restrictions to bring the
most efficient results. It is also important to considérnraportant factors when deciding on the
method which will be used in the given project.

In 3DCP technology constructions are created by the head that moves according to a predefined
trajectory and creates a construction by layers. It is important tbdrdébhly extruded layer of
concrete connects with the previous one at the exact time to let the concrete gain enough strength to
endure the weight of the upcoming layers but also before it gets too dry to connect with the upper
layer. With this technologyoth prefabricated elements (e.g., stairs, ceilings, roofs) afsiteon
structures or even the whole buildings can be erddfedrhere exist many different methods of
threedimensional printing and they are used depending on the type of the structure, its size or type

24



.' The Book of Articles
l\(‘ National ScientificConferencé&iUnderstand the Science V e di t i on
PRowmovenDI National Scientific Conferended=act or y ofedithoci enceo V

of stresses appearing in the elem&A@t.printing with fastsetting mixes in the future could also be

used for emegency strengthening of structures or soil founda&nThe future of 3D printing also
includes targeted applications using highly specialized compounds modified with namals|&@e

[4]. Printing successive layers too quickly destroys the structesearch is grently being
conducted to speed up the printing process while eliminating the problems of shrinkage and structure
collapse An example of a Cartesian printer for cementitious materials is shown ih Fig 2 shows

an example of defects in the printgducture.

Fig. 1.3D printer for printing with cementitious material¥orkspace 20 x 140 x 080 m
Faculty of Civil and Environmental Engineering in Szczecin
Source: author's own study

Fig. 2. Printingdefects
Source: author's own study
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Requirements of materials

Materials used for 3D printing must be tested for fresh state properties such as buildability,
extrudability, flowability and open time. These parameters determine the appropriate endurance of
aconcrete mixture and its behaviarrthg the whole printing proce§s].

Buildabilit

The c)(/)ncrete layer in 3D printing must withstand its own weight straight after being extruded
from the head. The created structure must also sustain the load of upcoming layers without causing
any failure. That is why the samples during teselarch must be tested for strength in compression.
The buildability of element printed in 3DCP technology depends on the shear yield stresses, green
strength and elastic modulus. Another important factor is the buckling f@luiéne printed element
mustresist against deformations which is, due to lack of any formwork, harder to accomplish than in
traditional technologies. Thus, determination of fresh state elastic modulus of the material is
necessary.

Pumpability and extrudability
Thepumpability and extrudability are the abilities to be pumped and extruded out of the head of

the printing machine properly. On these properties influence the consistency of the material which
means the amount of water, cement, aggregate and additionatlisTgs. Also, cohesiveness,
stability, rheology of concrete and probability of phase separation during the application process.
In general, the mix pumped to the head cannot be too dense or rare, it also should consist of enough
amount of cement to previeseparating water from the rest of the mix during extruding layers.

It is important for the mix to smoothly move inside the pump and avoid a blockage of it.

Flowability
Flowability is closely related to the extrudability of the material. It is basitadability of the

concrete mix to flow through all the pump without any troubles such as blockages, ingredients
separations or outflows when it is not desired due to too rare mixture. The usage of different
granulation of aggregate allows denser paclohghe mix grains and in this way enhance the

mi xtureds fluidity in the printing tube. It i
There cannot be too much of this fraction, because the smaller grains have bigger specific surface
areathus they absorb more water. To determine flowability of the material it is required to create an
accurate consistency of the mixture. In this regard the flow table test is performed. It is also crucial
when the open time of the mixture is considered hvihie flow table test it is first checked if the
sample has proper shape after removing the form on the table. Afterwards, the sample is exposed to
a regular vibration and then the diameter of the resulted shape is measured.

Open time

In the created conete mixture, the rheological properties must be kept for the concrete to
maintain its shape during extruding it from the head. It is also connected with the extrudability and
pumpability of concrete. It is important to create the exact setting time fonittere’i both the
beginning and the end of it. The moment when the extruded layer connects with the former one, must
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be before the start of setting time, because otherwise it would become denser already in the tube and
therefore cause slower flow of tmeixture through it. On the other hand, the new layer needs to
already create the bindings with the lower layer. Furthermore, it cannot spread after being applied to
the construction. The layer that is being covered with the following one, must also #redwesght

of the concrete above without buckling or other damages. Thus, in the previously laid layer the setting
time must already begin. Moreover, the concrete must be applied before the end of setting time so the
bindings can be easily created to catradl the layers in one lodaearing structure.

Limitations concerning concrete mixes in 3DCP technology

Despite all the advantages of thdimensional printing technologies, there are also fields, where
it cannot be used, or the alternative way shda@dmplemented. This happens e.g., when elements
of stairs, ceilings, cantilevers, or too high walls need to be erected. There are also limitations for
particularly large buildings. In these situations, the solution for the problem can be the prefabricated
element. Elements of stairs, ceilings or cantilevers can be produced in the laboratory and afterwards
transported to the building sifé]. Unfortunately, this implies necessity of using special machinery,
which in consequencedds to the raise of costs during execution process.

Printed thinwalled parts have a large drying area. Shrinkage of such compounds and methods of
care are of interest to researchers. Shrinkage reduction is designed by appropriate curing conditions
or addtives|[8, 9].

Usage ofhigh-alumina cement in 3D printing mixes

The alumina cement in combination with Portland cement has big impact on the setting time.
When using from 20% to 80% of one of the mentioned cements in the concrete mixture, it appears to
shorten setting time to mimum. In the research described in the second ajii@]ethe purpose was
to control setting time to start and emicthe exact time, when the concrete is extruded from the head
on the existing | ayer. For the research, t he
Portland cement CEM | 42,5 R were used. They were tested in combination of Portland cement with
15% to povide extra time to pump and extrude the mixture from on the structure but also to accelerate
the hardening period after the layer is applied to avoid spread of concrete and fiatare.
Furthermore, the purpose of adding alumina cement is to dedreasamount of admixtures to
minimum but with keeping similar properties of the mixture.
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Abstract:

The main aim of my paper was to research how sexual minorities are perceived in Polaoda and
their social situation is shaped. In order to illustrate it, two types of research were coindurtesy

and focus group studies. | also conducted the overview of the selected subject literature in order to
enrich my analyses with a broader context.

Keywords:
sexual minorities, tolerance, homophobia

Introduction

In Poland acts discriminating people belonging to sexual minorities occur every day.
Peoplecome across acts of psychological violence almost on a daily basis. Despite the fact that WHO
(World Health Organizatigrdeleted homosexualism from the list of diseases and dis¢idens 17
May 1990, many people perceive homosexualism and other orientations different from
heterosexualism as a disease or disomen-heterosexual people are discriminated at school, at
work, in the street and among their friends. Gays, lesbians, bisadiranssexual persons are often
afraid of coming out since they do not want to become the object of jokes or malicious remarks.
Polish society is in majority conservative and traditional in their attitude to religion and when it comes
to the role of rigion in the sociabpolitical life. That is why | decided to conduct research concerning
how we perceive people with their orientation different from the one that is dominant in Poland and
to illustrate the social situation of these people. The reseanbiem is mainly addressed to young
people (aged 180) since these are people at this age who are most often seen in the streets during
Equality Marches and other initiatives of this kind. This is algpaap, which in the future, will
become the majoafct or shaping the countryds policy in

Bibliography overview

In October 2016 the German company Dalia Research conducted the research aiming at
determining the number of people identifying themselves ashatarosexual persons in European
countries. Such research was difficult to conduct due to the fact that @éridnigulation does not
include a question concerning sexual orientation. A significant number of respondents would
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probably find such question as too personal. It was concluded that respondents would be more willing
to answer honestly if the survey wasoapmous. Thus, the survey was conducted with the use of
technology for carrying out anonymous surveys with actetise Internetsuch as phone or tablet.
The survey was completed by 12 thousand people in 28 couribadia Research asked two
following questions:
1. Do you identify yourself as a lesbian, gay, bisexual or transsexual pgises? No
/ | prefer not to answer)
2. Which of the below options best describes your sexual orientation? (Only transsexual
persons / Mostly heterosexual persondeterosexual and homosexual persons /
Mainly homosexual persons, less frequently heterosexual persons / Only homosexual
persons / Asexual persons / | prefer not to answer)
Research results show tha®% of Polish citizens identify themselvesras+heterosexual persons,
belonging to the LGBT society2]. The overall result of 8% people in Poland identifying
themselves as people belonging to the LGBT society seems relatively. 48« i(vGermany). It has
to be understood that it is only 12 thand people from 28 European countries who took part in the
research, out of which the considerable number of people refrained from providing the reply, which
means that the percentage is much larger that the research proves. Many people are afraiddr asham
of talking about their orientation for fear of the bad reaction from society, e.g. being ridiculed or
humiliated. As a result, we are not capable of precisely determine the numberlatamsexual
people in Poland. It is possible that we are everahblgtto calculate the approximate number.
One of the publications of the Campaign Against Homoph&umaial situation of LGBT people
in Poland. Report for 2022016 discloses what percentage of people belonging to the LGBT
community experienced physicat psychological violence. On the basis of this data, conclusions
can be drawn concerning how Rbaterosexual people are perceived in Poland. The research results
illustrate as follows: 68% of LGBT people experienced at least one kind of violenc&23 of
LGBT people experienced verbal violence,980 of people belonging to the LGBT society
experienced threats, B4% of nonheterosexual people had contact with physical violence, and
14.11% of people experienced sexual violence. 69.4% of LGBT teenhgérsuicidal thoughts, and
49.6% experienced depression. 50% of LGBT people hide their orientation from neighbours and
tenants, 71% at the workplace, and 78% - at school or at universit}8]. When analysing this
research, it can be concluded thatgledelonging to sexual minorities have to fight for acceptance
and tolerance, since not all people are in favour of them. Contrary to Article 32 Section 2 of the
Constitution of the Republic of Pol anditcalwhi ch
soci al or economi c [#]inbndetemaeraial pemsonsa experierces acts i 0
discrimination from their peers, family members, friends, as well as strangers, which has an impact
on their mental health.
In the article entitle@rejudice fuels reluctance towards LGBT pedpidNavi Pillay dated duly
2014, the author of the text states that the rights that enable to punish and deprive homosexual people
of their voice are an example of basic human righdation. Pillay lists many countries where
homosexualism is sanctioned with imprisonment, and even with death penalty. The following
countries are included in this list: Saudi Arabia, Nigeria, Uganda, Gambia, Kenya, the Democratic
Republic of Congo and Bnei. It is obviously not a complete list of countries where such penalty for
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homosexualism applies. The author <c¢claims that
adeliberate tactics in order to divert attention from real problensh as poesrty. Ignorance and
acommonly held view that homosexualism is connected with pedophilia and unhealthy interest in
kids foster homophobia and prejudices related to the topic of people from the LGBT society.
Theauthor of this article believes that discnration on grounds of sexual orientation is unfair in the
same way as discrimination on grounds of religion or skin colour. In order to fight with the lack of
tolerance, the author together with a group of other people initiated the United Nations campaign
Free&Equal the aim of which is to increase the awareness of rights of LGBT pf@dpleis a great

and well thoughout initiative, and perhaps thanks to such action promoting the wider knowledge
concerning people from the LGBT society more peoplé vdlmore knowledgeable in this topic.

The knowledge concerning this topic is still definitely insufficient today and needs to be broadened.
It is probable that thanks to initiatives of this kind, the level of tolerance will increase.

Focus groupresearchi analysis and conclusions

Focus group research was conducted in the group of ten respondents, who answered several
guestions. The ressa&xalal s msungerstodddyeesiphdentstagthem i
society of homosexual and bise® persons, without taking into account transsexual persons.
Part of this group does not have contact with-heterosexual persons in their everyday life, which
may be the reason of their scarce knowledge concerning this topic. The second reasoiaok their
of the correct understanding tie LGBT communitynay be the environment of respondents.
People who have daily contact with nbaterosexual persons, have mainly contacts with homosexual
and bisexual men and women. There are no transsexual pamnsiiesanvironment of the people
researched, which may result in their limited knowledge concerning this topic. Each respondent
considers himself/herself a tolerant person who accepts LGBT people. For all people taking part in
the research, sexual orientatiis of no importance when developing new friendly relationships; as
they indicatel these are personal traits of character count. Each person surveyed states that people
themselves from sexual minorities are not problematic for them, yet they haveatiessriegarding
certain behaviours, for example in Equality Marches, i.e. all types of provocations, profanations and
excessive display of the body in marches of this type. Another issue raised by respondents is the fact
that people from the society ofx@ml minorities involved Church into the battle for their rights.
Asone of the respondents claims fABelievers, a
tolerance towards such people and not harm them. Yet, how can we talk about respect vehen som
LGBT people demolish churches and do not show respect towards other people themselves. It seems
to me that the problem lies not in the fact that no one reaches out to them first, neither the Church,
nor people from sexual yoonceroingtheé rigtssof pgopl& o seguali s
minorities to enter into marriages and to adopt kids. One group, relating to their faith, thinks that it is
unacceptable since it is a man and a woman who are the basis for the family. Another group of people
think that it is better that a child from a Foster Home had two women or two men as parents, rather
than having no parents at all. They claim that such family is better that no family at all, arskegame
parents will pass on kids the same values as pavehtgh sexes. According to people taking part in
the research, people constituting the society of sexual minorities deserve the tolerance in the same
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way as any other human being. Each individual deserves respect and being equally treated.
Theyargue thathere is a need for social acceptance in Poland, since currently there is no social
acceptance at all. According to the respondents, creating campaigns and organisations in order to
fight with homophobia is necessary to help the victims and give thepodgster the harm that they
experienced. It seems that here is no discrimination towards people belonging to sexual minorities
among respondents, which does not mean that it does not exist in Poland. As people taking part in the
focus group research ahaj Poland is not ready yet for legalising marriages between people of the
same sex or for allowing them to adopt kids. There are no sufficient sources of knowledge concerning
this topic and the majority of the Poles draw their knowledge from media. Ametdsem may be the

lack of the proper sexual education in our country. Despite the existence of the school subject
Preparation for Family life, you cannot learn much about your sexuality from this subject. There are
many taboo topics in Poland, i.e. pagj money, sex or sexuality. According to the respondents, we
should fight it and start talking about such topics, which would result in the increased tolerance in
our society.

Report from surveys

The total of 90 people took part in the survey. The survey consisted of closed questions with the
possibility of a singlechoice. The survey was anonymous and it was carried out online in the
Microsoft Forms platform. The aim of the questionnaire wasdeareh whether age and sex have
any impact on perceiving and tolerance of sexual minorities in Poland.

Fig. 1 illustrates the age of respondents. The vast majority of people taking part in the survey
were 1930 years old, which constituted.8% of the total researched.

Age of respondents

\\|/

= below 18 » 19-30 years old = 31-40 years old

= 41-50 years old = above 50

Fig. 1. Age of respondents
Source: Own calculations

The age of the remaining partrespondents presented as follows: people at the age of below 18
constituted 4% of the total (4 persons), people agediBlonstituted 2% of the total (2 persons),
people aged 450 also constituted.2% of the total (2 persons), whereas people aagjeeof above
50 constituted % of the total group researched (6 persons).
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Fig. 2 shows whether the given people consider themselves as tolerant.

Tolerance

\

Fig. 2. Tolerance
Source: Own calculations

88.9% (80 persons) of all people researched considanselves as tolerant, out of whom 75
persons (83%) are aged between 19 and 30. Three people are below 18 years of age, and two persons
are aged 310. 111%, i.e. 10 people consider themselves astotarant, out of whom six people
(6.6%) are aged alve 50 years old, one person is aged between 19 and 30, one person is below 18.
The remaining two persons consider themselves asaberant are aged 430 and constitute.2%
of the whole.

Fig. 3 illustrates the gender of people taking part in the survey.

Gender of respondents

mWomarn = Men

Fig. 3. Gender of respondents
Source: Own calculations

57 women took part in the survey, which constitute8%3of all people taking part in the survey
and 33 men took part in the survey, which constituteg?8®f the total number akspondents1
women (566%) and 29 men (32%) replied positively when askédo you consider yourself to be
a tolerant peB%) anmd?men (460) repbethregativelyswhen asked this question.
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Summary and conclusions

The topic ofsexual minorities has been the taboo topic for many years and the one that is
reluctantly discussed. Most probably it is rooted in the fact that Poland is the country, whose citizens
declare to be Catholics in majority. This means that a family consistiagnan and a woman is
perceived as nor mal ity by t he sRxluad. mRseheg art
misinterpreted by respondents since according to them it is the society that consists only homosexual
and bisexual persons. The conducted research shows that there are many factors that have or may
have impact on the perception of people from the spoiesexual minorities. One of them is faith.
Respondents referring to their faith and to being a Christian, concluded that all people should be
respected and tolerated, irrespective of their race, colour of the skin, religion or sexual orientation,
sincethe Bible orders to respect every human. Age is the following factor. Research proves that young
people (up to 30 years of age) are definitely more tolerant than older people (above 30 years of age).
Most likely, it is related to the fact that the youngeneration is more open and more tolerant.
Olderpersons also had less contact with people of orientation other than heterosexual. In the past,
this topic was not as openly discussed as today, and it is a novelty to them. Behaviours such as
profanations, mvocations, excessive undressing or vulgar slogans in posters used in Equality
Marches efficiently discourage people from respecting-heterosexual people, since they are
associated mainly with such events. Such behaviours an have impact on the gighgishp of
tolerant people. Research illustrates that sex of respondents has no impact on whether a person is
tolerant or not. Being tolerant or not depends wholly on iiss our personal choice. It is us who
decide how we perceive sexual minoriti€se perception of sexual minorities by a given person is
largely related to the family in which the person was raised, among what people the person lived and
what values his parents conveyed him/her and what opinions and beliefs they instilled in him/her.
Homophobia and discrimination due to sexual orientation has long been and most probably will be
the main reason of all demonstrations and protests for the long time. The level of tolerance has
considerably increased for the past couple of y&édeshavelar ned our respondent
values, together with their objections to certain behaviours of sexual minorities mentioned above.

It seems that the indicator of tolerance will significantly increase in the future since there are more
and more peopledalressing this topic.
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Abstract:

The article demonstrates the adaptation oDijiestra algorithm to the marine navigation called VEO
Weather Routing. This mechanism is used to solve the problem of determining the sea route in terms
of weather data, navigable characteristics of the yaefth automatic avoidance of land with high
efficiency and precision. The full calculation procedure in both phases of the algorithm's operation
was presented. As a result, a significant time gain was proved on the route marked with the use of the
constructed mechanism in relation to the route malieuand.

Keywords:
Weather Routing, Marine Navigation, Dijkstra algorithm

Introduction

Mapping the route of a sailing yacht based on weather data has long been an important issue in
the practice of sailing. So far, this task has been carriethaimly on the basis of planning "in the
head" of the yacht captain, i.e. weather data and the sailor's knowledge / intuition regarding the use
of wind and sea currents by a specific ship model. The mathematical, algorithmic version of
determining sea rouenvas known more in the racing world, where every mistake results in a worse
result in the race. So far, isochrone algorithms have dominated in regattas and tourist applications.
These algorithms are executable on low power computers but have a nurbetiohél limitations.
Namely, they do not bypass the complex coastliaved if they have workarounds for this problem,
they lose the quality of the designated routes or stop working altogether.

In the near future, the use of algorithms for determinirsgreates in the standard navigation
activities of the captain of the yacht will be popularized. As was the case with Google Maps and land
navigation, the mathematical basis of this process will be Dijkstra's algorithms. The Dijkstra
algorithm, however, made adapted to the issues of maritime navigation. Such an algorithm is VEO
Weather Routing presented in this article. The logic of Dijkstra's procedure in the VEO system allows
much better avoidance of land and zones excluded from water traffic, whilegyatery high
accuracy in terms of the size of the geographic square to which the ship is heading. This is at the
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expense of the computing power of computers, in this casepeigbrmance graphics processing
unit computers.

Theoretical basis

The main tobused in determining the routes is thecsdled Dijkstra's algorithm [1]. It is used
to determine the shortest path in a graph including all nostasting from the first node (source) or
to determine the shortest path between two nodes.

Dijkstra's algrithm divides the set of graph vertices into three sets: V, Q, S. The first of them V
is the set of all nodes in the graph. Q is the set of all vertices sharing an edge with the source node.
The node from the set Q with the shortest path from the cergsrtg the set S, and then it transforms
into the middle node, and the original source node is no longer included in the further operation of
the algorithm. The algorithm ends when the set Q is empty or when it reaches a previously defined
node.

Dijkstra'salgorithm for determining the route between two nodes in the graph can be described
on the following examplé Fig. 1.

Stage 1 ' Stage 2 ‘\

Fig1.Di j kstryds algorithm procedure
Source: [1]

The vertex of S is the source node and the vertex F is the ending nodedBach the graph is
weighted (nomegative). The operation of the Dijkstra algorithm is to find the vertex connected to
the source node by the lowest weight common edge, which in the figure is the connection of the
source node S to node A. Then the nodanected to the source node takes over its role (A).
Thisiteration continues until the endpoint-$SA-> C-> E-> F) is reached. The figure shows (with
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abold line) the path with the lowest sum of weights (4 + 3 + 3 + 2 = 12). Their sum was 12 and
represets the optimal route (minimum cost to get there) between nodes S and F.

The Dijkstra algorithm is commonly used in single vehicle routing programs. On the basis of this
algorithm works, among others route mapping system in Google Maps.

Marine adaptation of Dijkstra's algorithm

In order to adapt the Dijkstra algorithm for marine navigation, it is necessary to consider the
following aspects:

1. Provide a method of weighing sections of the route that are adequate to the specificity of
maritime navigation, thus

a. Take into account that some edges will be faster than others due to the optimal matching of
the sailing characteristics of the yacht and the wind that blows in a given geographic square at a given
time.

b. Take into account that reaching the boundéathi@geographic square requires providing new
weather data for the next period of time

2. Provide a map with areas where it is possible to swim safely without reaching the land / shallow
water.

3. Provide a map with areas where it is not safe to swim:

a. siling is risky (e.g. shallow water, forecasted storm in a given time window)

b. sailing is uncomfortable (high wave, strong swing)

c. sailing is forbidden (fishing grounds, military zones, etc.)

4. Take into account the effect of sea currents coinciditiyg certain edges of the voyage and
adding to the speed of the yacht

5. Take into account the drift of the yacht, so the need to set a different sailing angle to correct
the wind and wave drift of the yacht

6. Provide such detailed map squaring thatpbissible to precisely avoid small water obstacles
- eg objects 100 meters wide.

7. Provide a routing procedure based on an interactive apprdiasthrough topology of edge
points, then correction for detailed map and weather conditions.

The inclusion oBome of these guidelines is described in the Implementation section. All of them
will be fully implemented in the next development of the algorithm.

Implementation

The solution was implemented as a set of tables and stored procedures of the PostgreSQL
datlbase with the PostGIS spatial extension and the PG_Routing routing machine.

For efficiency reasons, the operation of the algorithm has been divided into two phases:

A I'n the prel i minar-stablp dat sre prepadd,|performiogontote- a n d
consuming operations, such as calculating the land content in the mesh, preparing the polar plots of
yachts, determining the edges for initial routing or determining the vertices of the topological graph
used in later steps to determine the final eaut
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A l'n the proper phase, only the operations
on the part of the space in which the route will be mapped. This allows for a significant acceleration
of the algorithm and does not generatmecessary operations on parts of the space that will not be
visited.

During the server operation, cyclic operations such as downloading weather data and updating
them in the database are also performed.

The calculation process consists of fases: the environment preparation phase and the route
calculation phase.

The environment preparation phase

Land tables preparation

Initial table with lands is created from Natural Earth [3] data, which is imported into the database
using QGIS [7].

Preparation of a table with excluded areas

Excluded areas are created on the basis of data from the OpenStreetMap project [8] by the
community gathered around the OpenSeaMap project [9]. The data extract is downloaded and filtered
using the osmosis applicaticand the resulting file is imported into the database with the osm2pgsq|l
processor. The imported data is rewritten to the tables compliant with the solution scheme.

Preparation of a table with the speed of the yachts in relation to the wind

Polar plot isa chart linking the sailing characteristics of the yacht with the strength and direction
of the wind that affects it, allowing you to read what speed the yacht will reach in a given direction
and strength of the wind.

An example of a polar plot is presedia Fig. 2.

downwind
VMG

Fig. 1. Polar plot example
Source: [4]

The table with the speed of yachts in relation to the wind is created on the basis of the data
available in the repository [5]. As part of the project, a dedicated tool was created that allows you to
download this data and import it to the database iruatste consistent with the solution diagram.
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Preparation of a table with weather data
For the needs of the solution, a service has been created that periodically downloads current

weather data in GRIB format from NOAA GFS [6] sources, extracts the vakessary for the
correct operation of the algorithm, and then imports them into the database.

Creation of a table with 0.5 degree squares

Based on the conducted experiments, we determined that the compromised maximum size of
atile is 0.5 degrees (in thiuture, we will reduce this tile at least 10 times as we increase the
processing power). This size is used to create the initial subdivision grid.

Inserting the land fragments intersecting with the square into the table
For each square of the megnerated in the previous step, a piece of land overlapping with it
is separated. The geometry of the land in the later steps is used to determine the land content in the
mesh, and when dividing the mesh further, it is used as the land source for tlee sreah sizes.
This approach significantly reduced the time needed to generate the initial data.

Determination of the land content in a square
Based on the comparison of the mesh area of the mesh and the area of the land it contains and
the excluded areas)e level of the mesh filling with land is determined in three values:
A -full - these stitches will be ignored during further processing
A - partial- these meshes will still be divided in order to isolate the landless parts from them
A - none- these stitches are considered regular and are not further divided
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Fig. 2. Identification of tiles with land, with land and water, with only water
Source: own elaboration

Recursive dynamic division of squares witlpartial land content

The next step is to extract from the meshes, partially-¢amdaining, nodand fragments.
Thanks to this, we separate fragments of space through which the yacht can safely move. All the
meshes of the seAand mesh and the exclusi@meas are subdivided, the full land meshes are
discarded and the landless meshes are left valid. The process takes place in a recursive loop until an
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experimentally determined compromise size of the minimum mesh size is reached. This step involves
a compraonise between the initial resource generation time, the route generation time, and the
accuracy of the route and the possibility of determining it in areas densely covered with islands or in
narrow straits. In subsequent phases of application develophsntateoff may be shifted towards
accuracy as higher performance is achieved in the routing stage.

Fig. 3. Recursive separation of squares with land and water into smaller elements
Source: own elaboration

Supplementing therelation to the table with weather data

In the next step, based on the spatial relation, the relation of the foreign key to the table
containing weather data is created. The mesh identifier of the weather table is rewritten to all derived
elements (edgesf ehe topological graph), which prevents multiple spatial joins and significantly
affects the efficiency of the final routing procedure.
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