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Abstract

Industrial development is marked by a pronounced shift towards humaahine
collaboration, a trend exemplified by the beginning of Industry 5.0. This evolving industrial
paradigm prioritizes humatentered solutions, emphasizing resilience and sustainability. A
vital part of this collaboration is the need for robots to possess more complex cognitive abilities,
facilitating safe ceworking environments with humans. Technological advances have enabled
diverse methods for monitoring human behavior. Analyzing thesevioehlgpatterns enhances
efficiency and collaboration.

This study introduces a setting where monitoring the operator and theg@ostsible. Itis
achieved through a camera, an indoor positioning system, and wearable sensors. The
collaboration can be peesented byndicators (utilization of participants, level of stress based
on physiological measurements of the person).

Targeted measurements were conducted, and the results underwent comprehensive analysis.
The objective is to bridge the gap betweeman activities and collaborative robots and design
their service to human needs. The developed methodology is presented in a complex
demonstration game, and a design of experiments is shown.

Keywords: collaborativerobot,humanrobotinteraction jndoor positioningsystemgesignof
experiments.
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Introduction

The manufacturing workforce faces a severe shortage of human labor globally and in Europe,
driven by an aging population and rapid technological changes. A WHO report predicts that by
2024, those over 65 will outhumber those under 15 in the WHO EuropeganRé&his
demographic shift poses challenges in social, economic, and health aspects, impacting the
European economy by slowing down growth and reducing competitiveije€onsequently,
the need for solutions becomes agparand while some automation is possible, establishing a
shared space for close interaction between humans and machines is crucial. This is what | am
trying to provide a solution for. The industrial sector has become more digitalized, using
automation ad wireless communication. This trend, known as Industry 4.0, is gaining
popularity among researchers. However, digitalization alone cannot solve all problems, and
society must consider sustainability, resilience, and hereatered solutiong]. Industry 5.0
addresses the differences between manufacturing and social needs by focusing on collaboration
between humans and robots. This collaboration allows forcthereation of products and a
complementary working environmens, @esilience, sustainability, and collaboration are crucial
for the futureg3].

The interactions between operators and machines have changed with the new industrial
revolution [4]. However, everin the secalled smart factories, where there is data sharing
between intelligent robots, workers are still seen as spectators, not an active pastystehe
To change this and bring humaantered manufacturing to the forefront, robots should not
repdace the jobs of human workers but work together and assist the workers in helping with
efficiency and productivity. The interaction between operators and machines has evolved
through the years. The first generation, Operator 1.0, is when the human daekenanual
work and is assisted with some support by the machine or uses manually operated tools. The
Operator 2.0 generation represents when the operator works assisted by computers (for
example, CNC machine tools) and information that links the



system. In the next generation, the worker cooperates with machines and computer tools.
Operator 3.0 is what they call a hurmaot collaboration (HRC) system. The future is
represented by Operator 4.0, whose work is suppoyt@ttlehines when necessary becaofse
their skills. The focus is on a system where automation further enhances human worker abilities
[5]. Operator 4.0 aims to create a partnership between workers and machines that imgblves tr
and cooperation. This way, the smart factories can combine the intelligent robots' powers and
help their qualified and competent operators with new skills to take full advantage of every
opportunity in the created syst¢f}. The operator can be supported in many forms; depending
on that, it improves one of its skills. As a result, workers can be supported in many ways,
improving their skills and abilities. As Industry 4.0 enhances the capabilities of manufacturing
systemsit should also empower the workforce. The concept of Operator 5.0, particularly the
"Resilient Operator 5.0," envisions a skilled individual using creativity and technology to
overcome challenges, ensuring sustainable operations and workforekeimglin di-cult
conditions[7].

The goal is to create a framework where it is possible to monitor and analyze robothuman
collaboration. In light of this, | will review the following topics: collaboration, monitoring of
the collaboation, cognitive systems, humamachine interaction, and the evaluation of these
interactions. With the developed framework and based on the measurements, | will propose a
design of experiments.

Following this introduction and the literature review, @hapter 21 will present the
frameworkand itscomponentsChapter3 showsthe developedollaborativeworkspaceat the
Operator 4.0 laboratory, where | conducted experiments to analyze the learning curves for
pattern building and the micro and macro movements of the human operators, leading to a
thorough analysis of results and discussions of the experime@tsaipter 4 The following
sectionChapter s dedicated to the design of the experiment, explaining the methodology and
parameters employed based on the experiences. The thesis concludes with sassghthe
findings in Chapter 6 outlining potential avenues for further exploration in humaot
interaction

1.1 Collaboration

A new generation of robots was introduced called collaborative rebmibots[8]. These
industrial robots have been set up to replace human assistants or help in varied repetitive
manufacturing tasks that are hazardous and monotonous to the worker. In the case of using
collaborative robots, humans anobots are sharing a workspace. Thus, new hurobot
interaction systems have been created for such systems to be able to enhance the abilities of
both humans and robdi8]. Cobots are designed to work alongside



humans, using advanced safety technologies to ensure the appropriate level of automation.
However,the systems becommorecomplex as theollaboration between humaasd cobots
increases. This complexity has limited the industrial iappbn of cobots in labeintensive
processes such as assenjhBj.

Therefore, sets of methods are used to ensure safety during collaboratiorguithng
(HG) is used to drive a tool at relatively high speeds manuai$/cttmpatible with human arm
movements and generates the robot's trajectory at execution time. Another method is Speed and
Separation Monitoring (SSM), which continuoushonitors the motion of humans in the
workspace and ensures a minimal protectiveadis to avoid collisions. Finally, the Power and
Force Limitation (PFL) method reduces the effects of accidental impacts and maintains any
contact under certain limitatiofsl]. The SafetyRated Monitored St¢fRMS) methodleows
humans and robots to work in different areas. The robot has the autonomy to perform its tasks
without limitations as long as the human is not present in its workspace. However, the human
can only enter the robot's workspace when a saétegd monitoed stop is active, and the robot
can only resume its work once the human has left the workspace. For thisys@etyevices
are necessary to detect the presence of humans and ensure their safety. Recent advancements in
Al (Artificial Intelligence) hawe opened up new opportunities to address manufacturing
challenges in ways that were impossible before.

Humanrobot collaboration can be classified into levels that depend on how humans and
robots work together in their respective spaces (segure ). These levels are closely linked
to the way they interact with each other during their wo#§. The first level is when the robot
is fully programmed. Most industrial robots are such are preprogrammed to execute a
specific set of repetitive actions for a fixed task. To ensure safety, these robots are usually
installed behind fixed security barriers that separate the human workspace from the robot
workspace. In this setup, the roBotiorkspace is only available, and the robot's actions do not
require any decisiemaking. The next level, eexistence, involves robots kept separate from
humans by a physical or virtual barrier. These robots can still contribute to shared tasks but do
nat share the same workspace as humans. In this case, robots can be helpful for tasks that require
precise movements or are too dangerous for human workerh,as welding or working with
hazardous materials. Following, robots can work as assistance; rhadesigned to help
humans with physical tasks that arecdlt or impossible for them to do alone. These robots are
typically used in settings where they can help with lifting and moving things. Unlike co
existence, assistive robots do not have an indbpdntask space and are designed to work
alongside humans. Cooperation is the next level of henolaot interaction, where robots and
humans share the same workspace and resources but sequentially work on separate tasks.



(a) (b) (c)

Figure 1.1: Cdlaboration levels:(a) Coexistence(b) Cooperation;(c) Collaboration[12]

There is an intervention zone where tasks may be shared, but there is no physical contact
between the two. Cooperation robots can be helptalsiks that require human and robot input,
such as assemblylines. The final level is collaboration,where collaborativerobots work
alongside humans, sharing the same workspace and tasks. These robots can make decisions
based on human and robot input aralymmvolve physical contact or communication, such as
gestures or voice commanfis3]. Collaborative robots are helpful when tasks require close
cooperation between humans and robots, such as in advanced manufacturirgf 54}ting

Additionally, some studies proposed task planning for collaborative work between humans
androbotsbasedon humanmotion prediction.For example, Liu etl. proposeda probabilistic
model for human motion predictiowif tasklevel humarrobot collaborative assemb[¢5].

Finally, another example introduced an integrated framework for huofem collaboration,
where the robot perceives and adjusts to human a¢fi6hsHuman motion prediction has been
applied effectively to various humambot interaction problems. The first step involves
determining the optimal delivery position using a cost function considering multiple factors,
suchas theworker's skeletadlata measureldy a 3D vision sensor. This cogtinctionis based

on humarrobot interaction and is designed to find the mesteat delivery position. The
second step is to predict the worker's motion using position data fromstbe sensor. This
prediction helps the robot plan its actions more effectively, and after each work cycle, the
worker's model is updated using stored position data. Finally, in the trajectory planning and
controlstep,therobotcalculateghe optimaltrajectoryfrom its currentpositionto thedelivery
position. The robot's motion controller ensures that it follows the estimated trajectory, enabling
the successful delivery of parts/tools to the woikei.



1.2 Human-machine interface

Thesedevelopments in automation requissearch in humamachineinteraction to create
a suitable interface farollaboration. Manyrameworks makehe interaction between humans
and machines straightforward and robust. The solutions for the interfaces can be a simple Light
Emitting Diode (LED) indicator or a more complicated graphical user interface (GUI); while
both can transfer information to therpon, their complexity varigd8]. The goal for the
operator is to understand the system's current behavior and intefitgdngnformation is
recognized mainly by vision, audition, and thigti However, visualization has the most critical
function in humarmachine interaction. The virtual information from the robot needs to be
transferred and transformed into recognizable visual components, including characters, images,
and colors. The dag's quality depends on its readability and its ability to show the information
[20].

Different types of interfaces can be applied, such as tangible artdmgible. Thetangible
interfaces include a mouse, keyboard, anahoscreen, and the nadangible interfaces are
based on something, for example, gestures, facial expressions, etc. Thegvalldifferent
purposes, for instance, vehicle control and working with a robot.

Hand gestures can be a valuable and intuitive waynteract with a humamachine
interface. Users can communicate with the machine by using natural gestures that people
already know how to make, such as pointing, waving, or swiping. However, some
considerations exist when designing a humsathine intedice that incorporates hand
gestures. One important consideration is that the interface should be prepared to recognize the
gestures accurately and reliably so that users do not become frustrated with missed or
misinterpreted gestures. In addition, handtges may not be the best input method for all
situations, such as when users must input a large amount §fgxt

Facial expressions can also be used in humachine interfaces to convey emotions and
intentions. Thereare several ways in which facial expressions are used in humanmachine
interfaces, including emotion recognition. Facial expressions can be used to detect and
recognize emotions in humans, allowing machines to respond appropriately. Facial expressions
can &so provide feedback to machines on how well they are performing. For example, if a
person is frowning or looking confused, a machine may interpret this as a sign that it needs to
provide more information or assistance. In addition, they can contrathires, such as in
virtual reality. Various technologies, such as cameras, sensors, and machine learning
algorithms, enable facial expression recognition in humanmachine interfaces. These
technologies can detect and analyze facial features, such as eye ntoese@mwposition,
and mouth shape, to determihe user's emotional staged intention$22, 23).



Tangible humammachine interfaces are the type of interface that allesess to interact
physically with digital systems or machines using physical inputs. These interfaces are designed
to make it easier for users to control and manipulate digital information. For example, touch
based inputs (touchscreens), such as taps.eswgnd gestures, are used to manage digital
systems. Touchscreens are commonly used in smartphones, tablets, and other mobile devices.
They can also provide physical feedback to users, such as vibrations in response to their inputs
[24]. However, the workspace where the interface is being used can limit the possibilities, such
as lighting conditions and noise level. Besides, limitations can be caused by the operator, such
as wearing protective clothingeeding a onédnanded or freehanded operation, or safety
regulationg25].

Thefuturefocus maybe on humamachineinteraction systems with flexiblend wearable
components instead of larger electronic devices. Flexibleoseasd electric appliances with
excellent mechanical flexibility are essential for practicality. Wearable hunaahine
interfaces rely on precise and adaptable sensors to colleg¢irmeahuman physiology and
environment data. In addition, these systatilize various communication modes in interactive
systems. Wearable HMI systems are currently used in advanced applications such as intelligent
identification and security, interactive robot controls, and augmented and virtual [2&lity

1.3  Monitoring of the collaboration

The Human Cyber Physical System@S) contains the human, physical and cyber worlds.
It brings the different parts together by highlighting their strenfiilis The perfomed tasks
should be monitored to create the Operator 4.0 scheme, and the data should support the
operator's activities. By creating an intelligent spi®, these could be possible. While
working, it should guide the opeaatwhen help is needed. The movements of the operators
could be followed by a camera system or-t@ak locating system to obtain and analyze data
on the situation. Incoming data can be processed using artificial intelligence and machine
learning solutios [29]. With these, improving process performance and quality is achievable
[5].

To keep track of the surroundings effectively, cameras are used for accessibility and cost
effectiveness[30]. However, processing retine information on limited devices is
challenging. It is crucial to extract ondgsential data from the cameras, espedlbpmplex
areas. Usingnultiple synchronizedcameras camonitor complex actiong1]. Thesesystems
analyze trajectory data from operator movements, allowing online performance evahradion
identifying potential issues. The results can guide further development in areas vehere th
operator may need improvement.



The cameras part of the monitoring system should be mounted at designated positions to see
the workspace. The coordinates of the recognized parts in the camera must be related to
coordinates previously determined in the workspace by naming specific @ahbsation can
be done by placing markers at distinct positions and estimating their coordinates in the images.
[32]

While working, the operator moves in an indoor environment, not just in the immediate area
of the robot an. Indoor positioning systems (IPS) can recognize and track the movements of
the relevant objects and humgB8]. The system comprises basic elemefstseFigure 1.2.

The tag tracks the motiaof the worker or objects it is attached to. Anchors are the reference
points for the signals coming from the tags. Finally, the server is where the position is calculated
with the suitable algorithrfB4]. The communication ahe systems can be constructed using
WiFi, RFID (Radio Frequency Identication), GPS (Global Positioning System), UWB {Ultra
wideband), Bluetooth, or a combination of these. The different types can have various
parameters. The range can vary each time tlaahosen type should depend on the longest
distance the information travels. There is also a difference in how accurately it can reflect the
position. Not all of them can work indoors; satellised GPS must have a clear view of the
satellites, so itcan not work in closed space. It can also be considered what types of
infrastructure is already availal@5]. The position of these tags, which the locasygtem

uses, can be calculated with different algorithms. Theanists can be estimated using the
received signal strength indicator (RSSI), and the time of ar(v@lA) [36]. With these tags,

the locations of resources are more easily accessible so that they can be obtained more quickly.
Time and motion patterns can be found using the locating system on moving

Figure 1.2: Themainelement®f thereal-timelocatingsystem



objects. These can vary, and after analyzing the data, the results can be used to increase
efficiency or reduce the number of repeated evEitk Besides, the collected data from the
tracked operators can be used to creabetter work environment, for example, by changing

the task orders or modifying the locations of resouiglesr even monitoring the comfort level

of the operatorg38].

1.4  Evaluating human-robot interaction

In humanrobot collaboration (HRC), various aspects of robots and humans contribute to the
overall dynamic. An essentialchallengeinvolves devisinga comprehensivdramework for
assessing the collaboration between humans and robots, encompassing all parts of their
interaction[39]. Relevant for the effectiveness of HRC is complementing human factors and
proper worker training. Adequate trainingseires workers can collaborate effectively and
safely with cobots, ultimately improving overall efficiency and productivity. Trustworthiness
and ethics are vital considerations. Trustworthiness relates to the reliabilitycufl khigorative
system to behee safely and predictably. Ethics involves the moral principles guiding
collaborative system design and actions. These aspects are critical for ensuring beneficial
collaboration between humans and cobots from a broader perspective. Key Performance
Indicatas such as productivity, efficiency, accuracy, and uptime are crucial in HRC. Humans
must retain control over problesolving and supervision to maintain flexibility,
trustworthiness, and machine workload balance. Collaborative robots designed for safe
interaction with human workers enhance work cell flexibility, fostering efficient and
collaborative humaimobot teamwork. Consideration during the design, selection, and
development of hardware and automation systems should align with the specic appéodtion
role within the HRC system. The Human Digital TVid®] should be a comprehensive source
of truth, encompassing all relevant aspects of the HRC system, including waleted
elements. It is a centralized access painsfructured data, supporting monitoring, simulation,
training, decisiormaking, and autonomy functions. {enfigurability management is
necessary at two levels. In the short term, the system should adapt to deviations from optimal
and safe performancdf. shortterm adjustments are insient, long term reconfiguration
actions must be identified and planned, addressing systemic issues that redgjotd ianalysis
and additional effortf41].

Establishing a "collaboratioscale” enables people to assess and contrast various approaches
concerning integrating collaborative robots. Additionally, this scale can serve as a valuable
instrumenfor identifying solutionsthatenhancepecificprocesgparameterssuchas efficiency
or effectivenes$39]. Standard and relevant metrics can be specified for HRC, focusing on
robotics systems operating in-egistence, cooperation, and collaboration



scenarios with humanghey represent basic, precise, or straightforward variables derived from
data collection (such as overall cost and error count) or direct physical measurements in both
robots and humans (such as the time taken for a specific action and joint acceléraésa).
variables clarify the present or concluding condition of the human, robot, process, or interaction.
Multiple types of measures can be specified. Time behavior measures indicate the response and
processing times required by a human, robot, or a aaatibn of both toexecute functions,
subtasks, or complete tasks. Such metrics include human idle time, algorithm processing time,
collaboration time, and task completion time. Process measures encompass facts gathered from
the initiation to the completio of a task or sukask, incorporatingost, workspacelesign,

safety, and product qualiglements. Examples tiiese metrics include the number of errors

and the quantity of assemblies achieved. Physiological measures involve values derived from
bodymetics that offer insights into the current state of the human, such as the acceleration of
human joints and heart rate. Hurratot physical measures entail values from sensors that
reflect the ongoing state of interaction, such as the distance betwdmmiha and the robot

[42].



Chapter 2

Developed framework

Analyzing and understanding human behavior plays a big part in designing more efficient
robotic systems. The developed use case for monitoring llaba@tion between theperator
and robot is presented through a game. In this scenario, the robot represents the collaborative
partner.

It is a twoplayer board game where the players are the human and the robot. They share a
workplace where they play aigpst each other. A board and pieces to play with are needed to
set up the play area. These must be suitable for the robot to pick up and place the pikees on
board smoothly. To accomplish this situation, the game has a solving algorithm to determine
the next step. The algorithm serves as the robot control. The tasks are to rirag®t arm's
motions so it can do its job to be a proper opponent and the game can flow without interruptions.

The results from the algorithm that calculates the next seeppamsformed for positionfer
the robot arm so it can move to the determined place. While playing, not only the robot arm is
moving and performing tasks. Measuring the operator's movements and reactions is also one of
the tasks. The basic ftactoe gane is relatively simple, with two players taking turns placing
their pieces. However, adding a treasure hunt element to the game can make it more complex.
The tictactoe pieces for the human player are hidden, so they have to find them to make their
nextmove. Therefore, the player is standing next to the board and moving inside. The help of
an indoor positioning system's (IPS's) tags is used to help the finding process. An alternative
version of the game involved first creating a-pstablished patternuttiple times at the start
to study the learning process. Following this, participants playedtactioe game against a
robotic arm, similar to the earlier version. Meanwhile, when it was not playing ttectice
game, the robotic arm replicated fhegtern generated by theuman participant in the previous
phase.

In most cases, the robot and the operator work in separate spaces without much interaction
and influence on each other. However, working together can enhance the ability of



both robots and humans. Therefore, monitoring where the operator and the robot work
together is essential for collaboration.

When robots and humans work in the sarnekapace, their movements should be monitored
and observed because they have valuable information for future use. This is done using a
camera, an IPS, and wearable sensors, which together form a framework, as-spee2ri:
for monitoringandobservinghe movementsandeventsof boththe humanandthe robot. The
defined workspace, which represents the created collaborative space, is where the operator and
the robot arm work together to complete a task. The operatop@sble for the primary goal,
with the robot arm supporting the task. Therefore, the movements oflthuman and the
robot arm impact the workspace and the task at hand. By monitoring and analyzing their
movements, valuable insights can be gainedhfmove performance, safety, and efficiency.

The camera and the IPS are intended for observation. A camera is positioned above the
workspace to record the current events. Depending on what the robot arm is doing, the operator's
actions may vary, and with @amera system, these changes can be observed. The camera
captures images of the workspace and detects changes in the environment, such as the objects'
location and movements of the human operator and the robot arm. The changes can include how
the human opator moves their arm, how they place the

Algorithm

Operator Workspace

Wearable
Sensors

Figure2.1: The developedramework



nextpart,andfrom which direction.Besidesthe camer&andetectthe currentstatusof the
workspace. These results are one of the identified positiortheoboard. In addition, the
information is saved on who performed each step. The input for an algorithm is determined
from the positions the camera detects. These inputs are the previously mentioned motion
changes and the current status of the worksgdmeeboard's previous status is saved in a matrix
containing positions and information on whether the human or the robot did the step. The
algorithm can calculate what will happen next with this camera input about the workspace's
status. The algorithm outpis responsible for the robot arm's following act, which is position
data of where the robot will move next.

The operator works near the robot arm and collects the necessary parts. Finding different
parts can take different times, determining when thetrabm's following action will happen.
While the operatoiis searchingor the nextpartwith the helpof thetrackingsystemtherobot
can work on othethings in themeantimeThetagsof the IPS indicat¢he positions wherghe
operator should go fdhe next piece. Knowing the average time needed to find the next part,
the next task of the robot can be determined. This way, the robot does not have idle time and
does not need to wait for the operator to do the next task.

As seen irFigure 2.1 the wearable sensors box is a different color because in the future,
besides the camera, | plan to add the possibility of measuring physiological signs.



Chapter 3

Usecasesand the developedworkspace

The developedise case for monitoring the collaboration between the operator and robot is
presented through a game. First, the player builds a predefined pattern several times until they
reach a level where thegake the pattern in about the same amount of time. figstplay a
tic-tactoe game, it is a twplayer board game whetiee players arthe human and the robot.

They share a workplace where they play against each other. A board and pieces to play with are
needed to set up the play area. These must be suatites robotto pick up and placehe

pieces on the board smoothly. To accomplish this situation, the game has a solving algorithm
to determine the next step. The tasks are to manage the robot arm's motia@hsioiits job

to be a proper opponentdithe game can flow without interruptions. Thesults from the
algorithm that calculates the next step are transformed for positions for the robot arm so it can
move to the determined place. While playing, not only the robot arm is moving and performing
tasks. Measuring the operator's movements and reactions is also one of the tasks. When not
playing tictaetoe, the robot builds a pattern.

3.1 Description of the pattern building game

In this game, players are presented with a predetermined pattern (as Bepmar3.1:they

must createPatternbuilding helps compareobot and humawork capacityand performance.

This design is formed using eight culbésarious shapes and colors. The players are introduced

to this pattern for the first time. The process of assembling the pattern continues until players
reach a level where they consistently complete the task in nearly theagamo@t of time. This
progression indicates a mastery of the game as players become adept at athengithgs in

the prescribed manner. As players engage themselves in the game, they are not only tasked with
replicating the visual pattern but also with strategizing their culeetsmhs and placements.

The familiarity with the cube



Figure 3.1: The predefined pattern of the building game locations allows players to déaetims and optimize
their approach.

Each cube is marked with an ArUco code attacheéts top surface, allowing the cameia
recognizewhetherthe patterrhas been correctlgssembled. Each ArUco codeassociated
with a unique numerical identifier, which can be identified using the corresponding OpenCV
library. The integration of ArUcoarles serves a dual purpose. Firstly, it verifies whether the
pattern has been successfully reproduced. Secondly, it provides a means of assessing the
accuracy of the player's arrangement. To achieve this precision assessment, a reference image
is initially created. In this reference image, a specific orange cube is selected as the anchor point.
The angles at which the other cubes are arranged are calculated relative to this anchor point.
This reference data serves as a benchmark for evaluating subsetpraptsatAs the player
completes the pattern, retihe analysis is performed on the arrangement using the ArUco
codes. The angles of the cubes in the assembled design are compared to those in the reference
image, and the system calculates the deviationadomunt for slight misalignments due to
human error, a tolerance threshold is set. If the estimated deviation falls below this threshold,
typically 10 degrees, the system confirms the accuracy of the pattern. Conveifstig,
deviation exceeds this thaleold, the system detects a misalignment in the arrangement.



3.2 Description of the developedcollaborative game

Tic-tactoe is a tweplayer strategy board game. This collaborative game is for measurements
duringthecollaborativeprocessTraditionally,thetwo playersplaywith X and Gshaped pieces
and take turns placing their marks on the 3
is the one who manages to place three pieces in a line, horizontally, vertically, or diagonally.

In this case, one player is the human, and the other is the robot arm. While playing, an
algorithm calculates the next move of the robot arm, and a camera monitors the state of the
game and gives feedback. For example, the human player places the firstnpibeeboard,
and after the camera's algorithm recognizes where it was placed, the game solver algorithm can
calculate the next act of the robot arm.

The Python package that determines the next step uses the minimax searching algorithm to
simulate every possible move and coumtgve[43]. This way, depending on the current game
state, it will always pick the best move. €ltfprogram was initially designed to test the
effectiveness of each algorithm by simulating multiple games and showing how each algorithm
held up against the other. However, it was modified to play only one gamepnéttof the
inputs being the human play@movement and the other the algorithm'’s.

In order to play against the robot arm, a board and the X and O pieces are required. The pieces
had to be of a size and shape that could be easily picked up by the robot arm and stacked on top
of each other. Witlthe circular shape, even if the robot rotates it, they fit. As showigure
3.2: both pieces' bases are black with the X and O shapes in white on top of them so that the
camera can see them. Thelighensional model was rda, and the plastic discs were printed
with a 3D printer, 5 1T 5 each, so either <col
they can be stacked on top of each other and take up less space.

(a) O pieces (b) X pieces
Figure 3.2: Themodelof thepiecedor thegame
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Figure3.3: Thetechnicaldrawingoftheboard

In designing the board, it had to be considered that the discs always had to be in the same
position so that the cametauld recognize the positions. Therefore, slots were createlefor
pieces to fit intand on either end for storing them. The depth of the holes is less than the height
of the discs so that they can be easily removed. The size of the board is such that it fits on the
table holding the robot, and the robot arm can access all positionsdasiigning the board
and makinghe technical drawing, seen in thggure3.3. it was sent to a compaiyat helped
make it. The boardwaspaintedblack (similarto the basesf the pieces) sothe camera could
easily separate the white-X and Gs. The camera is positioned at the end of the board in the
middle to see what is happening, which can be seligime 3.4: It is mounted on a pole above
the board and emected to the computer via USB. OpenCV is the Python package that detects
the game's current state with a camera. There are four red dots on the edges of-bye three
threesquare wher¢he pieces aréo help the camertocus, as thd-igure 3.5 shows. After
detecting the current game's status, it returns the positions to the algorithm. A downside of using
camera recognition is that it is affected by lights. To eliminate this problem, the function of the
camera is called mutle times. With the help of the matrix containing the board's previous
status, the board recognition function is called until there is only one difference between the
current and previous status matrix.



Figure 3.4: The developedvorkspace

Figure 3.5: Thetic-tac-toc gamed staterecognitionprogram



3.3 The applied UR5 robot arm and the developedscenario

The robot arm used is a Universal Robots company's UR5 model, a collaborative robot. A
safecollaborativeworkspacecan beachieved with théelp ofacollaborativerobot. Therobot
arm can be programmed from its own teach pendant, but it is limited. Simple movements,
picking up, and placing can be programmed from there. Sensors could be ubedsfgnals,
but theoptions ardinite; for example, imageecognition is impossiblé&So,to play thetic-tac
toe game, another programming interface was needed. The programming interface used is
Python because there are a lot of epeuarce packagesahcan help create the situation. One
of these packages is the urx Python package. With this package, it is possible to program the
robot arm from a computer by connecting the computer and the robot to the same network. This
way, making more complicatedqgrams with the robot arm, like the -timctoe game with
camera recognition, is possible. Similar to the programming with the teach pendant, instructions
can be given, like moving the robot and opening or closing the gripper.

Thenineplaces theieces cald go forthe gamehad to bedetermined. Byixing theboard
to the table of the robot, these positions always remained the same; they did not need to be
calibrated every time. After moving the robot to the specific places, the coordinates were saved
in the Python program labeled with the locations. Similarly, the storage positions were defined,
from which the robot takes the pieces.

The robot and the player move in the same space as they play against each other on the board.
While the human can move ooftthe robot's route, the robot can not do that if the player is in
the way and does not pay attention. The advantage of collaborative robots is that they do not
have sharp edges, and colliding with something (even with less force) causes a protective stop
This way playing against the robot arm is relatively safe.

3.4 Movementtracking with indoor positioning system

The basic tigactoe game is relatively simple, with two players taking turns placing their
pieces. However, adding a treasure hunt elememetgame can make it more complex. The
tic-tactoe pieces for the human player are hidden, so they have to find them to makexheir
move. Therefore, the player is not just standing next to the board but also moving inside. The
help of IPS tags are useéd help the finding process and to track the movements of the
participantsandit canbevisualizedasseenin Figure 3.6:

This indoor positioning system uses ulvadeband for communication. The data obtained
from thesystem is an X and Y coordinate of the tag and the signals from the



o8zt

10043

Figure 3.6: Themovemenbf the player

sensors in it. The system can determine the location of the tags with an accuracy of 50
centimeters. There is an internal LAtwork and eight anchors that gathers the data. A central
unit collects this information and forwards it to the cloud server, where the position calculations
are done.

3.5 Human activity monitoring and evaluation method

In humanrobotcollaborationonecrudal aspecis knowingwhattheworkeris doing. This
information is essential for scheduling, planning, and managing tasks effectively. To achieve
this, | rely on making observations, which can be divided into categories. Firstly, hfiene
movementsThis refers to workers' small, subtle movements while performing tasks, such as
placing and picking up parts. Secondly, | have macro movements captured through indoor
positioning systems. This observation category refers to workers' more substantiateptomi
movements while navigating a workspace. IPS data can help us understand the worker's
movements through the space, and | can use this information to optimize theor @atbid
potential collisions.

The IPS's tag indicates the location of these hig@dets. This way, the pieces can be hidden
somewhere different every time. The positions are displayed on a monitor to help the player
find them. The player also has his tag to track his movements while searchingdiskshe



The system can visualize the movement of the player while they are searching. The room
has a floor plan with all the furniture and equipment shown, and the route can be displayed on
this. For example, it can be seen where the player moved, where they spetitmasearching
for thepiece, and which routtheytook. Different playersavedifferent tracks, and these take
various times.

Thecoordinatexan beused to calculatthe Euclidean distanc@d) between two points and
then summed to calculate the totidtance walked. In the Euclidean plane, the points have
Cartesian coordinates. Then the distance between beginnidg g&(pand the end B {pi,
p?1+1) can be calculated, where i is the number of points.

d= \/(p3+1 —p)+ (Pl —pi)%i €N (31)

As the analysis of mickmmovements and macnmovements through indoor positioning
systems provides valuable insights into workers' activities in huotzot collaboration, my
evaluation method builds upon these observations by introducing alpm®e scenario to
assess the-eency, adaptability, ah collaborative synergy between humans and robots,
incorporating quantitative measures such as time to evaluate the dynamics of collaborative work
comprehensively.

Unlike traditional evaluations that rely solely on quantitative measures, my approach
introducesan environmenthatmirrorsreaklworld collaborativescenariosThrough aseriesof
tasks, including pattern building by humans, robot playingatitoe, human playing titac
toe, robot building pattern, and human searching in the lab, | aimatoat® the «iency,
adaptability, and collaborative synergy between the human and the robot. Furthermore,
including time as a pivotal metric adds a quantitative dimension to the evaluation. Bauihg
task provides insights into theceency of both huma and robot collaborators and analyzes
their respective strengths and areas for improvement. The emphasis on time also aligns with the
dynamic nature of collaborative work, where swift and precise actions often define success.
Including physiological metcs will add a layer to the evaluation, offering insights into the-well
being of the human collaborator.




Chapter 4

Experiment at the Operator 4.0laboratory

Two targeted measurement was performed. These experiments aim to understand hum
behavior and develop an evaluation system for collaboration. In the first measurement, 15
participants played a tiactoe game against the robot. As seefable4.1: ten men and five
women of varying ages participatelhey come from different scientific fields and have
different educational backgrounds. During the measurement, the robot started the game,
followed by the player, who had to find the pieces needed for each move. The parts were hidden
in the same place dad¢ime, so it can be compared to how long it took to complete the game.
The aim is to adapt the robot's trajecttmythe movement of the human hand, and while the
operator is looking for the next part, the robot can do other tasks.

Participant Field Educatiorievel Birth year Gender
PO1 Mechatronicakngineering BScstudent 1995 Male
P02 Environmentakngineer PhD 1988 Male
P03 Mechatronicakngineering BScstudent 2000 Male
P04 Financeandaccounting BScstudent 2000 Female
P05 Chemicalengineer PhDstudent 1983 Male
P06 Mechatronicakngineering PhDstudent 1996 Male
P07 Chemicalengineer PhD 1992 Male
P08 Mechatronicakngineering BScstudent 1999 Female
P09 EngineeringManager PhDstudent 1997 Female
P10 Mechatronicakngineering BScstudent 2001 Male
P11 Tourismandcatering BScstudent 2001 Female
P12 Bioengineering PhDstudent 1989 Male
P13 Mechatronicakngineering BScstudent 2019 Male
P14 Chemicalengineer PhDstudent 1998 Female
P15 Computerscience BScstudent 1999 Male

Table4.1: Theparticipantsatthetargetedmeasurement




Measurediata Tool Unit of measurement
Handmovement Webcamera -

Pathtaken IPS -
Player'g¢ime Phoneapplication seconds
Robot'stime Computcr seconds

Patterrlearningtime Stopwatch seconds

Table4.2: Themeasurediata

In the second measurement, four individuals participated. Initially, a predetermined patter
was built multiple times to observe the learning process. Subsequently, similar to the previol
measuremenparticipantsengagedn atic-tactoe game against the robotic affine distinctionin
this case was that while the participants were not making moves in-thetiie game, thewere
searching for their next piece to be able to play their next mdeanwhile, the robotic arm
replicated the pattern the human participant made earlier.

In Table4.2: acomprehensiveverviewof themeasurediata,correspondingools,andunits
of measurement is provided. The table captvee®us aspects related to evaluating a system or
process. The measured data includes hand movement, path taken, player's time, robot's time,
pattern learning time. The tool used to capture hand movement is a web camera. The IPS is emplo
to record he path taken duringhe task. Both of these measurements are fundamental in
understanding the spatial dynamics of the system under consideration. The playeirgitocatng
the duratiortakenby a humanparticipants measuredisingaphoneapplication On the other hand,
the robot's time is measured using a computer. It was saved when the different movements of
robot were made. These timelated metrics offer insights into the efficiency and speed of both
human and machine components. Additiondlg table includes the pattern learning time measured
using a stopwatch. This parameter signifies the time required for the system to grasp and underst
patterns. The unit of measurement for the player's time, the robot's time, and pattern leaening til
are in seconds, highlighting the precision of the tempoeasurements.

In thenextchapteryit will bedetailedhowthetwo scenarioganbeintegrated.



4.1 Learning curve

In this part of the experimenfpur participants engaged in a pattéuilding game,
completing the predefined puzzle-20 times. With only four people, the sample sizensall.
However, inChapter 5I will explain how the experiment's design will alldar measurements
with larger sample sizes. The primary objective was to observe any patterns in the participants'
performance over successive attempts, focusing on the time to complete tlregiasd. 1.
showshattheparticipantdearntheprocessvithin 10-15iterations ascanbe seen from the fact
that they are getting consistent times. As the experiment progressed, participants showed a
pattern of improvement that eventually slowed down, resulting in smaller aatlesm
reductions in completion time. While most participants improved similarly, individual
differences were noted. Initially, everyone took around 20 seconds or more to complete the task,
but one participant finished the task remarkably quickly.
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Figure4.1: Thelearningcurves



This pattern of improvement indicates a combinatbmexplicit and procedural learning.
Participants quickly acquired the skills needed to complete the task but eventually reached a
point where further improvement became incremental, indicating the establishment of
procedural memory.

The diminishing ratefamprovement raises questions about whether fatigue or other factors,
such as boredom or monotony, influenced performance. It is essential to consider whether
participants reached a cognitive limit.

This research has implications for developing robotstesys that can emulate and adépt
humanlearned skills. In scenarios requiring repetitive or precision tasks, such as manufacturing
or assembly, this approach can optimize robotic performance.

4.2 Micro movements

The movement of the player's hand in the kspace has a more significant impact on the
robot. From the video footage, a lot can be determined. The primary is to observe the path of
the hands. Then, the path can be visualized using video analysis, and image coordinates of the
path can be obtained.

To improve collaboration, a robot's trajectory should be designed to avoid the areas where
the human hand most frequenthpves during gameplay. This was achieveaiglyzing the
trajectory of the hand's movement and identifying the areas on the gamievbeae it occurred
most often. Then, the results were plotted on a heatmap as seigur@4.2. with warmer
colors indicating higher frequency areas. Most hand
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movements occurred in timeiddle and right side othe board,with only a fewoccurringin
the bottom left. Based on this information, the robot can be programmed to avoid these areas as
much as possible.

Besides, it can be observed if there is a diffeesbetween using the right or left hand for
placing the pieces. Therefore, the videos were categorized based on whether the hand in
question was the left or right hand. Then, the trajectory coordinates were plotted accordingly,
as seen irFigure 4.3 the left ones being green and the right ones blue. Upon analyzing the
resulting data, distinct differences were observed in the trajectory patterns betweenahe left
right hands. Specifically, most leftand movements occurresh the left side of theboard,
while righthand movements tended to occur more frequently on the uppehagtitside. This
information provides means of predicting whether a particular trajectory was made by the left
or right hand.

In addition to analying hand trajectory, the speed was also examined at which the hand
moved during the game. By analyzing the speed of the hand, further insight could be gained
into the cognitive processes involved in decisiaking during the game.

To do this, the coordines of the hand were obtained at the same frequency, allowing for a
comparison of the speed of movement at different points in time. The results showed that the
hand moved more quickly at the beginning of a move, indicating that the participant had yet
decide where to put their piece. Once they had decided on a move, the movement speed
decreased as they carefully placed their piece on the board. Finally
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once the piece had been placed ntowement speed increased as the participant retrieved their
hand. These findings highlight the complex cognitive processes involved in decisionmaking
during the tietactoe game. By analyzing the trajectory and speed of hand movemanise a
comprehensiveunderstandingof human behaviorduring gameplaycan be gained. This
information can be used to develop more sophisticated robotic systems that can better anticipate
and respond to human actions.

4.3 Macro movements

The tictactoe game was enhanced by having players' pieces hidden, similar to a treasure
hunt, and the tags were employed to help their finding. Furthermore, one tag was placed in the
players' hands to enable path monitoring during the search so their path during searching can
be visualized. Tie obtained coordinates from the tags were plotted on a simplified laboratory
map. This allowed comparison of the different paths taken by the plagasenn Figure4.4.
mostof the movementhappenedn the areaof the robot,in the middle, because thénad to
bring all their pieces back and place them. The foeres fothe player werdéidden orthefar
upperleft shelf,oneatthe tablan front ofit; the othertwo were on the right side at the drill in
the far leftand under the table next to the robot on the left. Although, as shown, a few paths are
down in the middle, where there were no hidden pieces, most of the searching happened in the
right place.

The time and walked distancecan be calculatedfrom the IPS'stag data.As seenin Table
4.3: somepeoplewereslowerandsomefaster,butgenerallywalking moretook

Participant Walkeddistancegm) Time
PO1 67,46 2:09
P02 50,46 1:59
P03 49,16 1:29
P04 55,04 2:23
P05 55,61 1:54
P06 58,29 1:43
PO7 68,09 2:26
P08 62,12 2:07
P09 52,49 1:49
P10 51,21 1:41
P11 47,50 1:49
P12 45,40 1:56
P13 59,81 1:59
P14 51,17 2:04
P15 69,39 2:31

Table4.3: Thewalkeddistanceandthetimeit took
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moretime.

Althoughit wasnot partof thetaskto evaluatehe physiologicalsignals,Figure4.5. canbe

seen as an example of how it caniftegrated, for example, by watching how the heart rate
changes during the task.
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4.4 Taskcharacteristics

The previous chapters have shown what was measurettheéqmicro movements, there was
a correlation between the trajectory of left or righnhded placing, and the most frequented part
of the workplace was also identified. For macro movements, it was stuhortook the least
time and walked the least distanse the most-eient way to pick up the pieces could be found.
There is no significant correlation between the observed values mentioned and the outcome of
the tictactoe game inmmable4.4:

A Gantt chart is a horizontal bahart that visually represents project schedules, tasks, and
timelines.It showsprojectactivities,durations andinterdependencidsetweertasksin a clear
and intuitive format. The primary advantage of a Gantt chart lies in its abildgmmunicate
complex project timelines and task sequences straightforwardly. Each task is represented by
horizontal bar, the length of which corresponds to the task's duration. The bars are arranged
chronologically along a timeline. The four tasks are the piece segrbly the person, the
pattern building by the robot, and the-taztoe game against each other. This visual
representation will offer a more comprehensive view of the collaborative dynamics,
highlighting not only the active task durations but also tgogs of inactivity and waiting.
This information can be critical in optimizing the humanrobot collaborationfor enhanced
e-ciency and user experience.

The measurements have been evaluated, and one of the essential parameters for collaborative
working istime and the pace at which the human and robot work togethemyliscenario,

Figure4.6. serves as a comprehensive visual guide, shothimgynamics of

Participant Gamemode | Result
PO1 Hard Lost
P02 Hard Lost
P03 Hard Lost
P04 Medium Draw
P05 Medium Draw
P06 Medium Draw
PO7 Medium Draw
P08 Medium Draw
P09 Medium Lost
P10 Easy Draw
P11 Easy Won
P12 Easy Won
P13 Easy Won
P14 Medium Draw
P15 Medium Draw

Table4.4: Theresultsofthegames
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Figure4.6: Ganttchartsfor eachperson

collaborativenteractiongduringthedistincttasks.

The fourtasks:
1. Theparticipants buildhe predefinedpattern multipldimes untiltheyareconsistent.

2. The human and the robot engage in ddistoe game. They share a commwarkspace
and compete against each other. The game involves strategic moves and-deakang,
not only for the human but also for the robot, which utilizes an algorithm to determine its
next move. The time taken for each move and the overall game duration are measured to
assess the collaborative performance.

3. In between rounds of timctoe, the human participant searches in the lab for their next
piece.

4. While the human searches for their next piece, the robot autonomously participates in a
patternbuilding activity. This phase not only showcases the rohbtlgy to



execute tasks independently but also serves as a comparison point with the
humanoperated pattebuilding task. The time taken for the robot's patfeuriding
activity is a crucial measure of its autonomous capabilities.

This visualization exposes active task durations and critical intervals of inactivity and
waiting, providing insights to optimize humanbot collaboration for heightened efficiency.
The Gantt chart does not show the building pattern as it occurred sepiaoatetlye other three
tasks. Additionally, the titactoe game was divided into two tasks, one for the person and one
for the robot. After analyzing the Gantt charts of all four participants, a significant observation
can be made. The task that consuniedrnhost time was the human's search for their next tic
tactoe piece. The consistent sequence in which the robot built its pattern remained uniform.
The robot's placement of the -tectoe piece displayed a relatively consistent duration,
fluctuating slidntly based on the specific placement location, ranging betwed® $&conds.
Additionally, variations were evident in the time participants took to contemplate their next
move, highlighting the personalized nature of decisi@king in the gaming context.

Therobotand theparticipants built theamepatternso theirtime could becompared. They
picked up the pieces from the same place. On average, the first step of the person took around
20-25 seconds and went down to- 19 seconds. The robot was slowmart this; placing two of
the cubes took about 3 seconds; in total, it took 157 seconds to finish the pattern. The cause
of this is the robot's speed, which is much slower. Notably, the game durations ranged from 5
10 minutes, with the robot consistgnivaiting for the human to progress in the task at hand.
While the last participant's gamevas shorteneddue to the robot winning, the other three
participants experienced drawn games, none claiming victory. The collaborative gaming
experience achieves alance between the human participant and the robot. However, the robot
must often pause to synchronize with the human's pace. Gantt charts provide a visual
representation of temporal dynamics and valuable insights into the factors that influence human
roba collaboration. By highlighting these factors, Gantt charts help to improve collaborative
efforts, making them more seamless and efficient.



Chapter 5

Designof experiment

In exploring humasobot collaboration, | present a desigse case centered around a collaborative
gaming scenario where an operator interacts with a robot. This scenario encompasses four tasks:
pattern building by the human, {iactoe game between the human and the robot, searching for the
next piece by the hman, and the robot's independent pattaritding activity. Each task is unique,
through which | can observe and measure the collaborative dynamics between the human operator
and the robotic system.

In this chapter, | will create an experimental desigreta@s the measurements. | will use
the data from the measurements to develop a plan for conducting experiments and atiad¢yzing
results. Several key factors can be considered to monitor the collaboration:

1. Tic-tac-toe piece hiding place leveln this facor, different hiding places as difficulty levels
are consideredEasy, Medium, and Difficult. The variable to be measured includes the time
the player takes to complete each task at varying game levels, along with the accuracy and
instances of task intarptions.

2. Pattern Complexity: This factor involves manipulating the complexity of predefined
patterns, categorized as Simple, Moderate, and Complex. The variables to be measured
encompasthetime takento construcipredefined patterngccuracyn patternbuilding, and
any interruptions encountered during this task.

3. Task Order: Task order variation is introduced with two level®attern Building First,
followed by TicTacToe / TicTac Toe first, followed by Pattern Building. The variable to
be measured ighe impact of task order on the time taken, accuracy, and any interruptions
experienced during the tasks.

4. Robot's Algorithm Efficiency: This factor explores the efficiency of the robot's decision
making algorithm at three level&ow, Medium, and HighVariables to be measured include
the time the robot takes to make decisions in théatitoe game, the accuracy of robot
moves, and any interruptions associated with algorithm efficiency.



5.

5 Designof experiment

Workspace Setup:Thearrangement and suitabilibf the workspace are considered at two
levels- suitable and suboptimal. The variable to be measured is the efficiency of the robot
arm in picking up and placing pieces and the overall impact on task performance.

Operator's Familiarity: Operator familiarity is categorized into three leveldlovice,
Intermediate, and Expert. Variables to be measured encompass how the operator's familiarity
influences task time, accuracy, and reactions during collaborative tasks.

Variables to be M easured:

1.

Time Taken:Time taken foreachtask(tic-tactoe, patternbuilding, searchindor thehidden
piece) is measured in minutes or seconds.

Idle Time: Total idletime duringthe collaborativetasks, measurad minutesor seconds.

Frequency of IdI€eriods: The number of instances where either the human or the robot is in
an idle state.

Reasons for Idle States: Categorize and measure the reasons for idle time, such as waiting for
instructions, processing delays, or task completion.

Accuracy: Accuracys the percentage of correct moves or task completion féaditoe,
patternbuilding, and searching for the hidden piece.

Task Interruptions: Task interruptions are measured by frequency and duration, capturing any
disruptions in the flow of tasksaused by errors or external factors.

Operator's Movements: Operator movements are measured through position tracking and a
camera, providing insights into movement patterns during thadioe game.

Robot Arm's Efficiency: Robot arm efficiency is megeiiby the smoothness of motions and
successful task completion, evaluating its performance in pickrand placing pieces

The measured variables provide insights into task efficiency, engagement levels, and the impact of
different factors on humarobotcollaboration. The proposed experimental design is a foundation for
conducting largescale measurements and obtaining comprehensive data on the collaboration
between humans and robots.



Conclusions and further steps

Observing the opetar allows the scheduling and optimization of the robot arm. One way to
achieve this is by monitoring the operator's movements and analyzing the hand's trafectory.
aspect of this process was analyzing the hand trajectory to identify the most frequeasaid

the workplace. These areas can then be avoided during collaborative work to minariste

of accidentandimproveoverallefficiency.Analyzingtheparticipantspath intheenvironment

can allowtherobotto perform othetaskswhile waitingfor theoperatotto complete their work.

This can further increase the efficiency of the work process. In addition, the proposed
experimental design is based on specific tasks that incorporate various factors to monitor
collaboration. These factors inckidhe level of concealment of fiactoe pieces, pattern
complexity, task sequence, the efficiency of the robot's algorithm, workspace configuration,
and the operator's familiarity. We measure several variables, including time taken, idle time,
frequencyof idle periods, and reasons for idle states. The goal of these experiments is to
manipulate these factors, collect data, and analyze collaborative performance. In the future, the
goal is to utilize the results of experiments to conduct more extensivanaeasts and analyze
collaboration by measuring the defined variablesfaotbrs.
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A glob8lis ®ghajlatvs8ltoz8s ®s az energiahi
ford2tanak k°rnyezetbar 8§t energi aforrg8sok f
megol d8st j el enthet a napenergia, bmizPel®° saz
®rkezik a F°ldre napsug8rz8s form8j8ban. Az«
m®g nem megol dott. M8sik 2g®retesnetartozkinR en
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A HS a KkRolajfinom2t§8s egyi k mel | ®kt er m®K e,
kel etkezi k. FeCGasel @z §sadjpenf@rlt @RI §al emi
k®nt 811 2tanak el RSHt®esr tneell nh&bk-tle rvn?*®ezk kk®enlte tak eHz i

(2.1) 2H,S+30; 2SOy + 2H,0

(2.2) 4H,S +2SQx»  6S +4H:0

(2.3) BrurnteakchlS+30, 665+4H0

A reakci - c®l ja a k®&n kinyer ®s e, amit k ®
k®nsavgys8rt8snsgl, vagy vul kani z8I1 8sn§gl | e he

energiasz¢ks®gl etek miat t:S egd/dieg nfaigyydlbmeéra nig
hidrog®n tartal m8nak a kiakn8z8saelijs8r &8sz ema ¢
energiai g®nye. BS§r a reakci - er Rsen exoter
beind?2t G §hRMAPBE®Kk | edt skagtkal®yerisst Aalfkal maz - - t
k2n§l mi ndk®t probl ®mS8r a. Fot ok®mi ai Naphkti
nyerj ¢k, nincs sz¢i¢ks®g egy®b energildmtr§gsr e
sor8n el emi ki®&m ongeRnlte tits eklagpmuin kh. AS g8BaOHh al maz
dal rea@fltafyublbet kezi k..SAviI 2@y f lpotd hiNiaz §
seg?t s®g®vel nagy hat ®konys@9galA tf wnd wraknah i drc
is keletkezik, ami a katalizg8tbat ®kdny 2§ Pht
k8§ros2tva a2.6k.at EhneBt oerltk e r ¢sf-@skell fe@degbenk ®b e n
hozz8adnunk a kiindul §si ol dathoz, B4y v2zo
k el ettki eozsk udlemi&t®mn- | ki n@& r, h eetvglyyipars z 8§ m8r ak ®mont os
v8l t anatlt megmarad, fT®$ auldj uk haszn8l ni

(2.4) H2S+2NaOH  NaS+2H0

(2.5) 2H'+26  Hs

(2.6) S +2h S

(2.7) S+S0* S04

(2.8) S0s% +HS SO+ S+H0 + S
Q e h+

(2.9) Cat® Cat( cs vB)
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Az irodal omban fotokatal2zisnek (helyesebbe
folyamatot, amely sor8n egy anyag (fotokatal
v8l ik katalitikus hat 8s?%¥v§, ®s s e gntyse&e@vte l
reakci -k i s | ej 8t sz-dhatnak. A katali z8t o
vegy®rt ®ks8vb- I a vezet®si s8vba wugranak. A
8l 1l apot alakul ki, BRUblryvgkhak 2lgyvIibydlk ef 8ivR
l esz majd k®pes r@9zt venni a reakci - - kban
- E 4 H*

®

P [ ——

€ $,05* ht
+ S

=
ox]

5%
S0,

21.8brFao.t okatmT k 2 @Ed&Sh RI° r tHEfneR | p ®F t Bepn@atva

A fotokataltulSdjodowrks §gpatastiltott s8AS sz ®I e
a vezet®si s8v k°2xgbrAa)SvoNasBygmiedgiGuk Yy .(
sz®l esebb a tiltott s§8v, ann8Slobbl aasomgy & b,

k®pes beind2tani a reakcikitselyakd®vsa®bass®@g
jobban haszn8l hat - a | 8that:- f®ny spektrums8k
f®nyben mTk°dnek hat ®konyan.



E vs. NHE (pH=13,5) Band gaps
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22.8brKas.l °nbd Rk at atiltott z v ® lo éRsss @ gesz8evt fRaski u kpooit -esn Bli 81 | a

A reakci -hoz v8lasztott katali z8tor vezet ®s
rendelkezniekelyer j eszt et t a8lirleaakatibars,i kleagys en | ej 8t sz-
aNemmstegyenl ettel sz8m2thatjuk ki . Foengtosi sf.i gyel ¢

pH=13,5; n=2; T=298K o o
(2.10) E=E {YYIn(E®) =g YY3Jog(E¥) O 1 =

red £ [i gQ red %) [ ao log('Q

0,059

= Eredr 2nNG0i0, 0594708V, 5

€

Akatal 2zis hat8sfok8t g8tolja aazelkRkyonokevezett
®s a | yukak a kataliz8tor bel sej®ben vagy a fel
megakad8l yoz8s8ra t°bb m- dsgagyazelklt ®toenzoikk ,c scag dngiznS
vagy a |l yukak befog8sa. Ez gyakorlatban azt |
el mozd2tjuk, megn®°vel ve a t 8vol s8got kozott ¢
m- dos?2t8ssal, d-pol 8ssak8§sBhvbhéetve seg®dkatali z
Megke¢l °nb2ztet¢egnk heterog®n ®s homog®n f ot oka
al apj8n. A val.- ®|l etben a | egt®°bb feladatra sz
g8z vagy folyad®k. Ebben ai sdtolvgiozzsagt8blajnu ka, hteethe8t
®s a |l ebontand- anyag k¢l °nb°zR f8zi s Y.
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A fotokatal 2zis jasl e®@s®lg®e!| enS®N aizs 1@OPf i gy e
j el ent Rsebb ¢fiegl fweSlrezi®sk el [1e9t7t2. Ekkor i smert ¢
Fujishima a TiQ f ot okat al i ti kus tul aj dons8gs8u\V, f&snypl
hat 8s8ra v2z bont8s§gdlalABlti2teody akhj em&g Hiji wlr -
napener gi 8vakl° | ft sjRIghsaz t®&ktotn yH el R81 1 2t §8sa c®I | §
kut at 8§sok euw®@gg®nyiek®@ngl t a | 8§t hatr @tfe®neytt ihs
| ®t reholzen .s 2iI009®n egy a | 8t hat- f®nyt hasznsé
sz@®ntrid form8j 8bianri & ggrfpobismez ®naeki bRI kK
8l 1l 2that -k el R, a korszak egyik | egfelkapot
el l en®re hat8sfoka al acsony Napjeanidrkkklvgn mBarg a
i s haszn8lj8k v2zbont8sra a tebbnBs®gei8tazan
mer ¢l nek ki a Vv2zbont 8sban. Mi v el fotol 2zis
p®l d8ul hi drhpvadylszupefokidgty © K @Rilont el ®©t | ®t rehozi
vegy¢l etek | ebont 8s 8r ee sy vazl zktail snrats2 tag sm-acs, z €r
el R8I 1 2t 8s8ban i s fkeult alte8seotk haesmpurigdtuiks&ek ,-Djd8alA)
abb-1 CO vagy i1®EBVEe¢sStBE8egy al ¢eselal kdbmas a he

2.3 H'Sbontf8staok at al 2 zi ssel

NeeS vizes ol dat 8nak bont 8 st§rpau sa¥% | kegtbaglilttRk Htnoyrad
Ezek k°z¢l is a |legn®pszerTbb a ZnS, ®s CdS |
haszn8l at8nak a h8tr8nya, hogy nega¢é ®RiHe B §v j
| 4.gos k°zegben t°rt®nR fejleszéeR®OPhRIZAcITOhY 0:
hogy a | 8that- f®ny hat §s8mBkdanik®pkEstd &mgyan
savas vagy semleges kczegben fotokorr-zi - -ra
|l ehet s®ges. A tiszta ZnS keagaltex8§aol Ysgoesek®s
Hf ej |l eszt ®shez, dattdsaklUV¥ aatrtt omEWN yDhza®l ehsast &k e niyi
foglal kozott m8r ezeknek a h8tr8nyoknak a Kk
hogy a CdS ®s ZnS egy¢ttes |l evs8laszt8sakor

anyag kedvezRvxaRan@dnSAsAgamperit | 8that- - f ®
| Yagos k°zegbeonfeijs eRBE§@®sBR2 (N k¢l °nb°zR °ssz
|l eghat ®k omyta ®BtlZ AGdas §nybapZmsar katrgthizz § Ca



Conduction band edge
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2.3.8 b rAkompozitk at al v e 8 ¢Rilost 5 Sadataik ¢ | ° n°h? zRe te ® te Bl®@ k

ACdZmxS katali z8tor hat ®k on ylse8w&It§ smeermgdgka t s8er hoez
Annak ®rdebk®FZes, ®sog@ay CdS egys zkeormpel ewXKl@paemRtl
NHOH ol datot) kel lShoezg@8ppenk®mtaj @adagdNlani , e
megfelel R ar8nyon Kk?2v¢lZnfSo n&so sCdfS gkyreil setmfoley ovke
Mi ndk®t anyag rendel kezi k egy Xx£&brsa)®$§ |ZengSy
el Rbbi szfalerit, ut - bbi wurtzit n®ven i s m
nevezkglk®° mb®zR r8csszkokevzal eklerdsomle- a8 gni8i at

il l etve wurtzit szerkezet k®nt hi vatkozunk r 8

2.4.8 b rSafalerit (bal) ® wurtzit (jobb)t 2 pkisiast §9yr 8§c s .

HRk ez ena®gysm®rt ®k ben n°vel hetR a fotokataldi
el sR sorban azawuedgyittt sezes kfealeer ikti al akul 8s a,
Megn°vel't hRm®r s ®k | et hat 8s8§ra a szobahRm®r
alakul. A k ¢ 1 °nbrizft 8§81 vy eggmEt s mtl 8dlyezkednekel. Az 2 gy



kialakultikresedetszerkezetbe(2.5.8 b rsakRalalacsonyablat © | t ®s hor doz - k
rekombi 08i -j a |

2.5.8 b rllaesedett szerkezetHRTEM f e | v @R]Je | e n

Ennek az a felt®telezett oka, hogy a szf al
alacsonyabb energiaszinttne | yez kedi k el , mi nt -ess WWRHptuzsivse pr
8t menet al akul ki, amel yben az e lveSkntdroornool kn aakl.
m2g a | yukak ma2p8babbr aEf(we kttr bPetny % lkestl Renrg It e

az elektron ®s a |l yuk, | ecsf?lflkentve a rekomb

2.6.8 b rpank a p c s celvewdrigis® szfaleritszerkezete s et ®n .

Az 2gy elv®gzett hRkezel ®si el j8r8snak azol
a folyamat sor8n aggreg8l - -dnak, azaz a Szem
hat ®konys8g8t nagym®rt ®kben befolJd88stol jelremtk
ultrahangos kezel ®s, ami b8r a Lz®tsw§lad d 7 tt hoal

Az el Rbb eml 2t ett m- dszerekkel egy al apk
nN°vel hdeahig@r-og®@me? ®e |l RescRyptikadage | Rny ®stelbbbbnyi r e



hat ®konyabb m- dj a i s a f®mm-dos?t8s al kal n
nagyr ®sz¢ ket kut at 8sok r®g-ta vizsgs8lj 8k. N
nemesf ®me k , pE#AldEph| [aAF dpidgpwt | a8 r[l6laz dar ahygs - b
al ternat 2[¥74aiks®nh avars&ltt ak k2 s®rl etez®sre. Egy
ni kkel m- dos? t[]s Femoongoket §st t°bbf ®l ek®pp
Leggyakoribhb m- dszer az wugynevezet tszAtff et tg |

alapkataliz8torra wut -1 ag Ni (oltl )v 8 loansozkt a@sa ks 4
|l ehet s®ges el j8r8s al apj8n egy Zn(11), Cd (1
szul fid hozz8ad8s8ra egy¢tatesen®WVBhbaszhpgk h
a rg§cshba ®p¢ljon be. Har madi k ®s eagy ben

Ai mpregn8l 8so0so0 m- dszer . Ennek | ®nyege, h o

alapkatali z8torhoz Ni (11 )giyormolWNat(lddagwnhwikk e
aCdsZznS krist8lyszerkezetbe, m8&8si k r®sz¢gk pe
mos8ssal a fteleelstl&vgoels2 tNiu(kl,l )majd szul fid seg
2 gy kapott m-doskhten tb e&mutadti t§tt oAf eal klogt&m: d o s
nem feket®s, hanem 8l tal 8ban z°l des el sz?2nez
hanem hidroxif or m8 b a n[19) 8§ IKiuk akki- csopor t wnk blba g dgyakhrna

al kal mazza, mi v el tapasztal ataink al apj 8n
fotokatali z8torokat el R8I I 2tani. A hat®konys
j -t®kony hat8sai nem °sspéeadbhbbbpkatéagyz8toal
adja a |l egjobb eredm®nyeket. Erre jJ - p®I da,
8§l tal 8ban gyeng®bb eredm®nyt hoznak, mi nt
ni kkel m-dos?t8sa istreoegsn&hbhliul At dlojzegatdot mi m
sz8m2t , ugyanis t Yl kev®s, vagy t Yl sok f ®r
Tapasztal atok alapj8n 1% m-Ilar8ny adja a | eg

Sok8ig Ygy hitt®k, a Ni (l1l) m-d@3BnheBa el ekt
el m®lI et nek al apj a, h engy k atp°cbsbo | f d®%nsn- dsoesg??tt §SsS®
el ektroncsapd8z:- szer enpbeatn tl°ylutk bbeef.o gFr isszse rkeupt
neki . Vizsg8l atok bizony?2tj 8k, hogy az i mpr
el sRsor bxdmrNng(j d)an van jelen. Az ilyen kat al
bes°t ®t ¢l nek, mddfoelst akzmamk.anEz evev&i bili s,
sz2n®t veszi fel a kataliz§8tor. Ennek magyar
ni kkel v8lna ki, a v8ltoz8s irrevefit®laed®s I
r e a kva®igj@lenik meg, mikor a szulfidk o n c e njterl8ecnlteResse’nk k e n .



Ni OOH megj el en®se azonban t ov:8dgplyukk % rsn yfeed @M®t
Ni OOH form8ba oxid8l hatja. Er Rs oxfiedadt¥svultnul
magas szulfidkoncentr8ci - - kd8B&[Bbe®di.nt2®@@ry ezts:
el m®Il et et t8masztja al §, hogy a Ni OOH vi ze:
sz2nv8ltoz8s vilglszaford2that- -s8gsgt.

=

3
="y t

H-Q

5,0,2" <\ Ni(OH),
\
; =
?..
05 NiOOH J\/
S

27.8 brAan.i k k el m-kdaa sa?l tindEtigtt d1®]s e

Nikkelenk 2 \j gll e n taRa n gh@gs z nis§d mait vae | el sRsorban az
cink, vagy kadmium tartal m8t helyettes2tik

Fotokataliz8torok hat®konysg&8g8nak megad8s§

k°zg¢l a katali z8tor hat ®konysg8gs§t | egj obban
szakirodal omnalgdsdtleglQ&bedn Q¥Yl °Il nek. Skag tnaols2 za st
ter¢gl et®N az egys®ges jel°]l ®sm-d m®g nem te
haszng8lt jel©°] ®st minden esetben pontosan de
param®t ert haszn8lnak, amellggedkyaekraablkd m¥i as B
az eQY, illetve az iQY (external /i elaktewnokal qu:
sz8m8t adja meg. EI Rbbiky) ,( em®Yg wt ‘klmbhiala zked toa lri

-+

ot onok mg)xdhakdzata ( n

211 00 & OAAEAEH eéearonok OUU I_AR Z,
(2.11) EAOAI EQWAGoxnbAU Ul Ato

o o OAAEAHSAonckOUUI A 22
(2.12) Q0 &
EAOAT EIU@RiBtonokOU Ui Ao

A kapott ®rt ®k etmegz § zMil ®kk@tn Q@Yj §kgg a
hul |l 8§mhe s @#ag®r tl @laankeskenys pe kt r umys (4BMUI0HN)r r §s s a



hat 8rozz8k meg. M8sik jellemzR mennyi s-®ge a

vel j el efIHhPr o dRuacttei on) . Ezzel a fejl RAR hi dr c
i dRegys®grei dmglys®grea®g a katali z8tor t°me
H) g kataliz8tor/ h). Noha ezek a param®terek
f oyt 8s sz2nk®p®t RI , intenzit8s§8t- I, a ge:
koncentr8ci -kt | I s, ez®rt az RHP csak adott

ar §nyowl SAnQaKHf ej |l eszt ®si t ®m8&ban kihtafdIlitelce k k e

adnakmegQ¥ , 2 gy az °sszehasonl ?2t8s neh®z.



3 K2Z2s®er®sz i

3.1 Fel haamwaydkl t

A kataliz8torok el R8I12t8&8s8hoz, m- dos2t 8s8h
beszerzett anal it takeaedi8hti ids Bt @4 §-a@ ¢addai@hinn dur(n8(tll gl t)
nikkel(ID-ni t r 8§t h e x a h i-adcre8tt 8ott , t ektorbaahl isd¢rud th 8tt, hmalmd
t°m®ny a-dmimdm iox Sigma Aldrich-s - | v 8 s § rsaulfidtn om&thrn idu @t ot
®s nS8stzruilufm t ot haszn8l tam.

Az ol datok el k®sz?2t ®s ®hez f el hadullipone§HliXx vi z e
k®sz¢|l ®k k dIR, 8§ lalntetl oytett a m Mddhipors MilliGRBOk @6 Kk g | MR kel t o
ti sztAt bs zfulyamnagusti gapottv 2fajlagose | | e nk8°l rl ¢(8ldb8e, 12 IMgq Ac m
(25°C-on) ®s TOC (szerves sz®ntartalma) 5 ppb a

Az ol datok oxig®nmentesdt Rsi&hzetzas B g @ial(&b b7)
haszn8ltam.

32 KZ2s®mia@szer ek

321 Di f ff &fz] e x i

A diffvz reflexi-s sz2nfkelpte®t tf @ll vi®e led Bdree!| ti n!
spektrofotom®tert haszn8ltam.

A diff Y%z reflexi-n alapul - -M®TKKRs e REj@I ant® | ¢
szol g8l tatj a, amely ©°9sszef¢gg®st t er emt az
KubelkeMunk f ¢(¢ppve@®gyefesemsanEmpyos salodaminti ci ens
ford2tottan ar8nyoss azsal 88bdi kggkhietenzeel

(3.1) k = stfkm
(3.2) fum = k/s= (1i R)%2R,

aholf. a KubelkaMunk f ¢gdRv@&nNyentaz a di ff ¥z refl ekt 8lt
tekinthetR vastags8g¥% r ®t eg, vagyis a f®nyt
sz?2nk®p®t. A f®nysz-r8s csak csek®| yMunk®r t ®k b
f¢ggv®ny nall-akaza ahbasszoor pci - s sz2nk®phez.



A til-$ 0@t sgyv®get ( Bv@)n k a f ¢KgwbveRinkgazrintd R | T
8br §8zol §fviEd s -Ej, aolEha f ot on energi 8ja) grafil
[22].

322 TEM

A transzmisszi-s elektronmikroszk:-pos (TEM)
cseppentett ¢k fel folytonos -ez®&emh®seék&wvaégpo
0s gyors?2t-fesz¢lts®gen mTkodteegytt @rad miss Sz
8§gy¥val ®s egy n&gyencetge katdoseapeiSudper r°ntge
felszerelve, ®s amely hagyom8nyos TEM ®s p§8s
k®pes dol gozni. A szerkezetekp§sedtl &zmz FISERM e( S
®s gyTrTs, s©°t ®t -ansgl-et earnfn u(lHAADIFa;r khifgihel d) f
k®mi ai °sszet ®t e | E Dnte gehl aet ngtr ®rzk8&pae kSKTeEEM t ©r t ®n't .

323 ICP

Az ICP-OES (indukt 2 v csat ol 8s Yaspektrbnaetriamaelemekp t i k a |
mennyi s®g®nek ®s mi nRs ®g ®n e k meghat 8ro0z8s8§8tr
seg?2ts®g®vel gerjesztett atomok ®s ionok 81t
adott anyagra, a sug8rz8sntm88elinp § Bdlegyae 8oty

Spectrofl ame Modula E t2pus¥% spektrom®terrel
324 R° ntygiens g8l at

A f8zis%sszet ®t el t rontgendi ffrakci - s me®r ®
(sug8rfKUré8§eg8§Cusg8s, 50 kV ®saddt gmAjj h@stErx'zP
Coll ector szoftverr el atMalvetn®lighScore Rlusfb8aszaftverk a z o
haszng8lt 8k. A hawleyit, szfalerit, greenock:
(International Centre for Diffraction Datal®750581, 000050566, 000060 314 -@6 00
1450 por diffrak2i 20218 hp8§eznfi@®DEek. PR @I 7 (
Rietveldf ®1 e m- dszerr el t°rt®nt . A mint8kat a
sz8r2t8s8vafgl I(%4t0otAtCuk 2el-R.a)



325 Fot ok ®me ®r | et ek

A k2s®rletekn®l haszn8lt m®r Rberendez®s tar
szeptumos kupakeesal rebkEpott, amel gmez egy h2
puffered@&moytt acsatm g8zt °m°rend tle f)I8dnCcgsy® vae km®&r
sor 8n fxvjell Rdatztontbs t ®r fogat ¥ folyad®kot szor
A h2g | Yagoz 89da @a®lkmrawmezet R, m$ vedzmelh®RBsehi eg
A szedRed®ny egy t8ram®rl egen hel yezkedet't
program seg2ts®g®vel mM®r ni tudt akm®paz RiMiRs zH r
fejl Rd®est®nke&j &ti nnyomon tudtam k°vetni

318brAdbevi | §dratsgmBdoandez ®s .

A bevil 8§8g2t8sos k2s®rl etek sor8n aStr eRaskt or
5,32 mmol NaSGs-ot tartalmazott, amit argonozott M) v 2 z z e | toltettem f
ve®gt ®rfogat mivndén.erekbPe®rB@tekw megkezd®se
5 percen keresztg¢l argon g8zt bubor Gdamtl t at t a

®s a felette | ® R g8zteret oxig®nmentes?2tsem
be egy tefloncsR seg?2ts®g®vel, majd a sz¢ks@G
az ol datb-| ®s | ®gment esen ¢ %uzWissStanareaktost r e ak

befogattamaz § | | v 8mayjdla & Rsonkonk er es zt ¢ |



hozz8csat |pakfofzetraotitdaant oat t ar tpadigm@m®r leaedd®rney h&lzl, 2
szedRed®nyt helyeztem. A csatlakoeBkkekRgBzte

ANaSt ®SOsNatartalmaz- | ebontand: ol dogyt el k®
aNaS vizes oldata m®g hTtRben sem &2a®rl et ®hk

eredm®nyeinek megb2zhat: - ©°sszehkiso®rlzatss®@l vap
szulfitc®s szul fitkoncentr §ci -SBHeOKT reitstt §M®ronki .n alggyy
mi att pontos egyedi bem®r ®sReskz 21t eerh t k tmyiietl e | 2e5z(
t°rzsol dabhblmtl, InogQs ckm v®ve azNaFoht &®sarb, 82 mme
NaeSGs-ot (1,33x felesleg) tartalmazzon, azaz annyit, amennyilegyv i | § g2t 8§ s i k 2
sz ks®ges. A tP°rzsoldatMili-Qavganrnmradl k®sizg ®riin

homogeni z8I §stesk°adadqRekbadn cengy | ®gment esen
adagol itlaknle@gyasztva §r ol t am. Tapaszz t2alyatta8irmk ts z«
kb. 3 h-napig eltagkb@gesakzbmzondabboka® e6sa
el Rtt ol vas zYamgonozatMilliQe Ilv2Zz®beam Ezzel a m-dsze
sp-roltam meg, de a bevil 8§g2tand- oldat ©°ssz
Ebben az oldatban a b2 a z § lagkoszaaNkb; szeer epe pedi g a r ec
kel etkezR el emi k®n kivsg8l 8s8nak megakad8l yo

tioszul f8tot eredm®nyez, ezzel megakad8l yo
k8r osod S8 feleslegralkdhee® s a egy %t t al megg8tolja a k
olyan hosszabb m®r ®sek sor 8n, ami kor a szul f

A fotok®mi ai k2s®rl etekn®l Ke rons sPzGeBk °tt2tpeut s@/s
8§l 1t egy Kern adat @y PpjrtoRr@mmo prea mmealk. ®nE | egy
t °meghk klede vi 2dgWaEORDK OptonicdED-d el v ®gaeztem el
3.1.8brl8&8nt B At e nsdednz ®s

Ez az el j8r8s nagysz8§m¥% infoffonl8gamat oakdr - &
mechani zmusokr - | . Egyszer T °ssze8ll 2that - ¢
k°l t s®ghajel@kziam®rs @gta. IEgloetosablh UV alj d o naf8egjal, R dnh°otgty
Ht ®r f ogat 8n k2vg¢gl a reakci -k eibrefssr®g8did-Rtb.eni

A k¢l sR kvantumhasznos?2t8si -te®miy@uzRl Inme)gha
aktinometr 8l tuk a haszng8lt LED f®nyforr 8st

k°r ¢l m®dnyek k°z°ott. A kapott r&mtk@nt30. 74 mmo



33 Katali 28§R&@l1 dRt 8s a

A kat al ammi n
Adott mennyi s®gte®@8§R25®M 0| @EEeMIEtadmi:dm( kel egy
amm- nia ol datmai d adt &m ks2ulticb eldatot c s e p p ¢
adagoltam.HRk e z € T ® skeetvRe r Riled pre@ et t v ®Y e L ghe dRA @ |
hRm®r s®kl et en 30 kezeltem a iz 8t
Afel g -atoisPmn@segm8IldSzePgetrkiemBmritapkat al i z8t
1% (n/ n) f ®ms - maj d Egyes el szu
esetekben kompl ex k ®palIRd astzcetr ki®n t a di@sgo®ntyjazigd oHrR
f®O®ms -t -®s2atsamBmrnnagtamM5S5hdLzs. Az ¢
®s | egf RH.b1l .e | TRBAMaZza.a8tsi k°r ¢l m®ny

Il z8torokat kompl exbRI csapad®kl

kever ®s
kat al

percig

ol dat ot m®r t em,

eset ®n a
el nevez ®s ®t

3.1.T8 bl 8z84d tt aell &kn® skza?ttaeltitk 86 D8 jo & .

K antevz | i HRK e z kLOezveilgl-lga g mF. edl Oz,sl
CZS25 - - -
CzZS75 |75A @t - - _

CZS25Ni - - Ni (1%)

CZS25NiN - NH3 Ni (1%)

CZS75Ni | 75A @t - - Ni (1%)

CZS75NIN | 75A @ t - NH3 Ni (1%)

CzS25Co - - Co(1%)

CZS25CoN - NH3 Co(1%)

CzZS75Co |75A @t - - Co (1%)

CZS75CoN | 75A @ t - NH3 Co (1%)

CZS25Mn - - Mn (1%)

CZS25MnN - NH3 Mn (1%)

CZS75Mn | 75A @t - - Mn (1%)

CZS75MnN | 75A @ t - NH3 Mn (1%)




4 Eredm®nyek

41 HRk e zveilz®&sg 81 at a

A hRkezelalsk glyme&kzaatnt m- dszer, amely a gyakor|l
a kataliz8tor hidrog®nfejlesztR iPAO®RENKSEZHE
hi drotermi 8s kezel ®s az elterjedt, a mi Vi zes
al kal mazva ®&r el szerkezeti v8ltoz8wuttztaz an
8t al akiBlf8esj ef et ) , a mi a n°vekvR hRm®r s ®k |
kedvezm®nyezettebben | &t sa mmihaos?te§8s nHaskt ra8 niya
energiai g®ny, val amint a hRkezel ®s sor 8n <cs
szobahRmM®r s®kl et en el k®s z?2t eotst va?lzaf pckradtRanl iuzt§ th
vi zsg8l va, hogy ladtaemns oinsg afasiz GHedmBassF®kn © ve k e d ®s
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Ad.18n8Hrrthat ., hogy m8r azv®glzeden alRkesaer
j el ent Rs n°veked®st eredm®nyez a h-szdreso g ®n f €
n°veked®st id®zett el R. Mivel kutat- -csoportu
hat ®kony kataliz8tor m-,donsi2ntt§sd KkKa&tv@Kk Rreyna babk
ugyanol yan m- dos?2t8§s hat 8s8r a, ez®rt a k ®s

vizsg8latokat .

42 F®Emm- dos2t §s

Kut at-csoportunk ®s az irodalom eddigi t apa:c
f®mm- do§tt 8sbat -ak el R. Ezek k°z¢gl is | egjob
f®m seg®dkatali z8torok mTko d28diej meeh anif zhume
peri-dusos rendszerben hasohnhl®m helzggl|l at Bogls
hasonl  -an a kobalt, vas ®s mang8n is rendel Kk
hogy a m8r ismertetett mechani zmussal seg?t.i

Mi ndegyi k f®mm-dos2t8st impregn&ll§s®@s omhog

n/'n % mennyi s®gben adtam hozz8 a megfelelR
k°zegben.j eA2nNBt ¢ ®segkidnlad QEs8&t, 2gy a r 8§
®p¢l nek be f ®mat omoKk . El Rk®sz2t ®s ut 8n a |
centrifug8l 8ssal el v8l asztottam a nem megk?Ot
NeeSol datot. A centrifug8l 8ssal elvs8hmshRbtt f
be®p¢l ®s hat ®konys8g8r a kevetkeztethet¢{nk.
f ®@mmegk°t Rd®s m®rt ®ke nem f¢gggett att-on, hog
ut - kezelt kataliz8tort m-dos?2totoeaamho?A k@pe&s
Mn(lIl), Co(ll) ®s a Ni(ll) eset®re rendre 99

El sRk ®nvte | Fev(Rigle)zt em el a m-dos?t8st. A mi n:
vasszul fid kel etkez®se miatt. A kat alindalt8§t or n
be, ez®rt ezt az 1 ont a tovs8§bbhiakban el vetet

A k°vetkezR diagramokon a k¢l °nb2zR m-don ¢
rendszert haszn8ltam

25A@nf ®mm- d o ®YWE & ¢

75 -AArC f ®mm- dos2t8&s; ko°r 0

25A @nf ® mm- d NHzR 2e§bosnh §r onmes z © g

75A @nf ®mm- d NHzR T 8 & gdmbuszDz



421 Mn(l)-m- dos?2t §s

A
ut
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Sa
k a
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A
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| ARNE IS

mang@ndosgdt et d MntSDI
8§n
szl eges

v®geztem. Az al apkata
i z8tor sz%dme nglS8adge@nntmameagl,t ,f eelntyenhe
kivs8l 8§sa att .

bevil 8§8g2t §8si k2 A®r2l. ¢ t ke &l ¢ AM®n hak ®nt
8§ s n®l k¢l
edm®nyen. Amm-: a al k alsnzaozr8oss§ vjaa v uvli8ssz ofnitg yr
obahRm®r s®kl et en el R8I | 2t otots khaRkaelziezl 8so rhnaSi
hat®& sltoRk evzaenl takd®zlengaltkenr® rsns-&deo, s -

ugyanezt

a kat al

mi
h @

m- ni k°zeg nem eredm®nyezdtaz hat §

ni

jnos a pozit?zy

tali z8tor is az eredm®nyt adt a.
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sebess®y®nek vs§ltozg§sa az idR f¢sgggveny®l



422 Co(l)-m- dos?t 8s

A kobalt(ll)-m - d o sCofN€&:p dldattalv ®g e ZAz ®Ima p k at atl % rzt8@ mR Shhaodz§ s
ut 8n a citr oms 8r gaz °lsda p&rdn®yka | haatl ovt§ nkya pkoRtkte.s

Amm- nia ®s hRkezel ®s n®I k¢l nagyj 8b - | Kk ®t s
m-dos2t8ssal . Ha -can kna-tdaod si2zt8ottotruk , 75vafd @ al k
kompl ex k ®p ziRtd,k ®ts eetlljeS8gr 8Snst haszn8l tuk, a n°ve

ACo.(ll)rm- dos?tott katali z8torok eset®ben szem
a megszokott 4. 3e) t18@DAR pdbl goek &t a4I§8iBz BaBoorroak n &
8l dozati reagens szulfid koncentr8ci-j8nak c

n°veked®s figyelhetR meg. Ez a f ajbteaviVvi8lgt2zaz8%
k2s®r|l eteket v®geztem a mechani zmus meghat 8r
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43.8b A& ¢ | ° nh-°dah k ® sknbalttabm-td o sRdtodlti k8doog®nfejlesztR
sebess®g®nek v8§ltozg&sa az idR f¢¢ggveny®l



A sebess®gg°rb®k jelleg®t n®zve fel ngetr ¢l a

tart - hat ®ed®gs §gm°ne | ®nyeg®ben a szul fid

fogy8s8val csak akkor ®rhetR el nagyobb set
v8l toz§8st. A v8ltoz8s fajtsg§j8nak megs8l |l apzt
Yaj r ah@&sano®prt friss | ebont and - ol dattal. K®

el vRgz®s®hezCo e@® keCaOVAGKISY, 51 .). 8br a

CZS75CoN eset®n mindegyi k al kal ommal ugyanaz
hogy a v8ltoz8s reverzibilis, val aendelkezik. a kat

CzS75Co katali z8torn8l azonban m8s eredm®nye
a kompozitnak is j- wvolt, dbevialz8§ @2 tt ®ngk shorg§
sebess®gek egyr e nagyobbak voltak (k°zel a
maximum)®s maxi mumok i s egyre nagamnbbalke d®@d tt akk
kedvezR szerkezeti v8l adig&sblvi I-o8sg Yhea8tza® Kad M2yi7ss
n°veked®s volt megfigyel hetR.
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423 Ni(l)-m- dos2t §s

A nikkel(l)-m- dos 2?2t §)sal dNa t(tNaO A zv Ragleazptkeant.al i z8t or hoz

ut 8n z°l des 8rnyal at a

ett

a csapad®knak.

t



A nikkel(ll)-v e | t°rt®nNR fel ¢l etm-dos2t §s er edm®i
|l eghat ®konyabb fotokatali z8tort. Amm:- ni a n®l
el hanyagol hat - a havfstkekehtv&kla®sié¢.i zBt dbh AL
m- dos?2tott kataliz8tor hat ®konys§gga kompl e
alapkatali z8torhoz k®pest nyolcszoros, a hRk
®r het ¢nk el . I tt a hRkezel't ®s a szobahRm®r
k¢l ©°nbs®g 4mui dat&kmbrzat t (

Eddigit apasztal ataink i sm®t me gm+r ReS$ 1 ®§$ N Sly el

hozz8ad8sa sz¢ks®ges j-1 mTkedR kataliz8torh
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45.8b Ak ¢ | © nh°a&®h k ®snikkeltelent-td o sRatodlti B8 tl o0 g ®nsfeeh & sess&gt &n e k
v8l toz8sa az idR fg¢gggv®ny®ben

43 Fot ok ®ms ®@rkloentkd Kz i - | a

Af ot okk®ms @rsloemg@idi-f ej | Rd®a g s e baed6.8® g BBdtattam
°ss¥dlL8t hagyaklegjobbf ®&m- d o s 2tt o vn&aikké mikkel bizonyult. Ez ut § n



k°vet &lkohaltk ®ggrman g Bma |l cshka legrosszabba kt i v i mwBtsatk-at

szobahRm®r s®kl et en amm-ni amentes k©°zegbRI k a
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Katalizator

46.8brAk at al ikt onog®nfsejplessPyg@amagdk, |[kssRant umhad PmyeZtR§ ®i
(eQY)20mg katali z8tort tartalmaz- | ebontand:- oldatb-1 2
al kal mazva. Az adott kataliz8torhoz tartoz- RHP a ba

oldali tengelyeno | vaslhat - k

Cltal 8§nosan e lamom- dnhiaat -k,0 nhpol geyx kap z R al kal maz
j el ent Rsen n°velte a hats8sfokot, amit annak
k®pez -®sCdinpmphkal , ez8l tal el Rseg?2ti a felyg
Ugyanakkoraz s | 8t saznimk ni s g Kk ° 2me gdloR®12 tt8°%r te®reR ®n a z
hRkezel ®se nem vs8§ltoztat a hat ®konysggon.

A hRkezel ®s ugyan jelentRsen n°veCaS2),az al :
®s az is el mondhat -, mhogy? ta8 shRKeelz ejl d belk ad rad d r
mintas zobahRmM®r s®kl et en el R8I-Xx20z826X),dal apkatal i



ezek hat®konys8ga amm-ni 8s k°zeg al kal maz§8sa
(CZS75X < CZS75).

Kobalt seg®dkataliz8tor alkal maz8sa eset ®n
®r het R el , ha niknocbsaljte Ine nd oasmn -8ns3i®S, | Kégzyleagy h at
Ahogy az i rodal mi S§tteRifepe®ebén as kamht?
hat ®konys8g8nak k®t | egf ontosabb m®r Rsz 8ma

K2s®rl eteim alapj8n k¢l sR kvantumhasznos?t §.
mivel a r8esR fotonok sz8ma -aktdien ambttet®dIRY s £4d
ar8ny8ra |l egfeljebb durva becsl| ®st tudunk t
geometriai elreéeadeaz®sz2 d@Q¥zo&flitmInci - 28ban sz
egyenletia m®rt RHP ®rt ®kre&l ar&8n®rots akg ya z8 #B¥n 8br
8bhy.a A |l eghat ®NoNyalkbat @CZ 3 B5®rrtr&k k7a8p3o0t d& moRHH

egys®gnyi kataliz8tort©°megre. vibelah koznt &alt weaa
aktinometr 8l 8ssal kapott reaktorra esR ©°ssze
kvantumhasznos?2t8si t®nyezR eQY = 5, 86 %.

44 Kat al i Bz8rkeaetijoekl | e mz ®s e

A hidrog®nfejleszt ®si k2s®rl| etedk? tesrRgdem®njyeeli g
katali z8torok szerkezet®nek min®l al aposabb
kompozitr-1 XRD, DRS ®s mi kroszk:-pos felv®te
kivs8l aszt8ss8n§gl c ®lI vol $s mae hkassl o°nnl b2°t z8Rs af, ® narmi dl
hat ®konys§8gotonmukteazte-l t75al A@ katali z8&8torb- | an
kompozitokat v8l asztottuk. Ezent Yl a l egh
°sszehasonl 2tottam az ammmieaIsR8Iill2lt otatmmk anti &l

441 XRDf el v®t el ek

A4d4. 7.8n8KHr8t hat - XRD felv®tel ekbRI -og kekelt | 8t s z
al apkataliz8torb-|I m- dos?2tott kompozitok f el
arrautal, hogyaz i mpregn8l 8sos m-dos?2t8s nem v8ltozt
m®r t ®k ben, ®s a f®mtartalom sem ®ri el a ki mi

a vizsgs8lt kompozitokat meg8Ilelmg?2etlheantn-e,k hmeqgy
hel yet-egk egyics jelenik meg 27, 5v 8rdabk B3z §&ssn a
me g f e ligazolfg,bayyaze | R8 & b PafCAS® @ ZnSneme gy m§ s
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Ni-m- dos2t 8sn8l vo°r°sel t48IA- §8s adz ams z8sbBeha
katali z8tork®sz2t®sn®l tapasztalt enyhe z©°Il d
A m-dos2tatlan szobahRm®Pap®kt &It ien Tt @ §tsi®R}Yte
2,77 eV. A t°bbi vizsgS®rtm@kekatekheézih®®pe gt
eV)48B 8bra). A &sAbk eVw®s u@d,ah6 ki s mo®rt ®k ben

memyi s®g®t , 1d08ckat[$9% k 2kgby. e nem i ndokol hatj a
n°veked®s®t. Ez arra utal, ZhoGgdyesSaaf @mmatiatt
rg§csszerkezet ®t, amil Y®tsealpecakngbahavanvalk. XBRBPt
a hasonl - m-don el R8Il 2tott, de elt®rR f ®met
nagyobb elt®r ®s't a m®r ®s i shgallaS§hod@d BG ®a mi®k e R, 0
ki sm®rt ®k TahRRsek®en®&et ul ajdon2that-. Ehhez h

besz8mol t ak, ugyanoezhiedeote&bming s [RBHBalA&RLst
f ®mMm- dos?2t8s nem v8ltoztatj)a nmge®t Ral rj8eclsesnzteR ske
a katalitikus halgtyi vaiet§d8snl ed reika au tf &ll ;szbrepete n s e
t°l tenek be.



49.8bra A-QoZNS7kbat al i z8tor TENMbDiF&kv RIRGIE@sk @dbzmkanagyBtot
k®pek®| gendre@Bn@®dnm. Ad8 brakat al hagy§ ted b o STENS-HAADF k ® pageg
§ b r gedigazegyesa | k oetl -ekmt ®piras@pieCd,z © (fld Zn® § e h(@ir Co.

Nagyfelbont8s»%® |l ekansnmi §spsz&k:-pia al kal ma:
hogy a szemc8®kmt ESbm®®Ke T3 uniform e49yaedi sz

8bra), amel yek nagyr ®szt 489bab8byag , sdfealkerni®
wurtzit i kresedi®s.i §bmagyfigyel het R (
Az el emPsszet ®t el t anml ddnytoxt&r® NhCom8 Tn5 §tC

v8l asz4oOtdigg br8&r 8kon megf i-Qd eil hredk ¢&kl, 0o holg§ s a
sem Cdsem Zaf el dY%s ul 8s nem sz 8modr glveRt. ¢ lkebiRr | 20/xe2
°sszeti®d Wl mMedg®dszI| §8sn8l sz® sRs®gesebbet nem |
1%a a &£dZ®s°sszes mennyi s®g®nedée alpdytj bamybke, ¢t ®s
aCo el mayohe§ysnieted) e b oatéligss me mcs®t , ®s nem ®szl el h
feldWsul 8s. Ez ugyan mut at j a nae nsniykiesr@gsg e |t epr8vr
ki z8rja annak az es®l ag®thozhggykamegbht 8fr 0 ahme
Kor 8bban kutat- -csoporitgurzkod ehrate z veoll ta-k Miothsyz ear
hanem Ni(OH}k ®nt f or ¢iCdosSd leR (& afd®ny ®szben azok k°z



ADRS, XRD®FEMs zer kezet vi zs g 8utanaki hogar ef d@m®&m- ydeoks 2at r:
nem befoly8solja sem a kataliz8tor fR t°meg®

m®r t ®k b ejne, | eemmiRsa hat ®konys8gn°®veked®st
elt ® ®sek oka val-sz2nTleg a fe

azonban ennek igazol 8s8hoz tov

eredm

tapasztalt
magyar 8zhat -,



Munk8m seZn&d Kalt al i z8torokat 8l Il 2tottam el
m-dszerekkel, amel ypekkKalt VvVorsgdlabamtiakNa bor
fejl RI®si sebess®g®t.

Vi zsg8l atom sor 8n eleskRs dials am 8§ laazt § 8 & meknoent ¢
kompl exk®pzR al kal maz8s8nak ®s a hRkezel ®sn
alapj8n a leghat ®kmndaddt §ad al | lzkloap 1 elXKBIbIER
al kal maz &8s a -nmedlolsettt8.s s@ad ( Inla)g y kelstkezets, iaminek 8 s ¥  k a

ter mel ®si sebess®ge folytonomi m vekeid®s &4z me
kovetR bevil 8g2t8sok sor 8n.8IlAatroekaaktc ii-grnencyheln.i
m- dos?2t 8ssal k®sz¢lt kataliz8torok bizonyul't
volt.

Cltal 8nosan meg8§l |l ap2that - a kompl exk®pzR
javztott a hidrog®nfj @ojblbRde®@se dame®meyk® gn® nn,d  ®smm
|l ev8l asztott kataliz8torral sz¢lettek., A hR
hRkezelt kataliz8tor f®mm:-dos?t8sa nem eredr

el sRsorban a vE§kk&®Ppuz®it hats@m8®atkomelfe®l y8solj

Kesz°netnyilv8n2t8s
Szeretn®m k°sz°netemet kifejezni Dr . Fod
el k®sz?2t ®s ®ben ny¥jtott szakmai seg?2ts®gB®P®Tr t

k2vgl k°sz°net&®&metstf én®zem. ki MaRr. £v8nak az >
V8gve°lgyi Veronik8nak az I CP m®r ®sek®rt ®s P
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Azi | | - aringkj¢d kO, nshefvesiRyagokk e v e rr @kgdontoa szerepdt © | tbe n e k
a vegyiparban ®s annak -r ol®bmr-| Woweizka ipag).i b an (

Gy8rt8suk sz8mos ©°sszetevRj¢k miatt gdpari nt et

szinten a term®szetben el Rfordul - g-k¥x®gmymadv®n
el j8r8sokkal. Ezen el j8r8sokhz-egnPk®nyazr &Gsdz
szuperkritikus extrakci - -j a. A szuperkritikus:c
mell ett sz8mos tov8bbi el Rnye (vesz®l ytelen

t ul aj d RWT goklmponenselkk e z e IstR)ssekiemeliah agy o m8nyago s
el v8l aszt 8si m-dszerek k©°zg¢l

Munk8m c®l ja a k?°:zlavasl®gaagustifolip vealdsl Baan $zup

extrakci - r ®v ®n Kinyert i1l -0l aj °sszet ®t
felhaszuBkSg8Vvaim az extrakci - sors8n kinyert
czemel tet ®si par am®t er ei k°ozti °sszef ¢igg®st

°sszef fggl®sakpn § lgn8& meiatrealm®lerety  k ammTaali et hez
el v8rt mennyis®gT ®s °sszet®tel T ill-olaj ki

Kulcsszavak a d a t e Imaterzaitkamo d e | bzaperigrisgkuse x t r ak ci -

Lavandulaangustifolia
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l.Bevezet ®s

Szakmai munk8m sor 8§n Lavahdulanasgsgifells h v e@my R la
szuperkritikuee x t r a Kioyerti W d |- oldjlmg D &@s&it | | Pekbajpet i®t & Bt om
k2s®rl eti technik8kkal ®s model |l ez®si m- dsze

Aze |l m®&®xN ¢ kegyeen ° bggelmetszentelnelazemberekaze g ® s z&I®gytems- d n a k .
A mindennapjaink r ®s zk®ve® ®s&|2tt Rk , k gly® mfy@&I®es z®t
c®l ¥ haszn8l ata. Fontos lett az ®ePgEmelzPsham

a term®szetes anyagok haszn8l ata, valamint &
i par8gak term®szetedgllhat - anyagok ir8nti i g®n
Azi | | - aZil@gsmkv ®syg ket el bahrmaz - doAyna®gvoBamte
b8rmely r®sz®ben el Rfordul hat nak. ¥sszet ®t e
t ®nyezRk (i dRj 8r &8s, [2al aFinziinkRasi ®gt)u | bag fdool nys§8sgool
ker¢l menYek &Ptal 8ban fol y®konyak, i1l ®kony
ol d-szerekben i ol d-dnak, v2zzel nem el

komponenseik mintazo x i g ®nt 4k o a | Belegykdnalwl? z Aelo) 8r oss 8gukl
ad-d- ans ®gelse a bRr°n ®s | ®dg3jt akSwrk ské mds 2Pts¢slzic
j el | eX@an@kre3®s ak §r t°bb sz8z minorkomponens,
saj8tos tulajdo@b8gAEzki ki ated ept ®bs&b amfag®royn f ¢
szerepet t°l tenek be fertRz®sekkel, pen®s z

tul ajdons8guk e | d3].1 emz Rv el magyar 8zhat -

Az ill -ol ajdssazretegsketmnagyon k°lts®gesen t
Egyr ®szt a komponensek sokas8ga, m8sr®szt a
Gazdas&8gi okokb- I a szintetikus el RS8I12t§8s |

d°nt egék afiJav ok

Ezen kinyer®si m-dszer-@gkokPd¢scdl apukszmpé Kled
sz8mos el Rny°®s tulajdons8g8nak (ol d-szer Yjr
hRm®r s®kl et viesshen Re k) MZe®nban a szuperkrit
par am®t erei jelentRsen befoly8solj 8k mind a
k®mi ai °sszet ®t el ®t .

A munka sor8n c®l ol yan, strukt ¥r 8j ukat t
eedm®nyek al apj 8n, me | y e k k kavandpla angustiblagraze | Rr e
k°z°ns®ges | evendula n°v®nybRI szuperkritiku

olaj® s s z ett e®tt sezZl &t te g &kiCcri ¢ | smgelieit. Ak e r e d m® alkalen&zeat



fel haszn§gl - i g®nyeknek megfelel R mennyi s®g

mTvel eti param®terek finomhangol §s8val

Mu n k € onrb8mutatonazi | | - 81 aptbBInajsd dletvelBigrmay ém-®&f¢ .k

Ut 8na i smertetem az 1ill - -o0olajok ©°sszet ®t el ®ne
majd az 8ltalam kidolgozott modell eket, wval a



2.1'11 - gledjl ®4nz Ry enr @sizer ei k

Cltalesreasben a tiszta ill-olajokban t°bb n
kever ®kpk opf8nni Isz8r maz®kokat vagy terp®neke
sorol hat - ak: Az i1l ®kony i99%8a k cti e s za tkal.] e§e
monoter p®nlkewkietter sp&mreesk et ®s azok oxig®ntart al
®sztereket ®s al dehideket . i10%an e meil lyl &ks?nrys an
sz®nhi dr seg®pe e kwvh Bakstz follk,dv ¢ n oilleek laly -olt ,i n%li |dkpaktb.- |

ill ol ajokban tal 8l hat:- sz®nhi dRlog®nek k°zg¢ Il o
Az 1. t 8bl §8zatban a jellemzRen ill -0l ajal kot
val ami nt p®d da8zZ aad dt8tt hcaastsaumor t b - |

1.t 8b | 8z dtl:- ol vag gayl ¢kloett- azekenmbermeglyaidko)th a t § sRd i@]8 k

Vegy-l et

£l ethatn8 s P®I da
csoport

terplgyul | adg&egi8tdryspi nl®nmok &®mfpperin
alkoholok| antiszeptikusy 2 r ulsaktdridil, linalool (levendula,ilang-ilang), nerol
(neroli),geraniol( r - me ak 8t |
aldehidek g y ul | a d 8§ s ganbdellerees citral (citrom), citronellal (citrusos
f ert Rt bakteriéid, R/,2r u eukal i ptusz, citr
nyugtat -

savakklgyul | ad8sgsgtl - benzoesaV, a h ®lpeszaiw)
®sztinyugknanéegyens ¥l yclnalil-a c e fegehdula),bergamott® s
ant i mi kgroonbbia&lliRs , geranif or ;iim8s k 8t | i )

ketonok gy - gy 2t -, hurut (Il egm®r gupr(Rzbsbg Ir \ tmg)
jelleg, el Rseg2 nem m®rgezR: fenc
hegk®pzRd®st, §8Ilj 8z ngre z menton(borsmenta),
karvon(fodormenta)
2.1. Al evendul aol aj jell emzRi
A | evendul a, mint hasznos gy-gyn°v®ny sz§&

alfajaismert.¥ s s z 824 avanduldajt sorolnakaLavandulan e mz etdgjaik® Y zvaamint

s z § nmbaspecifikusaxont® &ibridet.f s h oakKoasn-8zigetekenMa d e iaF 8§ h d-k © z i
tengeme d enc ®F A e a iSgpaoarnsyzo§AndorsaPOg @ s z off szAFky )i .k 8ban,
D®I| nyQizgsait§ b a nf, ®lazz iAgetben, val amint Md5i §ban,

Az ©°9sszes szok8sos kereskedel mi f orgal omt
tartozik: StoechaglLavandula stoechasavandula dentata_avandula viridis® $avandula



pedunculata $pka(Lavandula angustifoligLavandula officinali¥, Lavandula latifolia® s
Lavandula lanata . A | egt ° b havandula arsyustfaiigd $ leagandala latifolia
hibridje [4].

A Lavandulan e mz evis@®lggragys z § mthralmazenolos® s s z et TagjaR® et .

fl avont ®s 8 antocianint tartal maznak. A cCs
k¢l onb°zR glikozidjai. -dlil ol doblayomel yek &R
taxonokk © z°tt jelentRs taM on- miai jelentRs®ggel
A kereskedel mi forgal omban kaphat - h-i bri de
cineolt ®s k8mfort tartal maznak. Bzaerkt ad djm® kK

(komponensei: citronellol, geraniol, nerol, nexilc et 8t -®Bcetg&tr)anbh §r a t el j

nagyon kis sz8zal ®k 8t teszi ki, ®de[d, r-zsas

A ker eskedel tavehoela angustiplmatmel v ol aj 8nak f R Kk
linalool (253 8 %) ®s-aael g45a%)2b jelentRs elt®r ®seket
pyrenaica (vadoSBSpamRyoflkor sz8gban), il I -ol aj 8nak
linalool (2066%), borneol &3 2 %) ®s -k&%Wf or a2 el fogadhatatl
levendulaolajnak. Alavandula lanatasn a k nagyon magas k 88nf%)r kdsnc e
v § | tmen n y lasamgldi(3i 27%)me n n y vas.® gaeanduladentatanak (vadonn R
Spanyol or sz8e¢gnankgea mMPlalrdl %@z iment i r ®siznReno)l,/ bk ®
pi n®n-p iRs@ribn® mavandila stoechas ®gy vadon ® R popul §c
kel °nb°zR sz 8§z apli@&keman ntlatst al ma nwibeoilatc,e t K§ oftar
A Lavandula lusieris zi nt ®n k ®t kemot2pussal rendel kez
azonos?2t at Lamandul®\sridisbermagas Az 1;8 i ne ol , a kp8 mf®nr ®:
k oncent La§andula j panata (Madeir 8n R szhad nRoksb)a n n atgayr t &
monoter p@meket®s( ¥4 szonyl ag ki s -22084yban szes

A levendulaolah al v 8§ nfy s By anéelgrek illatdriss,v i r 8§ ak EtERBsE r o M8 s
il lat¥ is |l ehaj. (Aevewvcwlda | abavhndual aagustifolia | e v e
vir 8 qgertibl- Il -Apé @ [INCh(internationaNomenclaturef Cosmeticdgredients)
neve Lavandula angustifoliaolaj, az amerikai INCI neve pedigavandula angustifolia
(levendula) olaj (CAS z 8§ mo k288, 00D6B37-9; EK-s z § m-995-3) 4].

A hagyom8nyos gy-gyn°v®nygy-gy8szatban a |
gombael |l enes, altat -, fg8jdalomcsillap2t -, g

tul ajdons8goWkal rendel kezi k



A k°zel mw tban a | evendul aol aj el sRdl eges
Spanyol orsz§8g. A legt°bb |l evendul an®°v®nyt er
ter ¢l etldi0O® MOG er mesztett ®k ®s odas ktoizl- | Plotng |
adat ok at neh®z meg8l |l ap2tani a hat al mas me
szintetikus anyagok wvagy szintetbe&rnusal gveaBs:i
levendulaolat er mel ®se 200 t ohnln2a9 vtoolntn;§8 t Buthegré&meal atr 4 0 &
Szovjetuni - 35, Ausztré8lia 5. K®s Rbb az USA
exportja 52 ®s 121 tonna k°z°tt mozgott. TO
kever ®k tal 8l ha[]- meg a vil 8gpiacon

2012 2013 2014 2015 2016 2017 2018
Ter m®IVOS i

1.8 brFRr:anci lavenddanlg ge r m20122818[6].
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Termeltme n n y(iorm&
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Az 1. Ebaraci aorsz8g |l evendul aol aj ter mel ®s ®t
tonn8ban m®rve. 2016 ut8&n di.°kkenR tendenci §

Az ISO (International Organizatiofor Standardizationy z a b v § neyl cdtngdyeknek a
kereskedel mi | evendul aol ajoknak ®s azok el R
komponensek minim8Ilis ®s max2tng8lli8sz amebgaenn gl eSdt eh
3515:2001).A legnagyoblmegengdettk o n ¢ e n tkamBaneanseklitialil-a ¢ e(458 t
%), linalool (38%), (Z2)-b-0 ¢ i 1t18,0%), (E)}b-0 c i 6@Mo)[4] [7].



2.t 8 b | A lewendulaolajSOszerintip ar am@t er e

Komponens CAS Minimum, (m/m)%  Maximum, (m/m)%
linalil-a c e 115957 25,0 45,0
linalool 7870-6-2 25,0 38,0
(2yboci 1 3338554 4,0 10,0
(Eyb-o ci 1 377961-1 2,0 6,0
3-oktanon 106-68-3 0,0 2,0
1,8cineol 470-82-6 0,0 15
terpineol 98555 0,0 1,0
bf el | 4 555102 0,0 1,0
K 8§ mf 76-22-2 0,0 0,5
I i mo 13886-3 0,0 0,5
lavandulita ¢ e 25905140 2,0 0,0
terpinen4-ol 56274-3 2,0 0,0
lavandulol 498-16-8 0,3 0,0

A n°venyk®eezetdm®dTyek §ltal8noss§ v§&l &s8gval
ter mPk ek el R8I 1 2t 8s 8t szabglyoz-: mi nRs ®g i
k°rnyezetbar 8t technol  -gi 8k bevezet ®s ®r e, V &
k8§rtoesr m@kBRE&t 8§8s g tadgry8ir tAz KDA (FoodandDrug Administration),az
EMEA (EuropearAgencyfor theEvaluationof MedicinalProducts® azEPA (Environmental
ProtectionrAgency)8 | ma g hat g®p ¢z &kl 8RP -asgesveskl d - sem&Ir k al ma z -
technol -gi 8k el Hlerjed®s®t t8&mogatj 8Kk

Ezen szab8lyoz8sok ®s trendek k°vetkezt ®ber
hR®r z®keny) komponenseket mi | yen m- don nye
deszti | 8®e x 51 & kecih-ndsie@dereggréi n k € b Rtk&r rrbsedzonelkj 8r 8 s o k ,

mel yek biztos2tani tudj 8k a k2vsgnt kul cskonm
Kinyer ®s ®t . Ezen tendenci 8k bemut at 8xs 8r a e
il -ol ajkinyer ®s i m- dszerek fRbb jellemzRit,
2.2. I 11 kolnygjer @sizer ek

Az i1l -0l ajokat k¢l °nb°zR m-dszerek r ®v®n
m-dszerekdeszt vPEZREZ: , s z elrevte)s eox tdr- askzceir-e,s p(rp
saj8tos tulajdons8gokkal b2r a szuperkritik

ki nyer[s ®ben



V2 zgiRzsztill 8§ci - sor8n a v?2izRMR&rts @rkelgehtae 8 r Htz\
nN°vandysizAkengREt | @&kmpongnsekked g yt; § ¢ onmjdtk T th@s 8Sas §r a

k®t f8zis elke¢glongl. H8E8tr 8nya a magas hRm®r
elbomolhatnak2].

A v2zdesztill 8ci - fol-gasmat bl &cih-ahsoozn.l - A an
me | e g2ftRzgriajdiesi | | - pEmBLBE-dR3zt i IhlaSoiRIshsaae gy Tj t | ¢

H8tr8gya@r taé mielarm vt etdtRs zt i Isfelgetelt maga8Bhl RmM®r s @k | et
mi atti bo[#l ®konys§&g

Az el Rbb eml2tett k ®t deseszitlill §8ici hoz meay
nN°venyi ®°sszetevRk eset®ben al kal maznak. A
form8gmo |l ecs®°kken, 2gy az alacsonyabb hRm®r

fenn a hRboml ®kony mol ekul 8k sz®tes®s®nek

energiaig®nye, ez8Iltal magas([2k°l t s®gei mi att
Az el RzRekt RI | ®nyegesen el t®r R fol yamat a
°sszekeverik a szerves ol d-szerrel, m2 g a k¢

(mel ybRI kiold-dott m8r az ®ratg®k d sy einlklo-ro laaj )
|l ep8rl 8s8nak a mar ad®ka. H8tr 8nya, hogy az
°sszetevRket i s k®pes ol dani, ez ®rt pl usz Kk
|l ep8rl 8s sor8n az extrakt2lm tartal mazhat ol d
HR®r z®keny vegy¢l eteket tartal maz:- nN°vaeny
il -ol ajat, melyet a n°v®ny h®j[gb- I pr ®s el ®s
Enfleuragg p o nz88ds® re@ys p e c i k8il kk & s@zd?etzeotdtosr? & I rh@lyezkg r e
an® v &n®siz ek et v(ijres gabedraat B d, i®vkeognyy: K @p ebdeeokl dEztd n i
a pom8d®nak nevezett tel2tett zs?2rt al kohol
term®k szint®n tart @l mazhat ol d-szer mar ad®ko
A szuperkritikus fluidum extrakg¢i egybeperad
hel yen vl tja fel a hagyom8nyosnakHl]. Aeki nt h
szuperkritikus extrakci - sor sont ahalseqt8hlak , e
alacsony a kritikesnhgBm@sa®Kl78t daf(31ACza@t al
gy %l ®kony, olcs-n[8. k°nnyen hozz§8f ®r hetR
ACO,csak az apol 8ris komponenseket ol dja na
mel |l ette kever ®k vagy ki seg?zatlKodlod-: ts z emetl y( knc
koncentr8ci-ban i s jelentRsen megnfl®.el het i k



Egyi k | egj eleentRsgesobazel Bhyg:- szert az extra
visszakapj uk, mi v el standard kor ¢l m®nyek k ¢
nyomokban sem tartalmaz szerves old-szert, 0
SFE szint®n kil &meglet, e nh ofggyntamzs al kal mazot't h Rn
hR®r z®keny hat -anyagok term®szetes el Rf or ¢
Ki nyervaleningladnh at - ansgad o la h @dlybketd |- & p vheat gjyeonm8 ny o s

ol d-szeresnem,t rvakgy rovsadk ki s me[hnyi s®gben | el
Az SFE sor 8n a mTkod®s i par am®t er ek (pl
v8l toztat 8s8val, azaz opti m8l 8s8val | ehet

ol d- k®pess®g®nek v8ltoztat8s8r . teh8t szele

Ezen tulajdons8g k°vetkezt®ben teh8t a mTve
sor8n kinyert term®k ©°sszet®t el ® ®s hozams§
k°ozotti kapcsol atot mat ematA kta® manko®drebadate kg ysaekg
a | anméelleketh a s z n &énkapckolatoke | e mz @aly@ketak ° vet kez R f ej ez

mutatok be.



.11l - Clsajzek ®e e lsgP@®mden unh-8kssizer ek k el

A mesters®ges intelliedemnudi8mzaz g®ple&r igyk®p &
tanul 8s ennek egy speci8lis ter¢lete, ahol

adatokban a re[lltRd®pii nfdonu§Esadk@MtgnTjat Rae ®klo:
hogy komol yabb ember.i figyelem r8ford2t§8sa

fel haszn8lja azok Kl€lzel ®s®vel ®s el emz®s ®vel
Ezen m-dszereket Sz8mos hel yen al kal mazz
besz®df el i s Mfeagl®ss me rk@5z,2 r 8&r vosi di agnosztik
ter mPkaj 8nl 8sok, virtus8lis szem®I yi2. asszi szt
Az ill -ol ajok eset®ben egyr®szt mags8hb- | az
t°bb kutat8s foglalkozik p®l d§ul az 1ol
antimi krobiableics | PRRILIDE BNrodaaniu | mE mPE panu | s i

techni kgk k°zg¢l a konvol Y4ci - s neur 81 i s h 8§l
n°v®enyek bi ol -gi ai aktivitg8§s8nak becsl| ®s ®r e
T°bboszt 8l yos neur 8 laimaztakha8 CNNr@ad elt | (tMNINj) e s& It kr
®r t @k 4d18]®.s RE 2 t az ir8nyvonal at folytatva Jos
hgl -zat ok ( FANN) seg?2t s®g®vel vizsgs8lt8k a
el RrzehjeetlRes ® g ®t az i [[14]-.0 | Wy | i°lsHel®reysud tStalicu@b R |

i1l -0l aj8nak ki hozatal 8t , antimi krobi 8l is a

pr-b8lt8k megbecs¢l ni e[®8bek k°z°tt ANN seg?

M8s kutat8sok eredm®nyei arra ©°sszpontos?2t
il 1l -0l ajok kihozatal 8§t I's megb?2zhat-an meg
neur 8l is h8l  -zat ®¢ANNbems gkt Pk sap2g8aP®Pgs est®
il -ol ajtartal mat az i dRj 8r 8si viszonyok f¢g

hogy a tr8gy8z8s t2pusa a mezRgazdass8gi | ell
a t er mRIh-edtlyarjga = | iolmr a v ol[15]. nagyobb hat 8ssal

Al i movil ® sHyssbpely ©Ofiidinalisa ® mi a i °sszet ®t el ®t
v2zgRzdesmydrti | | 895 apga®@EBRIDRISOCIMSM: dszeeglekkhedt ®k .

Az cdxdet®dat okat kl aszteranal 2zi s ®s Korr e
Kvantitatt?fetenrzeirkezesszef sigg®seket ( QSRR) K €
retenci-s indf@dél.einek becsl| ®s ®r e



Niazian® snu n k a a&jovgiali | - ol ame satr & rad @UBESSl | - SIANN)®S |
a t°bbsz°r°®°s regresszi-s modell el ( MLR) becs
(mint a virg8§gok sugara, egV¥l7]sz8ron tal 8l hat -

Rashid ®s t§&rsai 81 tal 2rt tudom8nyos ci ki
al goritmusok (t°bbek k°zott regresszi - s t e
term®shozam el Rrej eellz®s ® &I, makosll &@jn °ess et te®hb enrt .e t
i |1 |denmivelujg,y a m °%oeyptajyeiz @k  z v € p ®ékd°8Srunl y e & te §nsind k
bemenet. par am®t erek | - k°ozel 2t ®ssel p8r huz
eset[®yel

Ahas d®imS8negjelent udo mPoup o s k § z&legdyakrabbamap r edi kci - s

adathalmaz ® sner@am T v ep &rt 4 m@anemaa ki, R j Viszo8yekk ®p azi k | - ol aj
kinyer®se r°gz2tett mTveleti param®terekkel
Chen ®s t8rsai szint®n nem ill -ol ajakat, h

C ® lagvalt, hogyk ¢ | ° ngb®pzakh un- 8lssiz ey & &k k pdlgab® ko dH-zied d2 z el )
hozam§t ®s hi drog®ntartal m§t a i amapsisrzoal,? z
k°r ¢l m®nyei fée¢éggv®ny®ben. A m-dszereket teki
a v®l etl dnaprddRtf OREJ20]) al kal mazt §k

A kutat 8si t ®m8m sor8n Cheni ®f: - 6l8Bajs@s s ZKeutt«
ki hozatalt a mTvel et param®terek v8ltoztat
keresek olyan k°r¢l mBnyek®evt§nmed yekem®@t élet t (

il -0l aj

Amint az el RzRekbenchkkakkermnol 8t hadom8§hygy

( NN) domin8l j 8k az i1l -0l aj °sszet ®t el el R
m-dszer ek bonyolultak, aktivs8ci s f¢ggv®n
(neuronok/r®tegek sz8§mdad®mE8tmb sorlBmzagjtulki zA gk
°sszetett regresszi-s modell ek mennyi ®8 megf

© s s zeAl®@nenétip ar a m®telantveeklest R saosrzbugore r kr i t i kus extr

mTvel et paehfh®t ar ahem8st ®s hRm®r s®kl et et
®s ©°sszet®telt, val amint szint®n fontos, v § |
k°ozott el telt i dR. Ezeken k2vgl &g vany e me

sz8r ®aags hel y@tintaeV Bk ®mz At ®a ®mwgyk m- dj 8§t . Azt ,



ezen par a m®hogyanelkke f ol y &smorl § Bikk88l Itto x-okate,] 8ci - anal 2

vizsgs8ltam. Az ill -ol ajok °sszet®tell.®nek bec
3.1 Alkalmazottr egr emisad $ zeslr m®l tetteeki nt ®s e

A regresszi - ol yan feladatt?2pus, mel vy sor
v8l aszreakci -t k ®p es el Rre jJjelezni, megj - ¢

tulajdons ®§. v8l toz8s§t

Aze |l s®gr em-sazdmelyelv i z s gag adatlalmazt, i n & ® gir VaEtsAz |
model |l m8trixalgebrai jelQ@2@ssel a k°vetkezR
©= Qf (1)
Wit rabecsprileadviBg t@rzt-@®kE¢ Nhapredi k&litmt ki xa,
T T pegyf unk c ioopnel8itesmi n ts &8 ma,prediktorv 81 t ® z § Aa .

T IYh pf unkciopre§ |8i(2¥kests s z e fad @agh®as 18 r o mdy a legkisekb
nNn®gyzetek [ dszer ®v el

1= ()" N )
f az a param®ter, amel | yel megszorozva az
il leszkednek a predi k8lt adatponf26lokra (1l egk?

Az alacsonyt o r zrhode§ekskszot Yal i | mutagakpz@antennyiberegyret © b b
v § | ttatalmarap r e d iadlathalmagap r e dv & I8t @I &kt | zeanpe@tletr &1 §no s
trendenf e | ¢ | ma g ytaurl 8azj zuSoka.ts 8Egl®gy@K o/re & h b aemalkal®agott
adatokon gyeng®n Aledljielsl?ds zak em®d ¢ | Imuntka.t nak
t or z mod8liskimelyekt %le vpRrse d ivk8d ittartalmaznakamimiattnemk ® p e s e k

megfel el Ren l e2rni az adatokban fellelhetR
megf el el Reno kakza |¥%] abbrbr eadmaeggol d8s | ehet egy ol
sz8§m¥% v&8ltoz- 81 t al k®pes a trend | e2r 8s8r .

°sszef2fdgg®s

Ennek ®rdek®ben a k°venk&aRavriisgg®gl regegss
egy olyan Il ine8ris regresszi- -s®m&tchinx kak o mt
probl ®m8kat kik¢gszOoboli tatm8toitx dieagd®Slsies
pozit?2v sz8mot Radn- @@mzsz & sas zke°fvi28tgk®esz s zer i nt



1= (G+ Qo (3)

gy ol yan egys®gm8trix,Rmslty i Redigdlyan - j a n
par amf®tiedrge par am®t er ) , mel | yel korl 8t ozhat |

predikci-s v8ltoz-khoz sz8molt s%W yoz- t®nye

A model |l ek predikci-s k®pess®g®t keresztva
| egs b®| esPer ben Haasamigint avw@®tael ez ®s i m-dszer,
predi kt2v modell val - -di el Rrejel z®sjf29.hi b8§j &n

A m-dszer egy model | tredheélt BsB®ar e®s8 | ®r- t ®d
vl etl enszerT mintav®teli m-dszerekRel§bfrea bo
alapj8n |1 8t hat- m-don, melyen2®%tsz°r°sen | et

«4——  Teljes adathalmaz —p

Proba 1 [ [ | [
Proba 2 | | | | [ |
|| Tanito
Proba 3 | [ | I [ |
| Teszteld
Proba 4 | [ [ | [ |
Proba 5 | [ [ | | |

28brAaz: adaf le®dPtes&EBFPal®bsd mtn®d @ s adathdinfidizokra.

A tanul 8si folyamat sor8n az algoritmust a
kapott modelleket azon a teszthalmaztbne s zt el i k, amel vy nem sz
adathalmazba\ b e t a médellekt € | ] e s 2 § mMRev P@AMHERNIt e | | es 2t mMmB®NY R
becs[29Ps e

A kor8bbiakban emlz2tett probl ®ma madomnedi k
orvosolrhedtev.8ns v8ltoz-k kiv8§laszt8sa t°rt®nt
vizsg8latok sor8n a v8ltoz-k ¥Kvztriel 8siszef §
®rt ®k®vel sz8&mszheds®sserebpgg®el RBapps8n sz8&m

¥6.6) = -8 (% 22, 4)

7 0 )

=il
Az'Y(0,0)azO®®k omponens k?©° z0®at tvii zksagr8rl | §midhaz’@ k dar a

edik mintabk o mp on e ns ®naezk a®irott @k enpedigtaaad@timinta g a ,



sz-r8sa. Amennyiben ez az ®rt®k 1, a k®t v§lI
v8l tozik az ®rt®kg¢k, GgPmEskabk’tazappziPbvaw
egy¢éctt csO%kkefl &2 zR®Rntt®kegekg.at® vasn korrel 8l nak
azegyikv 8 | th ¢akkoram§ sd sk°® k Ha®,rakkorak &t8 | tf g g e ttleekninmnetkh e t R.

Amodelleki | | e s zakenB°@ = ®te r mé g B ¢ ti tj@Elemzemmelymegadia,
me nny i v gdbbamn egyadotemmdelt,minthaa z 8t | aggalap c e @ iraga in ®n Kk
eset¢nkben mennyire helyesen tudja megbecsgl
mMe®r t ®ke tak K2Rk ®p p@®n23lsz8m2t hat -
Bl (cn @7 (5)

BQ’L Wao ;

=1

Wam®ePr t ke & ¢ ¢ L' REzW®r t ®k ¢ agedigami ns 8 B ma .



4, K2 s ®muniateir ed m@reyledko | goz &8s a

Szakmai munk8m sor 8n szuperkritikus extra
komponensek x t r aRkecgiyf®bl dolpgoag®k e? ebzef (wyig®sEXKled m.
C®l| om, hm§lyi osppar am®t er eket tal 8l jak a ki ®r
°sszet®telT ill-olaj kinyer®s®hez. Ehhez eg

felhaszn8l tam a kor8bban bemutatott regressz

A m®r ®sek sor8&8n az il | -Lavarajla asgudifplierri k r8igtaii bu
lettkinyerve. Aze x t r gpkaa ia-mBE6e0rAe@® m®r §YEN®IK@-R00barn y o nrgs
ko zt v8l toztak, ezen tartom8nyban vizsg8lta

ill -o0olaj °sszet®tel ®re @®s kBbhbB8anab8nal §8Ah&E
m®r ®s t°rt ®nt.

3.t 8§ bl 8 gzaperkritkuse x t r @ k z 6 ¢ 8dlkalmagdttko2zs @r8ltertiix .

p\T 40AC 45AC 50A C 55A C 60A C
100bar | M12 M15,M21 M1, M6 M18,M24 M3, M9
150bar | M13 M17,M22 M7 M19, M25 M4, M10

200bar‘ M14 M16,M23 M2, M8 M20,M26 M5, M11

A vizsg8lt  Tmhan§kbk?z®st Tam8si b:-1 sz8r maz:-
Sz¢retsalsnBit Ridje7®49h - nlkapr 8l tarewt t B BponAj 8ban.
4.t 8§ b | Sanma®trbResterke | m®nfyelit d rett @ tewke .
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4.t 8b | Bzzegyesn®mi ne B Rk ®®g & t ®aphaSrl a8ns®t er e i

Mi nt §?{y0m§HRm®r s®BE &8t mazPsgr ettellel®sKe zel ®s
b

ar| [ AC] hely i dR [h-napn-dj a
M1 | 100 50 Tihany 9 Sz§8r?
M2 | 200 50 Tihany 9 Sz§8r?
M3 | 100 60 Tihany 9 Sz§8r?
M4 | 150 60 Tihany 9 Sz§8r?
M5 | 200 60 Tihany 9 Sz8r 2
M6 | 100 50 Tihany 9 Liofi
M7 | 150 50 Tams§s 9 Liofi
M8 | 200 50 Tam§s 9 Liofi
M9 | 100 60 Tihany 9 Li ofi
M10| 150 60 Tihany 9 Liofi
M11 | 200 60 Tihany 9 Liofi
M12| 100 40 Tams§s 19 Sz§8r?
M13| 150 40 Tam§s 19 Sz8r?2
M14 | 200 40 Tams§8s 19 Sz8r 2
M15| 100 45 Tams§s 19 Sz§8r?
M16 | 200 45 Tams§s 19 Sz§8r?
M17 | 150 45 Tam§s 19 Sz8r 2
M18| 100 55 Tams8s 19 Sz8r 2
M19 | 150 55 Tam§s 19 Sz8r 2
M20 | 200 55 Tams§s 19 Sz8r 2
M21| 100 45 Tihany 7 Sz8r 2
M22 | 150 45 Tihany 7 Sz8r 2
M23 | 200 45 Tihany 7 Sz8r 2
M24 | 100 55 Tihany 7 Sz8r 2
M25| 150 55 Tihany 7 Sz8r 2
M26 | 200 55 Tihany 7 Sz8r 2

Az81 t al am Ivli -zslgajl d kalkklmazojtee x t®rs B @iz sa3.Bdreandez ®

mutatja.

Gazmentesité
Koszolvens Koszolvens
tartaly pumpa

Mixer Oszlop

Termosztat

Szén-dioxid

Szén-d’ioxid pumpa
tartaly

Mintatartd Nyomasszabalyozo

3.8 brAz 8| t ahlausnzkmuPdrktitikue x t r ablkeaie-nstmatike§ br 8 a .



Az e g Gdyamatotas z @oxidp u mpb8n§ | prégramvtetz ® Azel xtter. h 8 & g

etan®sb@Mhoxi db- I m®PIriI®ts.agMiergada e®drgfl o gémmdBerca ma

volt, ezerk 2 \am® r ®ssoerk@molvensneR V/V% a b s zetaholtatkalmaztunkAs z -®n

d oxi dotdi axsd®pal-dcé&abhi 8§ kBomp®asszor, az etan
ut 8n) -da o(xsizdenk ompresszor 8ltal vez®relt) Kkos:
extrah8l  -szer az extraktork®nt |lmhik° dbRt8m21Ir &
apr2tott |l evendula vir8gok wvoltak. Az oszl o
extrakci-hoz sz¢igks®ges hRm®r s®kl et et biztos:
tartoz:- nyom8sszab8lyoz: - opbaght s®g®®al HMebh2an
param®t erek mellett az extrdkcti 8§bhllBzhabaml t

5t 8§ bl 8zeatt:r bkeaiensd@e®es?t pakai

Berendesez ®6y 8r tT-2 pus sz &m8rszerintimegnevez®s

G8 z me n| Jasco DG-208054 4-Line Degasser
Koszolvenpumpa| Jasco PU-2080PIlus IntelligentHPLC Pump
S z @ioxidpumpa Jasco PU-1580C0O, CO;DeliveryPump
K e v ¢ Jasco MX-208032 DynamicMixer
Ter mo Jasco CO-2060PIlus IntelligentColumnThermostat
Ny o m8 s s z | Jasco BP-158081 BackPressur&kegulator

Az extrah8lt mint8k °sszet®tele egy g8zkror
i1l -0l aj °sszet ® el ek a Kk glt°8nbhl°8zzRat m@n®slig8t k
f el t cadatokkt®ezakithozataltab e m® 1z t8 ,rv2i trto8tgh e cakirgyartkomponensek
t°megsz8zal ®kos °sszet®tel ®t pedi g az extrah



6.t 8§ bl 8z8d tt:aelxutnrkalhl§8-l d £ 8 g aklh@®@&tada8 s s zet ®t el e.

. . . Linalil - Lavandu-  Kariofil -
Minta E:}%Zozt]al [Cr:r|1r/]r?12/lo] {_rlr?/?rig’)/oo]l acet 8lil-acet § tRaxid I[Em?m% A)? b
[M/m%]  [Mm/m%] [m/m%]
M1 | 6,51 10,02 8,81 12,44 9,62 10,91 48,20
M2 | 7,36 2,10 3,32 8,52 6,08 6,74 73,24
M3 | 7,05 3,29 3,11 8,19 4,69 6,69 74,04
M4 | 9,24 3,46 3,31 7,98 4,87 6,02 74,35
M5 | 8,80 2,34 2,87 7,96 5,54 6,21 75,07
M6 | 7,34 474 3,40 6,27 3,85 5,94 75,81
M7 | 7,43 0,81 4,23 7,53 6,58 4,92 75,93
M8 | 6,29 1,73 3,96 6,93 5,31 4,63 77,44
M9 | 5,87 3,36 0,27 5,38 3,40 6,34 81,24
M10| 5,79 4,60 3,66 7,01 4,09 6,38 74,26
M11| 6,20 3,98 3,50 7,36 412 6,05 74,98
M12| 6,77 0,68 14,13 28,09 5,52 521 46,37
M13| 5,83 0,74 19,26 24,01 6,35 3,70 45,94
M14 | 5,74 0,75 18,85 23,59 6,42 3,80 46,59
M15| 5,74 0,55 18,07 30,56 5,70 3,47 41,64
M16 | 4,35 0,26 29,99 30,82 3,28 2,03 33,62
M17 | 3,03 0,64 17,13 23,39 571 3,79 49,33
M18| 1,61 0,47 16,76 26,63 5,16 3,68 47,30
M19| 5,88 0,00 46,43 18,72 2,80 1,58 30,47
M20 | 6,98 0,32 36,05 24,86 3,60 2,09 33,08
M21 | 3,06 0,00 17,16 21,86 9,81 3,14 48,03
M22 | 3,81 0,32 28,46 36,38 5,03 1,55 28,26
M23| 3,74 0,00 23,43 29,46 7,66 2,62 36,83
M24 | 3,23 0,26 24,35 38,80 5,39 1,69 29,51
M25 | 5,98 0,00 21,04 40,29 4,22 0,79 33,65
M26 | 1,65 0,00 20,12 41,47 3,53 0,69 34,19

3.1 Eredm®nyek el emz®se

Az adatok el emz®s®nek szeml ®l etesebb® t ®t ¢
hajtom v®gre. A kapott eredm®nyek el oszl §s 8§t
s zeml Rdzéggetnelm,e® e li d o p @ 0 2 :®imldhozatklvalamint® s s zet ®t el

kozti °sszef ¢gg®st korrel §ciat adnal®rzti®skseekle tv it
ut Ban 8l tko%z Kot r emnsgdas z § r&stioatftmi n z &kt -rialhl8l al aj ok
ki hozatala ®s °sszet®tele k°z°otti l egf Rbb k¢

Az egyes kategorikus v8ltoz-kat (sz8r mazé§
c2mkek-dol §ssal (1l abel encoding) sz8§mMos2tom
t 8bl 8zatban t¢gntettem f el



7t 8 b | Bategarikusadatokc 2 mk ek - dol 8s a.

K-dmetmnyi s®gek 1
Sz 8r nhaeye| Ta m§ s i Tihany
El Rkenz-gdl Liof i | iz88rt2

A kihozatal t°medsz§bah®kas @r kQhoitt &rt ®K
k°or ¢l bel ¢ 7 csoportba sorol hat - k. A kinyer
k°ozel norm8lis elnsazl BRM®EmMu®kltet Ch t\wd IS®a®v e
®rt ®keket tapasztaltam.

1 2 3 4 5 6 7 8 9 10
Kihozatal [m/m%]
4.8brAaz e x tevendnlg Il t| - 8 kz 8 g akki Ghkoozsae¢ lad Enlaks a .

A kihozatal® r t ® ksezi 8m@akl| Ea6gr@m%, d e g tmd bk 8 'hm/tk%kkhozatali

®r twkak i hozat aslzi- 2@mta®%lAeXb r 8zisl le o | v azenhaaltogy
a |l egkisebb ®s | egnagyobb ®rt®kek k°z°tt nag

A5.8 beggs z - r 8 s dmuagmelgemezagyeskomponensek © me g s sz8rinta | ®k
8 b r 8zsoslzte ® @hHozatal®tr t @nkitatipal e m®ir n t §AK®@&dontokl i of i | i z 81

a pirosak pedig a sz8r2tott | evendul 8k ol aj a
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5.8 brAas:z § r@&@stiootfti & v e Bidlull e8tkk ljponenseine® & i hozat al 8§na
el oszl 8sa.

Az el Rkezel ®s m-dja szerint az 8brgn j .| I
mennyi s®gei. Ctlampbsanhi esm8Pbblt nagholy cine
oxid ®s egy®b komponens tartalmat tapasztaldt
linall-acet 8t ®sackbagandubBizhl|l ®kos ®rt ®kei mut atna
l evendul 8k ed énaliBbeent 8at |®&snadzo egy®b komponens
mut at nak, m2 g a ki haoczeatt8atl , ® st x knabroi®q ft i®llkdle/@am & lu |

mini mglis m®rt®kT sz-r&s | &§that -. A Liofild@i
mi ni m8lIsizs r §8s a, nagyj 8b- | egy ®rt®k ko°or ¢l mo z
A6 . Shrat®n sz-r8sdiagramot mut at , mel yen

szerint 8br 8zol t °sszet®tel @t mMsntBkhanat alzic
megjelen2tett adatok a sz8r maz§8si hely szer.i

pirosak pedig a Tihanyb-I sz8rmaz:- | evendul 8
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6.8 brAaT:i han yTbha-m§ s®@zsb8rimea z e nidlull -8kl kampankensanek-
®&i hozadlad Enlaks a.

A sz8r maszz8esrii mhtelayz 8br 8n | 8t hat - -an szint®n

mennyi s®ge.i egym8st -1 . Ctlhgoueandukfmoadba®be
ki hozatal. ®rt ®kek-atet 8ti neaftt al@sat | atvaapnadsuzlti al
| evendul 8k ol aj8ban a Il inal ool sz8zal ®kos ¢
k omponeems n @y enedkikejezBitermennyi® g beell k ¢ | @zonpdn®kIg§t sz i k,
hogy a Tihanyi |l evendul 8k ol aj 8ban ezen komp
mut at nak, mint a Tam8siban sz¢ retelt | evendu

Akihozatalt ov ¥h lzisg&8V.8b&dsa e ma®Eje®leszt at §st .



Szaritott Liofilizalt

5 8 5 8
g 60 =260 <
3 g 2 g
o = o =
7 42 7 43
~f) (&5 ~ &N ]
g 50 £ Eg =
0 2 3 5 2
s 2~ T 2
0 0
100 150 200 100 150 200
Nyomas [bar] Nyomas [bar]

7.8brlai:of i®IsizzZ8Fl2¢tvoetnidlull i§lkratalpan y o m8hsR m®r s ®k | et
fé¢ggv®ny ®ben.

Az 8br8&8n k®t diagramil 8§t Blaa v eBnsdrus|z8ske Rttantetg s :
ill kolhajzat al 8t 8br 8zolj8k a nyom8s ®s hRmMm®r s

azokat a m®r ®seket t¢gntettem el mel yek ugy
aze | Rk enz: edlj @d®a eleeky m 84skthozatalugyanazoms z 2 n svin8 b8 8z ol v a
(t°megsz8zal ®kban) , hogy egym8shoz k®pest v

melyenas z2 n m®®{ ks ®yee, mi |l yenba®r ®REgykkathtyp zmy arm§ ¢
®s hRmM®r s®kl et eset ®ben.

L8t hatak®tholgeygnag y®rbth@kke8h ¢ 2 att & | il *€-on®@m d ¢ Ik 8 k k -

el , 150 ®s 200 bar nyom8son (9%4Kk©° @nglria ®r t
megmutatta, hogg | e m® P ® & hn@nh%oskihozatalt®r t ¢ nk a2l , § mmatt ®n

szeml ® tet (m®g 29gy i s, hogy nincsen az °©°ss:
szint®n | eol vashat - m®g az i s, hogy a | iofol

al acsonyabb ®rt ®&@kedke th Rom®a ek lett ema g a

A8.8baz& | t avliuznshgd&lttm8t r-k ¥ r Peda@w Htntslsa 2 nit ®a k ®p e
8br 8zol §8REt mutatj a



Egyéb
Kariofillén-oxid

Lavandulil-acetat
Linalil-acetat
Linalool

Cineol

Kihozatal
Kezelés

Allasi idd
Szarmazas
Homérséklet
Nyomas

Korrelacio

8.8 brAzegyesy 81 tloar rkerh&tcri i-hsRBtn@rkk ®p e .

A nyom8s ®s az ill -ol aj °Bs2e®sevBk2®k° k@®ha
m2g a hRm®r s®kl et nagyobb m®rt ®kben befoly§8s
komponensek menryninsa®g@®ta,n anenry camm8syi ra bef ol y¢

Kiemel n®m a hRm®r s®kl et ®s az egy®k sill - o
®rt ®k T korrel §ci -t mely szerint a hRmM®r s ®k
°sszetevRk mennyi s®gresekkEzhR R@&razl@&kne nyg s®g®peh |
(8tal akul hat nak vagy el bomol hat nak) , vagy
hRm®r s®kl eten jobb a komponensek ol dhat: - s8ga
f Rkomponensek sz8Zkehtlekos °sszet ®t el ®t cs?®

As z 8§r Maene®Ik ar i eokid® szedqyk®rbponensek © zPd 2k b?t wvel §ci

van, a |linabdoet gt al®speédingal négat7Zvghklogzat Barn
felte¢gntetetjt8nk tdidludrk a@®rapel mezni . Ami kor Ti
i1l -ol aj8r | besz®l ¢nk, akkor -oaz dk bRasn amagag

komponensek sz8zal ®kos mennyi s ®gceet § k g v etsaens
l evendul 8kn8lAzpé&bdr grfobrdzimva®nskjinmnetvals@®@atjtuk
hogyan befoly8solja az ©°9sszet®telt. A k®s Rb|
magasabb a I|-anet bl t®sthlomlim2g a hamarabb



acineol,k a r i oeokid® szeRgnyk®mponensekne n n y ama@apleEnnekokaazlehet,

hogy a k®sRbb extrahsglt n°v®nyek t°bb i dRt
°sszetevRk ez idR alatt t8vozhattak a vVvirS8gc
korrel 8ci -7t § 8bh&@eattbha nk -1dSol §8s al apj 8n ®rte
|l evendul 8k ol aj §barrcett°8idb tlaib.@dhedk z@EIZ®I el i l

A komponensek © z° s 6z ef k & gk@ beenke hogyRemeol® & ar i eokid | | ®n

mennyi s®ge mindig egy¢tt v8ltozi k, ami-t | gaz
hezk °© zked ri r evhal®mintalinalool ® §inalil-a ¢ en &rt takkkre z § mo anikeraR ,
egy®b i1l -0l ajal kot - kompo alacsosyabb. t ° megsz 8z al

A tov8bbiakban bemut atom a ki hozatalt ®s

regresszi-s m-dszerekkel.



4.2. A kihozatal ®8 s s z dDte®tsed I®s e

A regresszi-s modellek fel8llz2tg&gmavesloet§in

par am®t erek, teh8t a nyom8s ®s hRm®r s®kl et ,

sz8r maz§8s, kezel ®s ®s sz¢retel®s -ta eltelt
linalil-acet 8t , -alcavy &n d udkialrdizo®eigld®n komponensek t°
®rt ®k e vol tak. A modellek illeszkead®e®®8ta |
tartal mon mutatom be, mivel az ill - -olaj minR

2. t8bl @8z&i hozatal meg vegyipari szempontb- |

A |line8ris regresszi-s mod et dlgoritmus nem tudja®s ®n ®
megfel el Ren kezel ni a kot sz¢égretel ®si hel yr
sz®v&Btlottam a sz8rmaz8si hely al apj &8n.

Akeresztyad §ndSkcggrzk8hdat hallime®mrgisenodd e ns a
i 11 es ziltteh@s @t ikkBepie-sad.@ ¢ @itzanyil e ve n @810 aam8 s i
| evendul 8k) szeml ®l teti, mel yeken a standar c
standardi z8Ilt v8ltoz -k f¢iggv®ny®ben. A tihar
h8romszorosSckentesadtkvad Imad t am. Mi nden predi k§|
becs¢l t em. Az egyes predi k©8l tegvy§ltttohza-tk- kradv, e i
e s et ¢artkdjamey,hogyamodellmennyirehelyesernudjame g b e @zadottpnrie di k 81 t
v8olzt- ®rt ®k ®t .

LeolvaShagbmrtai konjair - |, hogy a tihanyi mi
predi k8lt v§8ltoz:- eset ®boesn peozntao sm@gglall dlugt
tesztel ®s sor §n Qitzl aagdoostatn @rzt ®kte kleeér eszt val i
rendszerint 80, 8%, 96, 2%, il 1l etve 94, 0% pont



Kihozatal Linalool Linalil-acetat
R’=0.928 , R%=0.945 R’=0.997
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9.8 b rlai: n er8ergirsemosietlszeristb e ¢ ®¢ t Rk & k dlletgeat, e s z4 cerl
a m®rt adatok f¢scggv®ny ®bretn®k evialtainhiannty ia |teevseznt

Leol vadi®at ®grbafai konj air -1, hogy a tam8si m
predi k8lt v8ltoz- esen®besns egala breocdsedll. vGtlita
rendszerint17,7%1 4, 9 %, il l etve 82,4 % pontoss8ggal

Kihozatal Linalool Linalil-acetat
R?=0.408 R?=-0.008 R?=0.927
1 .« /2 1

5 5 o e %

< 751 < ® " . ® Tanitas

5 7 5 0 o >

i -1 = §-1

S St 8 S

s " Iy

. 2 2
2 0 1 2 0 2 -2 -1 0 1
Meért értékek [-] Meért értékek [-] Meért értékek [-]
10.8 brlai ne8ri s regresszi-s modell szerint becs

a m®rt adat owalarhirg @tgset @datgk@®retn®k ei t am8si |l evend

A tov8bbiakban n®gyzetes ®s interakci-s te
hRm®r s®kl et ®s nyom8s n®gyzetei, val amint a
v8l aszpoetdakcha ks bRYyP h@trekde zh Rm®r s ®k | etanek ,
nyom8snak minimum 3 Kkimenet. ®rt ®ke | ehet s@
konstans v8ltoz-t is hozz8adtam a predikci - s
atihan y i l evendul Bk d&lstea ng8bsein lae v eha.u |s$lerna@ s®d tt @l @
AzR’®r t ®k ek a tihanyi | evendul 8k eset®ben min

All. Bbtr at | a, hogy a tihanyi mi nt 8k eset¢

mi ndh 8setbemt s ° k lAkretr.e s zt valk@pdtt®it § spg @ g | kk&p e sss ® g



rendszerinb3,2%,86,2%® 34,2%,Ez az mutatja,hogyamodellt Y| t aealm@ttedi kci - s

k®pess®ge romlott.

Kihozatal Linalool Linalil-acetat
R?=0.103 ) R?=0.871 ) R’=0.763
“ = = —
o ®,% °* 21 o * 1 ® Tanitds
® 2 ° 2 o po® ® Teszt
et o o © ™
e %S¢ _§ 0 _g 0
3 oo 4 3 oo
M m °
a e?
-la % -1 '._
-2 0 2 -1 0 1 2 -1 0 1 2
Mért értékek [-] Mért értékek [-] Mért értékek [-]

11.8 b rlai: n er8ergirsemoslelp rr e d i kk®cpi e- 983R®) gy e® &k dnstadaggal
ki bRv2tett predikci-s adatk®szlettel t

A 12.8 b azemutatja,nogyat a mi§ e v e nedsud t§@imdelip rae d ikk®cpie-sss ® g e
mindh8rom eset ben?@®rRtRk,e kamei iaz iftalzagosd eRt ° bt

Kihozatal Linalool Linalil-acetat
R%=0.878 ] R%=0.762 1 R’=0.944
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, 0 1 2 -1 0 1
Meért értékek [-] Meért értékek [-] Meért értékek [-]

12.8 b rlai: n er8ergirsermosletlp r- esd i kk®cpi e- I8R® gy e® &k dnstamngaggal
ki bRv2tett predikci-s adatk®szlettel t
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A k°vetkezR adatel emz®si techni ka, mel yet
model |l felr8&Inl 2z8egmgyes predi kt o8l tv84 § o0&t kv isZd

aridgepar am®tt ®IO®B0KK z ¥ 8t t 0z tAalB.8 b Btinanyil. evendul 8k,

14. p8eébdriag a t am8si | evendul 8k e sRst Rllaammatld@tlki h
mint predi k8lt v8ltoz- egy¢tthat-inak vE8Iltoz
ridge param®ter 8l tald.i vizsg8l at ot az®rt ez
8br8kon is | 8that -, hozmgy-ydtea kk °ar nryaegyed bke nv §nstr

adat hal maz eset ®ben ®s nagyj 8b-1 egy ®rt®k Kk



Al1l3. &dtrai s mutatj a, hogy val amennyi Vi zsc
vE8Il tozt§4lan yneatkible ®Wy glafeT®rite®Re | § tatimanyd iekw endul §k
e s et ®teahmkaaztisk ® pneegmutatnihaegyv 8| hemz g am& g h a tagadait z -
komponens ®rt®k®nek el R8I 1 2t8s8ban. A nyoms8s
nemr e | emirgBlensdgep ar a mMigg v PO AIPRm@r €®lelt ®dEefni gy el het
hogyalinalool, ® §inalil-a c etta8rtt adtagimm \8 ¢ (vagyisag 8l y ®n-yW®Wag 2 Kk ®n e k
el Rjel v8ltg8§s8t) mutatkozik a ridge par am®t e

Kihozatal — Linalool
0.8 " - S, 0.2 : .
N
0.4 —

02 T~ - /

Standardizalt egylitthatok [-]
Standardizalt egyiitthatok

0 > 0.4
-0.2 ' ' -0.6 : :
0 20 40 60 0 20 40 60
Ridge paraméter [-] Ridge paraméter [-]

_ Linalil-acetat
2 0.2 - -
> ’\ Konstans
% 0 & Hoémerseklet (T)
= — Nyomas (p)
2,202 / TZ‘ P
on Tﬂ)
= -04¢ p-
N Allasi 1do
T 0.6 Elokezelés
=
5 0.8 : :
72 20 40 60

Ridge paraméter [-]

13.8 brRai:d ge r empdelesst saznid-asrgdyicz § IMEt t iamdelp ar a m®t er
fé¢éggv®ny ®ben tesheatn®bhen.evendul 8k

Al4. &Edtrai s mutatj a, hogy val amennyi Vi zsc
vE8Iltozt§klan yneatbls ®y elafei®rite®Re} Stad ma-mEisk endul §k
eset ®ben. BE®h ®I®raekmedel hogy a konstans tag
sem rel ev8ns, mi nden ridge param®ter f¢sggv®n



p®l chfnalbol e s et @ibdeam Rm®r sndnd pegigan y o m8&g y z# eatgg 8 n 8§ |

megfigyel

0.6
0.4

0.2

-0.2

-0.4
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15.8 b rRidger e g r ersosellg r- esd ikk®pie-S& R@ret ®Rkakydlevendul §k
eset ®ben.

Al16. abrriadge regresszi-s modeQ=I7®pt ®dEnBEi - A
8§t a‘Rost Gk e gteBleld bent anrRg & veeknedaud t8@& b aztielenti,hagy

a modell t°bb komponens eset®ben is t¥ tanul
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16.8 b rRidger e g r ersodsellg r- esd ikk®pie-S& B@ret @kaknd§lsvendul § k
eset ®ben.

A8 t8bl 8zatban a9 titlgdnBizalt baenpldglg, aat am

al kal mazott regresszi-s technik8k becsl| ®si p



8.t 8 b | Bzzalkamazotr e g r etsesczh 8 tsk %P0 4 tiRdnygl evendul 8§k

eset®ben az °tszo°r°s keresztvali d8l 8s sor 8§8n.

Line8§rLener8eggrsemaidli - Ridger egr es s z i
Becw@&lltt oregresa®pgygzetes ®s rtregeakci - s
modell[(] t agokkal Kki eg ®sazr2atnved-]e[r r e |

Kihozatal 0,807 0,532 0,654
Cineol 0,489 0,282 0,453

Linalool 0,962 0,862 0,854
Linalil-a ¢ e 0,934 0,742 0,806
Lavandulita c e 0,479 0,72 0,304
Kar i odxid 0,818 0,761 0,757
Egy 0,828 0,575 0,779

A8 t8bl 8zatban | 8t hat -a @rith@knek Miesvsemaad j§&k
predi kci - s adat hamazzal il 1l esztett l i ne8ris
predi k8lt adat esatz®lkerdedem aldywdrmaj mazmiaht i |
isj <118t hhagyaridger e gr e s s z i szmtenmmuehleolalulha® e ¢ splo@sti@as s § g
ki bRp? e dtattathalmagzdd i e g ®lsizid ¢ @1y it £mosetlhek ® p € b baR |

k°vetkezi k, hogy a ridge regresszi s mo d e |
adathalmaz t % illeszt ®s ®t .

£Erdekes azonban, hogy a |l ine8ris regressz
pr edv kI§8tt ¢ 2 t adegneagasablt, e le&inodellk® p atihanyil e v e nedsud t8&b e n
a |l egjobban becs¢l ni az ill - -olaj®°sszet®telt.

9.t 8§ b | Bzzakalmazotr e g r etseszh B sk &%PRa & t®KkmMISsv e ndul 8Kk
eset®ben az °tsz°r°s keresztvali d8l1 8s sor §n.

Line8rlLenerSeggrsemaidli - Ridger egr ess zi
Becw@&lltt oregresa®gysetes ®s t edgeplac ia-m®t er r
modell[%] t agokkal Kkieg®@%]z2tve [ %]

Kihozatal 0,174 0,119 0,194
Cineol 0,102 0,726 0,690

Linalool 0,149 0,252 0,350
Linalil-a ¢ e 0,824 0,777 0,705
Lavandulita c e 0,178 0,146 0,308
Kar i oedxd 0,023 0,197 0,197
Egy 0,108 0,429 0,507

A9t 8bl Silzatt mn@Kkmkt a hogydk a mi8e v e nadsud t&Eh enre 8r i s
r e gr emosdel,valamintak i b Rp ¥ & d talathalmagzallesztettl | ne 8 Qir ® ss z i - ¢

model | becsl| ®s i pontoss8ga is el maradt a til



eset ®ben a kisetbbbmi mPa®$iemseRdel®lseness®g i s



eredm®nyeket. A munka sor8n tervezem ezen n
illetvek ¢ | © nkbicuzgit a@1lo n s 8 6 z e arentlckereN® r @latoka z o N 0 s 2 t 8§ s &
®s el m8woltamgs - adatsorb- |



5.Fejezeti ¥ sszef ogl al §s

Mu n k & @lLgvandulaangustifoliav i r 8§ gsaupenkdikuse x t r akacre&rf aah 81 t

ill -0l aok ©°sszet®tel ®nek vizsgs8lata volt. A
i1l -0l ajal kot - komponensek, val ami nt az i1l
Az extrakci-s param®terek jelentRsen befol

| e v e nndiun t§&i0 Bom® 450bar® 200barn y o m §sRd 8,8 m/hm%® 9,2m/m%

l evendul aol aj at siker¢lt kinyerng¢gnk.

Am®r ®ssoerk8potta d at &lgh °Inrbe®gzrRrtseszh n ipk & khk@ddtcasm | ni

azi 1 | - &I A p aGst sad Bd A ®Rlfesmdaalmazézernv i z sg@is&M®t bont ot t a
sz8rmazgzseér ihrett,y mi vel a k®t adathalmaz telje
tecni k8kkal, 2gy nem volt c®l szerT egy¢tt vi
t am8si |l evendul 8kl p&rntl agosamall7,a +#§ hanyi
pontoss8ggal |l ehet s®ges megbecs¢l ni a ki hozese
mi nt 8kn§gl a predikci-s modell pont oss8ga mac
modell§ t | a7@%Bmaorn t detetsk8®gpbeesc s Afl R1i | & okl caglinddopl ® snalil -

acet 8t eset®n a predi kcot @olnd pjsclBly amonckkglhlad la

A tov8bbiakban c¢c®l om a k2s®rl| eti adat b§zi
mint 8kkal, val amint m8settwem?2 8ok moddil kek: 3
tesztel ®se. A tam8si |l evendul 8k eset ®ben c®@
eredm®nyeket ad- me®r ®s e k Yaj 1 a el v®gz ®s e a

®r d e kkzdnle h s zle r d terd @Bgyamintas z e mc s ehog@anbeetfeo | yB8s ol | a

extrakci - kihozatal 8t , a kinyert 111 -0l aj °'s
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Kivonat

A vil 8g ener-®vakeg®my &° ®BvearRRl a fosszilis
hozz8f eris@tk Rfe®glieener gi akor H8hkwzkzFft®r het Rs®g r
jelentRs k°rnyezetterhel ®s't I's okoznak, Pl
di pl om8ciai / politikai kapcsol at 8t - | . Ezen
hul |l ad®kokb - | pi-clodj? zekR&Ihl 012§ S2.@ryRzedlpRsgal | 2 t o
k°zvetlen energetikai fel haszn8l 8sa sok prol
ket onok, fenol ok, karbonsavak ®s al kohol ok
k®mhat 8§s) , nem megf el elaR atc$moly§ sail] AsbioaRBIr It iRk E;
ol aj ok mi nRs®g®t hi drog®nez®ssel, vagy a ne
karbonsavak) al koholokkal t°rt®nR ®szterez®s

hg§tr 8mywalaslito el j 8r 8s ®s viszonyl adg2. magas bel

TDK munk8m sor 8nl ag modheRisil®gbnano2t §s8nak | el
hosszabhb sz®nl 8nc* al kohol I al ( d e k asnoorl §) n. A
al kal mazott szervetlen savkataliz8torok oko
katali z8tor k®nt mest er s ®®,dzeol ézedlit, moménd)t al k al
A bio-o | aj t 8rol 8si , sz8Il Il 2t8si tstlabgiilnikt8&sh8tr o
karbonsavakat hosszabb sz®nl 8nc% karbonsavak
a kataliz8torok hat s 8§t a reakci-elegy savs
megfigyel hetR v8ltoz8sokkal k°vettem nyomon.

Kulcsszavak modellbio-olaj, mi n Rs ® g§ sazvt2ezegdsk, @6 al i z 8t or .
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A k¢l °fndrrzRs b - | sz8r maz- bi omassz§&8b- | me g f
®rt ®kes ter mPkek 8l 12t hsaz®rkhiedrRog®nd ytearetka |l erh
g8zterm®heth) @®sbko&ksizl SAd bbhiommassz8b . -blgpirol?

nagy mennyi s®gben tartal maz oXx.i-ganak ranikeamot , r
f Tt R®rt ®k e, a t8rol 8si -athvblial bicold sldehideket] | et v €
ketonokat, karbonsavakat, al koholstkabnbz, a2s eqgy

§t ®szterez®s 2 g®r e toelsajmenyion RIs§&gn®nke kt Tarolgjka vaz tbsi
f Tt R®rt ®k e, t 8rol 8si stabilit8sa, Psav ez MBS |
reakci -k hat ®konys§8gavakatjaelliezn&tRosreonk jaalvk?at!|hnaat
hagyom8nyos szervetlen savkataliz8torok mell

|l ehet nek a zeolkiatlokko, g ®nze k8 tvnaegnye taizf &nonf ol yad®|I

A TDK dol gozat sor 8n 8§t tneaksisnztae rhauR | ®sd & keol kdbo- |
biool aj ok mi nRs®gj av2t8ss8ra vV 0 n a tskasimdalom. a z u
Laborat - -ri umi k°r ¢l m®nyek kozott, zeol it al
mTveleti param®terek moldjet®s vti arsgB®xin dr- e @k on

hogy milyen °sszef¢gg®s van a nkPvzelltett.i par am



11Ener gi afabigngassza®lg ampe/g Yajemler gi af orr 8s ok

A vil 8g energiaig®nye -honhyamakosamanlbh’0e®sk
haszn8lt fe(ll.alz. 1IBmb&dbnmire®g j el ent Rs r ®sze fos
kRol aj sz®Bnh%®sR 23% f°l dg8z. Az elektromos er
r ®s z ar-B%oyat. 10
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1.11.8br a
Avi le®gergi afel haszn§l §sa

A teljes energiafelhaszng8l &al 2020 e®sdetotl 9
Ugyanakkor meg kell azt is jegyezribo gy a z energiatakar ®koss §:
i nt ®zked®s ek mi att az ut - bbi ®vekben cs%Kkl
ne°vek AAdnalsne®.v e k egya®is2022benf e | ®®s %k ka0R1ben tapasztalt
+4,9%r -2022re2,1%ra,amiugyanakkom ® g gisy/magasablminta20102019es8t | ago s
r 8t a ( +[B], 2028be® u Prilnerenergfogyaszt 8s Eur - p8ban cs?°l
az ukrajnai h8bor % bizonytal ans 8egda®s ® Rl e oveas
f ®1 eamienmdazipari, mindpedigal ak o 6 8 § y & semte-rkgatai g®ny ¢k c¢cs?©
motivsglja.

A meg¥%j ul - ener g) afsaxrey 8§ zDrka ge@ieriyikus energa,
bi omassza) | egnagykobrbn yeel ®Bmtyt®esralae lmé @a%jsomnlyat - s
hogy§ | t amefhdmeeng f é loe IMR b Armearkd e | kagysfPasIr lea & ¥ BEell § s
azokat 4H.akz2tani [



A biomasszab i ol - gi ai st on | ®trej°vR szerves any

oxi g®nt tartalmaz. A biomassza sokf®l e terg¢l
erd® mezRgazdas8g, szerves hultrtad®hok!| @8 ®K o K
a mezRgazdasS8gi mel | ®kt er mPkek el sRdl eges b

mel | ®k t(pk atm@kgeg 8 pd | agos baizo nRal seslznai,s zne?rgi par i me
szennyv?2ziszap, ®s a pap?2rhul |l aadt@k].[har madl ag

A biomassza gyakran sz8r2tott ®s pell et 8§l
energiai mport f¢éggRs®g <cs°kkent ®se mell et't
megt al 8igyatbeszer z®si kol ts®ge viszonyl ag a

karbonsemleges energiaforr8s,-dmekydon?®vieRedms

amennyi az el ®gk]t ®sekor felszabadul

A Dbi omass z8s §8h as z2ngo®r2ett e s megol d§s | ehet :
cseppfoly-s ®s szil 8rd halmaz8llapot¥% ter m@
°sszet ®t el e az al kal mazott reakci -k°r ¢l m®n)

g8zter mPk ek elds Rg®nle&ln o xs Z@m-lBosnoxid s ele@yei. A
folyad®kter m®k ek sz®nhidrodg@nr ®s v 2 i 2é¢®gVy e

sz®tvs8lasztani . A szil 8rd halmaz§8ll apot¥ ma
anyagok elegyé&i6].
1.2Bio-olgj

1.2.1 Bio-olaje | R8 Ipli2rto8lstazi ss el

A bio-o | aj el R8I 1 2t8s alapanyagai el sRdl eges,
lehetnek. A bieo | a j el R8I 1 2t 8s8ra alikal m&sn®rmps @loll etz i
tart-zkod8sihg§irohk alkapjomba sorol hat - kb A | a
500AC, a felfTo@€ipsrbesa®yafd.lzkodgsis i pdiRr
hRm®r s ®k6 @@ AC,40®€ felfTt®si sebess®g nemritk
m8& s odpem®e kAdholajhozamennekk © v et k &€ ®h ® breagysbbmint a
| ass¥% pirof]l2 zA spierse@lt ®biesry hozamszerkezet ®t ®s
azalapanya@® szalkalmazotmT v ep &1t a m®@rae sh Rkn®r s ® ke I®&stietb eas s ® g,
a reakci-idR, a kataliz8torok | el eG8. ® e ®s a

A biomassz& s s z eap®tr o$l @rk8ns e i k &€ BReormmyPk ek segPtrto®y - s
ter m®k) , val amint a szil 8rd marad®k mennyi s
200-8KCi zS8anddhawess®gtartal o®ghkeee |ShwhemE®aIl dnaby:



|l ass¥% degrad8ci -jazesak?e®si k3580eA ®b akneazgdTRedRi OkO
A hidrog®@on@®si dz®artal m“ g8zelegy keletkez®:
sz¢ks®ges. Az el szedesokt @s ®6dRhaazre fmPK ied i&r ds zsR
pirol2zis magwnd®HE Rb edapisreletkedhéfc). e A h Rm®r s ®k | et
kul csfont oss §g%. A magasabb h Rle) ® hoga®kt! et e k
eredm®nyeznek. A pirol2zis hozamszerkazete
tol -di k el az el sRdl edeagmenm@®hekk Xi s bb®mR
k°vetkezt ®ben. A hRm®r s®kIl et n ° -vla hoRen®s0e | a k
660C hRm®r s®kl etig 8l tal 8ban nR, Jolglhozdanote Vvi s:
cs°kkentR m8sodl agos[8lkrakkol -d8si fol yamatok

Af el fsTetbRessi§® ¢ mé&z8 b h keornny® & B kK y i \m@hga® r Bekiszhb
felfTt®si sebess®gek nagyobb reakci-i dRvel t
v@gbe menetel ®nek i s nagy o bdajhazamakisebf8].z2 nTs ®g e

A nyom8s hat 8s8r - -lcinagirohnetke ve®s ai nsfzoarkm&r od
nyom8s n°®vel ®soel ag | Fkseel ge?ttkie za®s®it 9 cs°kkent ®s e
g8zter mPket9.er edm®nyez

Kat al i 7z &tga rzdcBokblt® af ®oxidk a t aotokatalBatmaznakmelyekaz
aktivsgl 8si eMeshgiza MmcZ ek ke zrte®®vs@mn- d oesl 2etnS§tsRas h a't
a pirol2zisre. Al kal maz8suk az el Rny°k mell

kel ts®gi g®ny, a vinegzZg.Byser het Rs®g ®s a rege

1.2.2 Bio-olajok® s sz e®@ Rl kal maz8§stukahdohaggai

A biool aj ok 8l tal 8ban k¢l ©°nb°zR sz®nhidr og®i
alkoholok,fenolok® s ey & ®\b ¢ dlegyei.eAbio-olajok8 | t a BOF8Ueszenets-11%
hi drog®2¢8, o0%0gd®n5t% n0i,t3r og®n't ®s 0, 2% k®nt
hi drog®Bt1 & akiselibashm gy o mM@Ryloasf aa k pitazdox®@ngE@®nt ar t al

vi szont | ®nyegesleamj nfaBO R @®IIt/ &khe Bl at t i, ezzel
desztill 8ci -j 8val nyer t[l0f TAROI @ajm@s a oI§jdk- ¥ 0 n Mé

sTrTs®g®&°T ¢gf cmk®mhat §sa savas. A sTrTs®g | ¢
2 gy &l dji o k°zvetlen bel sR®g®s T mot or ok ban \
probl ®m8k at okoz. A savas pH hosszabb tgvo
t ©°m2t &s8aiomseokld&sygy haadz8,c i - jillethe@zavaspld emelletitc s ° ktk @ n ®

a motorolajok HEzi kus tartal ®k 8t i s



1.3Bio-olajmi nRs ®gj av2t 8sa

A biool aj ok mi nRs®gj av2t8sa a tovs8bhbi felh
komponensek eltg8vol2t§gs§gt, vagy kev®sb® ked
jelenti.

1.3.1 Heteroatome | t §vol 2t §s
A biool aj okban | ® R heteroats@mamk a@plegyS.,e M,z

kornyezetv®del mi el R2r8§sok ®s mTszaki szempo

1311Adszo®Pepa&it r akci

A heteroatom tartalmat k¢l onf®l e fizikali e
el Rmoggincshi dr fogl®ma syzre§ned g Jesn ® ® @&admesonh Rm®r s ®k | et
el egendR, illetve az adszorbens (pl. speci §
zeolitok) k°nnyen regener 8l hat-. Az el j 8r 8s
kell reener 81 ni , il etve, hogy al kal mdy.hAat - s8g

heteroatone | t 8 v adoq td 8 saz@ rr esskikalmadehet.Aze | | & Ir B Bogyincs

hi drog®nfogyaszhhBm®r sa&k lsezte nied treyt o®s8 sk @ rmels o n )
®s az egy®b heteroatomokkal egy¢tt az ar om;
H8tr 8nya, a nagy anyagvesztes®qg, k®Fr d@®@see az
L®t eznek olyan el j8r8sok insir ®F®yma kkesls azardle
cs®°kkenteni t°lt®scsere komplexek | ®t rehoz§s
k°r ¢l m®nyek ®s a hidrog®n atmokizém®eherhdB,nyh
technol -gia az arom8s s,z®Ahi dr e®@PPrnelkgegn) ene ki
vegy¢l etek elt8vol2t8s8ra nem al kal mas, val e
rendel kez®sr e h[Alil ®kony technol - gi a

1.312Membr 8nszepar 8ci

A membr 8nszepar 8ci - | ®nyege, hogy membr &n
n®l k¢l | ehet szepar 8ci - s feladat okat vegr
sz®tvs8§lasztand- anyagot a Smeambif §at eBkl etA ek
hajt-erRk (pl. nyoms§s, koncentr8ci -, stb.) I
fel ¢l et ®n. A membr 8non 8t jutott anyaghal maz

anyaghal mazt koncentr 8tummwald 2 h&ge ziske.t ®Me b ry
me mb rafkalmaznakmely csaka k ®nna r t \aé gnys | eagediste.t



A membr 8nszepar 8ci - el Rnye az alacsony hRmMmG
atmoszf ®ra hi8nya-hi HBbg®reys®ga mHagRbdBRN hogy
k®ntartal mat meml|l k@B kedt ppm

1313 akt ®r i umo k
Bakt ®rail uknad kmahefem@omall t § v 0¢ 2 R 80u&Rv e kkbzetak

el foglal kozniol y&khkdbraks®kieonmt ¥rzseket el RS
heteroatomok k°©°zg¢gl a k®nt el sR | ®p®sben szul
oxi dABd mu |l.Vizé&stmo ¢ Sleheta | t § v[d2]. A hioeeakiohR m®r s ®k L at € b an
30C, nyom8s a atmoszf ®ri kus, a tart-zkod§8si
ter mPkel egy®nek sz®tvs8§laszt §sa Vi zes mos 8§ s
szennyvizet tiszt2tj 8k, a hkaietvezetiRii2lot Azvieke8r E
el Rasyzee p akis@m e r gi ®azgnergeyikailagk e d v e¢zzRebnhe Iptae ta@®it er e k
[5]. H8tr 8§nya, hogy a k¢l °nb°zR8biagkt RRM®mME ®K £
nyom8sv 8ltoz8sra. Egyes t°rzsphlk el R8I 12t 8sa

1.3.1.4Heteroatome | t 8§ vhoil *rte8ts®n s zf ®r §b an

A felsorolt h8tr8nyokra megol d8s Isechre§8n a h
c®lirgnyos mTvel et par am®t ereket ®s kataliz
mell ett a@QN @®j&Ite®sek felszak2t§sa is v®ghbe
abicol aj ok els@mnwWheye | At mdlettegyid eSjv Telszkhdaaa&-N ® s
CO k°t®sek is. A reakci- a-Of tfolRsk festdu®adB:
megfelel R sz®natomsz8m¥% sz ®nMWisd rmigt®&rno g®xn w? z
reakci -k ter mPke a -hBiar®®g®@n d®w g&®xn anmar:l reitda. aUtk-R

v2z is egyszerTen elv§gd.aszthat- -k a sz®nhidro

132 £szt er ez ®s
A biomassza piroddajesltRInagy8mmanyi si®gben

tartal m¥“ vegyes ed a®kaelk atp,| .f eszoelrovk at , al kohol o
tul ajdons§8g al k alomaatjloaknant8 atrersaz,i haoglpi cazokat
al kal mazz§8k. A magas oXi g®n ®s v2ztartalo
energiatartalmat, illetveckr r o z2 v hat 8s% is | ehet. A pirol?

f Rk®nt az al dehid, ®s s 8. MMva abioolajoktalkohotolal o mn a k
®s savakat i1is tartal maznakaz dz@&rnte,a hlae praozZkdaa



reakci -ba | ehetne vinni egym8ssal. A c®lra &
mezop-r us oedsi osxziid ikcaituar i z[84(. o rAozk aBs zht eesreesz S&hsn d2kga®

bio-o | a j mi nRs®gj av?2t8ss8nak, mert-t c®8 k kerdtvie z R
befol y§8swllgja faTtbR®r t ®k ®t . A s avsaz §ns tcash®i K k & &
seml eges k®mhat §s i r8§ny8ba vealzetiel tamlyad8ana
t°m2t ®seinek ®lettartams§t, a nagyobb fTtR®rt

ki sebb hajt.-anyag fogyaszt8sra enged k°vetke

Az ®szterez®si reakci - kat 8l tal §h180OC k¢l °n
hRm®r sarktlem8 ntyban v®gzi k. Az al kal mazott ny
®szterez®s konver zi - | §tazalapanyagmiagRn®g ¢ ®kMe gf be
hogy az aldehid taoktajbanbegébépgB®oRj azar be o
hat 8ssal van a mel |l ®kreakci - -kra 1is. Mi n®I n
nagyobb m®rt ®kdillkieazx ed I§K i [k3RIpd Ri®d

Abiocol aj ok ®szterez®s®nek | ehemBa®Pg®t anagyeh
®vekbeli.anlJiwang kut adlajplcNK&Pp ot tojn@ sar ®li R gyant §
8§t ®szterez®st vizsgs8lta. Az ®lltag!l wkavwsizB8sn@8§ Int
85%k al cs°kkent, a f TtkRa®@r [3fkt tpedi g csaknem 32

R. C. Sondakh kutat- -csoportje&laozi@s kKtad rae 7 (
haszM&dfiti gyelaz®®s zih @ @ phwa® s d%lo&ktaal i z8t or koncen
volt a legnagyobb. A bio | a | kezdet savsz8ma 12 mg KOH/ g
cs°kkent ®s a fTtR®rt®FK].®s a t&rol &si stabil

Humai r Ahmed Bal och k U k at - cestoapnoorltbjaan svzRugpze
reakci - kat. Katali z8tor k®nt akt2zv sz®n hord
kovet keztoRjpetja 2,5 Rdiroda, 3a f Tt R®rt®Pk3c8846 MRIKkE g
[15].

1.4ADbio-olaj®s zt ereazkRdsik-aitmd k z8t or ai

1.4.1 Szervetlensavk at al i z8t or ok
£Eszterez®si reakci -k | egelterjedtebb kat al
Szervetl en sav katali z8tor k®nt, 8|l t al 8ban

alkalmaznak16]. Ezekasavakprotond o n o rvike®RednekA savh a t 8 s@Btrr &zgrnfesy R



karbokatiorr e a k ¢ i - haywebmint@remionosf o r mE Pwu &g y ¢ IARL42Kk ®.

8bmakarbokation kial akul 8s8nak a mechani zmus

,,O ,OH

R—C\ + H® —— R—C\@

OH OH
142.8br a

Karbokationk i al akul §s a

Font os megj egyezni , hogy katal 2zi s sor 8n
egyensgdzyet ®t elt nem befoly8solja a kataliz§g
alkohol® sikarbonsawszerkezetesb e f o | y 8 eggehed &8 .rkarBGnsava®s al kohol o

viszonylag gyorsan, az el 8gaz[l6].l 8§nc¥ak viszo

142 Ct menek alf @nga®ml i z8t or ok

A hatodi k csoport banlfiideki e RePhR 8t mehd&tr i§ mf ®s
ir8nt egyr e nagyobb tudom8nyos ®r dekl Rd®s
k®t di menzi -ssremedekezetr ®meyggnek fontos jell

el l en81 1 - k®pess®ql/Y]l. i Al e8Bcsola hRségéilitigyer
kel cs°nhat8sok tartj 8k egyben, kady lehekb RI®sa
Az 29y k®szg¢lt nanol apok szokatl an fizikal
rendelkeznekA MoS; ® aWS k e s k e f y®d S/ \aigagok?Rgegyest ul aj doimts 8 gai t
pl. katalitikus ®s optikai tW]l ajkKdous &golk, ki
WS 81 t al kataliz§8It ®szterez®si reakci -k vi
konverzi-vall.HHe38¢t sBzb-rlibmmko!| hat - nanostrukt Yr
8t men&tait fa® ml zeghteaadoike e deletheddlabiGdajmi n Rs ®gf €[18]l. es zt ®s
T OO
s v s o T
@ Tungsten atom
143.8br a
WS, szerkezete

Az | e@ht#te®dtvte zle®Rkbdjehv R nhaigydla/nl youeef B y 8z et RS
kataliz8torok katalitikus tulajdons8gait. A



vol fr8m atomokat eredm®nyeznek, nse | y & kK k Gn°tv
visel kedi k, tov8bb8 a |yukak kialakul 8sa az
MoS, ®s WHat ®kony kataliz8tor a hidrog®nezR |
hi drokr alk8kol 8s hoz

143 Zeolta |l akpds al i z8t or ok

A zeolitok a term®szetben is megtal 8l hat -
mester s®gesen 81 | 2otxji8dk @esl Raxliukhy?, hie s it RS cBivierh .
szerkezet ®ben az (Al +Si) ®s kamaagxyi gr@m na/ri Sryga
vizettartalmaznakmelyeth Rk e z ¢ 1I8® 204 & [19% Az& lgkgpotta k t i(vWd&Ihti dr at § |
anyagok a kritikus m®retT g8zokat abszorbet§l
t ul aj do nead@lkepnkkid a V 2hta® Bagze®litokbanmikronosn a gy s §lguka&k n d T

keletkeznek, melyek molekulaszTrRk®nt mTko°d
ol ajiparban, ugyanis sz®l esk©®r T atmachamika®sns § g a
k®mi ai el l en8ll - k®pess®ge magas. Tov8bb§g fo

okoznai komol yabb k°i{20lyezetv®del mi kock8zato

A zeol it kataliz8toroknak t°bédés®l £a hhas§
alakszelektivit§gs, ®s a katalitikus hat 8§s.
el 8gaz8smentes mol ekwelxBkat ,8tminmte dp ®1 d@ Wl aamz
mint pl. atoluoltvisszatartjagA z e o | i ttlkajdorss§ gdnyndaks 2 b &8s v g Bsol hat

mol ekul a szitahat8s er Rss®ge.

Az al aks Zealnd lodkke®igta8dsn vy e segya daomitk areak m®k b @m t
t°bbf ®l e izomer keletkezhet. Mi kor a zeolito
ir8ny2tottan csak egyf®l e szerves i zomer k ®
mel yben ter mekk®nt 2z enetai®tparkxaitiadli zi§s ok ® mzBR kryd
zeolit p-rusxaibah k®pkRAR®P arahet s®ges

A zeolitnak a katalitikus hat8sa is megfig
megj el enR ®Br olFes@tliesd savass8gnak k°sz°nhet R.
centrumoknak k°sz°nhet R, hogy a zeol it k a
ad kal mazhatjuk. Savasl.cle dmutattbaf2d]. ki al akul 8§8s §t
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1.44.8br a
Zeolitsavadelyeinekk i al akul 8s a

1.4.4 RaneyNik at al i z8t or ok

A RaneyN i katali z8zreregettfopgbszanak az iparb
por - zus ni kkel |l el bevont alum2znium vagy C
tul aj dbohs dA@#ayNik at al iezl SR8JTIEIFR @t U M2 vagyainkn
°tvlzetet ol daguakiiuine bx it m@®@hgat ban. Ezt ni k|
hozz8ad8s@Beai 8leigy el j 8r 8§ss al |l eol dj 8k az alu

nikkelt a r tsadrkezgblakulki. Ezap o r -szetkezehagyf aj | agoer édm@hgée et
melyakah | i ti kus reakci - k[23. ej 8t sz -d8&s8nak kedvez

ARaneyNik at al iszz8tno@sokl et en allechkp® maEihthrt a a@&n e z ®s
®s az ®szterez®si reakci - k. ( ®s z t%esrsezzeRts®@t erl ¢
alkalmaznak)Ezenk at a | iezl SR imgwoagyona k t 2 wsa ke | @ sksretvede@mi a i

reakci - kban, Vi szont fontos megj egyezni , h c
oxi g®nnel val- - @& ntkez®s el ker ¢l endR

M8kut at - camogelbbro-bl@®s zt es e®Pxl® sRanepNi Kk at al | z8t or
al kal mazt ak. Az eredm®nyek alapj8n arra Kk°v.
m- dos 2t oNit Ratnaelyi z8t or ok me gf ed endd&I bibotajt 8§ s f o k
®szterdo®y@mmh &d sk?attoat|dB,2%ikkelt; 6,0%a | u m2 MO O t
mol i bd®nt [A3lart al mazott

145 Il onf ol yad®kok
Az i onfolyad®kok rendk?2v¢l aloavd8bdrBy halszand&
sokol dal %ak |l ehet nek k¢l ©°nb° zR kataliti kus

katali z8k®moki ofFrgahkci -k eset ®ben, melyek hag



vagy csak nagyon sz®t sRm®gaeaskk¥®gbm®nyek§hkbdi
megfelel R ionfolyad®Kk kataliz8tor kivsglaszt
kialakul - mol ekul astrukt%r8t. Az ionfolyad®Kk
hidroformil 81 8§set @bam odlak algPazlz®ts- &ls kat al iz
nagy 1 onos vezet Rk®pess®ge¢k miatt [EdY el ektro

Eddi gi kut at 8§8sok al apj 8n arr a kevetkezte
kata | i z8§t or ok-oll @lhekoe&z édri bs2t ®sr e, ugyani s ma
®rtek el az i m®nt [1Oml ToeB8tbb&atal ii o&5tf orl oylakdaBdlk
alterjolenterfekalBa gy o merso b d - szmTlkddaR lal i zE®peovsk hoz
mi vel jelentRs r®sze biol -giailag | ebonthat -

1.5Abio-0laj®s zt ereazk®Rsiki inkrda k k8§8j a

Az®s z t erreecazk®&diit- &I § nreverabiig eaark c it e k n & kntelgetné&e k ,
lehetf i gyel men kz2zvygl hagyni a reakci-kinetikal
valamelyr e a k t € a1 & t glkokoh)®leslegberadnakar e a k c i - EBdeseipeaie z .
ChatelierBr aun el vnek megfelel Ren a reakéigy a te

kinetikai sz8m2t8sok sor8n[24 reakci - irrever

A reakci-kinetika meghat 8roz8s8hoz t°bbf ®I
m- dszer k°9zvetl engl a v-egyeséqgt 8tleal n df-o gd iafl fkeorzei nkc, i
egyenl et egyes tagjait, ®s el [2lnRr zi az egye

Egym§ sm-kd sszoerag@s z t erreeazk@csin-dikr@tmg s @ d r etekidtik.n e k

A reakci - - mecslaenuidaormwanto g ®n kinetikai model | el
| e2r 8s8ns§l figyel embe kel l venni, (1Lhlogy a
pszeudohomog®n el sRrendT egyenlett @Emniattgyszer "
reakci - i1rreverzibilisnek tekintendR.

_Q@ _ g e

08 " Q68, @, &, (1.1)

Ahol CA a kar bonsav IkancealnkohS8ocli -k @agaen tRrs&die-rjed
koncentCpdvcekzo p @ae n tarb8gediar ¢ ak c i @akkné@reekak ci - sebess
81 | and- k.

Ezt k°vetRen amennyi ben az egyenl et ben (G
koncentr8ci - ®s a konverzi - szorzat 8val

di f f er en c kapunkAnemyidere tnd te ga kBdot egyknletett = 1 ®¢ 1



eset ®ben m&s eregdm®PnytgglapuagyeMizet | esz a m
az illeszked2ds a kineti k8ban

Har madi k m- ds zekrg | iem° zsiokk ban el Rbb bemut s
reakci -kinetika azt vizsg8lj a, hogy az el tel
sav(reagensk o n v e rAzrie-ajk&ti .- k2 §rm2adidkskatnazot®s ovgbhak?2tott
reakci -sé¢Beaos®@gBbIde nkhieitred ul[FBF i egyenl et

1oy

3 "=T®06 =700

Y Q6 66 0 (1.2)
Ahol Ca a karbonsav kooaezen®srz8tceir-eggka, koncentr §

reakci -sebess®gi 8lland-K, S a szilsgrd katal

l16Aszakirodal mRimietgtg8d K iatpt? ® Khebhiaif r8&Sny o k

A szakirodal mi -al@ck/madél bieol | aapjjo8kn saa visiza8 ma az
kovet RekkevwltHzelp Br huz afmbts R@att Srkslt idbindvelEsdet t .
Az ®szterez®si reakci -k sor8n k°zvetlen ©°ss
8§81 | ®alRM®r § ®k hivgdlamo | ek ul ambe gad RMPs a®kle&ed®s e
hat 8s8ra nR. A 1 e azk,c2 -k °ez°deélt A beplll SalgtosSkka ®s ¥ t & r

sor8n ugyanakkor m®g sz8mos k®rd®s van. I 1y
reakci - k°r ¢l m®nA e K atogltii zm88tl Brsaak katalitikus
m-dos2t8s8val is | ellemgiRske&ib b e§tomheyBestoil fh@n -t. a

®s k®ntartal m“uw csoportokat | ehet al kal mazni



2K2 s ®rérev,j c®l kitTz®sek

TDK kutat: - munk8m c®l ja olyan kataliz8tor ol
melyekkel modell bieo | a j ®szterez®si reakci - n kereszt
kutat - munka R2d4®@fFf Bdt @mdef ar 9 ®t a

AP YEGFEATH G2 U i aa . are WSE{1OAS
VIOLIALI 2 ysroanat ar  ;aisasnisa ANDLILOASSES S0y vingy a9 s
St118G8u 00! 0bpa, NB 1(128,5 1 AT a3t tiut o VINBAX
GAl aattrarlSYarvla ~ l40mcnc/ 0 6al OETR) SNBERYSye&S,
S®AI a3t ta SNIS1Stsas
21.8br a

Ak 2 s Rarvl et i

A biool ajok minRs®gjav2t88sa sor 8n, a hagyon
®szterez®si reakci -k egyi k | egnagyodla hsgtr
savass8gs88l navehi korezzi - s, de esetenk®nt a
ki sm®rt®kben javul, vagy eset-eh&Pok evss@R@ladib.

az®s z t errecazk®siit- k| i sav@k 8 5 8 kenliokafiilletveazokm- dos2t ott f or

al kal mazt am. C®l om vol't tov8bb8 a zeol it k at



3 Fel hasmyagdk®ts i zsgnSldastzier e k
31Fel haszn8lt anyagok

A bio-o |l aj model | ez®s ®r e kkapbledelhms st tr gsa:
karbonsavale | e glyaftnaztam(VWR Chemicals)Az alapanyaglajsavtartalma79%volt,
a mi tovs8bhbi 12% |l inol savat, 4% pal mitinsava
tartal mazott. Az ® sdekaneltalkaim@zsam (>8880aArcos Ordanics).o r 8 n
As av sme8grh at § 0 ok&@&kedelmiorgalombark a p haaatitikait i s z toldt§ g Ya

alkalmaztam (VWR Chemicals).

32Kat ali z8tor ok
A szakirodal mi adat ok k°vetkeztet ®sei al s

katali z8torokat al kal maztam az ®5bk-zedlfY-k ®p z Rd
zeolit, mordenit. Az al kal3nalz.ot Tf8odgadZazhdjtiaz §tss 1z

31.T8bl §zat
Az alkalmazottk at a | ifzR8ptlkolrloekmz R

HZSM-5 b-zeolit Y-zeolit Mordenit
Szerkezet MFI BEA FAU MOR
Fajlagosf e | gnf/ge 380 534 775 440
SilAl 9.5 10.2 12.4 10.0
A kataliz8togpéar sfaeblby | ®@$ Bt erak ®p z Rd ®s i reak
m- dos?2tottam. A szakirodal mi hivat koz8sok s:
8 s v aamyggok® s z t errecazk®cii® rbea®k Bl maza8 ®#a lseibe s s@®yy ®an e k
szelektivit§gs n®°vel ®s ®r e . M8 s kutat - k a Vo

i smer 8.t t®rki att a kereskedel mi forgal omban Kk
ver®s iszappal -dxmid8gysretlall N2 eari m&k ®v e | ) kev
azokat k®nsavval kezel tewmt ASremPrtegan amdPei
azokat 3 - r 8nonkekraelsczitns8ll t6aOND.ACAz 2 gy kapott K
k¢l °n 7,5 g ve@ kr € vsd rstzeanp,p a & peskever ®keket h
velrosiszap kever &@kkeanc2h@ml§ci 2j Ymok ®usnavol dat

m8gneses kever R seg2ts®g®vel 4 - f®rn ckROr e P
vBkuumszivattywslsag2t s i®gmalhwWesdz@ks £ Brz@sstsor §n
szTrletet desztill 81t v2zzel seml eges k ®mh a

kataliz8torokat s >&r 2t° mexmer dra®dy seSmgilg2 GAGTr 2t



AszulzttEapal ifzRtbd rl od@2TRS bt | fégatia s sAtes b lagamia t

al apj 8&n

t°rt ®nR

el mondhat -,

katal i z81386%8XKcHOdopoOrtot
legkevesebbet pedig a (fQRM/Mordenit.

hogy a

32.T8hbl §zat
A szul k&t @lzidzR8tolrloekmz Ri

vor?os

(SOs)RM/HZSM -5 | W 72/TREERTE T (S, ) RMYY -zeolit | (SOs”)RM/Mordenit
Szerkezet MFI BEA FAU MOR
Fajlagosf e | gnt/ge 317 425 680 425
Si/Al 9.7 10.9 12.9 10.2
SO, % 0.35 0.32 0.33 0.30

i szappal
be®p2t ®s®velt ®ebedmj tagbkernte,l ¢t et 8§ kh &

tartal m&@&@RMAESM-548 | egt ©

33K2s®bhdremdez ®s

Az®s z t errecazk®sDDcniéta ®r f dngyaatk®¥mb | o mb®kdmmgmi f ¢ 1 ke
alatt(3. 1.). 8br a

3.1.8br a
Az®s z t errecazk®gs iraaimazotb e r e nW&zI®=st a

Amegfelel R f8zis®rintkeztet ®kt zhei@ny®ress®eksl ekt et

hRk°ozllaH § egd Rs ®g ®ameé gftalrda loR t @mt @ddigfnT, t Ral ze noel zazj ef

el |l 8tott m8gneses kever Rvel mel eg2tettem. A
(120, 140 ®s 160AC), a f Tt RkRm®rgs @kIRkt°@&tl R |
h8romnyak% g°mbl ombi k k°z®psR nyak8ra vissza

sz ®lys2R IR B®@RY 2 Icfsgofatosl u g -zv8ar lke,& geyl k e r azésétlegesR
ol d-szergRz©°k
- k°®zegbRI

|l eve sRbe&8 nj wtddd & .
®s

iARKeakok®nt

reakci al 8bbi akban

azt az bemut a



34Vi z s gngldastzier e k
341 Savsm&éghat 8roz8sa

Az®s z t errecazk@®cstij- Kt sami d § 8§ § 65 z SMEBrnGhslk®nesizr g 81 t am
az MSZ 11728 : 1967 szabv8ny szbB8izns bhagy€8m8eymsseqg
a | § bsazdri.Analitikaim®r | &0§ @nfesErlenmeyetombikbak i m® kbt 040,39
mint Bt m®@At mi Atoldlbam bldoGatn. Acimt r § 1 § s V @ ®md®htejz§ rkabk

csepp fenolftalein indik8tort-hhdsomxgldt am®r RA
seg?ts®g®vel v®geztem. A savsz8mot a bem®rt
Bk ®pl et seg2tet®g®meki sz8&m

Yo il g 0S5 650 (3.1)

Asgt o
Ahol fkon a z al k o h oehHidmxd okl faktomama ¥ @ mi nt 8 v all ek vi
me n n vy allo®ipsk § | -hidroridoldatt ® r f [ony]@®tea&Mmineab € m@intat © me g e
[a].

342 FTIRvi zs g8l at

A mint8k FTIR spektrunianiftr aWVENSGR sPp7 ktt ¥ @ uns®?
4000400cmthul | 8msz8&m tar ttonmi§mwlPar.s MSzpekTr om®t er
adatokf e | d o | Qposa.Bszofivers e g2t y@g @A ETRs orahhnt E®a R
anyagok k°t®st?2pus8t hat8roztam meg. Az el en
minta ir8ny§8ba. A sug8rz8snak egy r®sze eln
f ¢gogRezng®er gi 88 t°.v e adBtektorbah ®t rjelp? a RP St kezt et 1
tudunk a mol ekul astrukt¥r 8ra. Az ®szter k®pzF
®s 1760hukm8&msz8&m k°zott | ®v R, C=0 vegy®rt

ter¢l et ®rt ®k®nek°vegttem8§agombhareszt ¢|I

35Reakci - ksizngem?2itk8asio k

A hosszabb sz®nl 8nc¥% karbonsavak dekanol | &
reakcevenzibilis folyamat, me |lkapun&. lAr ¢ @&k ani®k le k ®
(3.2,3.3,34,35,36egyenl et ek al apj8n mennek v®gbe.



0 Q¢ ¢ @) +WQ QO ECHO0 QQAN'QE () @ wi(O) (3.2)

0 & QD) b 1D 'Q Q@ EOHO Q QGALKD) + ciB(O) (3.3)

0 O & "Qo(E)E ORI O ECTO Q QO & BOD+ ci(0) (3.4)

0 Gaa Qo é XFma @D )ECHO Q QRNM & & "G & dmi(0) (3.5)
Ya 0 Qi §Es DQWO®ECHOQQAAN 0 B@)+ cfi(O) (3.6)

A szakirodal mak a rheamraocg®rk Kierreat8isk8alizo, modzelul
24 . A reakci(3.73egyenens @p¢e & nahat §roztuk meg.
—od=T0ps, w4, (3.7
Ahol Cha karbonsav Ilkancdeenktarn8ocli - § arr @eth t@&s8zctie rjeak
koncentCpohdvcekzo D @a e n tarb8gediar ¢ ak c i ®salkkna@areekak ci - sebess

8l |l and: k.

Mi v el kezdet k°r ¢l m®dnyek k°z°tt az dekano
savkoncentr 8cad @ftl@ldpndea®dkt illetve a rea
teki ntEartek Kk Xvet ket ®bhkni - d lseRy EsPayddh o mog ®n n e k

teki mteh ggteR az @.g)ggyenﬁstteahdlﬁze*h(}p.t l e2rni,
Q8 .,
0o = 2 (3.8)
Amennyiben a karbons8wnalz@et a oiebnee e n zji: sk, i

abbanaz esetbenaz a k t us8al vi kso n ¢ &inudjuk&ejezni. @5 = 05 ;A1 & Ennek

kovet keat(®3 eegyenlet a (3.9) egyenladtatk® tahoh t'G = O—Q—
QO Qo e
Q6 Boe [0 1 &]° = Ql0s (1 ] (3.9

Amennyiberi nt e ga(3D)egyenkete® a t f ¢ § glvgydh &= 1®6 € 1a(3.10)

® $3.11)egyenletekapjuk.
N1 &= Qo (3.10)
(1 @**=1+(¢ 1)Q6 0 (3.11)

Areakci - §ebasAdleljulsBeagyenl et Isatg§ tnmegdg®k e |
In"o= ;3%¢aéa (3.12)

Ahol Eaafolyamata k t i e 8 ke 8 (REz®gyetemeg 8 z § | Ta&ahmRdn®r K@K | e t
Aapreexponenci 8l is t®nyezR.
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41Asavsz&Imapsjz8mktiootvier z i

Az®s zt er eakraslotti id Rp i | | vathna t n8ikdi@sknkusm- d s zm®r e |

savsz8mait az al
4.1.1 Kezeletlenzeolitk at al i

A kezeletlerzeolitk at a |

szerintv § | t 920,146&4 6 0O A€Ca k c i

b-zeolit

40 1 @Katy St | 6HZSM5

Y-zeolit ® Mordenit 45 -

8bbi alfejezetek

z8tor ok

t 8rgyalj 8k.

iazl 8ktaol rnoaks 8 ¢ § v @dnkookn v eadzZli8 bk a
hRm®r s®k| et eken.
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Asavs z@shoknvealza k ablgpk at al iezs8ett oRrboekn



Az 8 b r &lataiszerintar eakicdieej ®h Bk e had salt Sm&rmd h 8r om
hRm®r s &ksl°ektkifeamt ta.l h ®ER @O A€akci - h Rm&®rasv&k3b8ent e n



mgKOH/ g al apanyag ®rt ®kr RI 27 mgKOH/ g al apar
katali z8torokR8mgKORMI @t @heampadyag ®rt®kek k°z
Katal i z§t0o r®sn®I6kOgNCsh4 s z § mok &l2a pResn ylabg mRrktO8K ey
360 perc el telt®vel. A katali z8torok al
reakci - hRm@r>s ®kmgeKtOeHn g 4 al apanyag ®rt ®k ek k
hRm®r s ®@Wperwrt eank cuit -8zivdzBolitk a t a | eisze& e®@es rs I2mgKOH/g

alapanya® r t l&tknmi? ap-zeolitk a t a | ei sze§ GRuykOH/galapanya® r t [Rhetett

m®r ni . -A KABHMI i z8tor eset®ben a 6. -ra ut 8r
al kal mazg8s sngKOHpgdiagapadnyag |l ett a savsz8&mok

Akonve®rzti ®ézeknelme g f e v &l R e@apyism&gasabh Rm®r s ®k | et ek

nagyobb konverzi: -®rt®keket | ehetett Kkapni. T
az adott i dRpiltanakba®rt @Retazk o @LABNAECr ez ®s i
konverzi - -inal, % @kdi®k2&, k°z°tt ;881 H0AC®rhRR@

k°©z16 0ARM®r s Pddig5d,897,0%®r t RR e® § It t Azigjalki§ t sagy k ,
akezeletlerk at al i z 8t or ez&oliteol & te®bheant ®kzo nYy a b b, mert el

cs®°kkent a | egnagyobhb m®r t ®k ben a savsz8m
hat ®konys§g tekeotet ®bleant abhizz8Y ort 120AC ®
al kal maa 8Z5M% ab-zeol it ®s a mordenit katali z8

hRm®r s ®k | e-teoliebszedit®BHZS®Mb YWs mor denit volt a sorr

412 Szul f eoltktt &l i z8t or ok

A szul f8tozott zeol it kat al i z Sotnovreorkd.2a [kk aal m
Sbhrsaerint v8l tozt ak 120, 140 ®s 160AC reakc
hasonl - an a savsz8&mok a szul f8tozott kat al

Ugyanakkor a cs°kken®s m®rt ®ke nagyobb volt
Kat al ijzeélt e lokkit @b @3migiEQHiga | a p a n y12Q@Q 14@Rrst @Lk6n®G-A C

22 mgKOH/g alapanyag,-14 mg KOH/ g ai8apmgrKyCaHy g®sal apanyag
cs°kkent ek. A kataliz8t ol ®RM/ Mdz gdleni 8, kimemegl |
hRm®r s®kl et en j el ent Rsen alacsonyabhb savszeé
szul f8tozot-bnzp®l d8ul 12a0A®szterez®si reakci
el telt ®v edtazdIGROrRM/ MOO%W enit eset ®benugyamezg a t
28631, 4% tartom8nyban v8ltozott -480s, 060 -krogs tnt e
voltakak o n v e®rr z i@ (E®&*)RM/Mordenit® a1t © bsbziu | f Beblibkzaotta |l i z §t or



k°ezkbhiver ziah Pm® ®& ® lk levkl® s ® k kneiarrautal,hogyas z ul f 8t 0z § s

®s a Vv°r°s iszap egy¢ttes jelenl ®t e al acsony
katali z8tort eredm®nyezett
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42.8br a

Asavs zahoknvealza k dd zZ8wsslaf 8 & D a lo itezs&tt aBrboekn

A(SO?) RM/ Mordenit kabal kn®tverzal -ondl2D6oréd®s 1 4
eltelt®vel vol t megfigyel het R. £r demes azt
reakci - hRm®r s®kl et eken k&)pRM/It Moe dedm®n yeke t R

Ki sm®rt ®k T- detlaak®r (@Xx6e,k7 % ddbizaol i } -z ®d§jazn &5 e b ®b e

37,5%, illetve 4,37 5 %

vol t akn ak all2OtAtC er ed m®ny ek e z

Vis



katali z8tor eset ®ben ugyanakkor sokkal s z eml
n°vel R hmetr§tsaebben az esaeat denrlat 0WFROMER®S Rk h v e I



adott I dRpi Il Il anat ok-b88, 3n®r ®r tk®&knevkekrezli - h ° v3ell, t6
megjegyeznihogyas z u |l f B & b @ b ters8ett e@thoakaolitalap YSO2)RM/Y -zeolit

kataliz8tornak nem volt ol yanokiima gastla-lamz §jt -
megfigyel hetR volt. Ennek a f &j.12a g oTsgldifli eS8lzealt e t
szerintugyanisas z u | f s8d re@#Eslit® azY-zeolite s e t ®lbategnagyobtm®r t @k T

cs°kken®s a kataliz8torok fajlagos fel ¢l et ®b

42FTIRvVvi zsg&8lratdm®nyei
AzZFTIRv i z sg @ik&ptti n f r sspektrurfickad4.3 4.4, 458 b rm8kt at j 8§ k .

=}
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43.8br a
Az FTIR spektrumoKL 2 OrA€a k ci - hBm@®t ®®@k het
( , 60min, 90min, ) 150min ) } 240min 270min 300min 330min 360min)

Absorbance Units
0.10 0.15 0.20

0.05

.

T T T
3500 3000 2500 2000 1500 1000

0.00

Wavenumber cm-1

44.8br a
Az FTIRspektrumokl 4 OrA€€a k ci - hBm@®t ®®k he't
( , 60min, 90min, } 150min, ) } 240min 270min 300min 330min 360min



Absorbance Units
0.08 0.10 0.12 0.14

0.06
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1

0.00 0.02
L 1
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™y
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3500 3000 2500 2000 1500 1000

Wavenumber cm-1

458br a
Az FTIRspektrumoKL 6 OrA€Ca k ci - hBm@®t @@k het
(30min, 60min, 90min, ) 150min ) } 240min 270min 300min 330min 360min
A spektrumokon az 2868000 cmt k © z ©° t t i S 8-vGbsk aa m@metmelt@®nlcso

szimmetrikus ®sH arseig®ed r iokuls0acad. h uAd § Mg HOm
tart om8@kyBzaep enst eeimnzf 2r vas VB&karbossavakra e | | ly(@H)Re z g ®s
a720cmthul E8§msz8&8m ®r t ® kbe®BH>) | rRevZRg &s8 vk °pveedti kge zat ® b e
infraver?©os spekileOomhihanh | § Mzz §m0 OtDar t om8nyban
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421 Zeoltk at al i z8t or ok

A kezeletlen zeol it katali z8torok al kal maz
sz8§mEnobegr 8l t terdBéimatltipam agaksggitdRaf ¢ ggve®NnyYRE
j -1 | §telaktci ,» ka 12 Go,n 1k4¢0l °@sb °1z6R0 AC®r t ®k-bnean | §t s
®sztercs¥wcs al atti ter ¢l et 0,01 ®rt®krRI k a

kat alail zZk&tl ore6z 8eHeB v @I0B4(HZSM-5); 0,083(b-zeolit); 0,14(Y-zeolit)® s
0,04 (mordenit) ®rt ®kme MmB v enkaggdaestatb.b kbh ves z1

a folyamat, mel ynek sor8n az ®sztercs¥wcs a
katali zpedrgkkRall4 ®s 0,32 ®rt®k k°z°tt mozoc
konverzi- ®rt®ke is nRtt. Ki emel kedR ®szterc

zeolitk at a lail zk8atl ontaazdkaanlke @rf ,i g yheghalh KM r s @k had P a el ®¢
ab-zeolita kt i 18] € Be mt®° Re & da ¢ antesmegjegyeznihogyav ° r © si szappe
kezelts z u | f 8-reolikkatt ta leiszed r@b@rnt glknikma gea s«ld-mEneloka.
feltehet Ren az, hogy a ma- d/dg®tsotits zlkagpt aRIsi za§ tsc
kezel ®s hat 8s8ra cs°kkent.
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422 Szul f eoltk ot al i z8t or ok
As zul f &olitkad tatl iazl &tad rnoddapttsn B m BTBRspektrumola | a pj & n
sz8m2tott integr &l tlO0tneudddrtetae ka nraegayksc8ig-8itd Ra f ¢ «
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s ®k b & & bnked ki4d ©,22,

szul fBze®aloitt eset ®n 0, 18 -BRsk alt, a2l8i, z &tzourl felst eotz®r
szul f §tzeeod ti tt ¥set ®n 0, 17 ®s 0, 207,,26s zRusl f @t ®
tartom8nyban mozogt ak. A m®rt eredm®nyekbRI

kat alail zksatl oera 2 § 9@ reynemagasablh o n v e® rztigl. Adonbanazegyes

katali z8torokhoz tartoz:-
160AC hRmM®r s ®k | k-zetlia HZSHHR
nagyobb m®rt ®kben
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41.T8bl 8z at

Aregr elssefifisci ensek ®rt ®kei

HRmM®r s ®R Kat al n®§ #f HZSM-5 | b-zeolite | Y-zeolit | Mordenit

120 0,9970 0,9095 0,9105 | 0,6277 0,4551

n=1 140 0,6687 0,7681 0,9432 | 0,5814 0,6820
160 0,8534 0,6284 | 0,5967 | 0,5680 0,5722

120 0,9771 0,9534 | 0,9670 | 0,8170 0,6458

ni1 140 0,8463 0,8630 0,9270 | 0,8450 0,8589
160 0,9303 0,9476 0,9316 | 0,9655 0,6375

A fenti g°r b®k b RI meghat 8roztuk

A412.8b amaeakci
af ¢ ggv®ny ®ben.
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Areakci

t 8D

n°vekvR

-Skebasd®ki

| 8z at

HRmM®r s®Q Kat al n®§ #f HZSM-5 | b-zeolite | Y-zeolit | Mordenit
120 0,0003 0,0006 | 0,0011 | 0,0034 0,0005
140 0,0011 0,0017 | 0,0018 | 0,0052 0,0011
160 0,0022 0,0029 | 0,0037 | 0,0082 0,0018
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A nem szul f8tozott kataliz8torokn8l i smerte
i s el sRrendT reakci -kinetik§8t felt®tel ezve
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43.T8bl §zat
Aregr elssefifisci ensek ®rt ®kei

. i ) SOz SO#) RM/Y - SOz
HRmM®r s @d K arl] t®? Ik I(-l RM(/?-ES)M - RI\/I(/J -zéom ( z)eolit RM/(I\/Iord)enit
120 0,9970 0,5490 0,8141 0,9445 0,6810
n=1 140 0,6687 0,5154 0,7244 0,5696 0,3622
160 0,8534 0,1283 0,7158 0,8001 0,3810
120 0,9771 0,958 0,8881 0,7997 0,9324
ni 140 0,8463 0,8775 0,9117 0,7840 0,9828
160 0,9303 0,9042 0,9561 0,8984 0,9893

A hRm®r s®kl et n°vel ®se minden esetben j -1 |
meredeks®g®t , ami a netaktked®e®ess®@®dgial 81 |Aan
Sz 8r marzetaaktcoit-t§ e b asal @ 8 b | tBrimlmazzaAzer ed m®ny ek al a
j -1 18tszik, hogy a reakci - sebehsFsn®Ryis ®Kllledn de-
l egnagyobb &) RRIkdheteai (S aapasitaltarn§0,0058; 0,609t ®b e
®s 0,0112). Reakci - -sebess ®gaz (S84 RM/IHZEM5 novel R
(SQ*)RM/Y-zeolit> (SQ*)RM/b-z eo |l it kataliz8torok k°vett ®k.

44T8bl §zat
Areakci -Skeband®gi

HRm®r s® Katali] (SOs) (SOs) (SOs) (SOs")
n®l k¢| RMMHZSM-5 | RM/b-zeolit| RM/Y -zeolit RM/Mordenit

120 0,0003 0,0016 0,0015 0,0009 0,0053

140 0,0011 0,0022 0,0023 0,0024 0,0079

160 0,0022 0,0051 0,0042 0,0037 0,0124

Areakci - §kebendI®ygaszBg p tmatatiaah Rm®r s @kl prakj 8§na
fé¢éggv®ny ®ben.

®Nincs| | (i | f mHZENB28Nzeolit @ y-zeolit ® Mordenit

T d
0.09220 0.00240 0.00260

1T, K

4148br a
Areakci - 8§k bawsdl&kahziens®r s @k | e rfokggva®n y ®b e n



Az eredm®nyek alapj8n el mondhat -, hogy a
katali z8torokn8l kism®rt®kben 40,0675)smmdriemi | | es
szul f8tozott katali z8torok alkal mazs8twa eset
el mondhat -, hogy az egyenes e k?)RMWbrzeotite (6§@°®ge a |
)JRM/HZSM-5 > (SO%)RM/Y-zeolit > (SQ*) RM/ Mor denit sor wagyisdben c
ebben a sorrendben n°vekednek az aktivs8l 8si
43.2 FTIRer e d m@&nl yaepsjz8mm7 eakic i - kieh é & imk KK
4.3.2.1Zec0litk at al i z8&8t or ok

A4d4.15 . az8birmaf rav®r®s spektrumok al apj8n sz8§

jell emz R e iStzap IdfRE § g v ®angnsbzeunl f I8 & © & lo itazl &tad rnmoakz § s a

eset ®ben.
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