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RESEARCH ON THE INFLUENCE OF FLOODS ON THE PHYSICAL
CHARACTERISTICS OF SOIL

Beatrice Daniela TUDOR
“Dunarea de Jos” University of Galati, Romania
e-mail: beatrice.tudor@ugal.ro

ABSTRACT

The paper presents research on the influence of floods in the hydrographic
basin of Siret River, on the soil. Soil moisture and porosity were determined to
observe the influence of excess water in the floodplain area, where the soil is
marshy, on the possible deterioration of soil properties, and possible landslides in

the Siret riverbank area.

KEYWORDS: soil, humidity, porosity

1. Introduction

Floods are potentially very destructive events
that occur when land surfaces are covered with a
significant amount of water. They negatively impact
the quality of life, through material damage and
human casualties.

The trend of flooding is becoming more and
more prevalent due to changing climatic conditions
due to pollution and massive deforestation.

The main physical characteristics of the soil are:
soil texture, soil structure, soil density, soil porosity,
degree of subsidence, soil compaction, resistance to
soil works, soil plasticity, soil swelling and
contraction, adhesion and external friction, cohesion
and internal friction [1, 3].

2. Experimental research on soil humidity
and porosity in a flood-prone area

Soil moisture and porosity were determined on
soil samples taken from the Movileni floodplain, in
the hydrographic basin of Siret River. Soil samples
were taken according to the requirements of STAS
17.4.4.02-84 "Nature protection. Soils. Methods of
collection and preparation of samples for chemical,
bacteriological and helminthological analysis”, as
well as STAS 28168-89 "Soils. Sample collection™
[2]. The samples were taken from different depths of
10, 20 and 30 cm, respectively from a high flood risk
area in the Siret River basin, Movileni village.

The soil was collected in hermetically sealed
containers, so that water would not evaporate during
transport, and the samples were kept in the
refrigerator for no more than 24 hours [4].

3. Determination of soil moisture by
gravimetric method

To determine soil moisture, the gravimetric
method was used. The soil samples were dried at 105
°C in an oven until constant weight was reached and
then each sample was weighed. The difference in
weight obtained before and after drying represents the
moisture content, which is expressed as a percentage.

The weighing was done on an analytical balance

(Fig. 1).

P L

Fig. 1. Weighing the soil sample
The weighing vial is placed uncovered, together

with its lid, in an oven at a temperature of 105 °C, for
2 hours (Fig. 2).
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Fig. 2. The oven used in the experimentation

The sample is kept for 15 minutes, after which it
is left to cool in a desiccator, with calcium chloride,
for 30 min. It is then weighed on an analytical
balance. The operation is repeated until the difference
between two successive weightings is no greater than
0.0002 g (in most cases two dryings were sufficient).

In the weighing vial brought to constant weight,
approximately 50 g of soil prepared for analysis were
immediately introduced, after which it was weighed
on an analytical balance. The difference from the
weight of the empty weighed vial represents the mass

of the soil taken for the determination of hygroscopic
humidity. The weighing vial with the soil sample is
placed uncovered, together with its lid, in the electric
oven at a temperature of 105 °C, and kept for 2 hours.

The drying operation is repeated by keeping the
soil sample in the oven at a temperature of 105 °C,
until the difference between the last two successive
weighing is less than 0.0002 g, i.e. the mass remains
practically constant. All manipulations with the
weighing vial are done with the help of laboratory
pliers, to avoid the adhesion of impurities from the
fingers on the walls of the vial.

The formula used to calculate soil moisture is:

U [%] = (M water)/(M soil) X 100

where: M soil = soil mass after drying for one hour at
105 °C;
M water = M soil with water - M dry soil

To calculate the moisture content of the 3 soil
samples, we weighed 50 g of soil before drying in the
oven. After several successive weighing, when the
soil mass remained constant, the moisture content
was calculated.

The data obtained from calculating the humidity
of the 3 samples were centralized in Table 1.

Table 1. Values for humidity

Soil before drying
[l

Sample

Soil after drying Humidity
[a] [%6]

P 1 (collected from 10

cm depth) 50

41.936 83.87

P 2 (collected from 20

cm depth) 50

41.745 83.49

P 3 (collected from 30

cm depth) 50

41.734 83.46

Humidity%

83.87

Sample 1

83,49
83,46

Sample 2 Sample 3

Fig. 3. Humidity of soil samples
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The graphic in Fig. 3 illustrates the values
obtained for moisture for the three soil samples.

From the calculation of humidity and the graph
we can say that at sample 1 (harvested from 10 cm),
the highest humidity was obtained, because this soil
was a swampy soil, saturated with water.

At sample 2 (harvested from a depth of 20 cm),
the humidity is much lower and in sample 3
(harvested from 30 cm) depth, the humidity is very
close to sample 2 with small decreases in humidity
values.

4. The determination of soil porosity

For uncultivated soil, porosity values decrease
with the depth of the sampling layer. The area from
which we collected the samples is an uncultivated and
floodable area.

Soil density depends on: the mineralogical
composition, respectively the humus content and
provides data on: the composition of the soil, the
proportion between the mineral and organic part, the
calculation of porosity and the determination of the
granulometric composition of the soil.

Generally, a good porosity is considered to be
that which allows the continuous circulation of air
and water in the soil. Such porosity appears in soil
horizons with a granular/glomerular structure, loose,
rich in organic matter, with a clayey texture and
characterized by intense biological activity. Within
these horizons, porosity is stable, being weakly
influenced by variations in the humidity regime,
reaching values of 50-60% [5, 6].

Porosity is unfavourable in clayey or
unstructured horizons, with high clay content, in
which the pore spaces decrease greatly with
increasing humidity. In these horizons, water
stagnates, the soil not being aerated.

Porosity influences:

* the dynamics of gas exchange between the soil

and the atmosphere;

* the quantitative and qualitative functionality of

rivers and groundwater;

« it determines the recharge of the groundwater,

the flow regime of rivers, and also influences

their chemical composition;

* triggering of surface erosion;

* plant development.

To determine the porosity, 50 g of compacted
soil, which | had previously prepared by crushing,
was weighed on an analytical balance. After weighing
and preparation, | introduced the soil sample into a
100 mL graduated cylinder (Fig. 4.).

Fig. 4. Graduated cylinder with soil sample

Part of the added water infiltrates into the soil,
filling its pores and displacing the respective air. The
volume occupied by the soil together with water is
read on the cylinder. The number of mL that
constitutes the difference between 100 and the
volume occupied by the soil together with water
represents the pore volume.

The water and soil samples are left for 24 hours
after which the pore volume is read and calculated

(Fig. 5).

F0m)
[%4) 79t

Fig. 5. Pore volume, reading after 24 hours

Calculation of porosity of soil samples:

Pore volume = 100 - Vt (water + soil)

For sample P1 collected from a depth of 10 cm
(boggy soil):

P1: 50 g soil + 50 mL water

The volume of soil and water read immediately
after inserting the sample into the cylinder is = 80 mL

Vt water + soil =80 mL

V pores = 100 - 80 = 20 mL (air)

After 24 hours we calculated the porosity of
sample P1:

Porosity (P1) after 24 h = ((100 - 79) - 100)/50=
21-2=42%
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For sample P2 collected from a depth of 20 cm
(wet soil):

P2 50 g soil + 50 mL water

The volume of soil and water read immediately
after inserting the sample into the cylinder is = 89 mL

Vt water + soil =89 mL

V pores =100 - 89 = 11 mL (air)

After 24 hours we calculated the porosity of
sample P2:

Vt water + soil =82 mL

Porosity (P2) after 24 h = ((100 - 82) - 100)/50 =
18-2=36%

For sample P3 collected from a depth of 30 cm
(wet-dry soil):

P3 50 g soil + 50 mL water

The volume of soil and water read immediately
after inserting the sample into the cylinder is = 90 mL

Vt water + soil =90 mL

V pores = 100 - 90 = 10 mL (air)

After 24 hours we calculated the porosity of
sample P3:

Vt water + soil =73 mL

Porosity (P3) = ((100 - 73) - 100)/50 = 25 - 2 =
54%

The data obtained from the
determinations are summarized in Fig. 6.

porosity

Porosity %

60
50
42
40
30

20

10

Sample 1

Sample 2

Sample 3

Fig. 6. Humidity of soil samples

5. Conclusions

Floods negatively influence the quality of life
through material damage and human casualties. Due
to climate change, the rainfall and hydrological levels
of rivers have changed, increasing the risk of
flooding, especially in the downstream areas of the
river basins.

The determination of soil moisture and porosity
was aimed at seeing how excess water from a
floodplain area, where we had a swampy soil,
influences some physical characteristics of the soil
and its possible damage that can lead to landslides in
the area.

Following the moisture determinations, at the
sample collected from a depth of 10 cm, the highest
moisture was obtained, because this soil was a
swampy soil, saturated with water.

In the sample collected from a depth of 20 cm,
the humidity is much lower and, in the sample,
collected from a depth of 30 cm, the humidity is very
close to sample 2 with small decreases in humidity
values.

Regarding porosity, in the sample collected from
30 c¢cm, we obtained the highest value, because at this
depth the water did not fill the volume of the pores in
the soil.

In the sample collected from a depth of 20 cm,
the porosity is lower than in the sample collected
from a depth of 10 cm, because the water infiltrated
and occupied the volume of the pores.
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ON THE DISPERSION OF GASES DISCHARGED TO THE CHIMNEY
OF A THERMAL POWER PLANT

Adrian LEOPA
“Dunarea de Jos” University of Galati, Engineering and Agronomy Faculty of Braila,
Calarasilor Street, 29, RO-810017, Braila, Romania
e-mail: adrian.leopa@ugal.ro

ABSTRACT

This paper presents a theoretical study on the dispersion of gaseous pollutants
from a natural gas thermal power plant in the event of a malfunction. Using the
Gaussian model, the dispersion of nitrogen oxides generated by such a thermal
power plant was evaluated across different atmospheric stability classes. This
allowed for an assessment of whether the concentration of this pollutant meets the
maximum permissible limits established by Romanian laws, as well as an

identification of the affected areas.

KEYWORDS: dispersion, gaussian, nitrogen oxides, atmospheric stability

1. Introduction

Currently, the air pollution situation is causing
concerns at all levels of society, having a significant
impact on public health, the environment and the
economy. Most specialists in the field believe that we
can talk about significant anthropogenic air pollution
starting with the first industrial revolution, 1760-
1840, when the steam engine was perfected and the
use of coal was widely used, especially in the textile
industry. This revolution marked a turning point in
the evolution of human society, transitioning from an
agrarian and artisanal economy to one based on
industry and mechanized production. From this point
forward, people’s hopes for a better life took on new
dimensions, given the advantages brought by the
Industrial Revolution. However, one of the side
effects of this industrial development was the release
of gaseous pollutants into the atmosphere, such as
SO2, CO, CO2, NOy, VOCs, PM, and others.

At European level the Directive 2008/98 CE
imposes that “by 2020, the preparing for re-use,
recycling and other material recovery, including
backfilling operations using waste to substitute other
materials, of non-hazardous construction and
demolition waste excluding naturally occurring
material defined in category 17 05 04 in the list of
waste shall be increased to a minimum of 70% by
weight”. Considering the harmful effects on human
health and beyond, the phenomenon of air pollution
has drawn the attention of authorities, leading to the
implementation of measures aimed at regulating this

field. The link between air pollution and related
diseases dates to 400 BC, with Hippocrates
addressing this topic in his writings [1]. Gradually,
due to the continuous increase in air pollution,
various legislative norms were introduced to reduce
this type of pollution. For example, in England, the
Smoke Abatement Act was passed in 1273 [1].

Awareness of the link between air pollution and
its environmental issues led to international measures,
culminating in the Human Environment Summit in
Stockholm in 1972 under the auspices of the United
Nations. Representatives from 113 participating
countries adopted a declaration containing 26
fundamental principles regarding environmental
protection. Following this event, other international
summits addressing topics in this area occurred
periodically; however, agreements among signatory
countries have not succeeded in halting the rise in air
pollution.

It is up to all of us to recognize the danger that
this phenomenon poses to ourselves and to future
generations.

2. Urban Air Pollution

Urban agglomerations have emerged as an
inherent effect of human societal development,
offering advantages such as easier access to services,
education, healthcare, and culture. However, they also
have disadvantages, including air pollution.
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In Romania, an important source of air pollution
comes from activities related to heating homes during
the cold season and providing hot water.

In other words, the abandonment of centralized
heating systems in many Romanian cities resulted in
the shift of pollution from outside to inside the city,
leading to a series of adverse consequences for urban
residents.

In addition to contributing to the transformation
of cities into "heat islands," they also have a negative
impact on human health by emitting toxic gases such
as NOx and CO.

Natural gas-fired thermal power plants have
become an important source of urban air pollution in
recent years, especially in localities where centralized
hot water distribution systems have been dismantled.

3. Evaluation of Flue Gas Dispersion from
a Heating Plant Using the Gaussian
Model for a Continuous Source

Typically, methane gas-fired boilers are not
considered polluting if CO- emissions are excluded.
However, in cases of wear or faulty combustion, they
can become significant sources of pollution. Under
these conditions, understanding the dispersion of flue
gases from such a plant is of particular interest.

As a case study for this scenario, we will
consider the thermal power plant located in a historic
building in the municipality of Braila, which

currently houses the Faculty of Engineering and
Agronomy, Fig. 1.

The heating plant responsible for supplying
thermal energy is equipped with two GAS XP60CE
burners, each with a capacity ranging from 232 to 522
kW, Fig. 2.

Fig. 1. The headquarters of the Faculty of Engineering and Agronomy in Braila: 1. Heating Plant
Room; 2. Flue Gas Stack

-10-
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3.1. Mathematical Model

To evaluate the dispersion of the exhaust gases
from this plant into the atmosphere, the Gaussian
model for continuous sources will be applied.
Assuming the wind direction aligns with the OX axis,
the evolution of the plume will follow the pattern
shown in Fig. 3.

W

Fig. 3. Dispersion of the pollutant plume

Given that pollutant dispersion along the OX
direction can be neglected relative to advection, the
well-known Gaussian equation characterizing the
pollutant concentrations emitted from the chimney
can be expressed by equation (1):

) X _(z-H)?
C(x,y,z,H) = ————e 29" lel 20
2mo,0,u
[_(erH)z
+el 202 }

where:
Q - pollutant emission rate, pg/s;
X, Y, Z - coordinates of the axis system;
z - the height at which the concentration of the
pollutant is assessed;
u - wind speed;
H - chimney height;
oy, 0z - dispersion parameters, it was considered
that the dispersion is insignificant in the Ox
direction in relation to the distance travelled in
the wind direction.

3.2. Stability of the atmosphere

Atmospheric stability is an important factor in
the dispersion of pollutants. In a stable atmosphere,
air tends to remain at the same altitude, while in an
unstable atmosphere, air can exhibit upward and/or
downward movements.

The stability classes were defined according to
the Procedures for Evaluating Air Quality Impact of
New Stationary Sources, EPA [4], Table 1.

Table 1. Atmospheric stability classes

Daytime insolation Nighttime
Surface wind speed Thin overcast
(m/s) Strong Moderate Slight > 4/8 low cloud el
cloud cover
cover
<2 A A-B B - -
2-3 A-B B C E F
3-5 B B-C C D E
5-6 C C-D D D D
> 6 C D D D D
A: very unstable, B: unstable, C: moderately unstable, D: neutral, E: stable, F: very stable

3.3. Dispersion Parameters

Since, in this case, the wind speed is constant
and the emission of flue gases is steady, the
dispersion parameters have been evaluated based on
the relationships established by Briggs-McElroy-
Pooler for urban conditions, Table 2.

4. Simulation of an Emergency Situation

A failure scenario was simulated in which the
plant in question does not operate within nominal

parameters, releasing harmful gases into the
atmosphere, specifically nitrogen oxides (NOx). The
Gaussian model for continuous sources was used to
evaluate the dispersion of nitrogen oxides discharged
from the plant's chimney under different atmospheric
stability classes.

The numerical solution of the equation
evaluating the Gaussian dispersion of the considered
pollutant was carried out under the following
assumptions: wind speed and direction are constant;
the emission rate of the pollutant is constant;
meteorological conditions in the horizontal direction

-11-
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(OX) are constant; the atmospheric stability class is
constant; the mixing height is constant; the pollutant
does not undergo chemical reactions over short
distances; NOx mass flow rate, r = 1.62 g/m?; exhaust
gas flow rate, Q = 473.4 m3; exhaust area, S = 0.24
m?; height of the exhaust chimney, h = 17 m; gas

temperatures at the exit of the chimney, T = 137 °C.
The Matlab programming environment was used for
the graphical representation of the pollutant plume,
considering different combinations of atmospheric
stability classes and wind speed [6-8].

Table 2. Dispersion coefficients: Analytical formulas of Briggs-McElroy-Pooler, [5]

Briggs-McElroy-Pooler
Stability oy G,
Urban conditions
A-B 0.32 x (1 + 0.0004 x)2 0.24 x (1 + 0.001 x)/2
C 0.22 x (1 + 0.0004 x) "2 0.20 x
D 0.16 x (1 + 0.0004 x) 2 0.14 x (1 + 0.0003 x) 2
E-F 0.11 x (1 + 0.0004 x) "2 0.08 x (1 + 0.00015 x) "2

For the same atmospheric stability class, A, but
with different wind speeds, it is observed that the
maximum pollutant concentration occurs at the lower
speed, specifically 17.6 pg/m® at 72 m from the
source, Fig. 4. When the wind speed is 2 m/s, the
maximum concentration decreases to 4.4 ug/ms,
occurring at 289 m from the source, Fig. 5. The same

NOx concentration [ ;:g/m®], max = 17.651

NOXx concentration g /m*

x[m]

a. 3D representation

100

yIm]

graphical representations show that as wind speed
increases, the area affected by the pollutant also
expands. For a pollutant concentration of 1 pg/ms, the
difference between the points where this value is
reached is approximately 500 m greater when the
wind speed is 2 m/s.

NOx concentration [ ;:g/m°], max = 17.651

150 250 450 500

x[m)

100 200 300 350 400

b. 2D representation

Fig. 4. Dispersion of the pollutant plume for atmospheric stability class A and wind speed v = 0.5 m/s

NOXx concentration [ ;g/m°®], max = 4.416

NOXx concentration jg /m*
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N

y [m]

500
0 x [m]

a. 3D representation

Fig. 5.

yIm]

NOx concentration [ ;xglm’], max = 4.416

0 500

1000

x[m]

b. 2D representation

Dispersion of the pollutant plume for atmospheric stability class A and wind speed v = 2 m/s
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For atmospheric stability class C and a wind
speed of 2 m/s, the maximum pollutant concentration
and the distance from the source at which a
concentration of 1 pg/m? is reached are very similar
to those observed for atmospheric stability class A at
the same wind speed, Fig. 6.

For stability class C and a wind speed of 3 m/s,
the maximum ground-level concentration is only 2.71

NOXx concentration [ ;.g/m®], max = 4.072

NOXx concentration ;g /m®

500 0
x[m]

y m]

0 9

a. 3D representation
Fig. 6.

NOx concentration [ ;.g/m®], max = 2.714

NOx concentration g /m*

1000

x[m]
a. 3D representation
Fig. 7.

NOx concentration [ ;.g/m®], max = 0.883

NOx concentration ig /m*
o o o o0 o o o
2888888 8
gz o fe sgd TR 4

3
8

¢ > k!
v 1500 2000 250 ¢

° 500

X (m]

a. 3D representation
Fig. 8.

pg/m? at 506 meters from the emission source, while
a concentration of 1 pg/m3 is reached at 1132 meters,
Fig. 7. For atmospheric stability class D and a wind
speed of 6 m/s, the maximum pollutant concentration
decreases to 0.88 pg/m?, reached at1273 m from the
source, Fig. 8.

NOx concentration [ ;:g/m], max = 4.072

0 500 1000

x[m)

b. 2D representation

Dispersion of the pollutant plume for atmospheric stability class C and wind speed v = 2 m/s
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b. 2D representation

Dispersion of the pollutant plume for atmospheric stability class C and wind speed v =3 m/s
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b. 2D representation

Dispersion of the pollutant plume for atmospheric stability class D and wind speed v = 6 m/s
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For atmospheric stability class E-F and a wind
speed of 5 m/s, the maximum pollutant concentration

NOx concentration [ /zglm"'], max = 0.410

NOx concentration ;g /m®

2500 3
2000
1500
s00 1000 0
0 x[m]

a. 3D representation

0 500

decreases to 0.41 pg/m?, reached at a distance of 1455
meters from the source, Fig. 9.

NOx concentration [ uglm’], max = 0.410

X 145558
Y 50.5051
70.410209

1000

1500
x[m]

b. 2D representation

2000 2500 3000

Fig. 9. Dispersion of the pollutant plume for atmospheric stability class E-F and wind speed 5 m/s

5. Conclusions

The NOx concentration determined in the
considered cases is below the maximum permissible
values regulated in Romania by law no. 104/2011 on
ambient air quality. This theoretical study is
particularly important when planning the placement
of a system that generates atmospheric pollutants with
pathogenic effects on human health, as the Gaussian
model allows for the evaluation of pollutant
dispersion based on operating conditions and
atmospheric stability class. Additionally, this model
can be used to simulate the dispersion of gaseous
pollutants in the event of malfunctions in combustion
systems at various continuously  operating
installations.
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ABSTRACT

Soil quality is now thought of in a way that emphasises functionality in a
broad context, involving soil not only as an environment for crop production but
also as an important reservoir for water storage, as a buffer for filtering,
transforming, and neutralising pollutants, and as a habitat for plants and animals.
Some attributes (pH, soil conductivity, etc.) can be associated with several easily
identified threats to soil quality, some of which are interrelated in the same way.
For the present work, laboratory analyses were carried out to determine the
physico-chemical parameters of soil from different areas. For soil quality analysis,
the following parameters were determined: pH, conductivity, acidity, alkalinity,
total nitrogen, aluminium, phosphates, iron, heavy metals, calcium, and magnesium

content in the soil.

KEYWORDS: aqueous soil extract, acidity, alkalinity, heavy metal

1. Introduction

The continuous growth of the population
requires the highest quality and highest possible
agricultural production. Some of the measures that
can lead to increased agricultural production are those
that increase production per unit area and those that
bring unproductive land into agricultural use. Solving
these problems is based first and foremost on a
thorough knowledge of the soil as the main means of
agricultural production [1, 2].

As agriculture is the main source of food for a
growing world population, the sustainability of
agricultural production is a problem of great concern
for the human race.

More attention is now being paid to increasing
the country’s arable land area through the cultivation
of new land and to preventing and combating soil
pollution resulting from various anthropogenic
activities (industrial, agricultural, etc.) [1].

Climate change is also expected to increasingly
affect Romania and its agricultural sector in the
medium and long term. Romania will have to expect
a steady increase in average annual temperature,
similar to projections for Europe, which can vary
between 0.5 °C and 1.5 °C by 2029 and between 2.0
°C and 5.0 °C by 2099, depending on the global
scenario. Precipitation patterns are expected to

change significantly and have a differentiated
territorial impact in Romania. The northern part of the
country is likely to see gains in crop productivity in
the medium term but will be subject to high winter
rainfall and water shortage problems in summer.
Southern and south-eastern Romania will be more
severely affected and heat waves and droughts will
lead to a general decrease in crop production and
productivity [4].

Soil acidity is determined by dissociated H+
cations in water or saline solutions upon contact with
the solid phase (actual or dissociated acidity) and by
H* and AI®* cations adsorbed on the surface of
colloidal particles (potential or adsorbed acidity). Soil
acidity controls the solubility and precipitation of the
chemical compounds of all essential plant nutrients
and is therefore a decisive factor in their availability.

Understanding the nature of soil acidity and
managing it is an integral part of soil fertility. Soil
acidity has a widespread influence on soil fertility and
plant growth. For example, in strongly acid soils (pH
< 5) Ca, Mg, P, B, and Mo become deficient, while
Mn and Fe can reach toxic limits. Aluminium toxicity
is also a serious problem for these soils. Similarly, the
availability of Cu, Fe, Zn, and Mn is reduced in
calcareous alkaline soils. In mineral soils, the pH for
the highest availability of most nutrients is 6.5, while
in organic soils (peat and mud) the optimum pH is
around 5.5. For soils in our country, pH values range
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from 3.5 to 9.5 or 10-11 in the case of solonetz or
sodic solonchak [1-3].

In addition, the pH affects the solubility and
effectiveness of certain toxic chemicals (such as
aluminium) and plants can absorb them [5].

The soil’s pH has a direct association with the
bacterial community in the ecosystem, which has a
direct effect on soil acidification. Most
microorganisms have an optimal pH range for
survival and functioning [6].

A strong acidic or alkaline pH, due to the weak
activities of bacteria-bound microbes determine the
mineralisation of organic matter in the soil to slow
down or stop. As a result, certain diseases will
increase under conditions of low soil pH (acidic) or
high soil pH (alkaline) [7].

Bacterial diversity and microbial activity are
increased at higher pH values and decreased at lower
soil pH values. Therefore, pH is a good predictor of
bacterial community structure. Some environmental
factors that define soil pH are mineral concentrations,
erosion, mineralogy, and water balance [8-13].

Soil alkalinity can be natural or caused by
human activity. Natural alkalinity is the result of the
release of NaxCOs; from the soil through watering,
while anthropogenic alkalinity, caused by human
activities, is due to the application of fertilisers and
irrigation water with high NaHCO3 content [2].

Alhagi camelorum is a perennial plant widely
distributed in Asia, Europe, America, and Australia,
with reported uses in pharmaceuticals, animal feed
and soil conservation. Alhagi may be a good indicator
of soil alkalinity and could be considered a sign of
low alkalinity and low salinity of soils in arid and
rigid terrestrial ecosystems [14].

Plants take up calcium and magnesium in the
form of Ca?* and Mg?*, available cations in most
soils, although Mg deficiency is more common than
Ca deficiency. Like calcium, magnesium can be
easily leached and soils with low cation exchange
capacity have low magnesium content. It is important
that there is a balance of Mg, K, and Ca ions in the
soil because these elements are dominant in areas
with high cation exchange capacity. Since most soils
with a pH of 7.0 or higher have abundant Ca and even
Mg, it is generally not necessary to add these
nutrients to crops each season [2, 3].

For example, chemical remedies could be used
to alter the composition of cations adsorbed by soil
aggregates. This would promote the formation of
aggregate structures, improve soil structures and
delay the return of soil salinisation. The most
effective way to ensure the survival and sustainability
of plant communities is to grow salt-tolerant
halophytes [20].

In this study, determinations were performed for
three types of soil taken from a depth of 10 cm: soil

taken from a field in the area of Barlad (Sample 1-
P1), soil taken from the vicinity of the bearing factory
in Bérlad (Sample 2- P2), and a garden soil sample
taken from the area of Béarlad (Sample 3-P3).

For soil quality analysis, the following
parameters were determined: pH, conductivity,
acidity, alkalinity, total nitrogen, aluminium,
phosphates, iron, heavy metal, calcium, and
magnesium content in the soil.

To carry out the laboratory analyses, it was
necessary to obtain an aqueous soil extract in a ratio
of 1:5 by mixing 100 g soil with 500 mL distilled
water. The mixture was stirred for one hour at
medium speed for homogenization. After the stirring
was completed, the aqueous soil extract was filtered
through filter paper. The filtration operation is
repeated as often as necessary to obtain a clear extract
as possible for the next step, i.e. the above-mentioned
analyses.

2. Results and discussions

Determining the soil’s pH

The pH is the concentration of hydrogen ions in
a solution, and the pH scale ranging from 0 to 14
units is used to measure the acidic and basic character
of the solution. The natural pH of soil depends on the
rock from which the soil was formed (base material)
and the weathering processes that have acted on it —
for example, climate, vegetation, topography, and
time. These processes tend to cause a decrease in pH
(increase in acidity) over time. Some agricultural
activities can also accelerate the acidification process.

There are several methods to determine soil pH,
but a portable HACH Multiparameter was used to
monitor the pH of the aqueous soil extract in our field
of interest.

Figure 1 shows the results obtained from the pH
determination of aqueous soil extract.

_ 16
£ 74
2
o 7.2
[=
-
o
= 6.8
P1 P2 P3

Soil samples

Fig. 1. Results obtained after determining the
pH of the aqueous soil extract

It can be seen from the attached chart that the
analysed soil has close pH values ranging from the
lowest value of 7.08, which is the soil near the
bearing factory, to a value of 7.4 pH units, which is
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the field soil. From these determinations, it can be
concluded that the soil closest to neutral pH is sample
2.

The soil’s reaction (soil pH) is of particular
importance for the general characterization of soils, as
well as for agricultural practice. It depends on the
supply of nutrients to the soil.

Determining the soil’s conductivity

Conductivity (also known as electrical
conductivity or EC for short) is a measure of the
ability of a substance to conduct an electric current
and can be measured using a conductivity meter. In
the agriculture and farming industry, conductivity can
be used as an indicator of general soil nutrient levels.

The higher the conductivity and the
concentration of salts, and the lower the conductivity,
the easier it is to fertilize the soil. For this reason, it is
necessary to analyse how electrical conductivity can
affect substances in the soil.

During the determinations in the present study,
the electrical conductivity of the soil was determined
with the HACH portable Multiparameter.

According to the Commission Decision (EU)
2015/2099 of November 18, 2015, establishing the
ecological criteria for the award of the EU Ecolabel
for growing media, soil improvers and mulches, the
electrical conductivity of the finished product must be
less than 1000 puS/cm.

2

3

o

P1 P2 P3

Soil samples

Conductivity [pS/cm]
(=]
8

Fig. 2. Results obtained following the
determination of soil conductivity

In the attached chart in Figure 2, it can be seen
that sample 2 has the highest electrical conductivity
(465 pS/cm) and the other two soil samples have
close values of electrical conductivity. None of the
analysed soil samples exceeds the maximum value
allowed by law.

Determining the soil’s acidity

Hydrolytic acidity (An) is revealed by treating
the soil with an alkali-hydrolysing salt (consisting of
a strong base and a weak acid), which removes more
adsorbed hydrogen or other acidic ions.

1.5

1
O‘:: I I
- .
P1 P2 P3

Soil samples

milliequivalents HO-
100 g soil

Fig. 3. Results obtained following the
determination of soil acidity

As can be seen from the above chart, the soil
sample with the highest acidity is sample 2, followed
by sample 1, and the lowest value was obtained from
the soil sample taken from the garden (sample 3).

Hydrolytic acidity is the parameter that really
indicates the quality of soil. When analysing soil, a
number of parameters can fluctuate depending on the
moisture level, but hydrolytic acidity is a constant
that indicates the physical and chemical state of the
soil at any given time. Experts have explained that a
hydrolytic acidity level between 0 and 1 indicates soil
with a good pH.

Determining the soil’s total alkalinity

The alkaline reaction of the soil solution is
determined by the composition of different
compounds in the soil: carbonates in alkaline and
alkaline-earth bicarbonates, sodium silicates, sodium
humates, etc. Soil alkalinity can be natural or caused
by human activity. Natural alkalinity is the result of
the release of Na,CQO3 from the soil by watering the
soil, while artificial alkalinity, caused by human
activities, is due to the application of fertilizers and
irrigation water with high NaHCO3 content [1].

0
0.
0.
0.2 I
0
P1 P2 P3

Soil samples

miliequivalents
H+/100 g soil

Fig. 4. Results obtained following the
determination of soil alkalinity

The chart presented in Figure 4 shows that the
soil sample with the highest alkalinity is sample 2,
with alkalinity of 0.651 milli equivalents H*/100 g
soil followed by the other samples with similar
values. All analysed soil samples are weak in
alkaline.
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Determining the calcium and magnesium cation
content
The soil solution contains mineral, organic, and

organo-mineral ~ combinations.  The  mineral
compounds consist of salts of mineral acids
(carbonates, bicarbonates, ammonium, nitrates,

nitrites, chlorides, sulphates, phosphates of Ca, Mg,
Na, K, etc.) and various acids of Fe, Al, Mn. Organo-
mineral combinations with different degrees of
solubility are formed by combining humic acids with
other types of organic acids with basic ions,
represented by Ca?*, Mg?*, Na*, K*, etc. Calcium and
magnesium cations in the soil are intended to improve
the physical, chemical, and biological characteristics
of the soil, correct over-acidification, and reduce soil
depletion. Ca and Mg salts help restore soil structure

[1].

—_
L]

Ln

]

= 1 B
P1 P2 P3

Soil samples

Calcium [mg
Ca2+/100g soil]

Fig. 5. Results obtained following the
determination of calcium content

The importance of calcium in soil is essential for
healthy crops, especially if you grow vegetables.
Calcium regulates the acid balance, but if the
macronutrient is not sufficient, the concentration of
acid in the soil starts to increase, disrupting root
nutrition.

From the data presented in Figure 5, we can
observe a difference between the soil sample from the
field (sample 1) with the lowest value (2.52 mg
Ca?*/100 g sol) and soil sample 2 which has the
highest value for calcium content (6.048 mg Ca?*/100
g sol). The garden sample (soil sample 3) has a
medium calcium content comparing the two extreme
values.

The signs of a calcium deficiency in the soil are
visible in crop plants: stunted growth, chlorosis,
brown leaf tips, and spots. These tell you when the
soil is suffering from a lack of calcium and when to
intervene to lower the soil pH level when the soil has
become too acidic.

The graph represented in Figure 6 shows a low
magnesium content obtained in the garden soil
sample (sample 3), the highest value for soil
magnesium content was obtained for sample 2, 14.7
mg Mg?*/100 g soil.

The main symptom of magnesium deficiency in
plants is interveinal chlorosis. Interveinal chlorosis
occurs when a vyellow discoloration, sometimes

accompanied by a reddish-brown colour appears
between the leaf veins. The veins themselves remain
green. The key to identify a magnesium deficiency is
the localization of this chlorosis, as it can be mistaken
for iron deficiency.

=N
o o o

-
P1 P2

P3

Magnesium [mg
Mg2+/100 g soil]

Soil samples

Fig. 6. Results obtained following the
determination of magnesium content

Determining the total nitrogen in soils

Nitrogen is one of the major elements necessary
for life. It will simulate above-ground growth and
produce the rich green colour that is characteristic of
healthy plants, which is why nitrogen is essential for
the plant’s life. 78% of the atmosphere is covered by
molecular nitrogen (N2); Total nitrogen determination
was carried out using a UV-VIS DR 5000
spectrophotometer with special standard solutions to
identify the total nitrogen content in the soil.

Figure 7 shows the spectrophotometer used in
some of the analyses carried out for this study.

Fig. 7. Spectrophotometer HACH LANGE

DR5000
20
%
& — 10 .
=
E EJ 0 - —
[i=n
E P1 P2 P3
Soil samples

Fig. 8. Results obtained following the
determination of total nitrogen

From the graph presented in Figure 8, we
observe that the highest total nitrogen content was
obtained in soil sample 2, followed by the field soil
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sample (sample 1) and the lowest total nitrogen
content in soil was obtained for the garden soail
sample (sample 3).

Determining the aluminium content in the soil

The determination of the aluminium content in
the aqueous soil extract was carried out using the UV-
VIS DR 5000 spectrophotometer at a wavelength of
620 nm.

- - e
—- <

Chwp
RBY ke "gﬁ’ GRIsG

Alminivm |

Soil samples

Fig. 10. Results obtained following the
determination of aluminium

According to the above graph, the highest
amount of aluminium was found in the garden soil
sample (sample 3), i.e. 0.16 mg/L, followed by the
field sample with a close value of 0.13 mg/L, and the
lowest amount of aluminium was found in sample 2,
i.e. 0.10 mg/L.

Soil aluminium test results provide suggestions
for correcting soil toxicity, one of the best ways to
correct soil toxicity is agricultural lime.

Determination of phosphates

Phosphates are found in the soil as easily soluble
primary phosphates and as secondary phosphates,
tertiary, ortho-alkalcic  phosphates, phosphates
adsorbed on the surface of iron and aluminium
oxides, or clay, which are poorly soluble.

The determination of phosphates in the aqueous
soil extract was carried out by spectrophotometer and
had the following steps: the foil from the cap of the
bottle was removed with the standard solution, 2 mL
of the sample was pipetted to be analysed, then the
cap with the inner part was put to mix with the

substance in the stopper and vigorously shook; then
heated in a thermostat for one hour at 100 °C; the vial
was allowed to cool to room temperature, then shook
rigorously several times, then added 0.2 mL of
reagent B, stirred several times and inserted into the
spectrophotometer for reading the result.

Fig. 11. Phosphate determination kit

P1 P2 B3

Soil samples

—_
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Phosphates
[mg PO43—/L]

Fig. 12. Results obtained following the
determination of phosphates

As can be seen in the graph above, the highest
number of phosphates was detected in sample 2 with
a value of 0.87 mg PO,7/L, the other two samples
being close in terms of values, the lowest being for
sample 1 with 0.058 mg PO,*/L.

According to studies, the factors influencing
phosphorus retention in soils are: soil pH, soil texture
and structure (clay-rich soils contain high amounts of
phosphorus), iron, aluminium, calcium, and
magnesium content, soil moisture and temperature.

Determination of iron

To determine the iron content in the sample to
be analysed, it was proceeded as follows: 2 mL of the
aqueous extract sample was pipetted into a vial
containing the standard solution, then the vial was
closed and homogenized the content. After a 5-minute
pause, it was shaken a few more times, then the vial
was placed in the spectrophotometer cuvette to
determine the iron content.

The graph presented in Figure 13 shows that the
highest value for iron content is obtained for soil
sample 2 with a value of 0.895 mg Fe?*/Fe®*/L, the
lowest value being identified in soil sample 3 from
the garden, i.e. 0.489 mg Fe?*/Fe®*/L.

In iron excess, the leaves are initially covered
with browning spots which with time turn a uniform
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brown colour. Excess iron occurs on acid soils and
excess moisture, where the soluble Fe content can
increase from 0.1 to 50-100 ppm in only a few weeks.

P1 B3

Soil samples

Tron [mg Fe2+/Fe3+/L]
[ T o T o Y
[T O N o

Fig. 13. Results obtained after determining the
iron content

Determining heavy metals in the soil

Heavy metals fall into two categories: essential
and non-essential.

Essential metals (micronutrients) are: chromium,
cobalt, copper, manganese, molybdenum, iron,
selenium, and zinc, which are necessary for the
optimal functioning of biological and biochemical
processes in the body.

Non-essential metals such as arsenic, cadmium,
mercury, and lead have no known biological function.

The determination of the amounts of metals was
carried out using the X-ray fluorescence
spectrometer. X-ray fluorescence spectroscopy (XRF)
measures the characteristic X-rays emitted from a
sample after it is bombarded with high-energy

radiation.
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]
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Fig. 14. Results obtained following the
determination of manganese content
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Fig. 15. Results obtained following the
determination of copper content
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Fig. 16. Results obtained following the
determination of zinc content
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Fig. 17. Results obtained following the
determination of lead content

From the data presented in Figures 14-17, the
following can be observed:

The amount of manganese is relatively equal for
all analysed soil samples, around 450 ppm, which
means that it is within the values required by the
legislation, the normal values being 900 mg/kg dry
soil.

Concerning the amount of copper in the
analysed soil samples, it was detected only in two of
the three samples, i.e. sample 2 and sample 1, values
above the normal value were detected, respectively 36
ppm and 94 ppm, the threshold of the normal value
being 20 mg/kg, but below the alert threshold, which
is 100 mg/kg dry soil.

Zinc is found in all analysed soil samples with
values close to each other for the garden and field
samples, around 70 ppm, but a higher value was
obtained for sample 2, i.e. 312 ppm slightly above the
alert threshold (AT alert threshold — 300 mg/kg dry
soil).

As in the municipality of Barlad, the nearby area
where the zinc concentration exceeds the alert
threshold is an industrial zone, it is possible that this
is one of the determining factors of zinc
concentrations above the alert threshold value.

The concentration of lead in the reference areas
is approximately the same for the garden and field
samples, i.e. around 13 ppm, but for soil sample 2 a
higher value of 38 ppm was detected, above the
normal value (20 mg/kg dry soil) but still below the
alert threshold (50 mg/kg dry soil).
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3. Conclusions

Soil is a complex environmental factor without
which life on Earth would not be possible. Due to the
constituents that are often found in soil (mineral and
organic matter, air, water, and micro-organisms) and
with the help of which soil fulfils certain functions
such as water purification, nutrient recycling and gas
exchange with the atmosphere. Since the soils
analysed in this article do not have an ideal
composition, changes in the content of soil phases
will influence the physical, chemical, and biological
properties of the soil.

The study of the soil in the sampling areas
consists of laboratory analysis in order to determine
the soil quality. The soil has been analysed in terms
of physico-chemical parameters by the following
determinations: pH, conductivity, acidity, alkalinity,
total nitrogen, aluminium, phosphates, iron, heavy
metals, calcium, and magnesium content in the soil.

The results obtained from the soil pH
determination — show that all samples have a pH
close to neutral to weakly alkaline with values
between 7-7.4 pH units.

Determination of soil alkalinity — the highest
alkalinity was obtained for soil sample 2 with an
alkalinity of 0.651 milli equivalents H*/100 g soil,
followed by the other two samples with values close
to each other. All analysed soil samples are weakly
alkaline.

Soil acidity determination — the highest soil
acidity value was obtained for soil sample 2, followed
by soil sample 1, and the lowest value was obtained
from soil sample 3.

Determination of heavy metals content in soil —
regarding the amount of copper in the analysed soil
samples, values above the normal value were
detected, i.e. 36 ppm in soil sample 1 and 94 ppm in
soil sample 2, the threshold of normal value was 20
mg/kg, but below the alert threshold.

Zinc is found in all analysed soil samples with
values close to each other for the garden and field
samples, around 70 ppm, but a higher value was
obtained for soil sample 2, i.e. 312 ppm slightly
above the alert threshold.
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RESEARCH ON NANOSTRUCTURED HYBRID MATERIALS
FOR SENSING DOPAMINE BY CYCLIC VOLTAMMETRY
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ABSTRACT

In this research, we present chemical

method of obtaining hybrid

nanostructured particles used to modify the screen-printed carbon electrode to
detect the redox activity of dopamine. Dopamine (DA) is a neurotransmitter that
plays a very important role in the functioning of mammalian systems (central
nervous, hormonal, renal, and cardiovascular), and its deficiency results in the
development of diseases (Parkinson's and Alzheimer’'s, restless legs syndrome, or
schizophrenia). Magnetite and titanium oxide nanoparticles were functionalized by
chemical reaction to be used to modify SPCE. The chemical method used to modify
the nanoparticles was a sol-gel chemical reaction. The hybrid materials were
analyzed by scanning electron microscopy (SEM/EDX) and by cyclic voltammetry
(CV). The alcoholic solution based on magnetite-FezO4 (F1) and magnetite/titania-
TiO; (F2) was used is order to be dropped cast onto SPCE surface. The modified
SPCE was measured at 0.1 V/s by cyclic voltammetry. The cyclic voltammetry was
conducted using a Potentiostat/galvanostat multichannel electrochemical device
from OrigalLys, France, OrigaFlex model OGF+01A. Optical microscopy (OM)
analyzed the modified surface of screen-printed electrodes. The TiO; was
characterized through field emission scanning electron microscopy (FE-SEM) with
EDX elemental analysis.The modified carbon electrode shows the different
waveforms of the voltage applied to the working electrode depending on chemical
composition of modified electrodes. The constructed sensor exhibited acceptable
selectivity, but not good stability and needs more improvements of chemical
composition to provide selectivity, reproducibility, and stability for repeated
measurements. The CV curves show very low oxidation and reduction activity due
to the unstable contact between the electrode and nanopatrticles.

KEYWORDS: hybrid materials, nanostructure, cyclic voltammetry

1. Introduction

The demand for new and hybrid materials or
materials with new properties is currently high. The
physico-chemical modification of their surface can
improve the performance of the sensors
(electrochemical). For this purpose, artificial
components (hybrid nanostructures, polymer films,
nanoparticles), biological (enzymes), or their
combination can be used. By chemically modifying
the surface of the electrochemical sensor, with thin
and nanostructured films or by self-assembling

monolayers, its performance can be improved by:
facilitating the transfer of electrons selective
accumulation or diffusion of analytes the possibility
of identifying substances that do not have
electroactive properties. Screen-printed electrodes
(SPEs) offer some advantages over traditional
electrodes in the areas of cost, solution volume, and
operating temperature [1]. The primary use of cyclic
voltammetry is for the creation of biosensors, not for
target analytes to be determined, as it is a widely used
electrochemical technique. By using this technique, it
is possible to evaluate the redox behavior of species
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that are present both in solution and sorbed to the
electrode [2].

In their work, Keerthi et al. [3] were able to
synthesize a core-shell hybrid nanomaterial of Mo
NPs@f-MWCNTS using acid condensation and use it,
to detect DA for the first time electrochemically. The
interaction of positively charged Mo NPs on the
surface of MWCNT through strong electrostatic
interactions involves anchor sites for the interaction
of negatively charged oxygen functional groups on
the MWCNT. Cheng et al. [4] proposes to modify
bare electrodes with hybrids made of highly purified
AuNBPs and MWCNTSs, which are used to enhance
the selectivity and sensitivity of the electrochemical
sensor, detecting DA in the presence of Ascorbic
Acid and Uric Acid.

Other researchers used ZnO/CuO to modify
SPCE [5], the nanocomposite of ZnO/CuO is grown
on the gold-coated glass substrate by hydrothermal
growth technique in two steps and the hybrid material
is used for the selective determination of dopamine
by cyclic voltammetric and amperometric techniques.
The response was found linear for the concentration
of 10° M to 8.0 mM dopamine. The sensitivity of
90.9 pAMM™ cm™ and a detection limit of 1.0x10™*
mM were also observed for the presented dopamine
sensor. There are also carbon nano coils and copper
tetra(p-methoxyphenyl)  porphyrin  nanocomposite
used for electrochemical detection of dopamine [6].
The electroanalytical performances of SPCE/rGO/Ru
complex/RuO; and SPCE/rGO/RuUO; to individually
and simultaneously detect dopamine and uric acid
were estimated by differential pulse voltammetry
method (DPV) At room temperature, the developed
modified sensor's stability towards 10 uM of DA was
tested for nine days [7]. An eco-friendly carbon paste
electrode (BHA/rGO/CPE), crafted from an
innovative hydroxyapatite/reduced graphene oxide
hybrid, is used to detect dopamine (DA). Eggshells,
sourced from environmental bio-waste, were utilized
to produce hydroxyapatite (BHA) in this experiment
[8].

Hybrid materials have been developed to meet
certain new performance requirements.

Modification of surface solid supports is one of
the most common methods for enhancing the
sensitivity and  selectivity of electroanalytic
compounds involved in physiological processes.
Various fields of materials science can benefit from
the use of inorganic-organic hybrids due to their
simple processing and molecular design capabilities.
This work reports the preparation of hybrid materials

based on magnetite-FesO4 and magnetite/titania-TiO>
for SPCE surface modification to be used in
dopamine detection. We measured a buffer solution
with 0.1 uM dopamine solution to observe the redox
activity.

2. Experimental

Reagents: All chemicals are of analytical grade
and used without any further purification and
proceeded from Sigma Aldrich, TiO, nano-powder,
<100 nm particle size, 99.5% trace metals basis, and
magnetite was prepared by coprecipitation method.

Preparation of sols and experimental method:
Sols based on magnetite and titania were prepared
using an alcoholic solvent and functionalized agent
(3-(trimethoxysilyl) propyl methacrylate) and were
obtained by mixing the magnetite and titania with (3-
(trimethoxysilyl) propyl methacrylate 1:1 molar ratio
under vigorous agitation at 60 °C tantalum in an
alcoholic solvent. Screen-printed carbon electrodes
(SPCEs) from the Methrom Drop Sens model C110,
measuring L33 x W10 x H0.5 mm, were used. The
modified working electrode (WE) was carbon-based
with a 4 mm diameter, the auxiliary electrode (AE)
was made of carbon, and the reference electrode (RE)
was composed of silver. A 1 pL sol of nanohybrid
suspension was drop-cast onto the SPCE's working
electrode surface and air-dried at room temperature.

3. Results and discussion

3.1. SEM analysis

The SEM images (Figure 1) show a non-
homogenous, discontinuous aspect regarding the
distribution of particles, a high roughness. The
magnetite particles are of different sizes, not uniform
(Fig. 1. a, b), covered with maghemite spherules
probably due to incomplete oxidation of magnetite
(Fig. 2. a, b) but also coated with titanium oxide in
the form of symmetrical flowers (Fig. 3. a, b).

The top view of magnetite samples F1 to F2
indicates generally the agglomeration of magnetite
and also the coated magnetite with titania. In F1 and
F2 SEM images, we observe irregularly agglomerated
forms of magnetite with dimensions varying from
hundreds of nanometres to microns. Also, here we
observe different morphologies such as spheres and
flowers.
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Fig. 1. Top view (a) SEM images of Fe3O4 (a1-500 um, a2-20 um), (b) of Fe;04,-MPS (b1-500 um, b2-
20 um), (c), FesO4/TiO,-MPS (c1-10 um, c2-50 um)
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Fig. 2. EDX of Fes04 and F6304/Ti02
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Table 1. Results from EDX element composition (%)

Elemental percent from

Sample T(°C) EDX analysis (%) pH
code
Fe o Ti
F1 T=96 56.2 31.23 87 11-12
F2 T =96 815 185 - 11-12

3.2. Cyclic voltammetry for the modified
SPCE with magnetite and titania hybrid
materials

The potential graph assessing the
electrochemical stability of electrolytes is crucial for
identifying oxidation and reduction potentials. The
study focused on evaluating the electrochemical
behavior to observe the effects of surface-modified
SPCEs in a standard redox analyte. Initially, the
experiment involved measuring the unmodified SPCE
in a buffer and dopamine solution to activate
necessary parameters. The electrochemical signal was
recorded at a 0.1 V/s scan rate across five cycles to
stabilize the electrode, depicted by the blue curves in
Figure 3. These voltammograms revealed irregular
anodic and cathodic peaks throughout the five cycles.

-100

Current (uA)

-200
-300

-400

500 SPCE activated in buffer and DA

T T T T T T T
06 -0.4 02 0.0 02 04 06

Potential (V)

Fig. 3. Cyclic voltammograms for unmodified
SPCE in buffer and DA solution

After this measurement, we conducted the CVs
for the modified SPCE with Fes04-MPS (Figure 4)
and FesO4/TiO,-MPS (Figure 5) in buffer and the 1
UM dopamine solution. The scan rates for all the
measurements were 0.1V/s. The measurements were
done for 5 times for each electrode to observe
modification of redox activity. In the case of
electrode modified with magnetite the oxidation and
reduction peaks are very decreased almost similar

-25-

with the measurements for the unmodified SPCE.
This can be assumed to the morphology of the
magnetite grains.
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Fig. 4. Cyclic voltammograms for Fe;O4
modified SPCE in buffer and DA solution

For the samples Fe304/TiO,-MPS  the
voltammograms showed lower oxidation and
reduction activity for all the measurements. Probably
the presence of TiO, on the magnetite surface
increased the electron transfer from the solution.
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Fig. 5. Cyclic voltammograms for Fez04/TiO;
modified SPCE in buffer and DA solution
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4. Conclusions

In this work, we prepared 2 hybrid alcoholic sols
based on magnetite and magnetite/titania to modify
the screen-printed carbon electrode to observe the
redox activity of dopamine of 1 pL concentration.
The SEM/EDX images showed a non-homogenous,
discontinuous aspect regarding the distribution of
particles, a high roughness surface. The magnetite
particles are of different sizes, not uniform covered
with  maghemite spherules probably due to
incomplete oxidation of magnetite and also coated
with titanium oxide in the form of symmetrical
flowers. The dimension of magetite is varying from
few hundred of nanometres to microns agglomeration
particles. The voltammograms showed lower to
minimum oxidation and reduction activity for the
samples based on magnetite. In the case of magnetite
[titania modified SPCE the presence of TiO, on the
magnetite surface increased the electron transfer from
the solution and the redox activity was increased.
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ABSTRACT

The paper presents research on the evaluation of the influence of maintenance
products, such as cleaning solutions, on the quality of lenses. The research
analysed the effects of these products on scratch resistance and image clarity. The
eyeglass lenses were cleaned repeatedly with cleaning products, namely eyeglass
wipes, liquid soap and dishwashing detergent. The results of this study are essential
for knowing how to maintain these lenses, in order to preserve the properties and

quality of the surfaces.

KEYWORDS: lenses, cleaning solutions, eyeglass

1. Introduction

The field of optical lens manufacturing is very
vast and has great applicability in several engineering
fields.

The development of modern technologies for
manufacturing these optical lenses and the emergence
of new materials with superior properties have led to
the diversification of the fields in which these types
of lenses find their application [1, 4].

Optical lenses are essential components of many
optical devices, such as eyeglasses, cameras,
telescopes, and microscopes. Lens manufacturing
technology has developed significantly over the
years, leading to improvements in precision,
performance, and cost.

Lenses can be made from a variety of materials,
including glass, plastic, and crystal. Each material has
specific optical and mechanical properties that
influence the performance and use of the lens.

A deeper understanding of how lens quality is
affected by maintenance products can contribute to
the development of more durable and efficient lenses
that meet the needs of users in a more satisfactory
way [2, 3].

2. Experimental research on the influence
of maintenance products on the quality of
optical lens surfaces

The research analysed the influence of cleaning
products, namely eyeglass wipes, liquid soap and

dishwashing detergent, on the quality of the lens
surface.

The analysis was carried out on a set of lenses of
different thicknesses and diopters, with and without
protection, respectively:

- Lenses with medium protection with diopter -

0.50 with 1.25 mm lens thickness.

- Lenses without protection with diopter -0.50

with a lens thickness of 1.20 mm.

- Lenses with medium protection with diopter -

0.25 with 1.17 mm lens thickness.

- Lenses without protection with diopter -0.25

with a lens thickness of 1.15 mm.

- Sunglasses lens without diopters

To observe the influence of maintenance
products on the quality of the lenses, a microscopic
analysis of the lens surfaces was performed, and the
PH of the solutions used for cleaning was determined,
in order to analyse the degree of damage to the lens's
protective layer and determine how they influence the
quality of the surface [5].

To see the influence of the degree of acidity of
the cleaning solutions on the quality of the lens
surface, the PH of the solutions used for cleaning,
namely liquid soap and dishwashing detergent, was
determined. The analysis of the lens surfaces was
done wusing an optical microscope, within the
microscopy laboratory of the Faculty of Engineering.

The determination of the pH of liquid soap and
dishwashing detergent is shown in Fig. 1.

The data obtained for the pH of cleaning
solutions are presented in Table 1.
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Fig. 1. Determination of the pH of cleaning solutions (a. dishwashing detergent, b. liquid hand soap)

Table 1. pH of cleaning solutions

quu:;ie(tj;ih&e;shmg Liquid hand soap
PH 7.12 20 °C 5.56 20°C
Conductivity -10.3mW | 63.3mS | 81.5mW | 56.2mS
TSD (Total dissolved solids) 45.5 ppt 40.0 ppt
Salinity 415 ¢g/L 36.4 g/L

The microscopic analysis of the lens surface was
performed with the KERN optical microscope
assembly, monitor and computer.

The powerful and adjustable 50W halogen unit
ensures optimal illumination of the samples.

The technical data of the KERN optical
microscope are:

« infinite optical system;

* 30° inclined viewing position;

« diopter compensation on both eyepieces;

« dimensions: LxWxH 747x271x379 mm;

* net weight approx. 12.968 kg.

The images obtained from microscopic analysis
are shown in Fig. 3.

a. Lenses with medium protection with diopter —0.50

Following microscopic analysis, it can be seen
that the quality of the lens surface is influenced by the
protective layer, regardless of the diopter value.

Both at the lenses with diopters of -0.50 and in
those with diopters of -0.25, a small deterioration of
the lens surface is observed. At the lenses without
protection, cleaned with hand soap, we observe
surface deterioration.

For the lenses with diopters of -0.50 and -0.25
with and without protection, cleaned with
dishwashing detergent, we obtained the following
images shown in Fig. 4.

b. Lenses without protection with diopter -0.50
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c. Lenses with medium protection with diopter -0.25  d. Lenses without protection with diopter -0.25

Fig. 3. Lenses with diopters of -0.50 and -0.25 with and without protection cleaned with liquid hand
soap

a. Lenses with medium protection with diopter -0.50

———

Sy

— o

d. Les withou't pfotection with dioper -0.25
Fig. 4. Lenses with diopters of -0.50 and -0.25 with and without protection cleaned with dishwashing
detergent

c. Lenses with medium protection with diopter -0.25
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For lenses cleaned with dishwashing detergent,
we observed, as in the case of those cleaned with
liquid soap, a more advanced deterioration of the
surface quality of the lenses without protection.

The surface damage was greater for lenses
cleaned with dishwashing detergent than for those

Il
=2 )

a. Lenses with medium protection with

¢. Lenses with medium protection with diopter -0.25

cleaned with liquid soap, because dishwashing
detergent has a higher pH, 7.12 compared to 5.56 for
liquid soap.

For lenses with diopters of -0.50 and -0.25 with
and without protection, cleaned with eyeglass wipes,
we obtained the following images shown in Fig. 5.

d. Lenses without protection with diopter -0.25

Fig. 5. Lenses with diopters of -0.50 and -0.25 with and without protection, cleaned with eyeglass
wipes

The greatest degree of deterioration in surface
quality was observed at unprotected lenses, cleaned
with an eyeglass wipe. | recommend using wipes to
clean your glasses as rarely as possible, only in
situations where we cannot immediately use liquid
soap.

In the group of lenses analysed under the optical
microscope, we also included a pair of non-
prescription sunglasses, from the lower quality
category, cleaned with eyeglass wipes and

dishwashing detergent, to highlight the fact that their
surface quality is also influenced by cleaning
products.

For both cleaning products, the surface was
damaged. The images are presented in Fig. 6.

Following microscopic analysis of the surfaces
of spectacle lenses for vision protection and
correction, we concluded that long-term maintenance
of lenses with inappropriate products damages vision
by affecting the quality of the lens surface.
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a. sunglasses lens, cleaned with glasses wipes

1!

b. sunglasses Iens cleaned with detergent

Fig. 6. Sunglasses lenses without prescription, cleaned with eyeglass wipes and dishwashing
detergent

The materials used to clean lenses, used
improperly and over a long period of time, accentuate
vision difficulties, deepening them over time by
deteriorating the quality of the lens surface. As a
result of using these cleaning materials, scratches
appeared on the lens surface and the protective layer
was damaged.

The most damaged surfaces were on lenses that
were cleaned with dishwashing detergent, which had
the highest pH value.

The best surface quality was obtained at lenses
cleaned with liquid soap.

Lenses cleaned with eyeglass wipes showed
scratches after multiple uses.

Both uncoated and coated lenses showed
deterioration in surface quality, with more advanced
surface deterioration occurring in lenses without a
protective coating.

4. Conclusions

The experimental research consisted of
evaluating the influence of maintenance products,
such as cleaning solutions, on the quality of lenses.
We analysed the influence of these cleaning products
on scratch resistance and image clarity. The results of

this study are essential for improving the quality of
lenses and associated maintenance products.

A deeper understanding of the optical and
mechanical characteristics of lenses and how they are
affected by maintenance products can contribute to
the development of more durable and efficient lenses
that best meet the needs of users. The results of this
study are essential for knowing how to maintain these
lenses to preserve the properties and quality of the
surfaces.
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ENHANCED RETINAL VESSEL DETECTION
USING GRADIENT PYRAMID FUSION ALGORITHM
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ABSTRACT

The main goal of this study is to create an innovative approach to retinal
vessel detection using the gradient pyramid fusion algorithm to improve edge
continuity and measurement precision in retinal images. Traditional methods, like
wavelet transform and guided filter, face challenges with background noise,
artifacts and uneven illumination, which can distort vessel measurement. The
proposed fusion method manages to overcome these limitations by combining the
strengths of traditional techniques, which creates more continuous edges through
gradient fusion across multiple scales, thus managing to also limit the number of
image artifacts. We used images from the DRIVE database, to evaluate the fusion
algorithm’s precision, with results showing improved vascular tree detection and
continuous edges, a reduction in the number of artifacts and improved measurement
accuracy. The results show that this image fusion method improves the retinal
image analysis, thus helping in early disease diagnosis.

KEYWORDS: wavelet transform, gradient pyramid fusion, edge detection,
image fusion, guided filter

1. Introduction

Retinal image analysis is playing an important
role in early detection and diagnosis of ocular and
systemic diseases, especially those concerning the
vascular system, such as diabetic retinopathy and
hypertension. Vascular abnormalities, such as those
generated by diabetic retinopathy, often require
accurate measurement, however, asymmetry in
vessels and complex backgrounds are usually some of
the motives contributing to the lack of precision in
vessel diameter measurements [1-3]. Most algorithms
today detect blood vessels using techniques related to
segmentation, probing or edge detection. These are
realized by using various gradient masks for edge
detection. Furthermore, morphological operations are
carried out to obtain accurate edge maps especially
for noise affected images. Thresholding is a
fundamental method of image segmentation, which
separates foreground (in our case, blood vessels) from
background [4-9]. Moreover, advanced threshold
techniques continue to enhance information coming
from localized areas of an image. Probing
methodology uses algorithms in which a vessel path
is tracked while detecting edges in a real time

manner. However, these bear serious limitations due
to background noise and uneven illumination, thereby
making quantitative measurements difficult [10-14].
In this paper the gradient pyramid image fusion
algorithm represents a new method used to overcome
such limitations by merging the merits of different
traditional filters. [10] Using a merged representation
of gradient pyramids, the technique proposed here
attempts to generate sharper and more continuous
edges without affecting any important useful
information in the retinal images. The performance of
the GPF algorithm for producing high-quality
vascular edge maps and accurate measurement values
of retinal vessel diameter is assessed in this paper.
[14-16]

The structure of the paper is organised in four
sections, the firs one is introduction. Section 2 covers
materials and methods, while Sections 3 present
experimental results and discussion. Conclusions are
provided in Section 5.

2. Materials and methods
2.1. Database and the Algorithm

A total of 40 retinal images from the DRIVE
digital retinal image database were analysed [17].
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This dataset consists of 20 randomly selected images
and 20 manually segmented images, which serve as

ground truth. Figure 1 illustrates the flowchart of the
proposed method.

[ Input images ]

Enhancement methods
Guided Filter
Wavelet Transform Algorithm

!

[ Gradient Pyramid fusion ]

!

Vessel diameter measurement method J

l

Error rate

)

Fig. 1. Flow chart of the proposed method

2.2. Guided Filter (GF)

It is an image processing technique that has
wide applications in edge-preserving, smoothing,
noise reduction, and detail enhancement. It differs
from other basic averaging filters, which blur edges
across the board, in that it smooths out with the
preservation of edges. The main steps of the guided
filter are: computation of the mean and variance of
the guidance image, calculate the correlation between
the guidance image and the input image, use these
values in generating filtering coefficients and apply
these coefficients to produce the final filtered image.
The algorithm is based on a set of equations [18-20].
Local means of the input image and guidance image
are computed using a window of size determined by
the radius:

1 . 1 .
Hg = mziew G(L), Hy = mziew I(L)

where @ is the number of pixels in the local

window.

In the next step, we calculate the variance of the
guidance image locally, covariance between the
guidance and the input image as:

1
o} = 17 ) (60) = o)’

iew

1
o6 = o7 2,6 O ~ kU =~ )

iew

The filtering coefficients a and b are then
calculated, with the former controlling the detail
adaptation rate:

Oic

a=—5—
2
oz +e

b=p,—axpg

where € represents the regularization constant to
control the edge preservation level. Furthermore, the
final filtered image is obtained by the local weighted
average of coefficients:

Q(i)=a=+G(I)+b

This filter finds frequent application in image
denoising and detail amplification because of the
great efficiency and versatility in maintaining
important structural features of images [18].

2.3. Wavelet Transform-Based Algorithm
(WT)

The Wavelet Transform-Based Enhancement
algorithm is a sophisticated method in image
processing aimed at reducing noise and bringing out
finer details. It works by breaking down an image
into frequency components through the Discrete
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Wavelet Transform (DWT). This decomposition
allows the separation of low-frequency components
(representing the main structure of the image) from
high-frequency components (containing fine details
and noise). By adjusting each component selectively,
this approach balances noise reduction with detail
enhancement [21].

The algorithm involves four primary stages:
wavelet decomposition, noise reduction, detail
enhancement, and wavelet reconstruction, each
governed by specific mathematical operations:

» Wavelet Decomposition: The image is split
into multiple levels, yielding a vector of wavelet
coefficients (C) and a structure (S) that defines each
level’s size. This is represented by the equation:

C.S = wavedec2(I, decomposition_level, wavelet_type)

 Noise Reduction: Using a technique called soft
thresholding, noise is reduced by setting small, noisy

details to zero, preserving significant parts. This
operation is expressed as:

d_thresholded = sign(d) - max(| d | —noise_threshold, 0)

» Detail Enhancement: Here, the remaining
details are boosted by multiplying specific wavelet

coefficients by a “detail factor,” enhancing edges and
finer structures. This is shown with:

d_enhanced = d_thresholded - detail factor

» Wavelet Reconstruction: Finally, all modified
coefficients are combined to reconstruct an enhanced
image using the inverse wavelet transform:

I_enhanced = waverec2(C_modified , S, wavelet_type).

This method improves image quality by
reducing unwanted noise and emphasizing edges,
yielding a cleaner, sharper result [22].

2.4. Gradient Pyramid fusion algorithm
(GPF)

The Gradient Pyramid fusion algorithm
combines multiple images by capturing and merging
key details across varying scales. It starts by
decomposing each input image into a pyramid of
gradient images, which represents intensity changes
at multiple scales. Each pyramid level highlights
gradients that reveal shifts in intensity, isolating
critical features in each image.

The algorithm then proceeds with the fusion
stage, where it creates gradient pyramids for each
input image and selects the maximum gradient at
every level. This selection effectively merges the
most prominent details from both images into a
unified gradient pyramid. The fused pyramid is then
used to reconstruct a single, cohesive image that
retains essential details from the original inputs.

The process involves several key steps:
constructing the gradient pyramid by calculating
gradient magnitudes using Sobel filters, down

sampling each level with pyramid (using ‘reduce’) for
each RGB channel, and expanding each pyramid level
in the reconstruction stage to add it to the level below.
This process is repeated independently for each
colour channel to produce a final, full-colour RGB
image. Finally, the algorithm saves and displays the
original images, the gradient pyramids, and the fused
image, providing a clear view of how features from
the input images combine into a refined, enhanced
result [23-25].

At each level ! in the pyramid, the fused

gradient Gf:' is obtained by selecting the maximum
gradient values from each pixel of the two input
images, G,"and G

GE (xy)y=max(G" (xy), G5 (x.))

where G."is the gradient of image A at level I, G} is
the gradient of image B at level [, Gf:' is the fused
gradient at level I and (x,y) are the pixel coordinates.
This equation selects the strongest edges at each level

and pixel position, ensuring that the most prominent
features from both images are preserved.
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Fig. 2. Flow chart of the fusion algorithm

2.5. Vessel Diameter Measurement

The vessel diameter measurement method
outlined here wuses a series of precise image
processing steps to accurately detect and analyse
vessel diameters. It begins with contrast enhancement
through CLAHE (Contrast Limited Adaptive
Histogram Equalization), which boosts vessel
visibility by enhancing contrast [26]. Next, edge
detection via the Canny method identifies vessel

INPUT ENHANCE THE DETECT EDGES
IMAGE BLOOD VESSELS USING CANNY
USING CLAHE METHOD

boundaries, with an optional morphological closing
step to seal small gaps in these edges.

Afterward, skeletonization reduces the vessel
image to a single-pixel-wide structure, simplifying
the geometry for measurement. A distance transform
then calculates the Euclidean distance from each pixel
to the nearest edge; doubling this distance gives an
estimated diameter at each skeleton point. Finally, all
non-zero diameter values are collected, and the mean
diameter is calculated and presented for analysis [27].

SKELETONIZES COMPUTES THE
THE VESSEL THE DIAMETER OUTPUT
STRUCTURE VALUES VALUES

Fig. 3. Flow chart of the vessel diameter measurement algorithm

3. Results and discussion

To evaluate the proposed fusion algorithm’s
performance relative to traditional filters, tests were
conducted on a set of 20 randomly selected retinal
images. Figure 4 provides examples of vascular maps

. ‘ i
/
/

' ..G

generated wusing the Gradient Pyramid fusion,
Wavelet Transform-based algorithm, and Guided
Filter. Diameter measurements were made for retinal
vessels across all images, comparing processed,
fused, and ground truth data for a comprehensive
assessment.

Fig. 4. Examples of vascular map. (a) Original input image; (b) ground truth image; (c) Guided
filter; (d) Wavelet transform-based filter; (e) Gradient Pyramid fusion

Figure 5 shows examples of vascular maps
produced during the different stages of the vessel
diameter measurement algorithm. The processed
images (both by guided filter and wavelet algorithm)
together with the fused image, are used as input
information for the vessel diameter measurement

algorithm. Over this images a contrast enhancement
algorithm is applied, followed by Canny edge
detector. Finally, a skeletonization operation is made
and the blood vessel diameter map is generated,
followed by the diameter’s values measurement.

Fig. 5. Examples of vascular map. (a) Fused image; (b) ground truth image; (c) CLAHE filter; (d)
Canny edge detection; (e) Blood vessel diameter map
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Table 1 displays the average vessel diameter
values along with the associated error rates for the
Gradient Pyramid fusion, Wavelet Transform-based
algorithm, and Guided Filter.

This paper examines the Gradient Pyramid
fusion algorithm's ability to generate highly accurate

edge maps, particularly for measuring retinal vessel
diameters and calculating error rates. One major
advantage of this fusion method is its capability to
produce uninterrupted edges.

Table 1. The average vessel diameter values and the average percentage error

Ground truth GF eqr% WT ewr% GPF egpr%
2.210 2.097 5.128 2.098 5.053 2.137 3.318
As shown in Table 1, the average vessel References

diameters and error percentages are reported for
manually segmented, filtered, and fused retinal
images. Among traditional filters, the wavelet
transform-based filter (WT) shows the lowest error
rates. WS’s average error rate is 5.053%, while GF’s
error rate is 5.053%. The GPF fusion further
improves accuracy, with an error rate of 3.318%.

As illustrated in Figure 4, the WT and GF filters
enhance the image and improve edges, but there are
still areas where there is not enough of a difference
between the blood vessel edge and the background.
Furthermore, the fusion method achieves greater
accuracy and lower error rates than traditional filters.
Gradient Pyramid fusion yields the highest alignment
with the ideal edge map, as defined by manual
segmentation. Traditional enhancement algorithms
may lack precision, while the fusion technique
effectively combines the strengths of both filters to
achieve smooth, continuous edges without over-
detection.

Despite the additional edges from distorted
vessels in retinopathy maps, GPF fusion consistently
outperforms conventional filters in identifying true
edges. By merging the outputs of WT and GF, this
fusion method enhances the accuracy of retinal
images more effectively than either filter alone.

4. Conclusions

This study demonstrates the Gradient Pyramid
Fusion (GPF) algorithm’s effectiveness in producing
accurate, high-quality edge maps for retinal images,
particularly for vessel diameter measurement. By
combining the strengths of the Wavelet Transform
(WT) and Guided Filter (GF), GPF significantly
improves accuracy, continuity, and edge definition
over traditional filters. Supported by quantitative
analysis, the results show that GPF excels at
preserving essential structural features while reducing
error rates, making it a promising tool for advancing
retinal image analysis and other applications that
demand precise edge detection and image
enhancement.
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REMEDIATION OF SOIL CONTAMINATED WITH HYDROCARBON
USING THE SUCCESIVE EXTRACTION METHOD WITH SOLVENTS

Maria POPA
Petroleum-Gas University of Ploiesti, Faculty of Petroleum Refining and Petrochemistry, Romania
e-mail: mpopa@upg-ploiesti.ro

ABSTRACT

Soils can be accidentally polluted with liquid hydrocarbons. The penetration
of the pollutant into the soil structure will always be both vertical and horizontal. It
is very important to act immediately to stop this migration. The choice of the
depollution method is the most difficult action to be chosen by specialists.

The paper deals with the method of successive solvent extraction, the solvents
used being, in order of use: petroleum ether, benzene and toluene. Two soil types
were chosen: garden soil from Romania and red soil from Greece. The degree of
depollution (%) is calculated for each of the two soil types.

KEYWORDS: soil properties, extraction, pollutant, diesel oil

1. Introduction

When, accidentally or not, a soil is polluted with
liquid hydrocarbons, they migrate into the soil
structure in different ways. This is influenced by the
soil properties (density, capillarity, particle size and
permeability) as well as the properties of the pollutant
(density and viscosity).

When the nature of the pollutant is known, it is
easier to choose the extraction solvents. If there is
insufficient information on the composition of the
pollutant, the choice of solvents comprises a longer
list [1-4].

In this paper, two types of soils were chosen
which were polluted under laboratory-controlled
conditions with 5% of the same pollutant — diesel oil.

The studies carried out on this topic were based
on the analysis of soils and their behavior in
successive solvent extractions. The method of
depollution by successive extractions has high costs,
but pollutant recovery can be a gain [1].

There are many recent studies on accidental
pollution, soil being the most affected environmental
factor [5-9].

2. Material and methods

2.1. Soil analysis

Two soil types were chosen for the experiments:
garden soil and red soil.

The garden soil used in the experiments had not
been treated in the last 20 years with chemicals that
could have altered its physical properties and nutrient
content in any way.

The red soil is soil taken from a swampy,
vegetated area that is undisturbed by human action.

The two soil types were characterized by:
density, capillarity, permeability and grain size.

Soil density is a property that depends on
several factors (depth, degree of subsidence, moisture
content, organic and inorganic matter content) [10].

Two types of density are defined and can be
calculated:

Apparent density:

__ Mgpil 3
=Tl g/cm @
Papparent Vioil tayer
Real density:
_ Mgan Mgail /cm3
== _ x Cm 2
Preal Vaoit Vsait lﬂ.)'s?'_vi;oids g ( )

Knowing these densities can also determine the
porosity of the soil:

1— Papparentsaz’!
Preal soil (3)

£ =

The determinations were made in a glass
ampoule as shown in Figure 1.
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Fig. 1. Glass ampoule with soil sample [10]

Capillarity is the property that represents the
phenomenon of a liquid penetrating the soil structure
from bottom to top. This penetration occurs through
the spaces between solid aggregates. In order to
establish this penetration into the soil structure, it is
necessary to moisten the soil samples, since it is
necessary to imitate the horizons of soils [1, 2].

The device used in the laboratory consists of a
glass tube (L > 50 cm, di = 2 cm) into which the
moistened soil is introduced over a length of 50 cm.

The tube is protected at the base with gauze to
prevent loss of sample. It is immersed in a vessel
containing the liquid to be analysed (water and diesel
oil).

Due to the capillarity of the soil layer the liquid
will move ascending and form a moving moisture
front, characterized by the height Hnumidity (H).

The value of the wet height will be measured
every 10 minutes for one hour. Finally, the variation
of the height of the moisture front with time will be
graphically plotted.

The experimental scheme is shown in Figure 2.

Fig. 2. The experimental scheme for capillarity
[10]. 1-glass tube, 2-soil layer, 3-moisture front,
4-liquid supply vessel, 5-holding, 6- constant
liquid level vessel, 7-pre-fill zone, 8-collecting

Permeability is the property of soil that allows a
fluid to flow through its structure. It is dependent on
the clearances between soil aggregates. In the case of
a pollutant, this property will influence the infiltration
rate in the event of an accidental spill. The movement
of the pollutant front leaves behind a soil saturated
with the pollutant.

After the fluid permeates through the soil layer
and begins to drip into the graduated cylinder 6 start
measuring the time, noting the amounts filtered, at
15-minute intervals for one hour. After one hour, stop
the flow of fluid and wait until all the fluid above the
soil layer has passed through the soil volume and no
more drops are flowing into the graduated cylinder 6
at the bottom.

The amount of liquid product embedded in the
soil structure represents the retention capacity of that
soil (kg liquid/m® dry soil). The retention capacity
varies inversely with permeability [10].

The values measured and calculated during
operation of the module to determine the permeability
and retention capacity are:

T4
Vsoir = s Hgou cm? (4)
- Hsoil - S0il layer height, cm;
- dsoil - soil layer diameter, cm;
- Vil - S0il layer volume, cmd,
B =V, -2 cm3h (5)
T

- Pt - average permeability for time 1, cm®/h;
- V1 - the volume of liquid filtered through the
layer during T = 15, 30, 45, 60 minutes.

_ Pyg+PyatP5+Psp

P, — cmd/h (6)
P. - average total permeability, cm?/h.
_ ('mf—moj-lﬂg - 3em:
Cp = ————, kg liquid/m?soil @)

Vit

- Cr - retention capacity, kg liquid/m3soil;

- mj the initial mass of the dry soil layer, g;

- ms the final mass of the dry soil layer, g.

The experimental scheme is shown in Figure 3.

Fig. 3. The experimental scheme for
permeability [10]. 1-liquid feed vessel, 2-
holding, 3-glass tube Wolff, 4-strainer, 5-soil
layer, 6-graduated cylinder, 7-collector vessel
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Granulometry is the percentage distribution of
soil particle size. In general, soil with a larger particle
size will be more permeable to liquids. This property
will be determined by the sieving method. The
experimental assembly is shown in Figure 4.

Fig. 4. The experimental assembly for
granulometry [10]. 1-sifting sieves with different
holes, 2-elastic support ropes, 3- vibrating
system for the sieves

2.2. Pollutant analysis

The controlled pollution product (5%) was
characterized by density and viscosity, properties that
will influence the penetration of the pollutant into the
soil structure. These determinations were made at
three different temperatures (20, 40 and 60 Celsius
degree).

2.3. Extractive depollution method

Based on solubility differences, the separation of
components from the soil pollutant can be realized by
extraction. The solid-liquid extraction is done using
the Soxhlet apparatus, as shown in Figure 5. The
successive solvent extraction method involves the use
of several solvents without removing the sample from
the apparatus. Different solvents are used which will
extract different components of the pollutant. These
were, in order of use: petroleum ether, benzene,
toluene. For each solvent used over the polluted
sample cartridge, the extraction takes until the solvent

is 'clean’. With a single solvent, extraction can take
several hours. In each case, the solvent used can be
recovered and the test sample will be oven dried at a
temperature slightly above the boiling temperature of
the solvent. The sample remaining after drying is
weighed.

Fig. 5. Soxhlet apparatus [10]. 1-distilling ball,
2-side tube, 3-cooler, 4-siphon apparatus

3. Results and discussions

The densities for the two soil samples are shown
in Table 1.

Table 2 shows the measured values for the layer
wetted with the two liquids: water and diesel oil.

Figure 6 shows the variation of the wetted layer
height with time.

Table 3 shows the results for the average
permeability and the retention capacity.

Table 4 shows the granulometric variation and
Figure 7 shows the histogram corresponding to this
variation.

The density and viscosity of diesel oil are given
in the Table 5 for three temperatures.

Table 1. Calculated values for density and porosity

No. . Type of soil

crt. Calculated sizes UM Garden soil Red soil
1. Msoil g 43 50.4
2. Vsoil layer cm® 52.8 52.8
3. Vvoids cm® 24.7 19.5
4. Apparent density, papparent g/cm?® 0.814 0.955
5. Real density, preal g/cm?® 1.53 1.51
6. Porosity, € - 0.468 0.368
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Table 2. Wetted layer heights for two types of soil

Type of sail
No. Garden soil Red soil
crt. Water Diesel oil Water Diesel oil
1. H 10 min, MM 28 36 39 49
2. H 20 min, MM 35 54 45 62
3. H 30 min, MM 42 67 51 62
4, H 40 min, MM 50 82 55 62
5. H 50 min, MM 56 89 57 64
6. H 60 min, MM 62 98 62 69
120
g 100
r}fb 80
2
= 60
2
= 40
2
§ 20
0
0 10 20 30 40 50 60 70
Time, min

—&— Water for garden soil

Water for red soil

Diesel oil for garden soil

Diesel oil for red soil

Fig. 6. Variation in the height of the wetted layer with time

Table 3. Sizes measured and calculated for permeability and retention capacity

Type of soil
Garden soil Red soil

No. Mea_lsured Water Diesel oil Water Diesel oil
crt. sizes

1. Mo, ¢ 348.4 375.2 364.6 364.6
2. Hsoil, CM 12 13.8 145 145
3. dsoil, CM 4.1 4.1 4.1 4.1
4, Veoil, CM® 158.4 182.2 191.4 191.4
5. Vs, cm?® 300 22.5 410 715
6. V30, M3 546 45.4 710 1340
7. V45, cm?® 774 68.6 960 1920
8. Vg0, CM° 924 92.5 1185 2410
9. my, g 424 436.2 424.8 404.4
10. P15, cm®/h 1200 90 1640 2860
11. P30, cm®/h 1092 90.8 1420 2680
12. Pss, cm3/h 1032 91.47 1280 2560
13. Pso, cm3/h 924 92.5 1185 2410
14. P., cm3/h 1062 48.6 1381.25 2627.5
15. Cr, kg/m? 477 335 314.5 206
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Table 4. Granulometric variation

Sieve 1 | Sieve2 | Sieve 3 | Sieve 4 Sieve 5 Sieve 6 Sieve 7
Type of soil 15 0.49 0.2 0.12 0.088 0.06 Xmi L 0SSes
mm mm mm mm mm mm
Garden | mi, g 49.6 32.8 8 2.4 1.6 0.8 95.2 4.8
soil % 49.6 32.8 8 2.4 1.6 0.8 95.2 4.8
Red soil mi, g 55.4 30.6 8 3.4 0.2 0.1 97.6 2.4
% 55.4 30.6 8 3.4 0.2 0.1 97.6 2.4
[=11]
‘2 60
g 50
g 40 1
@ 30
S 20 -'
0
1 2 3 4 5 6 7
Sieves
B Garden soil Red soil

Fig. 7. The histogram corresponding for granulometric variation

Table 5. The density and the viscosity values for diesel oil for three temperature

No. Temperature, Diesel oil

crt. °C Density, kg/m?® Viscosity, kg/ms
1. 20 836.2 5.2-10
2. 40 819.6 4.07-10°
3. 60 813.2 3.23-10°°

Table 6. Results of successive solvent extraction for garden soil

Clean garden soil

Petroleum ether Benzene Toluene

Organic material extracted with, g 0.0193 0.0287 0.0146
Total mass organic extracted, g 0.0626

Polluted garden soil with 5% diesel oil
Petroleum ether Benzene Toluene
Total mass organic extracted + diesel 05701 00184 0.0372
oil with, g
Total mass orgarg)litl; thracted + diesel 06252
Total diesel oil extracted, g 0.563
Depollution degree, % 56.3

It was necessary for this study to know the
physical properties of both soils and pollutants. This
information helps to analyse the penetration of the
pollutant into the soil structure.

When an environmental accident occurs, you
need to act quickly. It is difficult to choose an optimal
method for depollution of soils contaminated with
hydrocarbons.

The successive extraction method with solvents
can be one of these options.

The advantage of this method is that, although
solvents are very expensive, they can be recovered in
the successive extraction method. The pollutant can
also be recovered.
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Table 7. Results of successive solvent extraction for red soil

Clean red soil

Petroleum ether Benzene Toluene
Organic material extracted with, g 0.0253 0.0413 0.03
Total mass organic extracted, g 0.0966

Polluted red soil with 5% diesel oil

Petroleum ether Benzene Toluene
T_otaI mass organic extracted + 0.9870 0.0692 0.0397
diesel oil with, g
T_otaI mass  organic extracted + 1.0959
diesel ail, g
Total diesel oil extracted, g 0.9993
Depollution degree, % 99.93

4. Conclusions References

The choice of soil types was not accidental.
Garden soil has a high humus content (indicated by
colour). The presence of this component has a great
influence on the behavior of liquids (water and diesel
oil).

The higher porosity of the garden soil (0.468)
will influence the penetration and stagnation of
liquids in voids.

The maximum wetted layer is 98 cm for diesel
oil in garden soil compared to 69 cm for red soil.

The pollutant retention capacity in the soil is
higher for garden soil (335 kg/m?) than for red soil
(206 kg/md). This aspect explains why the degree of
depollution for red soil is higher (99.93%).

For successive extraction with solvents, when
comparing results for different soils it is easy to
determine the number of solvents. There is a
possibility that for the lower degree of depollution,
there may be another solvent to extract other
components remaining in the soil structure. A
proposed option for future studies would be a mixture
of alcohol: benzene (1:1).
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DEVELOPING A NON-INVASIVE INTELLIGENT SYSTEM
FOR BLOOD GLUCOSE LEVEL ESTIMATION
USING REFLECTIVE OPTICAL SENSORS

Mihaela MARIN, Teodora Alexandra Dobrin, Florin Bogdan MARIN

“Dunarea de Jos” University of Galati, Romania
e-mail: mihaela.marin@ugal.ro

ABSTRACT

This paper introduces a non-invasive system for blood glucose monitoring
using a reflective optical sensor (TCRT5000) integrated with an Arduino platform.

The system

integrates a detection unit equipped with an

infrared LED,

phototransistor, microcontroller, OLED display, and Bluetooth module-with real-
time data visualization and wireless transmission to mobile devices. The TCRT5000
sensor detects light reflectivity changes caused by blood flow, indirectly estimating
glucose levels without the discomfort of invasive techniques. Validation was
conducted by comparing system readings with a standard glucometer under varied
conditions. The system achieved high performance metrics, including 97.14%
accuracy, 97.9% precision, 98.59% sensitivity, and 90.91% specificity. Minor
variations were observed, attributable to environmental and individual differences.
Despite this, the results confirm the device’s reliability and usability, making it a
promising alternative for frequent and accessible glucose monitoring. Advantages
include affordability, ease of use, and adaptability, which are integral to

encouraging patient compliance and

improving health outcomes. Future

developments may incorporate advanced optical sensors such as NIR spectroscopy
or Raman technologies, alongside machine learning algorithms, to improve
accuracy and extend functionality. The proposed system highlights the potential for
non-invasive methods to revolutionize diabetes care in both personal and clinical

settings.

KEYWORDS: optical sensors, OLED, Bluetooth module

1. Introduction

Managing diabetes involves continuous blood
sugar monitoring, dietary adjustments, regular
exercise, and, if necessary, medication or insulin
therapy. Advanced tools such as Continuous Glucose
Monitoring (CGM) systems and insulin pumps have
improved patient outcomes by maintaining stable
glucose levels and reducing risks of hyperglycaemia
or hypoglycaemia [1-3]. Personalized prevention and
monitoring approaches are critical for effective
management.

Diabetes complications affect multiple systems,
including the eyes, kidneys, nerves, and
cardiovascular system [4-7]. Common issues include
diabetic retinopathy, nephropathy, neuropathy, and a
higher risk of cardiovascular diseases such as
myocardial infarction and stroke [8-10]. Preventing
these complications requires strict glycaemic control,

regular monitoring, a healthy lifestyle, patient
education, and access to advanced technologies. Self-
management is essential for minimizing vascular
complications and premature mortality. Effective self-
care combines regular glucose monitoring, adherence
to treatment, and lifestyle changes, with personalized
guidance improving outcomes [11-14].

Technological advancements have transitioned
diabetes monitoring from invasive finger-prick
methods to non-invasive CGM systems [15]. These
innovations enable real-time glucose monitoring,
offering critical insights for treatment adjustments.
Devices like Dexcom G4 Platinum [16] and FreeStyle
Libre [17] demonstrate high accuracy and user
acceptance, revolutionizing diabetes care.

This paper presents the development of an
intelligent, non-invasive blood glucose monitoring
system using a reflective optical sensor (TCRT5000)
integrated with an Arduino platform. The system
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comprises a detection unit with an infrared LED, a
phototransistor, a microcontroller, an OLED display,
and a Bluetooth module for wireless data
transmission to mobile devices.

2. Experimental procedure

This research focuses on developing an
intelligent system for non-invasive blood glucose
monitoring. As illustrated in the block diagram
(Figure 1), the glucose monitoring system comprises
a detection unit and a reception unit. The components
include: a development board (Arduino), illustrated in
Figure 2, an OLED screen (Figure 3), a Bluetooth
module (Figure 4), jumper wires (male-female and
male-male connectors), breadboard and a reflective
optical sensor (TCRT5000).

The detection unit consists of an infrared sensor,
a microcontroller, and a Bluetooth transceiver
module. The reflective optical sensor is utilized to
detect the presence and variations in light reflectivity,
which can be influenced by changes in blood flow.
However, it does not directly measure blood glucose
levels. The reception unit consists of a mobile phone
with Bluetooth connectivity. The glucose sensor
captures signals related to glucose variations, which
are then processed by the microcontroller. The
microcontroller performs signal analysis, calculation,
and decision-making. It subsequently transmits the
glucose level data to: the serial monitor of the
Arduino IDE software, the OLED screen, and the
Bluetooth module, allowing the connected mobile
phone to receive the transmitted data.

Fig. 1. Block diagram of the proposed system architecture

Fig. 2. Arduino UNO board: a. front side, b. back side
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OLED (Organic Light Emitting Diode)
technology relies on the use of organic polymers as
semiconducting materials in light-emitting diodes
(LEDs). These materials act like tiny particles "ready"
to emit light when electrically stimulated. This

innovative approach allows OLEDs to achieve high
efficiency, lightweight construction, and the ability to
produce flexible and thin displays, making them ideal
for modern electronic devices and applications.
Figure 4 shows the Bluetooth component.

Fig. 4. Bluetooth module: a. front side, b. back side

The TCRT5000 (Figure 5) is a small yet
powerful tool in the world of detection, combining
the capabilities of an infrared LED and a
phototransistor in a single compact body. This
sensor's versatility and efficiency make it an essential
component for proximity detection and reflective
sensing applications.

ad

»
ot

Fig. 5. TCRT5000 sensor

Arduino Bluetooth Control (Figure 6) is an
application that gives the ability to control the
Arduino board (and other similar boards) via
Bluetooth, allowing to create custom projects with the
new functionalities available in the application.

aTaT ®

<« Arduino

Sensor 1: 74

Fig. 6. Ardutooth App Interface [18]
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To activate the monitoring system using the
TCRT5000 sensor and other components, they need
to be connected to a development board, such as
Arduino. All components are connected to the
development board as shown in Figure 7. This setup
ensures proper communication between components
and allows for efficient data acquisition and
processing within the monitoring system.

e

sensor

Fig. 7. Jumper wires connected to Arduino
board pins

Fig. 10. The non-invasive intelligent system for blood glucose level estimation
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Once all components are connected, the next
step is to link the Arduino board to a laptop using a
USB cable. This connection enables both
programming and powering the board by launching

the Arduino IDE, the data will be displayed on the
OLED screen and subsequently transmitted via
Bluetooth to the corresponding mobile application
(Figure 11).

Fig. 11. Monitoring system - screen and application display

The TCRT5000 sensor detects any change, and
the system successfully updated and transmitted the
new values in real-time, both on the OLED screen
and to the mobile device. This demonstrates the
system's ability to monitor blood glucose fluctuations
accurately and in real time.

To validate the accuracy and reliability of blood
glucose monitoring device, a rigorous methodology
comparing its readings to those of a standard SD
glucometer under various conditions and scenarios
was employed. By comparing the results from both
devices, the accuracy, sensitivity, specificity, and
precision of our monitoring system was evaluated.
This validation method ensures that the device
delivers consistent results aligned with accepted

medical standards (Figure 12). After performing ten
measurements using both the traditional glucometer
method and our new non-invasive approach, we
observed differences between the values obtained by
the two devices. These results are summarized in the
Table 1. The differences can be attributed to several
factors: measurement accuracy (differences in the
precision of each  measurement  method),
environmental conditions:  variations in light,
temperature, or other external influences, individual
variability due to unique physiological factors of the
test subjects. A difference of £15 mg/dL is considered
acceptable for non-invasive glucose monitoring
systems according to some standards, such as 1SO
15197 [19].

Fig. 12. Validation of the result with the glucometer
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Table 1. Comparison between invasive and non-invasive methods

Blood glucose level Blood glucose level
No. (invasive method) | (non-invasive method) Difference
mg/dL mg/dL

1 98 94 +4

2 100 107 -7

3 93 99 -5

4 115 108 +7

5 99 103 -4

6 91 90 +1

7 92 85 +7

8 102 100 +2

9 105 111 -6

10 94 92 +2

The system's performance metrics are  applications and customization to meet specific user

summarized in Table 2, highlighting its strong
potential as a reliable monitoring solution.

Table 2. System Performance Metrics

Metric Performance (%)
Accuracy 97.14%
Precision 97.9%
Sensitivity 98.59%
Specificity 90.91%

4. Conclusions

The results indicate that the system accurately
estimates blood glucose levels by analysing variations
in light intensity reflected by blood flow, as
confirmed through tests and evaluations. Utilizing a
reflective optical sensor and proper coding on the
Arduino board, the device demonstrated reliable
performance. Additionally, an Android-based mobile
application facilitates data reception and transmission
via the HC-05 Bluetooth module, with glucose levels
formatted as text messages.

The integration of Bluetooth connectivity
ensures seamless data transfer, enhancing ease of use
for glucose monitoring and management. The results
also highlight the potential for future enhancements,
such as replacing the TCRT5000 sensor with
advanced optical technologies as NIR spectroscopy or
Raman sensors, combined with machine learning
algorithms, to improve accuracy and efficiency. This
evolution could make the system suitable for
continuous patient monitoring in clinical settings.

The non-invasive approach, validated by the
obtained results, eliminates the discomfort associated
with traditional methods, encouraging frequent usage
and better health outcomes. The system’s
affordability and the flexibility of the Arduino
platform further support its adaptability for broader

requirements.
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SIMULATION OF THE FORGING PROCESS OF A BEARING RING
USING MATLAB SOFTWARE
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ABSTRACT

In the current work, entitled "Simulation of the forging process of a bearing
ring using MATLAB", we created a graphical interface (GUI) using MATLAB
software, based on the mathematical relationships specific to the forging process of

metallic materials.

By simulating the technological process of obtaining the bearing rings, the
material and energy consumption conditions are precisely calculated and
highlighted, for the realization of the different profiles of the bearing ring

generator.

KEYWORDS: forging, modeling, MATLAB, graphic interface, bearing rings

1. Introduction

The first wrought metals were gold, bronze, and
iron, used to make tools, weapons, and jewellery.
Later, steel was introduced, and all of these metals
were worked using a rock as a hammer, along with
the heat generated by fire. This method remained the
predominant method for forging metals and steel until
the early 19" century [1-3].

The forging of iron and other metals has been
vital to the development of human civilizations for
millennia. The ability to shape and work metals
through forging was a significant step in
technological progress since the Bronze and Iron
Ages. This process is still as important today [2].

Providing a wide range of essential products,
such as metal pipes and fittings, as well as sheet metal
and profiles needed in various other industrial sectors,
forging is often considered the "heart" of the
metalworking industry. These robust and durable
parts, obtained by controlled plastic deformation of
metal, are essential to contemporary industrial
infrastructure [3-5].

Forging is the process by which metal is
hammered, pressed, or rolled into a specific shape.
This can be achieved either with a hammer, a press,
or a die. Essentially, it is the art of heating and
working hot metal to obtain a specific design or shape
for a specific purpose or use [6-9].

Many of the properties of the material, such as
structure, conductivity, and longevity, are improved
by machining.

Forging creates parts that have superior
mechanical properties with minimal material loss.
The starting material, which has a relatively simple
geometry, is plastically transformed in one or more
ways to create a fairly complex product. Forging
usually requires quite expensive tools [10-12].

Simulation of a technological process in general
consists of rendering its development based on
mathematical models that describe the respective
process, with the aim of highlighting the evolution of
factors that characterize the final products and the
technological process [13, 14].

Recently, virtual simulation has experienced
extensive development, this is also due to the
advantages that this type of simulation involves,
namely: low material costs, does not require the use
of tools, devices, installations, does not require
energy consumption, does not require measuring
equipment, does not pollute the environment etc. [14,
15].

2. Experimental conditions

In this work, a simulation of the process of
obtaining rings of various sizes for bearings by
forging was carried out using the MATLAB software.

When creating the MATLAB program that
makes this simulation possible, all the mathematical
expressions specific to the forging process were used.

The creation of the graphical interface for
simulating the process of obtaining rings for bearings
had as restrictive conditions the fact that the case was
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taken into account when: The height of the ring
(Hinel) is less than or equal to the height of the semi-
finished product (Hs).

The simulation of the process of obtaining
bearing rings by forging includes the following
stages:

Stage | - Initiation of the program made in
MATLAB for displaying the Graphical Interface.

Stage Il - Choosing the dimensions for the
bearing ring.

Stage 111 - Simulating the mould extrusion.

Stage IV - Simulating the drilling of the semi-
finished product.

Stage V - Rolling the rings.

%] Maodelare matematica 8 unui Iaminor de inele

THE DIMENSIONS OF THE DESIRED RING mm
Dext=

SKETCH OF THE DESIRED RING. mm
180

200
Al | 0
Dint = 150 100
Al | “
| i
Hinel = 40 50

3. Simulation results

Figures 1-6 show images with the graphical
interface for simulating the bearing ring extrusion.
Figure 1 shows the graphical interface at the
beginning of the simulation. Figure 2 shows the
graphical interface at the time of choosing the
dimensions of the rings to be made. Figure 3
illustrates the extrusion stage of the mould (semi-
finished product) from which, in the final stage, the
bearing ring will be obtained by rolling. After
completing the blank pressing stage, the simulation
program also calculates the dimensions of the blank
drilling mandrel, which are obviously based on the
dimensions of the blank pressed.

DRILLING ON THE FACE 1

3
PRESSING THE MOLD

CHOOSING THE DIAMETER
OF THE MOLD, mm

DRILLING ON THE FACE 2

Dealup = 70
200
CURRENT HEIGHT OF THE MOLD, mm [ 150
CURRENTDIAMETEROF THE MOLD, mw o

DIAMETER OF THE DRILL MANDREL, mm

THE HEIGHT OF THE DRILL MANDREL, mm 0

-200 -100 o 100

LAMINATION OF RINGS

50
-200 -100 0

100 200

Fig. 1. Stage | - Initiation of the program created in MATLAB for displaying the Graphical Interface

THE DIMENSIONS OF THE DESIRID RING e SKETCH OF THE DESIRED RING mm
et * 2

CHOOSING THE DIAMETER
OF THE MOLD, mm

DRILLING ON THE FACE 2

THE CHOSIN DIAMLUIER IS CORRLCTY

CURRENT HEIGHT OF THE MOLD, s 10833

CURKENTDIAMETERON FHE MOLD, ma ®
DIAMETIR OF THE DRILL MANDREL, mm °

THE HEICHT OF THE DRILL MANDREL, s °

PRESSING THE MOLD

DRILLING ON THE FACE )

ANIMATION

LAMINATION OF RINGS

Fig. 2. Stage Il — Choosing the dimensions for the bearing ring
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THE DIMENSIONS OF THE DESIRED RING mm SKETCH OF THE DESIRED RING, mm PRESSING THE MOLD DRILLING ON THE FACE 1
Dext= f220]
Dint= 170
Hinel = a5
100 o 100 200
CHOOSING THE DIAMETER ANIMATION
OF THE MOLD, mm
Dealup = 90
J J J DRILLING ON THE FACE 2 LAMINATION OF RINGS
20 20
50
CURRENT HEIGHT OF THE MOLD, mm 45 =0 100
CURRENTDIAMETEROF THE MOLD, mu 130642 | 100 =
DIAMETER OF THE DRILL MANDREL, mm 46.5475 - °
50
THE HEIGHT OF THE DRILL MANDREL, mm 30
) 100
150
50 200
%00 100 o 100 20 %0 00 o 100 20

Fig. 3. Stage Il — Simulation of mold release

Figure 4 and Figure 5 show the simulation of the In figure 6 the graphical interface shows the last
drilling stage of the semi-finished product using the  stage in the simulation of the rolling process of
mandrel, in figure 4 drilling on face 1 and in figure 5  bearing rings.
drilling on face 2.

# Modelare matematica a unui laminar de inele - X
THE DIMENSIONS OF THE DESIRED RING mm  SKETCH OF THE DESIRED RING, mm PRESSING THE MOLD DRILLING ON THE FACE 1

Dext = [2
229 200 200

I 200
‘ J o _ _
150 150
00 3 100

Dint= 170 1o

J | . e 100 |

Hinel = 45 50 50
il .
. o o
=150
-200 -50 50
-2

-200 -100 0 100 200 0 -100 200 -200 100 o 100 200

100

CHOOSING THE DIAMETER
OF THE MOLD, mm
Dcalup = %0
<[ | M DRILLING ON THE FACE 2 LAMINATION OF RINGS
200 200
_ b
CURRENT HEIGHT OF THE MOLD, mm 4 = 100
CURRENTDIAMETEROF THE MOLD, mu 139642 g 50
DIAMETER OF THE DRILL MANDREL, mm | 46,5475 ¢
5o 51
THE HEIGHT OF THE DRILL MANDREL, mm | °
, 100
-150
50 200
-200 -100 o 100 200 -200 -100 o 100 200
‘u‘nmnoﬂ

Fig. 4. Stage IV — Simulating drilling of the blank (side 1)
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Fig. 5. Stage IV — Simulating drilling of the blank (side 2)
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Fig. 6. Stage V — Ring rolling

4. Conclusions « low material costs;
* does not require the use of tools, devices,

Analytical and virtual simulation of a process, installations;

carried out using a computer and specialized * does not require energy consumption;
programs, is based on the transposition of * does not require measuring equipment;
mathematical models into simulation software. * does not pollute the environment, etc.

The advantages of both virtual and analytical By simulating the rolling process of bearing
simulations are: rings, the user can control the process with greater
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precision, which leads to obtaining rings of better
dimensional accuracy.

Also, by simulating the process, material losses
can be prevented because through simulation, precise
data regarding the dimensions of the initial semi-
finished product from which the bearing ring is
finally obtained is obtained. By avoiding material
losses, energy savings can also be made.

The simulation of rolling of bearing rings allows
highlighting the material requirements and energy
consumption conditions for creating different profiles
of the bearing ring generator.
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THE INFLUENCE OF THERMOMECHANICAL TREATMENTS ON
THE MECHANICAL PROPERTIES OF SOME AL-Zn-Mg-Cu ALLOYS
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ABSTRACT

In this paper, the variation of some mechanical properties was studied
according to the values of the thermomechanical processing parameters to which

an aluminium alloy of the Al-Zn-Mg-Cu series was subjected.
Thermomechanical processing consisted of a cold plastic deformation
followed by an artificial aging performed at various treatment temperature values

and various maintenance time values.

Following the application of this thermomechanical processing variant, it can
be concluded that the values obtained for the studied mechanical characteristics
are closely related to the values of the thermomechanical processing parameters.

KEYWORDS: aluminium alloys, thermomechanical treatment, artificial

aging, temperature, holding time

1. Introduction

Al-Zn-Mg-Cu alloys belong to the category of
deformable and hardened aluminium alloys. Alloys in
the Al-Zn-Mg-Cu system depending on the chemical
composition may end up having outstanding
mechanical properties, being comparable to Cu alloys
or even some steel brands, however, they have the
advantage of having a lower density [1].

The presence of alloying elements influences the
technological and operational characteristics of Al-
Zn-Mg-Cu alloys. Thus, silicon contributes to the
increase of mechanical strength, reduces ductility as
well as fatigue resistance and influences the
behaviour to heat and thermomechanical treatment;
magnesium also increases, mechanical strength and
hardness but also influence the behaviour to heat
treatment. In alloys where Si and Mg are also present,
the behaviour to heat treatment depends on the Mg/Si
ratio, thus, if this ratio has a high value, then by
natural aging the best properties of strength and
plasticity are obtained, at a lower ratio artificial aging
is required. If iron is also present in the composition
of the alloy, at contents below 0.7%, it increases hot
stability, in some alloys, producing fragility due to
the appearance of its compounds in other alloys [2].

The presence of manganese in these alloys has a
hardening effect (each percentage of manganese
increases the hardness by 2-3 daN/mm?) and reduces
the brittle effect of iron and finishes the grain. Nickel

like manganese has a hardening effect, but more
limited and reduces the brittle effect of iron. The main
effect of nickel alloying is manifested by increased
high temperature resistance, fatigue resistance and
creep. Titanium finishes the grain by increasing the
tenacity, lithium has a similar effect to magnesium,
zinc increases the mechanical strength but decreases
the plasticity and chromium increases the resistance
to high temperatures [2, 3].

From the experiments made, thermomechanical
processing was found to lead to obtaining superior
values of the main mechanical properties, and so this
method of processing these alloys should be used in
practice more than conventional methods [4, 5].

The metallurgical technologies used for special
alloys of Al in terms of the size of the finished grain
and achieving medium or high strength are of two
kinds [6-8]:

1. technological processing that acts on the size
of the crystallized grain of some aluminium alloys
during the first phases of processing at high
temperatures by partially eliminating the structural
heterogeneity, by controlling the chemical
composition, the casting and homogenization cycles
of these alloys. Next, the hot plastic deformation is
applied, finally obtaining a recrystallized structure
with fine and uniform grains in size.

2. technological processing applied to high-
strength alloys, especially those used in the aviation
industry. It consists of several stages of plastic
deformation and heat treatment, which s
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thermomechanical processing. In the practice of
metallurgical processing, it is found intermediate
thermomechanical processing and final
thermomechanical processing [9-11].

Generally, intermediate  thermomechanical
processing is used internationally to improve the
plasticity, hardness and corrosion resistance of special
aluminium alloys without reducing mechanical
strength compared to conventional processing.

The final thermomechanical processing is used
to obtain the final strength characteristics combined
with good plasticity, corrosion resistance and fatigue
resistance.

Alloys in this system are divided into [10]:

1. high-strength alloys, for which the amount
(Zn + Mg + Cu) is more than 10%.

2. medium-strength alloys with amount (Zn +
Mg + Cu) = 7-9%.

3. alloys with low resistance, for which the
amount (Zn + Mg + Cu) is less than 6%.

The high strength of these alloys is achieved
after a heat treatment of natural or artificial hardening
[11-13].

2. Conditions of experimental research

Experiments were carried out on alloy samples
with the chemical composition indicated in Table 1,
alloy of the alloy family: Al-Zn-Mg-Cu.

The mechanical properties of the alloy
according to EN 485-2-2007 are shown in Table 2.

Table 1. Chemical composition of the alloy studied

Alloy Cu Zn Cr Fe Mn Si Mg Al
0.75 4.3 0.25 0.5 0.17 0.5 2.6 Rest
Table 2. Alloy properties according to EN 485-2-2007
Elemental Rm, Rpo.2 As HB
Alloy [MPa] [MPa] [%6]
AlZn4.3Mg2.6Cu 430 370 8 130

Figure 1 shows the sequence of heat and
thermomechanical treatment operations, to which the
samples from the alloy studied have been subjected.

Specific to this variant is the thermomechanical
treatment with cold plastic deformation performed
between the two artificial aging [14].

Alloy cast, homogenized and deformed hot plastic with the degree of

deformation £ = 25%

Calibration of solution
(t =485 °C, 1= 2.5 hours, cooling in the water)

Y

Artificial aging
(t=100 °C, t= 2 ore, ricire in aer)

Cold plastic deformation with the degree of
deformation & = 15%

|

Artificial aging
(t=110°, 130°, 150°, 170°, 190°C )
(1=3,7,11, 15, 19 hours for each temperature)

Fig. 1. Experimental conditions of thermomechanical treatments [14]
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For structural stabilization of the material, after
quenching the solution, an artificial aging with a one-
hour maintenance time at 100 °C is carried out.
Further, a cold plastic deformation takes place where
the samples are deformed with a degree of plastic
deformation 15%, in order to reach the established
dimensions.

After plastic deformation, an artificial aging is
performed at the following temperatures: T; = 110
°C, T, =130 °C, T3 =150 °C, T4, =170 °C and Ts =
190 °C having these temperatures: 11 = 3 hours, 12 = 7
hours, 13 = 11 hours, 4 = 15 hours, 15 = 19 hours.

After performing thermomechanical processing,
the samples from the alloy studied were subjected to
tensile and hardness tests for finding out the values of
the mechanical properties (mechanical resistance,
flow limit, elongation at breaking and hardness).

Cold plastic deformation accelerates and
intensifies the processes of hardening by aging. Cold
rolling is aimed on the one hand at increasing the
hardness of the material as well as creating favourable

—T=110°C  —T=130°C —T=190°C

500 4

Wk R s e
< TR |
I — TR — T

Mechanical strength,| MPa]
g

b
e
h

g

conditions for the occurrence of precipitation around
dislocations at the next artificial aging. At the same
time, this deformation brings the blank to the final
size [10, 14].

3. Experimental results

For the analysis of the results and the
formulation of conclusions, graphical representations
were used that mainly illustrate the influence of
technological parameters of aging (age temperature
and maintenance time) on the main mechanical
properties of the alloy studied belonging to the Al-
Zn-Mg-Cu system.

Putting into  practice the technological
operations according to the processing variant of the
alloy investigated, a series of values of the
mechanical properties whose values vary depending
on the time and temperature of the treatment were
obtained.

T=150°C  —T=170°C

Aging time, h

Fig. 2. The influence of maintenance time on artificial ageing mechanical strength for the alloy
studied

—T=110°C —T=130°C
430 5o

410 -
390
370 -k

310 4t
290 4

Yield strength, Rp0,2, [MPa]

270 4
250

T=150°C =—T=170°C —T=190°C

11 15 19

Aging time, h

Fig. 3. The influence of maintenance time on artificial ageing flow limit for the alloy studied
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——T=110°C —T=130°C

Elongation at break, As, [%]
k=]

T=150°C

—T=170°C

—T=190°C

lad

Aging time, h

Fig. 4. The influence of maintenance time on artificial ageing elongation at break for the alloy
studied

—T=110°C —T=130°C

——T=150°C =—T=170°C

T=190°C

170 -
160 4

130 4

Brinell hardness, HB

110 4 ...........;,.......
20

11 15 19

Aging time, h

Fig. 5. The influence of maintenance time on artificial ageing Brinell hardness for alloy studied

Figure 2 illustrates that as the aging temperature
rises, for maintenance times of 3 and 7 hours, an
increase in the value of mechanical strength also
occurs. For temperatures of 110 °C, 130 °C and 150
°C, mechanical strength values increase only up to
and including 11 hours of maintenance. For
temperatures of 170 °C and 190 °C, a decrease in
strength is observed.

At 110 °C the maximum resistance value shall
be recorded for the holding time of 19 hours. Thermal
processing at temperatures of 130 °C and 150 °C,
leads to a maximum of strength values for a time of
11 hours of aging. For temperatures of 170 °C and
190 °C the mechanical strength has a maximum at a
time of 7 hours of treatment.

The process of hardening these structures,
according to the literature, is, it occurs by the
occurrence of the phenomenon of precipitation and
consists in the formation of chemical compounds

between the chemical elements that are present and
dissolved in the composition of the alloy being
studied. After the quenching stage of putting into
solution when a solid aluminium solution is obtained,
which is supersaturated by dissolving as many
alloying elements as possible, aging occurs by
precipitation of new formed chemical compounds,
which have as activation energy, as the driving force
of their formation, the heat from the temperature of
artificial aging treatment.

Once these compounds have formed, the
phenomenon of their coalescence occurs, if the alloy
is kept for too long at the temperature of aging. The
coalescence of these compounds has the effect of a
decrease in the mechanical strength properties of the
alloy that has undergone these thermal processing.
This explains the decrease in the strength properties
of the alloy studied as the artificial aging temperature
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rises above 150 °C and for holding times of more
than 7 hours.

For the flow limit and for the hardness things are
mostly the same as for the mechanical strength.

The elongation at breaking has a minimum and a
maximum at the temperature of 110 °C, the minimum
is obtained for the 19-hour aging time and the
maximum for the 3-hour aging time. In the case of the
other values of the considered thermomechanical
processing parameters, the elongation is inversely
proportional to the mechanical resistance.

Following the processing of the alloy, the values
obtained for the mechanical strength are higher values
or at least equal to those imposed by the euro norm
EN 485-2-2007, which is, for variants where the
treatment temperature was 110 °C, 130 °C and 150
°C with artificial aging times of 11 hours, 15 hours
and 19 hours, respectively, last less for the
temperature of 150 °C. Similarly, the situation is also
presented for the hardness and flow limit of the alloy
studied.

The elongation at breaking was higher or equal
to those prescribed by the euro norm EN 485-2-2007,
for most experimental variants, except for the
following combinations of treatment time and
temperature:

- for the temperature of 110 °C at times of 11
hours, 15 hours and 19 hours;

- for the temperature of 130 °C on 15 hours and
19 hours;

- for the temperature of 150 °C at the time of 19
hours.

4. Conclusions

The study of the influence of thermal processing
on the most important mechanical properties of
aluminium-based alloy in the Al-Zn-Mg-Cu system
studied in this paper led to the following conclusions:

1. Since the alloys of the Al-Mg-Zn-Cu system
are alloys sensitive to thermomechanical treatments,
superior values of mechanical strength result with the
preservation at a convenient level of plasticity
characteristics.

2. For the alloy studied, the maximum value of
the mechanical properties is recorded when the final
artificial aging treatment is carried out at a holding
time equal to 19 hours at a temperature of 110 °C.

3. Cold plastic deformation between the two
applied artificial aging causes a sharp increase in the
values of mechanical characteristics (hardness and
mechanical strength).

4. At ageing temperatures below 190 °C and for
ageing times less than or equal to 11 hours, the
increase in the duration of maintenance on ageing
results in increased hardness for the alloy studied.

5. For the alloy studied, at the aging temperature
of 170 °C and for ageing times longer than 7 hours,
the increase in the maintenance time to aging causes
the hardness to decrease.

6. The alloy under investigation records an
increase in hardness directly proportional to the final
artificial aging time for the treatment temperature of
110 °C.

7. By applying the thermomechanical treatment
scheme of this paper, the obtained values for
mechanical strength were higher or at least equal to
those imposed by the euro norm EN 485-2-2007, for
situations where the treatment temperature was 110
°C, 130 °C and 150 °C with aging times of 11 hours,
15 hours and 19 hours.
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ABSTRACT

To meet the challenges of the steel industry in the European Union related to
natural resources and carbon resources, scrap recycling is crucial. Grade E1
(heavy iron) and E3 (mixed iron) are two of the scrap categories used in electric
arc furnaces (EAF), a process that uses up to 70% recycled material. This
significantly reduces the dependence on minerals and lowers CO; emissions
compared to traditional blast furnace (BOF) processes.

In the European Union, scrap recycling accounts for around 40% of steel
production, and most of the recycled material is used internally in the industry, with
a recycling rate of up to 90%. Advanced sorting technologies, including artificial
intelligence and hyperspectral imaging, improve the quality of scrap and reduce
impurities, which can affect the final properties of the steel. This process also
contributes to the circular economy, reducing waste and promoting the sustainable

use of resources.

European climate policies, such as the Green Deal and circular economy
regulations, support the use of scrap to decarbonise the steel industry. For example,
EAF, which uses recycled iron, has a much lower environmental impact compared
to traditional processes, saving up to 75% of carbon emissions, a key element of the
transition to a greener and more sustainable steel industry in Europe. Thus,
recycling scrap, mainly E1 and E3 grades, not only supports local economies and
reduces costs, but also contributes significantly to achieving the European Union's
climate goals, playing a role in the transition to a circular economy and reducing

carbon emissions.

KEYWORDS: metal

recycling, circular

economy, CO2 emissions,

sustainability, European Green Deal, steel industry

1. Introduction

A strong and competitive steel sector is
important to Europe's industrial base. The EU is the
second largest steel producer in the world, producing
over 177 million tonnes of steel per year, representing
11% of global production [1, 2]. Steel is also part of
industrial value chains and is closely linked to many
industrial sectors, such as automotive, construction,
electronics, mechanical and electrical engineering [2,
3]. This has an important cross-border dimension:
500 production sites in 23 Member States make the
steel industry truly European [1, 2]. The European
steel sector is in a challenging situation today. The

current economic crisis has led to a significant drop-
in production activity and associated steel demand,
which remains 27% below pre-crisis levels [4].

Steel has been a primary raw material in
construction and manufacturing for a long time and
will continue to be so in the foreseeable future.
However, certain trends in steel production
technology and usage could impact its demand. The
development of collaborative projects and innovative
manufacturing techniques are expected to be the main
driving forces behind these trends [5]. Opportunities
for innovative steel products will persist with the
construction of power plants, transmission lines, and
housing and transportation sectors, including onshore
and offshore wind farms. [6].
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Global Steel Production Share: EU vs. Rest of the
World

= EU Steel Production

_

= Rest of the World

Fig. 1. Global steel production share: EU vs. Rest of the World

Even though innovation remains a major factor
in the development of new products and new markets,
as well as increasing efficiency, it is not the only
factor that determines future trends in production.
Access to raw materials and energy sources, as well
as their prices, will determine, among other things,
future trends, and since Europe depends heavily on
imports, these prices are likely to remain high for
some time [5]. The use of recycled waste as raw
materials for steel production [increasing electric arc
furnaces (EAFs)] and the use of gas instead of coking
coal [when obtaining direct reduction iron (DRI)]
could be significant technological trends in the future
[7]. The efficient use of resources and climate
policies will also be major factors in technological
change.

In the short term, increasing the use of recycled
waste and disseminating the Best Available
Techniques (BAT) could contribute to achieving
climate policy goals and improving the sustainable
use of scarce resources [5].

2. Recyclable ferrous materials used in the
steel-making process

Recycling ferrous materials is an important
component of the steel-making process, significantly
contributing to resource efficiency and sustainability.
Ferrous scrap, which includes various grades of
recycled steel, plays a vital role in modern steel
production, particularly in Electric Arc Furnaces
(EAFs). The EAF process is known for its ability to
utilize scrap metal as a primary raw material, with
approximately 70% of the input material often being
ferrous scrap [8-11]. This method not only reduces
the need for virgin materials but also lowers energy
consumption and greenhouse gas emissions compared
to traditional blast furnace methods [11, 12].

The composition of ferrous scrap can vary
widely, affecting the quality and properties of the
steel produced. Common impurities in recycled
ferrous materials include copper, tin, and other
alloying elements, which can adversely impact the
mechanical properties of the final product [10, 13].
For instance, elevated copper levels in scrap can lead
to issues such as hot shortness during rolling, which
compromises the ductility and overall integrity of the
steel [13]. Therefore, effective management of scrap
quality is essential for maintaining the desired
characteristics of the steel, necessitating advanced
sorting and processing techniques to minimize
contamination [10, 13].

The recycling process itself is facilitated by the
inherent properties of steel, which can be recycled
indefinitely without significant loss of quality. This
characteristic is a cornerstone of the circular economy
model, where the goal is to maximize resource use
while minimizing waste [14, 15]. The recycling rate
for iron is notably high, with estimates suggesting
that over 90% of steel products are recycled at the end
of their life cycle [16]. This high recycling ratio is
attributed to  well-established collection and
processing systems that efficiently handle ferrous
scrap [16].

Technological advancements have also played a
significant role in enhancing the recycling of ferrous
materials. Innovations such as hyperspectral imaging
and artificial intelligence are being employed to
improve the characterization and sorting of scrap,
allowing for more precise control over the input
materials used in steel production [13]. These
technologies enable manufacturers to better predict
the quality of the scrap and optimize the recycling
process, thereby reducing the risks associated with
impurities and enhancing the overall efficiency of
steel production [13].

One study investigated the effect of the
percentage of direct reduced iron (DRI) in the
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metallic charge on various steelmaking parameters
and consumption figures in an electric arc furnace
(EAF) [17]. The results showed that the percentage of
DRI had a significant impact on electric energy
consumption, oxygen consumption, coke
consumption, and fluxing materials consumption.
This study highlights the importance of considering
the metallic charge composition in optimizing the
steelmaking  process and reducing resource
consumption [17].

Another study focused on the production of
sponge iron powder by reducing rolling mill scale.
The reduction of mill scale allowed for the reuse of
this material as metallic load in steel manufacturing
or as a raw material in the production of iron-based
powder metallurgy parts. This research demonstrates
the potential for utilizing mill scale as a metallic
charge to reduce waste and improve resource
efficiency in the steel industry [18, 19].

Furthermore, a study investigated the influence
of emulsol type on energy-power consumption and
surface contamination in DCO01 steel cold rolling on a
continuous four-stand mill. The use of emulsols with
higher kinematic viscosity was found to reduce the
specific consumption of electricity in some cases.
This research suggests that optimizing the properties
of emulsols used in the rolling process can contribute
to reducing energy consumption and improving the
efficiency of electric mills [20].

Moreover, careful selection of the metal charge
in electric furnaces, including the use of direct
reduced iron (DRI) or recycled metallurgical waste,
plays a key role in optimizing resource consumption,
reducing pollution and improving the overall
efficiency of the steelmaking process. This approach
also contributes to significant savings by reducing the
costs associated with raw materials and energy. In
addition, recycling of ferrous materials supports
economic development by creating jobs and
stimulating growth in the recycling industry,

highlighting its importance in the economic landscape
and the sustainability of industrial processes.

Given the essential role of scrap recycling in
optimising the steel production process and reducing
environmental impact, it is important to understand
how different scrap grades, such as E1 and E3,
contribute to these processes. The percentages of use
of these grades can vary depending on industrial
sources and regions, and here is how these values can
be approached and where relevant references can be
found.

1. Grades E1 and E3 in standards:

- Grades E1 and E3 are defined according to the

European standard EN 13920 for scrap metal,

and their use is well documented in steel

industry reports.

- E1 is predominantly used due to its higher

weight and purity, being favoured for electric

arc furnaces (EAF).

- E3, being a mixed grade, has a more varied but

often lower utilization due to impurities.

2. Sources for statistical data:

- World Steel Association (worldsteel.org):

Publishes annual reports on scrap metal

recycling and consumption by region and

category.

- Eurofer (European Steel Association): Includes

information on ferrous material recycling in the

EU, according to European standards.

- Local industry reports: Companies such as

Liberty Steel or ArcelorMittal publish data on

raw materials used, including scrap percentages.

3. General estimates:

- According to industry reports, E1 represents

approximately 30-50% of scrap used in EAF due

to its higher density and quality (Figure 2).

- E3 can contribute 15-25%, being more often

used in combination with other grades, to

balance costs and mechanical properties (Figure

2).

Global Utilization of Scrap Metal by Class in Steel Production

\

= E1(Heavy Scrap)
» E3(Mixed Scrap)

» E2 (Shredded Scrap)

» E4 (Other Ferrous Scrap)

Fig. 2. Global utilization of scrap metal by class in steel production
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3. Advanced technologies in recycling and
production

Advanced technologies in recycling and
production enhance the efficiency of ferrous metal
recycling, reduce operational costs, and minimize
environmental impact. Sorting systems based on
hyperspectral imaging and artificial intelligence allow
for the precise identification of impurities and the
separation of materials. They facilitate the recycling
process by increasing sorting efficiency and reducing
material contamination [18].

Integrating recycled metals with other recycled
materials, such as direct reduced iron (DRI), helps
reduce energy and raw material consumption. This
approach not only optimizes the production process,
but also reduces CO, emissions associated with the
extraction and processing of virgin minerals [18].

These technologies not only optimize the quality
of the steel produced, but also contribute to reducing
operational costs and environmental impact. For
example, the use of scrap metal instead of raw ores
reduces CO emissions and limits the degradation of
ecosystems.

4. European legislation and climate
policies

The European Union places a strong emphasis
on reducing carbon emissions and using resources
efficiently through strategies such as the Green Deal
and circular economy regulations. These policies
encourage the use of scrap in the steel production
process, a sustainable practice that aligns the industry
with climate goals [21, 22].

European regulations also impose strict
standards on the quality of recycled materials,
requiring advanced sorting and  processing
technologies. This approach stimulates the adoption
of Best Available Techniques (BAT), increasing the
competitiveness of the industrial sector and reducing
the environmental impact [21, 22].

5. Conclusions

Recycling scrap metal in classes E1 and E3
represents a pillar of sustainability in the steel
industry, significantly contributing to reducing
emissions and promoting a circular economic model.

Recycling ferrous materials is integral to the
steel-making process, driven by environmental
sustainability and economic efficiency.

The scrap metal materials undergo the melting
process to create new or other steel products, which
not only helps to reduce carbon emissions and waste

but also aligns with the current European climate
policies.

The ability to recycle steel indefinitely,
combined with advancements in technology and a
focus on quality management, positions the steel
industry as a leader in the transition toward a circular
economy. As the demand for sustainable practices
continues to grow, the role of ferrous scrap in steel
production will likely expand, further enhancing its
significance in the global materials landscape.
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ABSTRACT

Chronic kidney disease (CKD) is a global health issue, requiring renal
replacement therapies like haemodialysis for patient survival. However, the
procedure carries risks, particularly blood leakage, which can lead to severe
complications. This study presents the design and implementation of an intelligent
system that continuously monitors blood leakage during haemodialysis using an
Arduino Nano-based platform. The main components include: a photoelectric
sensor, HC-05 Bluetooth module, and piezoelectric buzzer, all integrated to detect
blood loss and trigger alarms. The photoelectric sensor identifies blood leakage by
sensing interruptions in an infrared beam, with data transmitted wirelessly to a
mobile application. When leakage is detected, visual and auditory alerts are
generated, allowing for immediate intervention. This system highlights the potential
for loT-enabled medical monitoring to improve the quality of life for haemodialysis
patients through real-time data transmission and remote supervision.

KEYWORDS: blood leakage detection, Arduino, haemodialysis, chronic
kidney disease, 10T

1. Introduction

Chronic kidney disease affects millions of
people globally, and renal replacement therapy, as
well as haemodialysis, is crucial for patient survival.
In this context, effective monitoring of haemodialysis
patients becomes essential to prevent complications
and increase their quality of life [1-6]. The number of
deaths caused by chronic kidney disease is globally
prevalent [7], regardless of ethnicity, race, or gender.
Chronic kidney disease is a serious and progressive
condition that affects kidney function over the long
term. It can result from a variety of factors, such as
hypertension,  diabetes, glomerulonephritis, or
unidentified causes. (Figure 1) [8].

Haemodialysis is an essential medical procedure
for patients with chronic or acute kidney failure who
can no longer naturally eliminate toxins and excess
fluids from the body. This technology has
revolutionized kidney disease treatment, offering

patients a new chance at life and an improved quality
of life [9-12].

Haemodialysis involves extracting blood from
the patient’s body, filtering it through a dialysis
machine to remove toxins and excess fluids, and then
returning the purified blood to the body. Any
interruptions, such as blood leakage, can lead to
significant complications, including hypotension,
anaemia, or infection [13-17]. Traditional methods of
monitoring, which rely heavily on manual
observation, are insufficient for ensuring rapid
detection and response [18]. Here, Arduino-based
systems provide a modern, automated solution.
Arduino microcontrollers have become indispensable
in developing intelligent systems for healthcare
applications due to their versatility, affordability, and
ease of use. In the context of haemodialysis, these

microcontrollers offer a reliable platform for
integrating  multiple  sensors, actuators, and
communication  modules, enabling  real-time

monitoring and efficient management of critical
parameters [19-23].

- 66 -


https://doi.org/10.35219/mms.2024.4.12

THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
3 FASCICLE IX. METALLURGY AND MATERIALS SCIENCE

g N°. 4 - 2024, ISSN 2668-4748; e-ISSN 2668-4756

Article DOI: https://doi.org/10.35219/mms.2024.4.12

Whites

M Diabetes

B Hypertension

™ Renovascular

1 Glomerulonephritis

M Polycystic kidney
(PCKD)
M Pyelonephritis

m Uncertain

Other & missing

Fig. 1. The causes of chronic kidney disease [8]

2. Experimental procedure

The research consists of implementing an
intelligent system for monitoring blood loss during
haemodialysis therapy. The components used for this
study, as shown in Figure 2, include the Arduino
Nano board, Bluetooth module, photoelectric sensor,
buzzer, and stop button. Once all elements are
connected, the Arduino IDE platform and the code
will be used to program the proposed system. There
are two main components involved in the alarm
system: the detection unit and the receiving unit. The
sensing unit is responsible for detecting alarm

conditions, while the receiving unit receives this
information and can take appropriate action.

The detection unit is represented by the Arduino
Nano board, together with the photoelectric sensor.
The receiving unit is represented by the HC-05
Bluetooth module connected to the Arduino board
and the mobile phone. This unit receives information
from the sensing unit. The photoelectric sensor
records the amount of blood loss, and the
microcontroller analyse the received recording. The
Arduino board to perform the calculations send the
data to the buzzer and Bluetooth module. The mobile
phone also being the receiving unit receive the
transmitted data and the alarm will activate.

R

R

L Y
I )
D Y
R
D Y

' §

Fig. 2. The system block diagram
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The infrared photoelectric sensor has three pins:
the supply pin (VCC), the ground pin (GND), and the
output pin (OUT). The infrared photoelectric sensor
is an optical coupling component, it is electrically
isolated, divided into the emission part and the
reception part. The principle is to convert input
electrical signals into light, which causes the light
emitting unit to emit infrared light. The receiving
unit, the collector, receives the infrared light and will
transform it into electrical signals, thus the receiving
portion and the emitting portion of the photoelectric
sensor become conductive.

The sensor model used is MOC7811 (Figure 3)
for detecting blood leaks. When blood is present and
interrupts the light beam, it is detected by the sensor,
indicating the presence of blood. In cases of blood
loss or a blockage in blood flow, the light beam will
be obstructed, triggering warning signals.

The Arduino Nano (Figure 4) is a compact
development board that is part of the diverse Arduino
board range, which includes models such as Uno,
Leonardo, Mega, and Micro. The microcontroller,

composed of a central processing unit (CPU),
memory, and various peripheral devices, performs the
typical function of reading incoming data, performing
calculations on this data, and controlling the
environment based on the results.

Fig. 3. Connecting the sensor pins to the
Microcontroller

b

Fig. 4. Arduino Nano Microcontroller: a) front side; b) back side

The HC-05 module (Figure 5) is designed for
compatibility ~ with  Arduino  microcontrollers,
enabling wireless serial connections without the need
for a direct line of sight between devices. Its cable-
free operation, combined with low power
consumption and minimal processing  power

Cont

Fig. 5. HC-05 Bluetooth Module: a) front side; b) back side

Furthermore, Bluetooth is extremely relevant in
the current context, where the large number of

requirements, makes it particularly suitable for
healthcare devices. As a user-friendly Bluetooth SPP
(Serial Port Protocol) module compliant with
Bluetooth V2.0, the HC-05 offers a practical and
efficient solution for a wide range of wireless
applications.

=) STATE
LEVEL:3.3V #=RXD, &
mh TXD

@== GND
=VCC

Power.3.6V——6V
4= N O

b

gadgets requires wireless solutions to avoid clutter
and ensure efficient and convenient interfacing. The
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piezoelectric buzzer HND-2312 operates within a
voltage range of 3-24V. The buzzer is used as an
alarm that activates when the value read by the
photoelectric sensor exceeds a certain threshold,
indicating an issue. A warning sound is emitted until
the alarm is manually deactivated.

Figure 6 illustrates the interface of the LEDS
CONTROL APP, downloaded on a phone after the
setup configurations are completed. The Bluetooth
option is activated from the Android device settings,
and in the LEDS CONTROL APP. The connection of
the Arduino board with jumper wires is depicted in
Figure 7. The connection of the photoelectric sensor
on the breadboard is presented in Figure 8. The
connection of the buzzer to the Arduino Nano system
is presented in Figure 9. BT04-A is the Bluetooth Fig. 8. Connectina the photoelectric sensor on
module to which the connection is established, as g- 8. g P
shown in the Figure 10, managing serial the breadboard
communication to receive data from the Arduino. In
Figure 11 is represented the connection of the stop
button on the breadboard. In Figure 12 is illustrated
the complete system configuration.

Valoare

STOP ALARM

98:DA:20:01:C0:07 BTO4-A
FC:35:E6:2B:68:04 MY CAR

D8:10:68:B7:45:2C My VW
4446

98:DA:20:01:C0:07 BT04-A
18:17:14:5A:1F:3E My Radio
EC:5B:73:22:AF:9B MG

BT_AF9B

Fig. 6. Interface of the LEDS CONTROL APP

Fig. 9. Connecting the buzzer

I
+
. —
I
L +

jumper wires Fig. 10. Connecting the Bluetooth module
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Fig. 12. Complete system configuration

3. Results and discussions

The primary components of the system as
infrared  photoelectric  sensor, Arduino  Nano
microcontroller, HC-05 Bluetooth module, and
buzzer work in tandem to monitor, detect, and alert in
the event of blood leakage. The results indicate that
the sensor achieved consistent readings in controlled
environments, successfully detecting blood or
blockage in the tubing. This is critical in
haemodialysis, where even minor leaks can lead to
significant health risks. The sensor's sensitivity
threshold, set at a value of 1000, was adjusted for
optimal balance between sensitivity and false
positives, ensuring the system only triggered alarms
in genuine cases of leakage.

When the value detected by the sensor exceeds a
certain threshold (in this case, 1000), with the tube
being red and at least 10 seconds having passed since
the last alarm deactivation, the system will activate
the alarm to notify the user (Figure 13), where the

value displayed in the app is increased, and the alarm
is triggered. On the mobile phone, the message
displayed is "WARNING: LEAKAGE DETECTED!"

Fig. 12. Initial value recorded by the sensor and
tube placement
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Fig. 13. The red colour of the tube and the
increased value activate the alarm

4. Conclusions

The developed system demonstrated its ability
to detect blood leakage through the use of an infrared
photoelectric sensor connected to an Arduino Nano
platform. Experimental tests showed that the sensor
can accurately detect fluctuations in blood levels,
triggering auditory and visual alarms in emergency
situations.

During testing, the system demonstrated a
prompt reaction time, with the buzzer activating
within milliseconds of a detected leak, and a
notification promptly sent to the mobile app. The 10-
second delay before reactivation, designed to prevent
continuous triggering, provided a balance between
effective monitoring and alarm fatigue. When the
threshold was reached, the tube’s red colour was
detected, visually and audibly signalling leakage to
the user and mobile device.

Integrating the Bluetooth module into the
system enabled real-time data transmission to the
mobile application, LEDS CONTROL APP. This
feature facilitates continuous remote monitoring of
vital parameters, providing valuable information for
quick intervention to both medical personnel and
patients.

While the system performed well in simulated
environments, further testing in clinical settings
would provide additional insights into its real-world
efficacy. Variability in tubing material or blood
consistency could influence detection sensitivity,
suggesting potential for further refinement in sensor
calibration. Future enhancements may include the
integration of advanced data analytics to predict
leakage trends or the addition of Wi-Fi capability for
broader connectivity. Additionally, including a
battery backup and waterproofing measures could
enhance its practicality in diverse clinical contexts.

The system’s results, as well as the ease of use
and reliability, highlight its potential for enhancing
patient safety during haemodialysis.
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THE EFFECT OF NATURAL AGEING HEAT TREATMENT ON THE
MECHANICAL PROPERTIES OF THE AlZn4.5Mgl ALLOY
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ABSTRACT

In this paper, the influence of the time of artificial aging on the variation of
the values of the mechanical properties of AlZn4.5Mg1 alloy was studied.

By applying the thermal processing variant described in the paper, an
increase in the values of the resistance properties was obtained as the natural aging
time increases to the value of 1080 hours. Above this value of the natural aging
duration the values of the properties of mechanical strength record a decrease.

KEYWORDS: aluminium alloy, heat treatment, natural aging, mechanical

characteristics

1. Introduction

Aluminium alloys are widely used in almost all
branches of contemporary industry, so implicitly also
in aeronautics due to special properties such as: high
mechanical strength, low specific weight, chemical
stability, etc, good thermal conductivity, good to very
good corrosion resistance etc. [1, 2].

The close collaboration between aircraft
manufacturers and metallurgical engineers has led to
the  production of materials with  special
characteristics.

Aluminium alloys have an elaboration
technology with specific peculiarities, which are
presented in the profile literature, and, what are
determined on the one hand by the variation of their
physical-mechanical properties and on the other hand
by some conditions that they must meet, either in cast
condition, be in deformed plastic state [2, 3].

For a long time, the main materials used in
aeronautics were high-strength aluminium alloys of
the dural type (AI-Cu-Mg), but their scope was
reduced when alloys appeared special aluminium ziral
(Al-Zn-Mg-Cu) [3].

The use of Al-Zn-Mg-Cu alloy blanks meant a
gain in the weight of aircraft construction. Moreover,
due to the high values of the flow limit of the alloy
7075 in the Al-Zn-Mg-Cu system, semi-finished
products of this alloy can be used for most building
elements loaded with compression loads (upper wing
panels, fuselage compression area, poles, struts and
ribs) [4].

Special aluminium alloys from Al-Zn-Mg-Cu
system, of zicral type, it has special characteristics
(such as high mechanical strength) that give it extra
interest compared to other aluminium alloys,
especially Al-Cu-Mg system alloys, of dural type,
considered until recently to be the best performers
[2].

The 7xxx series (Al-Zn-Mg-Cu) are aluminium
alloys that are mainly used in the aerospace industry
due to high-level mechanical properties. These
mechanical characteristics are obtained by a control
of the process of precipitation hardening [3-5].

Phase transformations in solid state, if allowed
in the balance diagram of the alloy, it is an essential
condition for achieving a heat treatment by tempering
and natural or artificial aging on an aluminium alloy
[4,6,7].

An alloy of this type is one that can withstand an
order-disorder reaction; the hardening process that
accompanies this process (similar to hardening by
precipitation) is determined by the order-disorder
reaction. The conditions for this form of hardening
are quite strict, so the most important methods, often
used for these alloys, are, they are based on
precipitation from a supersaturated solid solution and
eutectoid decomposition [7, 8].

In aluminium alloys with structural hardening,
the increase in mechanical characteristics is due to
complex interactions between the underlying matrix
dislocations and precipitate particles occurring in the
alloy structure following ageing [9].

The appearance of Guinier-Preston areas or
precipitates of compound in the alloy structure
determines in their vicinity a series of discontinuities
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of structural, chemical, energetic nature, etc.
Depending on the nature of the discontinuities, there
may be several mechanisms by which the mobility of
these dislocations leading to the production of
hardening of aluminium alloys is impaired [10].

2. Experimental conditions

Materials for experimental research are samples
of an aluminium alloy of the Al-Zn-Mg-Cu system
with the chemical composition shown in Table 1.

The values of the mechanical properties of the
alloy studied according to EN 485-2-2007 [180] are
shown in Table 2.

Experimental research on the influence of
natural aging heat treatment on AlZn4.5Mgl alloy
was conducted according to the scheme in Figure 1.

The adopted research variant aims, for a degree
of plastic deformation at hot = 25%, the influence of
the maintenance duration at natural aging on the
studied mechanical properties.

They were made for conducting experiments of
the research variant, samples with dimensions: length
= 105 mm; height = 5.7 mm; width = 60 mm.

Table 1. Chemical composition of the alloy under investigation

Element _

Aloy Zn Mg Cu Si Fe Cr Mn Al
AlZn4.5Mg1l 4.5 14 0.2 0.35 0.4 0.35 0.5 rest
Table 2. Alloy properties according to EN 485-2-2007
A Proprieties Rm, Rpo.2 As "

y [MPa] [MPa] [%)]
AlZn4.5Mg1l 350 280 10 104
Natural ageing

(Duration = 24, 72, 168, 360, 720, 1080 and 1440 hours)

Fig. 1. Schema de procesare termica adoptata

3. Results of experimental research

After performing the heat treatment variant and
performing the tests for finding out the values of the
researched mechanical properties, the diagrams of
variation of the mechanical characteristics studied
according to the natural aging time according to
Figures 2, were drawn up, 3, 4 and 5.

Figure 2 shows the variation in mechanical
strength values (Rm) with natural aging time. Figure
3 shows variation in flow resistance values (Rpo2) of
the alloy studied according to natural aging time.
Figure 4 illustrates the variation in Brinell (HB)
hardness with the natural ageing time at which the
alloy under study was subjected. Figure 5 shows the
variation in the elongation values at breakage (A5)
with the natural ageing time at which the alloy under
study was subjected.

-74 -


https://doi.org/10.35219/mms.2024.4.13

<NDE JOgn
P Og B

& /_’vl&\; THE ANNALS OF “DUNAREA DE JOS” UNIVERSITY OF GALATI
fif & !,‘.L = ‘5_'3"‘: FASCICLE IX. METALLURGY AND MATERIALS SCIENCE
B e S N°. 4 - 2024, ISSN 2668-4748; e-ISSN 2668-4756

N & Article DOI: https://doi.org/10.35219/mms.2024.4.13

24 72 168 360 720 1080 1440
Natural aging time, hours

Fig. 2. Variation of mechanical strength values with natural aging time
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Fig. 3. Variation in flow resistance values with natural aging time
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Fig. 4. Variation of Brinell hardness values with natural aging time
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Fig. 5. Variation of elongation values at breakage with natural aging time

4. Conclusions

Specific for all three strength properties (Rm,
Rpo2 and HB) after the realization of the heat
processing variant is that they increase as the natural
aging time increases, recording a maximum of 1080-
hour aging time values. The further increase in
natural aging time causes the values of these three
resistance properties to begin to decline for the 1440-
hour value of aging time.

As for the elongation at breakage, it is observed
from the variation of the recorded values that the
elongation decreases as the natural aging time
increases.

The graph shows that the elongation records a
minimum at the time of 1080 hours, after which a
slight increase follows.

For both strength and elongation properties this
variation is explained by the fact that the precipitates
formed during the natural aging process have reached
a critical value of their size, then follows their growth
by coalescence.

More specifically, the growth of large ones
occurs at the expense of small ones and structurally
there is a decrease in the grain limits, which leads to a
decrease in mechanical properties of strength, and, at
the expense of plasticity.
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