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1. Introduction

Nowadays, one of the most intensively researched areas is the production and characterization
of smart materials. Smart materials are those materials that perceive changes in their
environment (e.g.. temperature, light, pH, redox potential, magnetic field, etc.) to which a
reversible "response™ is given by changing their properties. One of the great class of smart
materials is the shape memory polymers that "respond" to the external effects by changing their
shape. One of the most commonly used type of shape memory polymers is the segmented
polyurethanes, which are made up of hard and soft segments.

In linear polyurethane chains, aromatic / aliphatic diisocyanates (hard segments) create
urethane bonds by polyaddition reaction with polyols (soft segment). In order to improve shape
memory and mechanical properties, crosslinked structure can be achieved by chemical cross-
linking (allophanate bonds). In order to enhance the property of shape memory, a
thermoreversible crosslink can be formed using a Diels-Alder (DA) reaction, too. Polyester-
based polyol is often used in the synthesis of polyurethanes (e.g. PCL), which ensures the
biodegradability of the polymer produced. The biodegradability, low glass transition and
melting temperature of PCL allows for the widespread use of shape memory polymers from
medical applications (e.g. stents, sutures etc.) to space technology (e.g. solar cells, antennas).
Accordingly, our aim was to produce and characterize linear and cross-linked polyurethanes
containing Diels-Alder (DA) adducts.

Nowadays, polyurethane derivatives and co-networks (e.g. epoxy-polyurethanes) are playing
an increasingly important role. The great advantage of such polymer systems is that it is possible
to combine the properties of the individual building blocks to meet the needs. Another aim of
my work was the synthesis and characterization of epoxy-polyurethane systems containing
Diels-Alder adducts, in which the beneficial properties of epoxy and polyurethane can be
combined.

2. Experimental methods

The linear polyurethane samples and the epoxy-polyurethane co-networks was characterized
by size-exclusion chromatography (SEC), attenuated total reflectance Fourier-transform
infrared spectroscopy (FTIR-ATR) and nuclear magnetic resonance spectroscopy (*H-NMR).
The mechanical properties of PU samples of different compositions were analyzed by tensile
test, thermal properties by dynamic mechanical analysis (DMA) and differential scanning
calorimetry (DSC). The shape memory properties of the selected PU samples were also
investigated. The crosslinking densities of the polymers were determined by swelling tests.
Morphology of the PU samples was characterized by scanning electron microscopy (SEM).



3. New scientific results
3.1. Linear polyurethanes containing Diels-Alder adduct
3.1.1. Linear polyurethanes containing Diels-Alder adduct were prepared using poly
(e-caprolactone) and different diisocyanates.

For the synthesis of linear polyurethanes (Figure 1.) poly(e-caprolactone) of various molecular
weights (PCL, Mn = 10, 25, 50 kg/mol), as well as various types and amounts of diisocyanates
(4,4'-methylene diphenyl diisocyanate (MDI), 1,6-hexamethylene diisocyanate (HDI), 2,4-
toluene diisocyanate (TDI)) and Diels-Alder adducts were used, which resulted in the formation
of linear polymers containing thermoreversible bonds (Table 1.). The Diels-Alder adduct was
prepared by the reaction of furfurylamine (FA) with bismaleimide (BMI).
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Figure 1. Synthetic route for the preparation of linear polyurethanes containing DA-adducts

3.1.2. Definite relationships were found between the composition, mechanical,

thermal, and shape memory properties of linear polyurethanes containing Diels-
Alder adducts.

Size-exclusion chromatography was used to determine the number- and mass average
molecular weight and polydispersity of the starting materials and each linear PU sample.



Table 1. Composition of initial reaction mixtures and average
molecular weights of the resulting polymers (Mn)

. : Mn
Code Composition / monomer ratio (ka/mol)
PU1 PCL (10)-MDI-FA-BMI/ 1:3:2:1 76,0
PU 2 PCL (10)-MDI-FA-BMI / 1:3:2:2 66,4
PU3 PCL (10)-HDI-FA-BMI / 1:3:2:2 53,6
PU 4 PCL (10)-TDI-FA-BMI / 1:3:2:2 57,0
PUS PCL (25)-MDI-FA-BMI/ 1:3:2:2 67,3
PU 6 PCL (25)-HDI-FA-BMI / 1:3:2:2 67,2
PU7 PCL (25)-TDI-FA-BMI / 1:3:2:2 61,6
PU 8 PCL (50)-MDI-FA-BMI / 1:3:2:2 116,7
PU9 PCL (50)-HDI-FA-BMI / 1:3:2:2 95,9
PU10 PCL (50)-TDI-FA-BMI/1:3:2:2 85,8

* The number in parentheses indicates the average number of
molecular weights (M) of the PCL expressed in kg/mol

It was found that by increasing the molecular weight of the PCL, the number of PCL units
was reduced (Table 1.).

The formation of the Diels-Alder adduct was modeled and the protons belonging to the adduct
in the PU samples were identified on the basis of *H-NMR spectra.

Based on the results of the tensile tests, it was found that the polyurethanes containing MDI
and HDI have more favorable mechanical properties than those containing TDI, independently
of the molecular weight of the PCL. The "rigid" molecular structure of MDI is advantageous
for the mechanical properties of samples containing 10 kg/mol molecular weight PCL, while
aliphatic HDI has worked well for samples containing 50 kg/mol molecular weight PCL. It was
found that the most favorable mechanical properties have the polyurethanes containing MDI
(PU 2,5, 8).

It can be concluded that the degree of crystallinity of PCL segments incorporated into PU
samples is essentially determined by the type of the diisocyanate and the molecular weight of
the PCL segment. The crystallization study (DSC) showed that the samples had a degree of
crystallinity of 41-68 %.

The shape memory property of each PU sample was characterized by DMA (Table 2.).

Table 2. Circumstances of the shape memory cycle and typical Rs and Ry values

Code | Temperature (°C) Strain (%) Rt (%) | Rr (%)
PU 2 80 80 99 43
PU5 80 80 100 56




The R value for both samples was nearly 100 %, and the R, values were 43 % and 56 %,
respectively. It was found that the combination of 10 and 25 kg/mol PCL and MDI is necessary
to obtain the shape memory behavior.

3.2. Crosslinked polyurethanes containing Diels-Alder adduct
3.2.1. Crosslinked polyurethanes containing Diels-Alder adduct were prepared using
poly (e-caprolactone) and diffenerent diisocyanates.

For the preparation of crosslinked polyurethanes, the type (MDI, HDI) and the amount of
diisocyanate, and the molecular weight of polyol (PCL, My = 10, 25, 50 kg/mol) were modified.
In order to increase the crosslinking density and to improve the shape memory performance,
DA adducts were used as thermoreversible coupling units. The synthesis of crosslinked
polyurethanes is illustrated in Figure 2.
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Figure 2. Synthetic route for the preparation of crosslinked polyurethanes containing DA-adducts

3.2.2. Definite relationships were found between the composition, mechanical, thermal,
and shape memory properties of crosslinked polyurethanes containing Diels-Alder
adducts.

The composition of crosslinked polyurethanes containing Diels-Alder adduct is summarized
in Table 3.



Table 3. Composition of the starting reaction mixtures for
crosslinked polyurethane samples

Code Composition / monomer ratio
TPU 1 PCL (10)-MDI-FA-BMI-MDI/1:3:2:1:1
TPU 2 PCL (10)-MDI-FA-BMI-MDI / 1:3:2:2:1
TPU 3 PCL (10)-MDI-FA-BMI-MDI / 1:3:2:2:2
TPU 4 PCL (10)-MDI-FA-BMI-MDI / 1:3:2:2:3
TPUS PCL (10)-MDI-FA-BMI-HDI1/ 1:3:2:2:1
TPU 6 PCL (10)-HDI-FA-BMI-HDI / 1:3:2:2:1
TPU 7 PCL (25)-MDI-FA-BMI-MDI/ 1:3:2:2:1
TPU 8 PCL (25)-MDI-FA-BMI-HDI / 1:3:2:2:1
TPU 9 PCL (25)-HDI-FA-BMI-HDI / 1:3:2:2:1
TPU 10 PCL (50)-MDI-FA-BMI-MDI/1:3:2:2:1
TPU 11 PCL (50)-MDI-FA-BMI-HDI/ 1:3:2:2:1
TPU 12 PCL (50)-HDI-FA-BMI- HDI/ 1:3:2:2:1

* The number in parentheses indicates the average number of
molecular weights (Mn) of the PCL expressed in kg/mol

The complete transformation of the NCO groups and the presence of the DA adduct were
confirmed by FTIR spectroscopy.

Swelling tests were carried out to verify the formations of crosslinks. The gel content varied
between 12.5 and 89.5 % depending on the composition, while the crosslinking density was
between 10 and 10 mol/cm?® (TPU 1-12). It was found that the crosslinking density of TPU
2-4 samples increases with the increase in the amount of crosslinking diisocyanate.

It was observed that increasing the amount of crosslinking component and the molecular
weight of the PCL do not result in significant differences in the mechanical properties, but
variations the type of the crosslinking and crosslinking diisocyanate causes significant changes.
The highest tensile strength values (c = 36 and 34 MPa) are those TPUs (TPU 8, 11), where
Mp-s of PCL segment were 25 or 50 kg/mol, the coupling element was MDI and the crosslinker
was HDI.

DSC studies revealed that the degree of crystallinity of each sample varied between 45 and 68
%. It was observed that the highest melting temperature (Tm = 61.9, 63.7 and 64.8 °C) have
polyurethanes that contain MDI as the coupling element and HDI as the crosslinker (TPU 5, 8,
11).

DMA analysis was carried out to characterize the thermal properties. Figure 3. shows a sharp
decrease in storage modulus for all TPU samples at 60 °C caused by the melting crystalline
PCL phase followed by a plateau above the melting point of the PCL (70 °C). In the case of
TPU 7, the formation of two "rubbery" plateaus (between 90 and 110 °C and between 120 and
140 °C) can be observed due to the presence of physical and chemical crosslinking including
the DA adduct (rDA).
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Figure 3. The storage modulus and the temperature for the samples TPU 1-4, 7 and 10

Shape memory tests showed that TPU 7 can achieve 100 % Rrand 80 % R, at 80 °C at 80 %
strain.

3.3. Epoxy-polyurethane co-networks containing Diels-Alder adduct
3.3.1. Epoxy-polyurethane co-networks (EP-PU) containing Diels-Alder adducts with
IPN structure were synthesized using bisphenol-A based epoxy resin and poly(e-
caprolactone) / poly(e-caprolactone-diol) (PCD).

In our work, poly(e-caprolactone) based epoxy-polyurethane co-networks with Diels-Alder
adducts were synthesized by two methods.

The novelty of our work is that PCL / PCD based linear prepolymers were reacted with
bisphenol-A based epoxy resin (DGEBA) and DA adduct. As a result, epoxy-polyurethane co-
networks with reversible DA-bonds were obtained. Crosslinkings were carried out with
different amine-type crosslinking agents (jeffamine, JA) added to EP-PU 10-15 samples.

Two synthesic appreaches were developed. According to using the first synthesic approach,
the isocyanate-terminated prepolymer was reacted with an OH-terminated DA adduct and a
DGEBA oligomer (EP-PU 1-15, Table 4). The molecular weight of PCD/PCL (M, = 2, 10, 25
and 50 kg/mol), the ratio of DA adduct, DGEBA, and crosslinker JA were systematically varied
(Figure 4).
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Figure 4. Synthetic pathway for the preparation of EP-PU co-networks (EP-PUs 1-15)
containing DA-adducts

Table 4. Composition of the strating reaction mixtures of EP-PU 1-15 samples

Code Composition / mél ratio

EP-PU 1 PCD(2)-HDI-DA adduct-DGEBA / 1:2:0,5:0,5
EP-PU 2 PCD(2)-HDI-DA adduct-DGEBA / 1:2:1:1
EP-PU 3 PCL(10)-HDI-DA adduct-DGEBA / 1:2:1:1
EP-PU 4 PCL(25)-HDI-DA adduct-DGEBA / 1:2:1:1
EP-PUS PCL(50)-HDI-DA adduct-DGEBA / 1:2:1:1
EP-PU 6 PCD(2)-HDI-DA adduct-DGEBA /1:2:2:2
EP-PU 7 PCL(10)-HDI-DA adduct-DGEBA / 1:2:2:2
EP-PU 8 PCL(25)-HDI-DA adduct-DGEBA [/ 1:2:2:2
EP-PU 9 PCL(50)-HDI-DA adduct-DGEBA [/ 1:2:2:2
EP-PU 10 PCL(10)-HDI-DA adduct DGEBA-JA /1:2:1:1:1
EP-PU 11 PCL(25)-HDI-DA adduct-DGEBA-JA /1:2:1:1:1
EP-PU 12 PCL(50)-HDI-DA adduct-DGEBA-JA /1:2:1:1:1
EP-PU 13 PCL(10)-HDI-DA adduct-DGEBA-JA / 1:2:2:2:2
EP-PU 14 PCL(25)-HDI-DA adduct-DGEBA-JA / 1:2:2:2:2
EP-PU 15 PCL(50)-HDI-DA adduct-DGEBA-JA / 1:2:2:2:2




In the second synthesis method, DGEBA was reacted with FA and then the compound
prepared (FA_DGEBA oligomer) was added to the furan-terminated prepolymer (EP-PU 16-
24, Table 5.) in the presence of BMI. In the synthesis of EP-PU 16-24 co-networks, the
molecular weight (Mn = 10 and 50 kg/mol) of the PCL and the oligomer ratio of FA_DGEBA
were changed (Figure 5.).
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Figure 5. Synthetic pathway for the preparation of samples EP-PU 16-24 containing DA-adducts

Table 5. Composition of the starting reaction mixtures of EP-PU 16-24 samples

Code Composition / mél ratio

EP-PU 16 PCL(10)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:1:1
EP-PU 17 PCL(10)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:1:2
EP-PU 18 PCL(10)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:2:1
EP-PU 19 PCL(10)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:2.5:1
EP-PU 20 PCL(10)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:3:1
EP-PU 21 PCL(50)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:5:1
EP-PU 22 PCL(50)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:10:1
EP-PU 23 | PCL(50)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:12.5:1
EP-PU 24 PCL(50)-HDI-FA-FA_DGEBA oligomer-BMI / 1:2:2:15:1




3.3.2. Relationships between the composition and mechanical, thermal, and shape
memory properties of epoxy-polyurethane co-networks with IPN structure,
containing Diels-Alder adducts.

In the case of EP-PU samples, the presence of the DA adduct was confirmed by infrared
spectroscopy (FTIR-ATR) and DSC measurements.

Based on tensile test results of EP-PU samples, it was found that EP-PUs with PCD have low
E-modulus values (EP-PU 2 and 6, respectively 4 and 6 MPa). Furthermore, it was also
observed that varying the molecular weight of PCL significantly influences the E-modulus
values of EP-PU 1-15 samples.

Co-networks of jeffamine crosslinked EP-PU samples yield higher E-modulus and tensile
strength values than the non-crosslinked samples (EP-PU 7 and 13; EP-PU 4 and 11).

The EP-PU samples obtained by the second synthetic approach have higher E-modulus values,
but smaller elongations than those produced by the first synthetic method.

The glass transition (-55 and -40 °C) and melting temperature ¢ 20 °C) of the samples
containing PCD were determined by DSC measurements. The melting temperature of the PCL
is about 60 °C. As the epoxy content increases, the degree of crystallinity decreases (EP-PU 2
and 6), which can be attributed to the fact that crosslinking reduces the flexibility of the PCL
segments (EP-PU 3 and 10; EP-PU 7 and 13; PU 4 and 11). DSC studies further confirmed the
presence of DA adduct. The peak in temperature-heat curves (110-145 °C) is the result of the
rDA reaction (Figure 6.).
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Figure 6. DSC curves of the samples EP-PU 2, 3, 7 and 16



For the samples EP-PU 3, 10, and 13 the shape fixity ratio (Rf) were nearly 100 % at 60 °C
with a 30 % elongation. The highest shape recovery ratio (Rr = 85 %) was obtained for the
cross-linked EP-PU 13 sample.

4. Applications of results

The linear and crosslinked polyurethanes containing Diels-Alder adduct consist of poly(e-
caprolactone) and different types and amounts (MDI, HDI, TDI) diisocyanate. Using different
building blocks, the mechanical properties of polyurethanes can be varied over a wide range.
More rigid materials can be produced using the aromatic MDI, while more flexible materials
can be synthesized using HDI. The Diels-Alder adduct built into polyurethane chains serves as
a coupling element that allows thermoreversible coupling and decoupling of polyurethane
chains, and enhances the ability of polyurethanes to obtain good shape memory property. Shape
memory polymers are important also in the production of textiles and membranes, but there is
a wide range of development facilities in space technology and automotive applications. The
biodegradable polymers can be synthesized by incorporating poly(e-caprolactone), allowing
such systems to be used for biomedical purposes.

The synthesis of interpenetrating (IPN) epoxy-polyurethane co-networks provides on
opportunity to combine the favorable properties of different building blocks. Epoxy-urethane
co-networks have advantages such as good storage stability, curing at room temperature, or
mixing with epoxy resins. Because of these properties, they are suitable as adhesives or as
epoxy reinforcing agents. Using Diels-Alder adduct as a reversible linking element, it is also
possible to modulate the shape memory property.

Acknowledgments

Primarily, I am grateful to my supervisor, Dr. Sandor Kéki, head of the Department of Applied
Chemistry, for following my work and helping with valuable professional advice.

I would like to express my thanks to Katalin Illyésné Dr. Czifrak, assistant professor for her
dedicated work, professional advice and support. Without his selfless help, this thesis could not
have been prepared.

| would like to thank Professor Emeritus, Dr. Miklos Zsuga for following my work and giving
me useful advice.

| am grateful to \Dr. Jozsef Karger-KocsisTL professor at the Budapest University of Technology
and Economics for allowing me to carry out thermodynamic and shape memory tests, and
helping my work with useful advice. I am also grateful to Gabor Pinke, assistant engineer for
helping during the measurements.

| am also grateful to Dr. Lajos Nagy, and Dr. Tibor Nagy for mass spectrometry measurements,
to Dr. Gyorgy Dedk, and Cecilia Dr. Nagyné Berzovicz for size exclusion chromatography
measurements, and for [Eva Vassné Lengyel, for infrared spectroscopy measurements.

I would like to thank Dr. Lajos Dardczi, associate professor for scanning electron microscopy
measurements.

10



| am grateful to all the employees of the Department of Applied Chemistry for their professional
and friendly support over the years.

| am grateful to Andrea Keczdnné Dr. Uveges and Dr. 1ldiké Bodnér for their professional
guidance and support.

The work was supported by GINOP-2.3.2-15-2016-00041, GINOP-2.3.3-15-2016-00004, and
GINOP-2.3.2-15-2016-00021.

I would like to thank MOL Hungarian Oil and Gas Plc.

| am grateful to my family, my parents, my sister, my boyfriend, and my friends for being with
me, for their support and encouragement and love.

11



UNIVERSITY AND NATIONAL LIBRAY
U N IVE RSITY Of UNIVERSITY OF DEBRECEN

D E B R E C E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

Registry number: DEENK/1/2019.PL
Subject: PhD Publikaciés Lista

Candidate: Csilla Lakatos

Neptun ID: F7SZRU

Doctoral School: Doctoral School of Chemistry
MTMT ID: 10056988

List of publications related to the dissertation

Foreign language scientific articles in Hungarian journals (1)

1. Lakatos, C., Czifrak, K., Papp, R., Karger-Kocsis, J., Zsuga, M., Kéki, S.: Segmented linear shape
memory polyurethanes with thermoreversible Diels-Alder coupling: Effects of
polycaprolactone molecular weight and diisocyanate type.

Express Polym. Lett. 10 (4), 324-336, 2016. ISSN: 1788-618X.
DOI: http://dx.doi.org/10.3144/expresspolymlett.2016.30
IF: 2.983

Foreign language scientific articles in international journals (2)
2. Czifrak, K., Lakatos, C., Karger-Kocsis, J., Daréczi, L., Zsuga, M., Kéki, S.: One-Pot Synthesis
and Characterization of Novel Shape-Memory Poly(?-Caprolactone) Based Polyurethane-
Epoxy Co-networks with Diels-Alder Couplings.
Polymers. 10 (5), 504-1-19, 2018. EISSN: 2073-4360.
DOI: http://dx.doi.org/10.3390/polym10050504
IF: 2.935 (2017)

3. Lakatos, C., Czifrak, K., Karger-Kocsis, J., Dardczi, L., Zsuga, M., Kéki, S.: Shape memory
crosslinked polyurethanes containing thermoreversible Diels-Alder couplings.
J. Appl. Polym. Sci. 133 (43), 44145-1-9, 2016. ISSN: 0021-8995.
DOI: http://dx.doi.org/10.1002/app.44145
IF: 1.86

Hungarian abstracts (5)

epoxi- pohuretan komp02|tok eIoallltésa és wzsgalata Preparatlon and mves\t:gatlo 5
polyurethane-epoxi composites containing Diels-Alder adduct. s Xia

Gy o
Ne (¥
In: 23rd International Conference on Chemistry = XXIIl. Nemzetkozi Vegye@zkonfer Yeiz ‘

Szerk.: Majdik Kornélia, Erdélyi Magyar Miiszaki Tudomanyos Tarsasag (EMT), Kolozsvar,
57, 2017.

12



- v.mu}.

UNIVERSITY AND NATIONAL LIBRAY
UNIVERSITY of UNIVERSITY OF DEBRECEN

\
N ﬂ D E B R E c E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

5. Czifrak, K., Lakatos, C., Toth, E., Szanto, J., Zsuga, M., Kéki, S.: Diels-Alder addukt
képzddésének vizsgalata NMR spektroszkdpiaval = Examination of Diels-Alder adduct
formation by NMR spectroscopy.

In: 22nd International Conference on Chemistry = XXII. Nemzetkozi Vegyészkonferencia :
Timisoara, November 3-6, 2016 Temesvar, 2016. november 3-6, Erdélyi Magyar Miszaki
Tudomanyos Tarsasag (EMT), Kolozsvar, 52, 2016.

6. Lakatos, C., Czifrak, K., Karger-Kocsis, J., Zsuga, M., Kéki, S.: Térhalos, Diels-Alder adduktot
tartalmazo alakemlékez6 poliuretanok eléallitasa és vizsgalata = Preparation and
investigation crosslinked, shape memory polyurethanes containing Diels-Alder adduct.

In: 22nd International Conference on Chemistry = XXII. Nemzetkdzi Vegyészkonferencia :
2016 Temesvar, 2016. november 3-6, Erdélyi Magyar Mliszaki Tudomanyos Tarsasag
(EMT), Kolozsvar, 57, 2016.

7. Czifrak, K., Lakatos, C., Makrai, A., Karger-Kocsis, J., Zsuga, M., Kéki, S.: The effect of heat
treatment to the mechanical properties of DielsAlder adduct containing polyurethanes =
Hékezelés hatasa Diels-Alder adduktot tartalmazo poliuretanok mechanikai tulajdonsagaira.
In: 21st International Conference on Chemistry = XXI. Nemzetkdzi Vegyészkonferencia :
Csiksomlyo, 2015. szeptember 23-27, Erdélyi Magyar Mlszaki Tudomanyos Tarsasag
(EMT), Kolozsvar, 32, 2015.

8. Czifrak, K., Lakatos, C., Papp, R., Karger-Kocsis, J., Zsuga, M., Kéki, S.: Diels-Alder addukt
alkalmazasa alakemlékezé poliuretanok szintézisében = Applying Diels-Alder adduct in the
polyurethane syntheses.

In: 20th International Conference on Chemistry : Cluj-Napoca, November 6-9, 2014 = XX.
Nemzetkézi Vegyészkonferencia : Kolozsvar, 2014. november 6-9.. Ed.: Majdik Kornélia,
Erdélyi Magyar Mlszaki Tudomanyos Tarsasag (EMT), Cluj-Napoca - Kolozsvar, 48, 2014.

List of other publications

Hungarian scientific articles in Hungarian journals (3)

9. Lakatos, C., Milo, L., Gall, J., Hegedis, C., Szaloki, M., Keczanné Uveges, A.: TiO2 tart
fotokatalitikus nanokompozit kilénb6z6 eléallitasi modjainak hatasa a hajlitoszi ap&ﬁéé?g{
Miianyag és Gumi. 51. (1.), 22-27, 2014. ISSN: 0027-2914.

[ %

10. Lakatos, C., Milg, L., Keczanné Uveges, A.: Kérnyezetbarat nanokompozitok el gllitésa
vizsgalata = Preparation and study of environmantal friendly nanocomposneé\

Debreceni Miiszaki Kézl. 12 (2), 34-41, 2013. ISSN: 1587-9801. £ \:‘-\-'.”’_’_‘l‘)’

11. Mil6, L., Lakatos, C., Keczanné Uveges, A.: Nanotitanat alkalmazasa aktiv és passziv médon a
kornyezetvédelemben = Use of nanotitanium in active and passive ways for enviromental
protection.

Debreceni Miiszaki Kézl. 12 (2), 55-60, 2013. ISSN: 1587-9801.

13



-y
ok s

(==

@

UNIVERSITY AND NATIONAL LIBRAY
UNIVERSITY of UNIVERSITY OF DEBRECEN

ﬂ D E B R E c E N H-4002 Egyetem tér 1, Debrecen
Phone: +3652/410-443, email: publikaciok@lib.unideb.hu

Foreign language scientific articles in international journals (1)

12. Nagy, L., Nagy, T., Kuki, A., Olah, R., Lakatos, C., Zsuga, M., Kéki, S.: Reactions of 2,6-Toluene
Diisocyanate with Alcohols: Kinetic Studies in the Absence and Presence of Catalysts.
ChemistrySelect. 2 (34), 11302-11306, 2017. ISSN: 2365-6549.

DOI: http://dx.doi.org/10.1002/slct.201702251
IF: 1.505

Hungarian abstracts (4)
13. Nagy, L., Nagy, T., Kuki, A., Olah, R., Lakatos, C., Zsuga, M., Kéki, S.: A 2,6-toluilén-diizocianat

alkoholokkal térténd reakcidjanak kinetikai vizsgalata katalizator nélkil és katalizator
jelenlétében = Reactions of 2,6-Toluene Diisocyanate with Alcohols: Kinetic Studies in the
Absence and Presence of Catalysts.

In: XXIV. Nemzetkozi Vegyészkonferencia. Szerk.: Majdik Kornélia, Erdélyi Magyar Miiszaki
Tudomanyos Tarsasag (EMT), Kolozsvar, 61, 2018, (ISSN 1843-6293)

14. Czifrak, K., Lakatos, C., Karger-Kocsis, J., Zsuga, M., Kéki, S.: Uj tipusu Diels-Alder adduktot
tartalmazé poliuretanok = Polyurethanes containing new type Diels-Alder adduct.
In: 24th International Conference on Chemistry = XXIV. Nemzetkozi Vegyészkonferencia.
Szerk.: Majdik Kornélia, Erdélyi Magyar Miiszaki Tudomanyos Tarsasag (EMT), Kolozsvar,
53, 2018, (ISSN 1843-6293)

15. Czifrak, K., Molnar, P., Lakatos, C., Karger-Kocsis, J., Zsuga, M., Kéki, S.: Poli(?-
pentadecalacton)-t tartalmazé poliuretanok = Polyurethanes containing poly(?-
pentadecalactone).

In: 23rd International Conference on Chemistry = XXIIl. Nemzetkdzi Vegyészkonferencia.
Szerk.: Majdik Kornélia, Erdélyi Magyar Miiszaki Tudomanyos Tarsasag, Kolozsvar, 52,
2017.

16. Lakatos, C., Czifrak, K., Karger-Kocsis, J., Zsuga, M., Kéki, S.: Synthesis of polyurethanes with
branched isocyanates = Poliuretanok el6allitasa elagazé izocianattal.
In: 21st International Conference on Chemistry = XXI. Nemzetk6zi Vegyészkonferencia :
Csiksomlyo, 2015. szeptember 23-27, Erdélyi Magyar Mlszaki Tudomanyos Tarsasag
(EMT), Kolozsvar, 37, 2015.

Total IF of journals (all publications): 9,283
Total IF of journals (publications related to the dissertation): 7,778

(A \”‘i‘? N 1 N /
The Candidate's publication data submitted to the iDEa Tuddstér have been validatéti by DEENK on

the basis of Web of Science, Scopus and Journal Citation Report (Impact Factor) databases.

02 January, 2019

14



Conference participation

Presentations related to the dissertation

1.

Katalin Czifrak, Csilla Lakatos, Rita Papp, J6zsef Karger-Kocsis, Miklos Zsuga, Sandor
Kéki: Diels-Alder addukt alkalmazasa alakemlékez6 poliuretanok szintézisében, XX.
Nemzetkozi Vegyészkonferencia, Kolozsvar. (2014. november 6-9.)

Katalin Czifrak, Csilla Lakatos, Andrea Makrai, Jozsef Karger-Kocsis, Miklos Zsuga,
Sandor K¢ki: Hokezelés hatdsa Diels-Alder adduktot tartalmazd poliuretanok
mechanikai tulajdonsagaira, XXI. Nemzetkézi Vegyészkonferencia, Csiksomlyo.
(2015. szeptember 23-27.)

Katalin Czifrak, Csilla Lakatos, Emese Toth, Janos Szantd, Miklos Zsuga, Sandor Kéki:
Diels-Alder addukt képzédésének vizsgalata NMR spektroszkopiaval, XXII.
Nemzetk6zi Vegyészkonferencia, Temesvar. (2016. november 3-6.)

Csilla Lakatos, Katalin Czifrak, Jozsef Karger-Kocsis, Miklos Zsuga, Sandor Kéki:
Térhaloés, Diels-Alder adduktot tartalmazé alakemlékezd poliuretanok eldallitasa és
vizsgalata, XXII. Nemzetko6zi Vegyészkonferencia, Temesvar. (2016. november 3-6.)

Csilla Lakatos, Katalin Czifrak, Jozsef Karger-Kocsis, Miklos Zsuga, Sandor Kéki:
Diels-Alder adduktot tartalmaz6 epoxi-poliuretan kompozitok eléallitasa és vizsgalata,
XXIII. Nemzetkozi Vegyészkonferencia, Déva. (2017. oktober 25-28.)

Other presentations, posters

1.

Csilla Lakatos, Andrea Keczanné-Uveges: UV-fényre keményedd, oOntisztuld,
antiszeptikus polimer nanokompozitok eléallitasa, XVIIL Epiiletgépészeti, Gépészeti és
EpitSipari Szakmai Napok c. Szakkidllitas és Tudoményos Nemzetkozi Konferencia,
Debrecen. poszter (2012. oktober 11-12.)

Csilla  Lakatos, Laszl6 Milé, Andrea Keczinné-Uveges: Kornyezetbarat
nanokompozitok eldallitasa ¢€s vizsgalata, ,,Viz a héazban és a haz koril”
Kornyezetmérnoki konferencia, Debrecen. poszter (2013. oktober 11.)

Laszl6 Milé, Csilla Lakatos, Andrea Keczanné-Uveges: Nanotitanat alkalmazisa aktiv
és passziv modon a kornyezetvédelemben, ,,Viz a hazban és a haz koril”
Kornyezetmérndki konferencia, Debrecen. poszter (2013. oktober 11.)

Csilla Lakatos, Katalin Czifrak, Jozsef Karger-Kocsis, Miklos Zsuga, Sandor Kéki:
Poliuretanok eldallitasa elagaz6 izocianattal, XXI. Nemzetkdzi Vegyészkonferencia,
Csiksomlyo. (2015. szeptember 23-27.)

Katalin Czifrak, Patricia Molnar, Csilla Lakatos, Jozsef Karger-Kocsis, Miklos Zsuga,
Sandor Kéki: Poli(w-pentadekalakton)-t tartalmazé poliuretanok, XXIII. Nemzetkozi
Vegyészkonferencia, Déva. (2017. oktober 25-28.)

15



6.

Katalin Czifrak, Csilla Lakatos, Jozsef Karger-Kocsis, Miklos Zsuga, Sandor Kéki: Uj
tipusu  Diels-Alder adduktot tartalmazé poliuretanok, XXIV. Nemzetkozi
Vegyészkonferencia, Szovatafiirdd. (2018. oktober 24-27.)

Lajos Nagy, Tibor Nagy, Akos Kuki, Réka Olah, Csilla Lakatos, Miklés Zsuga, Sandor
Kéki: A 2,6-toluilén-diizocianat alkoholokkal torténd reakcidjanak kinetikai vizsgalata
katalizator nélkiil és katalizator jelenlétében, XXIV. Nemzetkozi Vegyészkonferencia,
Szovatafiirdd. (2018. oktober 24-27.)

16



