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The Centre for Functional and Surface- functionalized glass 
(FUNGLASS, www.fungl ass.eu) is a glass research institute 
founded in 2017 as the result of joint efforts of five part-
ners from four European countries: the Alexander Dubček 
University of Trenčín, Slovakia; Friedrich- Alexander 
University Erlangen- Nuremberg, Germany (FAU); the 
Spanish National Research Council, Madrid, Spain (CSIC); 
the University of Padova, Italy (UNIPD); and Friedrich 
Schiller University Jena, Germany (FSU); with massive fi-
nancial support (15 million €) from the EU program Horizon 
2020 under the scheme H2020- WIDESPREAD- 01- 2016- 
2017- TeamingPhase2, and the complementary support from 
the government of the Slovak Republic from the European 
Regional Development Fund in the frame of the Operational 
Program Research and Innovation (10 million €).

From the very beginning, the efforts of all five partners 
were focused on the promotion and support of a small glass 
research center of national significance (VILA), which had 
existed in Trenčín, Slovakia, since 1990, to achieve scientific 
excellence and international recognition in the selected areas 
of research. These areas reflected the field of expertise of 
all partners, and leading scientists from the three “old” EU 
countries— Germany, Italy, and Spain— became mentors and 
teachers of the team in Trenčín, transferring their know- how, 
but also friendship to their Slovak colleagues. In the three 

years from its official establishment, the Centre has grown 
significantly, becoming a truly international institution cur-
rently employing more than 70 researchers, PhD students and 
administrative and auxiliary staff, from 14 countries and all 
continents, except Australia and Antarctica.

The Centre consists of six intensively collaborating re-
search departments sharing transversal research topics.

Department of Biomaterials, headed by Dr. Martin 
Michálek, currently with six researchers and three PhD stu-
dents, focuses on the development and characterization of 
various bioactive materials, especially bioactive glasses, bio- 
ceramics, biopolymers, and their composites, their treatment 
and functionalization. The main aim is to overcome the cur-
rent limitations of bioactive glasses and biomaterials, and to 
achieve new functionalities, with a specific focus on thera-
peutic factors such as targeted drug release, and tissue engi-
neering applications. The momentum to its research activities 
gives a strong cooperation with the Institute of Biomaterials 
of the Friedrich Alexander University Erlangen- Nuremberg 
led by prof. Aldo R. Boccaccini.

Department of Coatings, headed by Dr. Amirhossein 
Pakseresht employs four researchers and three PhD students, 
and focuses its activities on the research, development, and 
characterization of coatings with special attention paid to 
sol– gel- based hybrid coatings for corrosion protection of 
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niobyl(3+) cation (NbO 3+ ), which enters deformed polyhe-
dra (octahedra, tetragonal pyramids) with a coordination- 
covalent bond to oxygen.  16,17    

   2  |   METHOD 

   2.1 |  Thermodynamic model of 
Shakhmatkin and Vedishcheva 

 Especially in the field of oxide glasses, the thermodynamic 
model of Shakhmatkin and Vedishcheva has been successfully 
applied in previous years.  1- 9   The SVTDM model considers 
glasses and melts to be an ideal solution formed by salt prod-
ucts of equilibrium chemical reactions of simple starting sub-
stances, e.g. oxides, halides, etc. These salt- like products have 
the identical stoichiometry as the crystalline compounds that 
exist in the phase diagram of the system under consideration. 
The model does not use any adjustable parameters. Only the 
molar Gibbs energies of pure crystalline phases and the ana-
lytical composition of the considered system are used as input 
parameters. The minimization of the system ' s Gibbs energy 
has to be performed with respect to the molar amount of each 
system species constrained by the overall system composition 
to reach the equilibrium system composition.  18,19   The present- 
day databases of thermodynamic properties comprising the 
molar Gibbs energies of various species (e.g. the FACT data-
base  20,21  ) enable the routine construction of the Shakhmatkin 
and Vedishcheva model for many significant multicomponent 
glass systems. However, in many cases, mainly of non- silicate 
multicomponent glass systems, the needed thermodynamic 
data are not found in any contemporary thermodynamic da-
tabase. In our previous work,  6,22   we proposed a method for 
obtaining estimates of missing thermodynamic parameters by 
reproducing the structural information.  

   2.2 |  Decomposition of Raman spectra based 
on glass composition from TD model 

 The method of numerical analysis of Raman spectra was 
suggested by Malfait and his collaborators.  23- 25   The basic as-
sumption of this method is that the Raman spectra are the 
sum of the partial Raman spectra (generated by the indi-
vidual structural elements) multiplied by the abundance of 
these structural elements. The series of Raman spectra ob-
tained for a series of glasses with different compositions span 
a linear vector space with a dimension given by a number of 
independent structural elements (i.e. structural elements that 
independently change their relative abundance) with differ-
ent partial Raman spectra (PRS). Each measured spectrum is 
recorded with any scale, i.e. it is known except for the size of 
a multiplication factor.  

   2.3 |  Multivariate curve resolution 

 The multivariate curve resolution (MCR) method  19,26- 28   de-
composes the set of experimental Raman spectra in the spec-
tra of pseudo pure components (called loadings) and relative 
abundances of these components (called scores). It is essen-
tial to emphasize that MCR does not use any data of the sys-
tem composition. The MCR result must be compared with 
the result of Malfait ' s spectra decomposition based on the TD 
model.   

   3  |   EXPERIMENTAL PART 

 Raman spectra were measured at room temperature using 
a confocal microscope (LabRam HR, Horiba Jobin– Yvon) 
with backscattering geometry and 532 nm excitation line of 
Nd:YAG laser. For correction of the temperature dependent 
population of phonon levels, the intensities of Raman spectra 
were reduced using the Gammon– Shuker relation   29  :
     

where  𝜈𝜈0   and  𝜈𝜈   are the frequency of excitation light and the 
Raman shift respectively.  T  is the thermodynamic temperature, 
 k  is the Boltzmann constant, and  I ( ω ) is the measured Raman 
intensity. More details can be found in.  16,17   Raman spectra were 
multiplied by a constant, thus the maximum value of spectral 
intensity equals to one.  

   4  |   RESULTS AND DISCUSSION 

 On the basis of experimental structural data  16,17   ten system 
components were considered in the ZnO- Nb 2 O 5 - P 2 O 5  ther-
modynamic model of Shakhmatkin and Vedishcheva –  ZnO 
(Z), Nb 2 O 5  (Nb) ,  P 2 O 5  (P), ZnP 4 O 11  (ZP2), Zn(PO 3 ) 2  (ZP), 
Zn 2 P 2 O 7  (Z2P), Zn 3 (PO 4 ) 2  (Z3P), NbO(PO 3 ) 3  (1/2NbP3), 
(NbO) 4 (P 2 O 7 ) 3  (Nb2P3), and NbOPO 4  (1/2NbP). The equi-
librium molar amounts of SVTDM system components re-
calculated for  xNb 2 O 5 ·50ZnO·(50 -  x)P 2 O 5  , ( x = 0 ,  1 ,  3 ,  5 ,  7 , 
 10 ,  12 ) glasses from the results of structural analysis pub-
lished in  16,17   are summarized in Table  1  together with the 
structural groupings represented by the Q  n   units (i.e. tetrahe-
dron PO 4  with  n  bridging oxygen atoms) of considered sys-
tem components.  

 The molar amounts reported in Table  1  correspond to lit-
tle bit changed glass composition when compared with the 
prescribed one, i.e.  xNb 2 O 5 ·50ZnO·(50 -  x)P2O5 , ( x = 0 ,  1 ,  3 , 
 5 ,  7 ,  10 ,  12 ). This actual glass composition is given in Table 
 2  together with the glass transition temperature.  

 The molar Gibbs energies of Z, Nb, P, and Z3P were taken 
from the FACT database.  20,21   The unknown molar Gibbs 

 ( 1 ) Ired (𝜈𝜈 ) = (𝜈𝜈0 − 𝜈𝜈 ) −4
𝜈𝜈 [1 − exp. ( − h𝜈𝜈∕kT) ] I(𝜈𝜈 )
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light metal alloys, sol– gel coatings for multifunctional ap-
plications on glass and metals, and antibacterial coatings on 
glasses. The department´s advanced partner and mentor is 
prof. Alicia Durán from the Institute of Ceramic and Glass, 
Spanish National Research Council.

Department of Functional Materials, led by Dr. José 
Velázquez- García, employs currently seven researchers, and 
supervises four Ph.D. students. The research activities of the 
department are focused on glass- based functional materials, 
especially luminescent glasses and glass ceramics applica-
ble as inorganic phosphors, as well as transparent ceramic 
and glass- ceramic materials with luminescent properties for 
HB- LED and energy- saving lighting. Super- efficient opti-
cally active materials (e.g., paramagnetic glasses, super- spin 
glasses, and anisotropic glasses with high optical nonlinear-
ity) are also in the focus of the department. The activities of 
the department are supported through intensive and efficient 
collaboration with the Laboratory of Glass Science of Otto 
Schott Institute of Materials Research, Friedrich Schiller 
University Jena, and mentoring provided by  prof. Lothar 
Wondraczek.

Department of Glass Processing, currently the small-
est, is led by Dr. Jozef Kraxner, and employs four research-
ers and one PhD student. The research interests are aimed 
at the development of new materials from waste glass, and 
recycling of waste from glass production. Such waste is con-
verted into glass- ceramic foams, glasses, and glass- ceramics 
microspheres (solid, hollow, or porous) prepared by flame 
synthesis. Fabrication of waste- derived glass- ceramic com-
posite materials by additive manufacturing techniques is also 
investigated. The key partner is Prof. Enrico Bernardo from 
the Università degli Studi di Padova (UNIPD), whose research 
activities focus on the conversion of industrial waste into a 
glass or raw materials for various engineering products (sin-
tered glass- ceramic and glass products, composites, and foams 
with glass or glass- ceramic matrix, or innovative clay bricks).

Joint Glass Centre (VILA) is headed by the FunGlass di-
rector, prof. Dušan Galusek, and employs 10 researchers and 
two PhD students. The position of VILA within FunGlass 
is specific, being a joint laboratory of the TnUAD and the 
Institute of Inorganic Chemistry of the Slovak Academy of 
Sciences, one of the leading materials science institutions in 
the Slovak republic. As such, it also served as a nucleus for 
the foundation of the FunGlass Centre. Its research activities 
focus on fundamental relations between composition, struc-
ture, and physical properties of inorganic non- metallic ma-
terials, covering viscosity, electric properties, and relaxation 
phenomena in industrially relevant glasses. The development 
of new types of aluminate glasses and transparent ceramics 
with specific optical (luminescent) properties is another im-
portant area of research in the department, along with activi-
ties related to ion exchange- based modification of properties 
of glass and glass- ceramics.

Central laboratories are led by Dr. Dagmar Galusková, 
and employ six researchers, five technicians, and one PhD 
student. Within FunGlass the Central laboratories manage 
large research infrastructure, including electron microscopy, 
thermal analysis, X- ray diffraction, chemical analysis, and 
selected spectral methods. The Central laboratories provide 
expertise in these techniques, and support for horizontal re-
search activities of other departments. Simultaneously, they 
foster their own research related to chemical analysis and ar-
chaeometry of historical glasses, corrosion of glass and ce-
ramics (including biomaterials) with a specific focus on the 
early- stage dissolution kinetics of glasses in aqueous media, 
and development of corrosion- resistant layers for corrosion 
protection of metals.

A broad variety of our research topics, close collaboration 
with our partners, and among the FunGlass departments, are 
documented by the contributions in this special issue. The 
optically active materials cover a broad range of topics from 
fluorescent Dy3+- doped borophosphate glasses with divalent 
modifiers, and optically non- linear Tm3+/Tm3+- Yb3+- doped 
NaLuF4 oxyfluoride glass- ceramics, through sol– gel- derived 
Nd3+- doped LaF3- SiO2 oxyfluoride coatings, glass- ceramic 
Ce3+- doped phosphors prepared by sintering of aluminate 
glass microspheres, to Er3+/Yb3+ co- doped oxyfluoro tellur-
ite glasses for temperature sensing applications. Our activities 
in the biomaterials field document the papers on the develop-
ment and preparation of polycaprolactone fibers doped with 
bioactive glass mesoporous nanoparticles for tissue regen-
eration. Antimicrobial properties of conventional soda- lime 
silicate glass surfaces modified by multi- step ion exchange 
are also documented. Our research in coatings focuses mainly 
on corrosion protection, and is documented by the reports 
on the development of protective coatings on Mg- based al-
loys through anodization and deposition of sol– gel- derived 
layers, or with the use of graphene- based hybrid coatings. 
The effect of rare- earth and alkali doping on phase transitions 
in sol– gel- derived alumina coatings has been also studied. 
Successful preparation of two- dimensional thin- film mullite 
structures on glass substrates prepared by inkjet printing is 
also reported. Various ways of valuation and recycling of glass 
waste are documented by the reports on the use of flame syn-
thesis for the preparation of borosilicate glass microspheres 
from cullet, and glass microspheres of åkermanite composi-
tion. Other ways of glass waste utilization are outlined in the 
papers related to new glass- based binders from engineered 
mixtures of inorganic waste, and alkali- free processing of 
advanced open- celled sinter- crystallized glass- ceramics. The 
Centre activities demonstrating the cross- cutting fields of re-
search, or its interest in fundamental studies of glass structure 
and processes, are documented by the studies of the densi-
fication and crystallization of glass- ceramics evaluated with 
the use of master sintering/crystallization curve concept, in-
vestigations of the structure of historical glasses by Raman 
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spectroscopy, and development of a thermodynamical model 
for phosphate glasses.

Along with research activities, another important goal 
of the Centre is the education of a new generation of glass 
scientists and ceramists, with the ultimate aim to become 
a reference institution for glass education in the EU. At pres-
ent, this is accomplished both by our postdoctoral fellowship 
program, and the doctoral program in the field of inorganic 
technologies and materials. In both, we collaborate closely 
with our advanced partners. Our postdoctoral fellows, after 
an open and thorough selection procedure, sign 2 years con-
tracts: Out of the 2 years, they spend 1- year intensive training 
at one of our partner institutions, learning new experimental 
techniques, broadening their horizons, learning to accommo-
date to a highly competitive and international environment, 
and establishing the network of contacts. After returning to 
Slovakia, they utilize the newly gained expertise for their re-
search projects. The best performing fellows are offered an 
extension of their contracts and further career prospects, in-
cluding the possibility for time- unlimited contracts in the fu-
ture. We are pleased to acknowledge, that the great majority 
of our fellows accepted the offered contract extensions, which 
they see as an excellent opportunity for further advancement 
of their career. So far, 34 research fellows from 11 countries 
went through the FunGlass postdoctoral research program or 
are currently under training.

A similar scheme is applied to our PhD program. After a 
highly competitive selection procedure (6 students selected 
from 60 candidates in the academic year 2019/2020, 9 se-
lected from 99 candidates in the academic year 2020/2021), 
the students go through  rigorous 4- year training, with the 
best candidates selected for the double- degree scheme with 
advanced partners. Such students spend at least one year of 
their study at an advanced partner institution under the super-
vision of the most respected scientists in the field. The Centre 
has already signed the first two co- tutelle agreements with 
FAU in November 2020, and a framework agreement on the 
double- degree doctoral study with UNIPD. Similar agree-
ments with the FSU and CSIC are in preparation. The de-
fense of the first two double- degree doctorates is anticipated 
in August 2021. For all registered PhD students, the Centre 

provides scholarships for the entire duration of their study to 
cover their living expenses in Slovakia, with additional sup-
plements provided to the double- degree candidates to cover 
their living expenses in the partner country.

In its efforts, the Centre is aided by two important bod-
ies: The Industrial Board, comprising representatives of the 
Slovak and European glass industry, and the International 
Advisory Board consisting of six leading world scientists, 
who help to focus our research efforts and to identify “hot” 
topics in glass science and technology. The former also helps 
the Centre in the identification of the topics of interest for 
the glass industry. Apart from routine service measurements 
of physical and chemical properties of various types of in-
dustrially relevant glasses, the FunGlass activities include 
systematic collaboration with industrial partners aimed at 
the optimized and energy- efficient glass melting and fining, 
energy savings by reduction of heat losses and waste heat re-
covery, low- emission glass melting, corrosion of refractories, 
and recycling of “unrecyclable” glass and waste from glass 
production.

We would like to express our deepest gratitude to the EU 
program Horizon 2020, and the Slovak government for help-
ing us to build a success story of collaboration among R&D 
Centers, universities, and industry. We are proud and honored 
by the opportunity to present the results of this collaboration 
in the International Journal of Applied Glass Science.
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