.
FunGlass

FunGlass School 2019/part 1

Book of Abstracts

Certov, May 20-22, 2019



ORGANIZING INSTITUTIONS:

Q}‘q ERS,; ?;’
IN) @

. 3 2
‘%}4/ %o;
FunGlass CynyY

FunGlass School 2019 / Part 1
Book of Abstracts

Certov, May 20-22, 2019

SCIENTIFIC BOARD: Dusan Galusek, Prof., DSc., Marek Liska, Prof., DSc.

REVIEWERS: Dusan Galusek, Prof., DSc., Marek Liska, Prof. DSc., Maria Chromd¢ikova, Assoc.Prof., Robert
Klement, Assoc.Prof., Alfonz Plsko, Assoc. Prof., Dr. Nasima Afsharimani, Dr. Martin Michalek, Dr. Jozef
Kraxner, Dr. Nasima Afsharimani

Edited by Fatih Kurtuldu, Fulden Dogrul, Nursen Mutlu, Susanta Sengupta and Vanda Mokranova

ISBN 978-80-8075-874-5
EAN 9788080758745



This conference is part of a project that has received funding from the European Union's
Horizon 2020 research and innovation programme under grant agreement N2739566

FunGlass

| centre for functional and
| surface functionalized glass




Table of Contents

A. Dasan / Development of 3D Bioactive Silicate Based Glass-Ceramic Scaffolds with Hierarchical
Porosity by Additive ManUFaCTUNING.........c.cccoiieiiiie et see e 1

7. Nescakova / Sol-gel derived Zn-doped mesoporous bioactive glasses for biomedical applications 3

Z. Vargas / Magnetic Mesoporous Silica Nanocomposites based on SBA-15/Fe30, as
Multifunctional Nanoplatforms for Technological Applications...........ccccevvviiieie e 4

F. Dogrul / Production of SiOC Based Bioactive Glass for Bone-Tissue Applications..............c.ccce.... 6
F. Kurtuldu / Synthesis of Cerium and Gallium Doped Mesoporous Bioactive Glass Nanoparticles 8
N. Mutlu / Incorporation of Zinc Doped Borate Bioactive Glasses into Soft Matrices for Wound

L LT LT o AN o] o] LT U1 L] 13 SRS 10
S. Sengupta / Magnetic Bioactive Materials for Bone Regeneration and Tissue Engineering........... 12
N. Afsharimani / Sol-gel based hybrid coatings for corrosion protection of AA2024-T3 alloys........ 14
M. Zitiian / Inkjet printing of ceramic precursors based on sol-gel media...........cccoocvvereerreeerisnnns 16
I. Petrikova / Passive Filler Loaded Polysilazane-Derived Glass/Ceramic Coating Systems............. 18
M. Parchoviansky / Passive filler loaded polysilazane-derived glass/ceramic coating system on AlSI
441 stainless steel: CorroSion DENAVIOUN ..........ccuiiiiiieiii e s sre e nne s 20
A. Svanéarkovi / Effect of Corrosive Media on Hardness and Wear resistance of LiSi.Os glass-
(01=] 0 ] ot OSSR 22
J. Vrablova / Corrosion of IZOMER TT Glass Fiber Under Static Conditions In Distilled Water
ANnd In Borate Coolant SOIULION ..........cccviiiiiiiece et sreeeee 24
O. Nowicka / Corrosion of 3Y-TZP ceramics for dental applications .............ccccccoeeviiviecicnin e, 26
A. PISko / Crystalisation of TiO2 XEIOQEL.........coiiiiiiiiiieiiie ettt sre st saesae s 30
H. EI-Maghraby / Solid-state fabrication of transparent YAG ceramics for optical applications:
Characterization mixing, and processing of the starting OXides...........c.ccoceveiireieininin e 31
P. Svanéarek / White light emitting Y203 based fluorescents doped by ZnO ..........cccoeveveeveeerenenne, 33
J. J. Velazquez Garcia / From Xerogels to Aerogels: synthesis of porous oxyfluoride glass-ceramics
(0] g0 ] o A [or=1 A= T o] o] [Tz 1 0] PSSRSO RROUIN 36
M. Chrom¢ikova / Structural relaxation of PDO-WO3-P20s5 glasSes.........ccoeiereieiiiniiiiinesieseneenes 38
B. Hruska / Surface active components of glass forming melts identified by thermodynamic model
.................................................................................................................................................................... 39
A. Prnova / HP sintering of yttrium-aluminate glass-Impact of particle size distribution on
MECNANICAI PIOPEITIES. ... ittt bbbttt b b e bbbt et e st et e b eneas 41
M. Michalkova / Preparation of YAG glass from glass miCroSpheres.........cccovvevvviininineneneneenns 43
M. Hujova / Vitrification and upcycling of iNOrganic Waste .............ccoocveierereeieneiee e 45
K. Faturikova / Dielectric properties of Barium Crystal Galss............ccooeioiiieiinieiiene e 47

J. Michalkova / Chemical Durability of Glass Fibres Insulation used in Nuclear Power Plants....... 49

Nibu G. P. / Characterization of Ce-doped yttria ceramics prepared by pressure filtration ............ 51



Development of 3D Bioactive Silicate Based Glass-Ceramic Scaffolds with
Hierarchical Porosity by Additive Manufacturing
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ABSTRACT

Due to their excellent bioactivity and biocompatibility, silicate based biomaterials have received much
attention in bone tissue engineering. Bone Implants for bone regeneration ideally need highly porous
scaffolds, pore interconnectivity, optimized mechanicl strengths and adaptable manufacturing. While it
is challenging to produce complex porous ceramic components via conventional shaping methods,
additive manufacturing enables to fabricate such components.

Silicones are a class of preceramic polymers, also known as polymer derived ceramics (PDCs), which
can yield SiO2 upon thermal treatment in air. Mixing silicones with active fillers leads to silicate based,
bioactive, polymer derived glass-ceramics. For example, well known bioactive akermanite
(Ca2MgSi»07) ceramic foams were developed from a liquid silicone mixed with CaO and MgO
precursors by firing at 1100 °C. Intensive foaming was caused by water evaporation due to the
decomposition of the fillers Mg(OH), and hydrated borax as extra filler (which also formed liquid phase
upon firing; led nearly phase pure components) at ca. 300-350 °C before firing at 1100 °C. It should be
noted that the obtained akermanite ceramics by PDCs route did not compromise its biological responses.
The advantage of PDCs route is not limited to shaping possibilities ((porous scaffolds could be shaped
with silicone polymers before ceramization occurs); but also desirable ceramics could be obtained
relatively low temperature than conventional methods. In addition, the low cost, easy handling and
commercially available raw materials are also advantages. This characteristic property has recently
provoked the use of preceramic polymers with reactive fillers in additive manufacturing technologies.

Direct ink writing (DIW) is an additive manufacturing technique that can be used to form green bodies
via layer-by-layer extrusion of viscous pastes. Generally, in order to produce ceramic pastes, it needs
sacrificial organic binder (during heat treatment binder will completely burn out), while silicone
polymers can act as nonsacrificial binder as it yield one of the reactant upon heat treatment, to produce
ceramic phases of a targeted composition when mixed with fillers.

The research here presented was essentially aimed at producing reticulated akermanite scaffolds, by
direct ink writing of a paste consisting of silicone resins with CaO and MgO precursors, and with the
additional constraint of forming porous struts, that would favour the impregnation with body fluids and
cell adhesion. Despite scaffolds exhibited numerous cracks, due to the gas release from silicone resin
and CaCOs upon heating, crack-free scaffolds with dense and regular struts were achieved by using
addition of small amount (1.5 wt%) of anhydrous sodium borate (NaB4O-). On the contrary, scaffolds
with homogenous ‘spongy’ struts were obtained by using hydrated sodium borate. No cracks were
observed even in the latter case, owing to water vapour release at low temperature, before ceramic
conversion. Both type of scaffolds (with dense or porous struts) exhibited remarkable (compressive
strength of 7.3+1.1 MPa and 4.1+0.3 MPa with porosity 56.6 + 2.6% and 68.7 = 0.8%, respectively)
strength-to-density ratios.

Keywords:Polymer derived glass ceramics; preceramic polymers; additive manufacturing;
akermanite; direct ink writing; scaffolds.
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Sol-gel derived Zn-doped mesoporous bioactive glasses for biomedical
applications
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Bioactive glasses (BG) continue to attract interest for applications in bone tissue engineering because of
their bioactive, osteoconductive and osteoinductive properties. Their application possibilities have
covered also the area of soft tissue engineering and wound healing (1). The discovery of mesoporous
bioactive glasses (MBGS) opened a new direction for developing multifunctional bioactive materials by
applying nanotechnology in regenerative medicine (2, 3). The main goal of the present work is the
characterisation of SiO,-CaO (MBG) and SiO,-Ca0-ZnO (MBG_Zn) bioactive glasses produced by the
sol-gel route. The main feature of these nanosized SiO,-based MBGs is the presence of a highly ordered
mesoporous channel structure. The size of dispersed, spherical particles was in the range of 130 + 10
nm. To connect the regenerative properties of MBGs with the beneficial effect of zinc, MBG doped with
Zn ?* ions were successfully produced by using microemulsion assisted sol-gel method. EDS analyses
and ICP_OES confirmed the presence of zinc in amount ~ 9 mol %. The designed material showed
sustained released of zinc ions up to 21 days, reaching its maximum values after 14 days (1,12 mg/L).
Cell culture tests with ST-2, MEF and MG-63 cell lines confirmed the cytocompatibility of the tested
materials. SEM, XRD and FTIR indicated the formation of hydroxyapatite on the surface of MBG
nanoparticles upon 3 days of immersion in simulated body fluid (SBF). On the other hand, the in vitro
mineralization of MBG_Zn was markedly delayed confirming the same trend already reported in
literature (4, 5) This fact can be considered an advantage in some applications such as wound dressing.
These positive results confirm the suitability of the obtained MBG as candidates for biomedical
applications.
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ABSTRACT

Magnetic-mesoporous silica nanocomposite materials are emerging as one of the most appealing
candidates to produce novel nanodevices with superior textural and magnetic properties. Their use as
catalysts, adsorbents, gas storage and sensors have gained increasing importance®. Particularly in
biomedicine, their applications include MRI, magnetic hyperthermia, controlled drug release, bone
tissue engineering, theranostics? and local cancer treatment®. These nanocomposites possess outstanding
combined features providing a multifunctional activity?. On the one hand, SBA-15 mesoporous silica
has a flat two-dimensional hexagonal symmetry with an ordered cylindrical pore channels system, which
are highly interconnected. Moreover, SBA-15 shows remarkable hydrothermal and chemical stability,
making it suitable for hosting and protecting important sensible molecules such as DNA, genes,
enzymes, etc. Its surface plenty of silanol groups confers the ability of being easily modified by using
organosilane species. On the other hand, the incorporation of superparamagnetic iron oxide
nanoparticles (SPIONs) add different beneficial effects related to their nanosize and magnetic properties
like magnetic stimulation on biological media (i.e., enhancement of cell adhesion, proliferation and
differentiation), localized heat release by magnetic hyperthermia®, reinforcement of the SBA-15
mechanical properties. Besides, the presence of SPIONs confer the nanocomposites the capacity to be
magnetically recovered from different environments as well as function as catalyst for Fenton reaction
that can be used to degrade pollutants.

In this talk, different magnetic mesoporous materials* ®, obtained by optimized synthetic methods and
different in situ or ex situ approaches of magnetic doping, with chemically tailored morphological,
textural and magnetic responses will be presented. TEM images of figures 1A and 1B display two
different examples of magnetic mesoporous nanocomposites, where the magnetic nanoparticles are
attached to the external silica surface, showing that they conserve the morphology and hexagonal
symmetric disposition as their SBA-15 mesoporous silica precursor. N2 adsorption analysis reveals
surface areas above 200 m?/g, which are higher than those of conventional ceramics, ensuring an
enhanced capacity for loading a large amount of molecules of different nature. XRD patterns reveal the
conventional reflections associated with the SBA-15 type materials (low angle) as well as the presence
of crystalline magnetite in these nanocomposites (figure 2A and 2B). The magnetization cycles show
no hysteresis or coercive forces (figure 3), which is highly desirable for several applications to avoid
magnetic agglomeration of particles. In addition, hyperthermia characterizations have been performed
to assess the magneto-thermal abilities of some representative samples. The hyperthermia response can
be tuned by varying both the content of magnetite and the location of magnetite on the (SBA-15/Fe304)
composite system, as evidenced in figure 4. Negligible temperature increase (low magnetite
content/magnetite inside SBA-15 mesopores) or a high increase of about 40° C in only one minute (high
magnetite content/magnetite attached to external SBA-15 surface) can be obtained. Finally, the easiness
of having organically modified surfaces with different functional groups provide them additional
properties and features by incorporating, for example, fluorescent-labeling and antibody-
bioconjugation.

Keywords: Magnetic mesoporous nanocomposites, magnetite, multiples functionalities,
outstanding features, SBA-15, several applications.
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Figure 1. TEM images of the magnetic mesoporous nanocomposites A) =207
Magnetic aggregates (FesO4@C) attached to external SBA-15 surface B) 401
Magnetic NPs (Fe30:@Si0>) attached to external SBA-15 surface. -601
-804
A B -10b00 -5600 6 SdOO 10600

H (Oe)
Figure 3. Hysteresis loops of the magnetic
mesoporous nanocomposites up to 10 kOe.
HMC = High magnetite content

—
& — SBA-15/Fe,0,@Si0,
— SBA-15/Fe;0,@C

=)
< = LMC = Low magnetite content
bt X — SBA-15/Fe;0,@PAA
2 &
2 2 154
2 ‘0
c c
- =
™ o)
£ y wg @ 810,
M‘WW“ Al '2
T T T T v* a 5
1.0 15 2.0 10 20 30 40 50 60 70
20 (degrees) 20 (degrees)
. . 07/
Figure 2. A) Low-angle XRD patterns and B) XRD patterns of the magnetic 0 20 20 60 a0
mesoporous nanocomposites. The expected peaks for magnetite (JCPDS t (s)

card No. 19-0629) are also indicated at the bottom of the figures and the Figure 4. Heating curves of the magnetic
different peaks have been labelled with their corresponding Miller indexes.  mesoporous nanocomposites.

Acknowledgment:

This paper is a part of dissemination activities of project

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 739566.

References:

! John Mondal, Tapas Sen and Asim Bhaumik. FesOs@mesoporous SBA-15: a robust and magnetically recoverable catalyst
for one-pot synthesis of 3,4-dihydropyrimidin-2(1H)-ones via the Biginelli reaction. Dalton Trans., 2012, 41, 6173-6181

2 Zulema Vargas-Osorio, Andrés Da Silva-Candal, Yolanda Pifieiro, Ramon Iglesias-Rey, Tomas Sobrino, Francisco Campos,

José Castillo and José Rivas. Multifunctional Superparamagnetic Stiff Nanoreservoirs for Blood Brain Barrier Applications.
Nanomaterials 2019, 9, 449; doi:10.3390/nan09030449

3 Vallet-Regi, Maria, and Eduardo Ruiz-Hernandez. Bioceramics: from bone regeneration to cancer nanomedicine. Advanced
Materials 23.44 (2011): 5177-5218.

4z Vargas-Osorio, M. A. Gonzalez-Gomez, Y. Pifieiro, C. Vazquez-Vazquez, C. Rodriguez-Abreu, M. A. Lopez-Quintela
and J. Rivas. Novel synthetic routes of large-pore magnetic mesoporous nanocomposites (SBA-15/Fe304) as potential
multifunctional theranostic nanodevices. J. Mater. Chem. B, 2017, 5, 9395-9404.

5 Manuel Bafobre-Lopez, Yolanda Pifieiro-Redondo, Monica Sandri, Anna Tampieri, Roberto De Santis, Valentin Alek Dediu,
and José Rivas. Hyperthermia Induced in Magnetic Scaffolds for Bone Tissue Engineering. /£££ TRANSACTIONS ON MAGNETICS,
VOL. 50, NO. 11, NOVEMBER 2014,

6z Vargas-Osorio, Y. Pifieiro, C. Vazquez-Vazquez, C. Rodriguez-Abreu, M. A. Alvarez-Pérez, M. A. Lopez-Quintela and

J. Rivas. Magnetic nanocomposites based on mesoporous silica for biomedical applications. International Journal of
Nanotechnology. Vol. 13, No. 8, 2016. DOI: 10.1504/1JNT.2016.079668.

FunGlass School 2019/ Part 1


http://dx.doi.org/10.1504/IJNT.2016.079668
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ABSTRACT

Bioactive glass and glass ceramics are suitable materials for biomedical applications due to their ability
to form normal tissue at their surfaces. In addition, they are able to establish a contiguous interface able
to support the loads occurring at the site of implantation. From the point of view bio-applications, an
ideal scaffold for bone regeneration must possess some characteristics, such as being bioactive and
biocompatible, having controllable degradation rate in human body, and having similar mechanical
properties to those of host bone. However, bioactive glass and glass ceramics are brittle. Due to
insufficient mechanical properties they cannot be used alone for producing scaffolds for bone
replacement and regeneration. Human bones also possess hierarchically organized porous structure. In
order to mimic natural bone structure, scaffolds should be composed of interconnected highly porous
network with appropriate pore structure, with the pore size supporting cell growth and transport of
nutrients and metabolic waste. Even though there is a lot of reports related to improved structural
properties of scaffolds for bone-tissue engineering, the problem related to adjusting the balance between
mechanical properties and required porosity remains unresolved 23,

In 2016 Riedel et al. reported on bioactivity of silicon oxycarbide-based (SiOC) glass. Silicon
oxycarbide (SiOC) based glass refers to carbon-containing silicate glass where silicon atoms bond to
carbon and oxygen atoms in an amorphous network. The network of silicon oxycarbide glass is formed
by corner-shared silicon-centered tetrahedra comprising Si-O and Si-C bonds, but not C-O bonds
(SiO«C4 tetrahedra). The structure therefore consists of mixed bonded SiOxCa « tetrahedra (i.e., SiOa,
SiOsC, Si0,C,, SiOCs, and SiC,) instead of separate mixture of intergrown silicon carbide and silicon
oxide nanophases. The presence of carbon in the silicate glasses increases bonding per anion by
replacing two coordinated oxygen with four coordinated carbon. Due to increased bonding, molecular
structure of glass network is strengthened and its thermal and mechanical properties are improved*®.

Silicate based materials, because of its sintering difficulties, generally are obtained by using
hydrothermal method, spark plasma-sintering, solution combustion processes and sol-gel processing. It
can be said that sol-gel method is the most suitable way for the preparation of complex structures due
to possibility of exact stoichiometry control. Even though this method has several advantages, it is hard
to transfer it to industry, especially in terms of production of bulk components because of the cost of the
raw materials, the presence of large amounts of solvents and the associated drying problems. Compared
to sol-gel method, preceramic polymer fabrication avoids problems with drying, processing time is
shorter, and allows processing in molten state. Moreover, commercially available siloxanes, as the most
important raw materials for production of SiOC glass are relatively cheap and do not require specialized
handling procedures. Using preceramic polymers give rise to important technological advantages 5.
The aim of the present study is to overcome the mechanical drawbacks of bioactive glasses by utilizing
SiOC based glass and glass-ceramics prepared from preceramic polymers and at the same time to
enhance the bioactivity of these materials. Effect of dopants like MgO, CaO and NaO will be studied
with the aim to enhance the bioactivity of these materials, as required for bone tissue engineering
applications. Fabrication of various structures in the form of tablets, foams and 3D printed scaffolds will
be utilized.
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ABSTRACT

According to the IUPAC definition, porous materials are divided into three classes: microporous
(pore size < 2 nm), mesoporous (2-50 nm) and macroporous (>50 nm) [1]. Ordered mesoporous
silica was first discovered in 1992 [2], and proposed as a drug delivery system in 2001 [3]. Since
then silica-based glass microspheres, such as MCM-41, SBA-15 or MCM-48 representing ordered
mesoporous inorganic materials, have been considered as ideal materials for incorporation of drugs,
genes and other therapeutic agents acting as carrier and control release systems. In this study, the
synthesis of mesoporous bioactive glass nanoparticles, consisting of a silicate network modified by
Caand Ce or Ga ions, has been studied for possible applications in cancer treatment or incorporation
into nanocomposite scaffolds for bone regeneration.

Tetraethylorthosilicate (TEOS, 100%, VWR International), hexadecyltrimethylammonium bromide
(CTAB, BioXtra, >99%, Sigma-Aldrich), ethyl acetate (99.7%, Centralchem), ammonium
hydroxide (ACS reagent, 28.0 - 30.0% NHs; basis, Sigma-Aldrich), Cerium nitrate hexahydrate
(99.95%, Treibacher) and gallium nitrate hexahydrate (99.999%, Alchemica) were used as starting
materials for synthesis of mesoporous bioactive glass nanoparticles (MBGNPSs).

Cerium doped mesoporous bioactive glass nanoparticles (MBGNPSs) in the 60SiO»-(40-x)CaO-
xCe;03 system and gallium doped MBGNPs in the 60SiO,-(40-x)Ca0O-xGa,03 system, where x
stands for 0, 1, 3 and 5 mole %, were obtained by micro-emulsion assisted sol-gel method. First,
2.8 g of CTAB templating agent was dissolved in 150 mL deionized water, and 40 ml of ethyl
acetate was added. Ammonium hydroxide (3.66 ml) was then added and mixed at room temperature.
TEOS (14.4 ml) and appropriate quantities of calcium nitrate tetrahydrate, cerium nitrate
hexahydrate or gallium nitrate hexahydrate were added step wise to the solution within a 30 minutes
time interval, and the solution was left for 4 hours. Afterwards the precipitates were filtered and
washed with deionized water and EtOH to remove unreacted precursors and remaining salts, and
dried at 60°C overnight. Finally, the dried samples were thermally treated at 650 °C/3 h (heating
rate 1 °C min™!) to remove the surfactant and nitrate groups and to stabilize the glassy phase.

Micro-emulsion assisted sol-gel method allowed the preparation of MBGNPs with spherical shape,
monomodal size distribution with the mean equivalent diameter of 150 nm and a low degree of
agglomeration. SEM micrographs and EDS spectra of undoped MBGNPS are shown in Fig. 1. The
results of acid digestion method confirm that the glass nanoparticles contain 12.6 mol % CaO. The
high resolution SEM micrographs revealed fine surface structure of the nanoparticles indicating
their mesoporous structure.
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.

gure 1 SEM images of ) undoped, b) doed with 1 mol% cerium and c) doped with 1 mol%
gallium Mesoporous Bioactive Glasses produced by Micro-Emulsion Sol-Gel method.

Synthesis of nanoparticles with up to 1 mol% of Ce and Ga yielded nanoparticles of size, shape,
and surface pore structure similar to those of the undoped MBGNPs. Increasing the content of
dopants up to 3 and 5 mol % resulted in deformation of the spherical shape of the nanoparticles and
yielded elongated pineal shaped particles with aspect ratio 5:3. In addition, calcium content
decreased significantly (down to 4.4 mol% CaO for gallium and 0.7 mol CaO for cerium), most
likely due to replacement of Ca in the glass structure with the ions of the dopants. The influence of
doping on specific surface and mesoporosity of synthesized nanoparticles has been evaluated and
critically discussed. Specific surface area increased with 1 mol% of doping, 345 m?/g to 412 m?/g
for Ce and 486 m?/g for Ga. Increasing the content of dopants up to 3 and 5 mol% resulted in
decreasing surface area and increasing the size of the mesoporous.

The micro-emulsion assisted sol-gel method yielded monodispersed mesoporous bioactive glass
nanoparticles in the system CaO-SiO, doped with up to 5 mol % of Ce and Ga, and with low or no
agglomeration. Incorporation of higher concentrations of dopants resulted in distortion of the
MBGNPs spherical shape and marked decrease of Ca content. The influence of doping specific
surface and mesoporosity of synthesized nanoparticles has been studied.

Keywords: Bioactive glass, Cerium, Gallium, Micro-emulsion, Nanoparticles
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ABSTRACT

Application of bioactive glasses in orthopedic and dental application, as well as bone tissue engineering
gained a great interest in the last 50 years since its discovery by Hench et al. in 1971 [1]. Most frequently
studied and well documented system for bone filling materials, dental application and bone implants
bioglass are the compositions 455S (45% SiO,, 24.5% Na,O and CaO, 6% P,Os by wt.) and 13-93 (53%
Si0,, 20% Ca0, 12% K0, 6% Na20, 5% MgO, 4% P,0s). Recently boron containing glasses attracted
attention for applications beyond bone and teeth: soft tissue applications including wound healing are
also studied. Bioactive borate glasses show 5 times faster biodegradation and better bioactivity compare
to silicate glass due to presence of silicate-rich layer [2]. Unlike the 45S5 silicate bioactive glass, they
transform to hydroxyapatite (HA) completely. This feature originates from less stable structure of boron
containing glasses with different type of glass forming units and lower network connectivity [3]. When
considering all these properties, borate bioactive glasses can be pointed out as promising biomaterials
for wound healing applications.

To provide ideal dressing for a wound, both natural environment and healing process needs to be
mimicked. For this purpose, both natural and synthetic polymers can be applied. However, the polymers
by themselves are insufficient in providing required mechanical strength, chemical reactivity,
biocompatibility and bioactivity to mimic natural tissue. Their mechanical properties must be improved
and optimized, and additional bioactivity must be provided by another component [4]. Borate glasses
are one of the promising candidates for preparation of a biocomposite material which could provide
temporary support for new tissue formation.

When the body cannot heal naturally, suitable stimulation is needed to enhance the healing process. This
can be achieved by the use of biomaterials, which release suitable ions such as Ca, P, B etc. to the
surrounding area. These ions have specific roles during hemostasis, inflammation, proliferation and
tissue remodelling phases of wound healing. For example, Ca ions that is present in a BG composition
as a glass modifier, can promote the migration of epidermal cells and accelerate formation of blood clot.
Upon dissolution, silicate and borate bioactive glasses increase the local pH contributing to antibacterial
effect. Bioactive glasses can be also doped with therapeutic ions such as Ag*, Cu?*, Ga** and Zn?* with
antibacterial properties, thus assisting and promoting the wound healing process[5].

In this study, 1393-B3 bioactive glass doped with zinc was produced by conventional melting. The
compositions of prepared glasses are summarized in Table 1. In doped glasses Zn was added to substitute
calcium. The real composition of prepared glasses was verified by chemical analysis by optical emission
spectroscopy in inductively coupled plasma (ICP-OES, VARIAN MPX), (Table 2). The real
compositions of produced glass corresponds with the theoretical compositions. The X-ray powder
diffraction data (26, range from 10 to 80), confirmed that produced bioactive zinc doped glasses were
X-ray amorphous (Fig.1.).

Table 1. Composition of produced borate bioactive glasses
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Mol% 1393B3 1Zn-1393B3 3Zn-1393B3 6Zn-1393B3
Naz:0 5.96 5.96 5.96 5.96
K20 7.91 7.91 7.91 7.91
MgO 7.66 7.66 7.66 7.66
CaO 22.15 21.15 19.15 16.15
B203 54.75 54.57 54.57 54.57
P20s 1.75 1.75 1.75 1.75
ZnO - 1 3 6
Table 2. ICP-OES result of produced bioactive borate glasses
Mol % B203 K20 MgO Na.0 Ca0 P20s Zn0O
1393-B3 52.76+0.76 | 10.55+0.18 [ 3.97+0.07 | 4.17+0.07 17.83£0.2 3.50£0.05 [ -
1Zn 51.51£1.42 | 10.25+0.28 | 4.15+0.10 | 4.06+0.09 17.3420.4 3.55+0.12 1.10+0.02
3Zn 50.49+0.16 | 10.11£0.051 | 3.930.02 | 3.91%0.01 14.83+0.08 | 3.37+0.04 | 3.23+0.01
6Zn 52.40+£3.03 | 10.93+0.17 [ 4.28+0.04 | 4.21+0.09 13.800.40 [ 3.70+0.11 7.16+0.16

Future work will include the studies of bioactivity and degradation of zinc doped glasses. In addition,
Ga-doped borate bioactive glasses will be produced by conventional glass melting route and will be
characterized in the same manner. Biocomposite fibres containing Ga and Zn doped bioactive borate
glasses in polylactic acid polymeric matrix will be produced by electrospinning method as potential
dressings for wound healing applications.

Keywords: Biocomposite, bioactive borate glass, wound healing.
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Tissue Engineering is an interdisciplinary area that combines the concept of cell biology, drug delivery,
materials science and engineering, which focused on the regeneration of specific cells and functional
tissues. Depending on the scaffold materials cell growth or tissue regeneration can be efficient; cells can
undergo attachment, growth, differentiation and proliferation on effective bioactive materials.
Biomaterials like bioactive glass (45S5, 1393, 1393B3, 1393B1, 58S), ceramic materials
(hydroxyapatite), glass-ceramics, biodegradable or biocompatible polymers are specially used for the
preparation of such kind of scaffolds [1, 2]. Based on the nature of the used bioactive materials different
processes and technologies are used for scaffold preparations, e.g. freeze casting, solvent casting,
robocasting, foam replication method, 3D printing, electrospinning etc.

Bioactive glasses, especially 45S5, 1393, 1393B1, have been considered as a promising alternative in
the treatment of bone related diseases, therapeutic ions (B, Cu, Zn, Mg, Co, Sr, Ca) doped glass scaffolds
also have the ability to form bone minerals, like hydroxycarbonated apatite (HCA), after immersion in
simulated body fluid (SBF). Mesoporous glass based materials prepared by sol-gel method are excellent
materials with high specific surface area, and possess very high loading capacity for successful delivery
of potential growth factors (proteins, enzymes, drugs etc.). Recent results indicate that magnetic field
may stimulate the new tissue generation by enhancing the cell proliferation and differentiation process
[3]. Magnetic fields were also found to be beneficial for promoting bone regeneration, integration of
bone and implants, and increase of bone density [4]. For this purpose, magnetic force based tissue
engineering has been reported that utilizes magnetic nanodevices (magnetic cationic liposomes,
magnetic gelatine nanoparticles, magnetic nanoparticles loaded hydroxyapatite-collagen etc.) to yield
magneto-responsive features to the cells [5].

However, a possibility that has rarely been considered is the application of magnetic nanoparticles in
tissue regeneration, is their incorporation into scaffolds. The aim of this study is to combine the concept
of biomaterials, especially bioactive glasses, and polymer materials with magnetic nanotechnology for
efficient hard and soft tissue regeneration. For successful tissue regeneration some crucial factors should
be maintained, such as the use of suitable non-toxic and biocompatible materials for scaffold
preparation, culture medium, temperature and most important, cell numbers in scaffolds. The last factor
is quite difficult to manage properly; magnetic force guided cell seeding can be applied to optimise the
cell numbers in scaffolds. High cell number with sufficient packing of cells at the interior of the scaffold
has been addressed by loading the cells with magnetic nanoparticles (magnetic cationic liposomes or
chitosan-coated magnetic nanoparticles), hydrating the scaffold with the suspension of the cells and
applying a magnetic field consequently [6]. Such kind of protocol can be productive for cell seeding
into the deeper sites of the 3D porous scaffolds, which may not be possible in absence of external
magnetic field. Thus, the magnetic field intensity has been found to have positive influence on the depth
of the cell seeding into the scaffold [7]. After all mechanical stimuli similar to those experienced in-vivo
by cells, couldn’t provided to the seeded cells at the time of incubation on scaffold. Moreover, direct
magnetic actuation can provide mechanical stimuli experienced by cells in-vivo, which can’t be
simulated by in-vitro tests in incubators. These are achieved through attachment of magnetic
nanoparticles on specific ionic channels present on the cellular membrane, acting as stress generators
[8]. It was demonstrated that mechanical stimulation of primary human osteoblast cells by attached
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magnetic nanoparticles promoted the regeneration of bone matrix under the influence of external
magnetic field [9].

Finally, our work relies on magnetic nanoparticles with therapeutic ions (Zn, B, and Ca) doped
mesoporous glass-polymer fibre composites. Citrate stabilized superparamagnetic magnetite (FezOa)
nanoparticles will be prepared by co-precipitation method [10]. Therapeutic ions doped mesoporous
bioactive glass nanoparticles (MBGN) will also be prepared separately by sol-gel method [11]. These
will be used for preparation of biocomposites. Poly-vinylpyrrolidone (PVP; a water soluble polymer)
will be dissolved in water. Required amount of magnetic nanoparticles and mesoporous glass
nanoparticles will be added to the polymeric solution and the whole mixture will be homogenized by
ultrasonication. The PVP/ Fe;0./MBGN sol will be used for fibre drawing by elctrospinning. Due to the
presence of citrate groups at the surface the magnetite nanoparticles can be easily dispersed in aqueous
polymeric solution. The presence of polymeric chains in the aqueous medium will also partly or
completely eliminate interparticle attractive forces, thus preventing their aggregation.

Morphology of the final fibre mats will be studied by using a scanning electron microscope (SEM).
Transmission electron microscope (TEM) is also be useful to study the distribution of MBGN (~150-
180 nm) and magnetite nanoparticles (~ 10-20 nm) in fibres due to their different size range, and Energy
dispersive X-ray spectroscopy (EDAX) for elemental distribution in the fibre. Magnetic properties of
the fibres will be measured by a magnetometer at room temperature and finally the cell culture study
will be done with different cell lines in cell culture medium (in-vitro). Based upon the results of the in
vitro analysis, in vivo studies will be envisaged on selected fibre mats. The final objective is to evaluate
the bioactivity of the magnetic bioglass-polymer fibre composites after implantation in the animal body.

Keywords: Tissue regeneration, Cell, Scaffold, Biomaterials, Magnetic Nanoparticles.
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ABSTRACT

Hybrid sol-gel coatings were synthesized and studied in the present work as pre-treatments for the
aluminum alloy AA2024-T3 to provide corrosion protection in 0.05 M NaCl solution. The pristine
sol-gel films were prepared from Tetraethoxysilane (TEOS) and 3-glycidoxypropyl-
trimethoxysilane (GPTMS) precursors. The coatings synthesis protocol was further developed by
incorporation of graphene nanosheets and colloidal SiO; nanoparticles with the aim of improving
the structural properties such as coating integrity and barrier properties against corrosive medium.
To this end, graphene nanosheets were modified through a straightforward hydrothermal approach
which resulted in compatible and stable dispersion of nanosheets into GPTMS/TEOS sols (Fig.1).
Additionally, the hybrid sols were doped with colloidal SiO» (Ludox) nanoparticles to achieve dense
and defect free structures. Optimization of sol synthesis was based on the results of ATR-FTIR and
UV-vis—NIR spectroscopies. Opening of epoxy rings and completion of hydrolysis and
condensation reactions during the synthesis process were also confirmed. Coatings were
characterized through thickness, water contact angle, and electrochemical properties
(potentiodynamic polarization).
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Fig. 1. (a) FTIR spectra of pristine GPTMS/TEOS (GT, black curve), GPRTMS/TEOS doped with
graphene nanosheets before chemical modification (GT/GN-phys, blue curve) and GPTMS/TEOS
doped with chemically modified graphene nanosheets (GT/GN-chem, red curve) and (b) visual image
of dispersion improvement of graphene nanosheets in GPTMS/TEOS sols after chemical modification.

The results showed that the incorporation of graphene nanosheets into hybrid sol—gel coatings
affected the corrosion properties. According to surface chemical, structural and electrochemical
characterizations, incorporation of chemically modified graphene nanosheets into TEOS and
GPTMS sols including colloidal SiO; led to the better corrosion protection properties compared to
those with graphene nanosheets embedded in pure TEOS and GPTMS sols. The coatings based on
chemically modified graphene and SiO2 nanoparticles appeared to be thicker (thickness = 5.5 £ 0.2
um) and rougher (average roughness = 7.4 £ 0.1 nm) with reduced hydrophilicity (water contact
angle = 74 + 2 °). According to polarization measurements, promising passive (barrier) ranges were
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formed for such coatings and corrosion current densities decreased down to values almost ~ 10°
times smaller than that of the bare AA2024-T3 alloy (Fig.2). Such encouraging barrier properties
could originate from the both layered graphene structure and the presence of SiO; nanoparticles that
likely reduced the active surface area of the coating accessible for the attack of the corrosive
medium through perhaps reinforcing the cross-linking density. These coatings could be promising
candidates to be applied on the surface of AA2024-T3 alloys combined with deposition of an
organic top coat for corrosion protection applications.
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Fig. 2 (a) Potentiodynamic polarization curves of bare AA2024-T3 alloy (black curve) and samples
coated with hybrid sol-gel coatings including GPTMS/TEOS doped with chemically modified
graphene nanosheets (GT/GN-chem, red curve), GRTMS/TEOS/colloidal SiO, (GTS, grey curve)
and GPTMS/TEOS/colloidal SiO, doped with chemically modified graphene nanosheets (GTS/GN-
chem, purple curve) and (b) visual images of corroded surface areas (white dashed circles) after
exposure to corrosive medium (0.05 M NaCl). For a better visibility, the white lines indicate the
boarder between the coated and uncoated areas. As it is visible to the naked eye, the sample with
GTS-GN-chem coating shows the least surface damage compared to the bare alloy.

Keywords: Aluminum alloy, Sol-gel coatings, Corrosion protection, Barrier properties, SiO:
nanoparticles, Graphene nanosheets.
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ABSTRACT

This work focuses on direct inkjet printing of sol-gel-based precursors using commercially available
and low-cost inkjet printer to print complex features with high spatial resolution. It allows to
prototype fine structures like waveguides, biosensors or gas sensors [1]. This work demonstrates a
new method of modifying the consumer inkjet printer to prepare ceramic layers on fused silica
substrate. We re-engineered the printer by modifying the hardware, while preserving the printer’s
ability to be controlled by conventional software. The hardware upgrade enables fluid deposition
on rigid substrates with the print accuracy and precision close to unmodified printer using thermal
ink cartridges [2]. Although this method of printing promises high processing speeds, the
performance of this process is often limited by the rheological parameters of the ink [3]. In our
study, we focus on ceramic precursors prepared by various sol-gel routes [4]. One of the significant
issues in printing is premature clogging of inkjet printheads when printing aqueous sols [5]. To
avoid clogging on internal surfaces of the printhead a systematic design of inkjet inks is needed.
The design must address ink rheology, colloidal stability and supress cracks formation during firing.
Water based inks with low viscosity and moderate surface tension were designed. The rheological
properties of the ink have been determined by viscosity, surface tension and contact angle
measurements. Proper control over rheology and surface tension resulted in good printability [6].
The quality of printed patterns like line stability, edge acuity and cross-section of the lines was
characterized by using confocal optical microscopy. Drying of the precursor yields composite
powders forming mullite structure after firing at 1300°C, as confirmed by X-ray powder diffraction
before realizing the inkjet printing. Proper adjustment of quantities of each component and
processing conditions resulted in preparation of stoichiometric 3Al,03-2Si0, mullite layer in one
step process.

Keywords: Ceramic coatings, Design of the ink, Inkjet printing, Mullite, Re-engineering of the
printer, Sol-gel
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ABSTRACT

This study describes the development of a corrosion resistant environmental barrier
coatings on AISI 441 stainless steel substrates. For that purpose, double layer polymer derived
ceramic (PDC) coating systems consisting of a bond coat and a top coat were developed. In
order to achieve well adherent coatings without failures, stainless steel substrates were cleaned
by four different cleaning procedures, such as ultrasonic vibration cleaning in acetone, ethanol
and deionised water, sandblasting with glass beads, chemical etching with Kroll's reagent and
combination of these methods. The pre-treated substrates were then dip-coated in
perhydropolysilazane (PHPS) solution to obtain bond coat. The pyrolysis of the bond-coat was
performed in air at a temperature of 450 °C for 1 h. The subsequently applied top coat was
prepared by mixing defined volume fractions of a liquid polysilazane HTT1800, ceramic filler
particles (yttria-stabilized zirconia — YSZ, Al,03-Y203-ZrO, powder - AYZ), and commercial
glass frits (G018-281, Schott AG). The resulting mixture was applied by spray-coating
technique. Parameters like the volume fraction of the HTT1800 polymer, filler and glass system
were varied in order to optimise the coating systems. All coated samples were heat treated in
air at 850°C for 1 h. The selected optimised compositions are listed in Tab.]1.

Tab. 1: Compositions of the composite top coats before pyrolysis (vol. %)

HTT1800 YSZ G018-281 AYZ
D1 20 20 40 20
D2 25 20 35 20
D3 30 20 30 20

The surface morphology of pre-treated steel samples was examined by scanning electron
microscopy (SEM) and roughness parameters were observed using atomic force microscope
(AFM) and Raman spectroscopy. The results showed that chemical etching results in a surface
with irregular morphology, while this treatment led to the slight roughening of the surface (R;
= (.88 um) compared to ultrasonically cleaned substrates (R; = 0.27 um). More uniform and
compacted surface was achieved by the sandblasting with glass beads, while the average surface
roughness R; increased to a value of 1.70 pm.

To investigate the bonding between the bond coat and steel substrate treated by different
cleaning procedures, cross sections of the composition D2 were prepared for SEM examination
(Fig.1). The chemical etching with the Kroll's reagent caused considerable changes in the
microstructure and the chemistry of stainless steel and as a result, the bond coat peeled off the
substrate. In the case of sandblasted samples, the sharp borders and peaks initiated the formation of
cracks and spallation of bond coat in the coatings. On the other side, pre-treatment by ultrasonic
cleaning in acetone, ethanol and deionised water was found to be the most effective. In order to
clarify the bonding between the coating and steel, the selected coatings were tested under prolonged
static exposure for 24 hours in air at 850 °C. After heat treatment, all coatings, except for those
applied to ultrasonically cleaned substrates, delaminated or significant cracking was observed in
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the bond coat.

Fig. 1: SEM cross-sectional micrographs of the coating D2 applied to pre- treated steel substrates: a)
ultrasonic cleaning, b) chemical etching, ¢) sandblasting, d) sandblasting + chemical etching

After a thermal treatment in air at 850 °C, the resultant coating applied to ultrasonically cleaned
substrates with the thickness up to 40 um is almost fully dense, with no cracking or delamination
and it is expected to prevent the access of aggressive environment to the steel substrate at elevated
temperatures. Additionally, this microstructure system with residual porosity is beneficial to the
thermal stability of the coatings, as it contributes to the reduction of the thermal stresses during
heating and cooling cycles. These results confirmed that the combination of PDC with tailored
fillers and glass systems enable the processing of dense and crack free coating systems.
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ABSTRACT

This study describes a corrosion resistant environmental barrier coating (EBC) applied to
an AISI 441 stainless steel substrate. For that purpose, four polymer derived ceramic (PDC) coating
systems consisting of a bond coat applied by dip coating and a top coat loaded with a passive filler
deposited by spray coating are developed. The selected samples of PDC layers (C2-GM, C4-PP) are
studied from the point of view of their corrosion resistance in the flow-through atmosphere of synthetic
air at the temperatures up to 1000 °C. The ceramic coatings for corrosion tests were pyrolysed in the air
for 1 hour at the temperature of 800 °C. The compositions selected for detailed corrosion tests are
summarized in Tab. 2

Tab. 2: Compositions of the composite top coats after pyrolysis (vol. %) and estimated thermal expansion
coefficients; (GM = glass microspheres, PP = precursor powder)

Sample 111900 ySz  G8470  GO18-311  GO18-385  AYZ CTE
name (10°/K)

C2-GM 20 37 17 17 - 9 (GM) 8.9
C4-PP 20 30 ; 13 16 21 (PP) 85

Weight increment of uncoated and coated samples as a function of the time at various temperatures are
shown in Fig. 2a-c. At all three temperatures, the weight increases rapidly in the early stages, up to 6
hours. At 900 °C the weight gain slows down after 6 h of corrosion and it is eventually stabilized at
times exceeding 12 h, indicating that a diffusion barrier of corrosion products was formed at the steel’s
surface. At 950 °C and 1000 °C the initial fast corrosion slows down significantly after 6 h, but
continuous, and approximately linear mass increase is observed. For coated samples (Fig. 2b, c) weight
gains at temperatures 900 °C and 950 °C were negligible in the whole tested time interval. Small weight
loss observed in the C2-GM coating after 1 h test at 950 °C which was attributed to error in weight
determination.
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Fig. 2: Mass gain of steel and coatings after oxidation tests a) steel b) coat C2-GM, c) coat C4-PP

Time dependence of phase composition of corroded samples obtained by Rietveld refinement of X-ray
diffraction data of uncoated steel and C2-GM, C4-PP coated steel substrates at temperature 950 °C are
shown in Fig. 3 a-c. From the XRD patterns of steel substrates (Fig. 3a) the phases Fe, Cr,Os, TiO2 and
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spinel (Mn,Cr)3;O4 were identified. In the case of coated samples (Fig. 3 b,c), the dominant phases at all
tested temperatures in the initial stages of oxidation (up to 6h) are monoclinic and tetragonal ZrO,. At
longer exposure times and higher oxidation temperatures, crystallisation of the used glass fillers leads
to the formation of new crystalline phases (Ba(AlSiOa), -hexacelsian, celsian), but also to the formation
of new phases (YAG, YZrgO11) as a consequence of chemical reactions between the individual
components of the layers. The product of substrate oxidation i.e. (Mn,Cr)sO. was observed after 24
hours of exposure of coated samples at 1000 °C.

1gg-a) = (Mn, Cr)303 100+ b) 188_(;) —4t-Zr0p m-ZrOp —=YZrgO14
g 80' -e-Crp03 g gg'-q-t-Zroz S 4ol —%— Ba(AISiOy), -hexacelsian -o- YAG
o 70] —A-Fe - 70' m-Zroy 9 70
S -y~ TiOp c 1 = 1
2 60] S 6of ¥ V#1014 £ 60]
2 501 G 5o~ BanIsiogy-celsian 2 5]
S 40 g 40] g 40]
S 30 S 304 8 301
% 201 % 20 2 20
£ 107 v/ & 10 £ 104
s ey Y ot e o e
L 6 12 18 24 30 36 42 48 QL 6 12 18 24 30 36 42 48 oL 6 12 18 24 30 36 42 48
Time (h) Time (h) Time (h)

Fig. 3: Time dependence of phase composition of oxidized sample obtained by Rietveld refinement of
X-ray diffraction data at the temperature 950 °C a) steel b) coat C2-GM, c) coat C4-PP

SEM micrographs of stainless steel and coatings after corrosion tests are shown in Fig. 4 a-c. The whole
surface of uncoated steel is covered with a layer of oxide. In some cases, local delamination of the oxide
layer (marked with the white arrows) was observed. After corrosion tests of coatings, there was a
significant increase in the porosity of the layers and, accompanied by the growth of the pores and
decrease of the coating thickness. Due to the softening of the used glass fillers, the cracks in the layers
gradually healed, indicating at least partial protection of the metal substrate. A self-sealing process likely
occurred during the test, allowing the protection of the stainless steel against further oxidation.

o 1 y WO 15, Oem 1644 1,00 o o 14, Tem 1554134

Fig. 4: Corrosion tests - microstructures a) steel 900°C/3h, b) C2-GM 950°C/6h, ¢) C4-PP 950°C/6h
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ABSTRACT

The influence of corrosion in an acidic (4% acetic acid (pH=2.4)) and a basic media of NaOH (pH=10)
on microhardness of lithium disilicate dental ceramics was studied. Three types of lithium disilicate
glass ceramics were prepared by sintering of partially crystallized lithium metasilicate glass ceramics,
with subsequent crystallization of lithium disilicate using two different two-stage heat treatment
regimes: A - 500°C/2 h, + 850°C/2 h; B - 500°C/1 h + 820°C/1 h; and a one stage heat treatment C —
850 °C/1h. In all cases the heating and cooling rates were 5°C/min and 5°C/min, respectively. The
temperatures were determined on the basis of data obtained from literature, where the first temperature
was applied to nucleate lithium disilicate, while the second temperature was used to grow the lithium
disilicate crystals. This way the materials with various mechanical properties and corrosion resistance
were prepared.

The influence of corrosion in acidic and basic media on properties of dental glass ceramics was
monitored on the basis of results of the tests carried out both under quasi-dynamic and static conditions.
The quasi-dynamic test was performed at the temperature corresponding to the temperature of human
body (37°C). In both media, the samples were corroded for 96 h with exchange of the corrosion medium
for a fresh one in 12 h intervals. Under static conditions the samples were tested at 80°C for 16 h without
a change of the corrosion medium of 4% acetic acid (1SO 6872, Standards for hydrolytic resistance of
dental ceramics materials).

The microhardness was determined by Vickers indentation at the load of 1.0 N on mechanically polished
surfaces of dental ceramics before and after corrosion. The microhardness of materials A and B was
identical (for A: 625+4 HV1.0, for B: 625+8 HV1.0). For the material C slightly lower value was
measured (607+10 HV1.0). After static corrosion test in 4% acetic acid the Vickers hardness of material
A decreased from 625+4 HV1.0 to 594+4 HV1.0. After dynamic test in the same corrosion medium the
decrease was less pronounced, to 605+8 HV1.0. Dynamic corrosion test in basic solution with pH 10
led to decrease of microhardness to 599+13 HV1.0. The corrosion in basic or acidic solutions had no
significant impact on microhardness of materials B and C. The contents of the elements leached into
the solution of corrosion media during corrosion were determined by atomic emission spectrometry
(AES) with inductively coupled plasma. The major elements leached from dental ceramics were lithium,
phosphorus and potassium in the acidic environment, and phosphorus, lithium and silicon in basic
solutions. Highest resistance against corrosion acid environment was measured for the material B.
Corrosion resistance in alkaline medium was similar for all materials. Wear resistance of both corroded
and un-corroded materials was tested by tribometry measurements in dry conditions using ball-on-flat
technique. The tribological partner was a highly polished alumina ball 6.35 mm in diameter, the applied
load was 10 N, sliding speed 10 cm/s and sliding distance was 50 m. Wear of uncorroded materials
A and B was the same (5.8x10*“+4x10°> mm3/Nm), wear of the un-corroded material C was slightly
lower (5.5x104+£5x10° mm3/Nm). The corrosion both in basic or acidic environment under dynamic
conditions caused a decrease in wear resistance of all tested samples. Wear of material A was after
corrosion in basic environment 6.0x10" *:3x10° mm?Nm, in acidic environment 6.8x10+4x10°. Wear
of material B increased after corrosion in basic solution to 5.8x10“+8x 10, after corrosion in 4% acetic
acid to 6.4x10 *+6x10°. Wear of C increased from 5.5.10“+5x10° mm*Nm to 6.5x10 *+6x.10°
mm3/Nm after corrosion in acidic medium and to 6.3x10*£10x10°® mm®Nm in NaOH solution.
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However, the corrosion test according to the ISO 6872 led to an increase in wear resistance. Wear
decreased from 5.8x10“+4x10° to 5.4x10*+£2x10° mm3/Nm for material A, from 5.8x10*+4x107 to
5.4x10*+4x10"° mm¥Nm for B and from 5.5x10"*+5x107° to 4.5x10*+4x10° mm®Nm for C material.
The decrease could cause the formation of a lubrication layer of the non-analyzed composition. After
extended contact with acidic or basic solutions all studied ceramic materials displayed evidence of
surface structural changes, as confirmed by examination of corroded surfaces by scanning electron
microscopy. Degradation of micromechanical properties, i.e. decrease of wear resistance (dynamic
corrosion conditions) and of Vickers microhardness (material A) was confirmed.

Keywords: lithium disilicate dental ceramics, corrosion, microhardness, wear resistance
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ABSTRACT

Large amounts of glass fibers are used as thermal insulation in nuclear power plants (NPPs). In the
event of a loss of coolant accident (LOCA) [1-4] the insulation is mechanically destroyed by steam
impact and drops to the bottom of the reactor containment, where it is immersed in the alkaline
coolant liquid. According to alkali resistance of the commercially produced thermal fibrous
insulations glass dissolution occurs, followed by later re-precipitation from the
over-saturated solutions. A fraction of the fibers is also captured on the sump screen and thus
prevents recirculation of the coolant in the emergency cooling system. Since the partially dissolved
fibers can be mechanically destroyed (crushed), they can block the strainer causing failure of the
emergency cooling system. In this situation the high head loss reaches a value that disables the
operation of the pumps. The above effect of strainer blocking can be dramatically enhanced by
strengthening of the fiber bed by the re-precipitated matter. Therefore study of the kinetics and
thermodynamics of glass dissolution is needed for correct modeling of the process and its
consequences on the operability of the emergency systems [5]. Chemical durability of glass with
the composition of glass fibrous insulation IZOMER TT commonly used in nuclear power plants
reactor containment was tested by static leaching tests at 70°C, 80°C, and 90°C. Distilled water and
borate coolant solution were used as corrosive media. The semiempirical kinetic model based on
the Aagaard Helgeson kinetic equation was proposed and qualified. Proposed model enables
prediction of glass dissolution kinetics for various time-temperature schedules proposed for
different Loss of Coolant Accident scenarios.

Keywords: Glass corrosion, LOCA, Glass fiber insulation, Coolant solution, Glass grain,
Kinetics.
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ABSTRACT

Due to its excellent properties 3Y-TZP ceramic is a suitable material for various applications, including
dental materials for implants or crowns. One of the advantages of this material is its non-metallic nature,
which is important for patients allergic to metals, including titanium [1]. However, the long-term surface
stability of this material in a humid environment is still a matter of concern and may limit its application
[2]. Additionally, the oral environment is very diverse and the surface of dental materials is exposed to
different pH ranges, which could be highly acidic because of consumption of food and beverages, and
conditions associated with reflux of gastric fluid [3]. Apart from the change of pH, substantial
temperature fluctuations occur in the oral cavity.

The aim of this work was to study the long-term corrosion behavior of commercial and non-commercial
3Y-TZP ceramics in acidic environment and the influence of the loss of ions stabilizing tetragonal
zirconia on tetragonal-to-monoclinic phase transformation of zirconia. This work also attempts to
answer the question whether acid-related corrosion is a process, which is, by its nature and mechanism,
different from low-temperature degradation (LTD). In addition, the influence of the loss of tetragonal
zirconia stabilizing ions (Y**) on sensitivity of studied materials to LTD was also studied.

Two commercial materials were tested: zirconia-based dental materials stabilized in their tetragonal
form by addition of yttrium (3Y-TZP) — IVOCLAR IPS e.max® ZirCAD and DOCERAM Nacera®. In
addition, non-commercial 3Y-TZP ceramics have been prepared from a zirconia powder stabilized by
the addition of 3 mol% of yttria and synthesized by hydrothermal process. Green bodies prepared by
axial pressing of granulated powder at 50 MPa in a steel die were sintered for 2 h at 1450°C (3Y-TZP-
1450) or 1500°C (3Y-TZP-1500).Sintered and polished ceramics have been corroded in 4% acetic acid
at three different temperatures (37°C, 60°C, 80°C) with maximum duration of the test: 31 days
(IVOCLAR and DOCERAM) and 40 days (ceramics prepared in our laboratory). For DOCERAM and
IVOCLAR the corrosion tests at 37°C and 60°C were extended, respectively up to 265 days and 130
days. The kinetics of LTD was evaluated by performing the Accelerating Aging Test (AAT) in water
steam at 134°C, under the pressure of 2 bars. It has been postulated [4], that 1 h in an autoclave under
these conditions roughly corresponds to 1-4 years in-vivo at 37°C. Corrosion and aging effects,
expressed in terms of the amount of monoclinic zirconia formed at the material’s surface as the result
of phase transformation of tetragonal zirconia, were monitored with the use of the X-ray powder
diffractometer Panalytical Empyrean with Bragg-Brentano geometry at a range of 20 = 10°- 80° using
CuKo radiation with a wavelength of 0.15405 nm. To monitor the amount of leached ions from the
materials during the corrosion tests chemical analysis of corrosion media was carried out using the mass
spectrometry in inductively coupled plasma (ICP — MS, Agilent 7900).

Acidic corrosion of 3Y-TZP dental ceramics was associated with leaching of stabilizing ions from
zirconia ceramics. Depletion of yttrium ions increased with temperature (Table 1.). In the case of 3Y-
TZP-1450, the highest observed amount of leached yttrium represents almost 30% of all the content of
yttrium in this material. Measurable phase transformation was observed already after 40 days at 37°C:
no monoclinic zirconia was detected under these conditions in other tested materials. Significant
increase of the monoclinic phase content in DOCERAM, IVOCLAR and 3Y-TZP-1500 was observed
only after exposure of the materials to corrosive medium at 80°C. The least corrosion resistant
commercial and non-commercial materials, i.e. IVOCLAR and 3Y-TZP-1450 were tested also in
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deionized water, as a reference medium. While the transformation rate was similar to that obtained
during the corrosion in 4% acetic acid, the acidic environment accelerated depletion of yttrium ions to
the solution and was more aggressive than deionized water (Table 1).

The kinetics of tetragonal to monoclinic phase transformation was described by the Mehl-Avhrami-
Johnson (JAM) equation [5]. Calculated activation energies of tetragonal to monoclinic phase
transformation for IVOCLAR, 3Y-TZP-1450 and 3Y-TZP-1500 were respectively calculated as
follows: 78.72 £+ 0.01 kJ/mol, 65.00 £ 6.06 kJ/mol and 92.60 + 18.38 kJ/mol. Fig. 1 shows the time
dependencies of experimental (from corrosion tests in acetic acid) and calculated monoclinic phase
contents at various temperatures ranging from 37°C to 134°C, respectively for 3Y-TZP-1450 (Fig. 1.
a)) 3Y-TZP-1500 (Fig.1 b)) and IVOCLAR (Fig.1 c)). The actual content of the monoclinic phase in the
initial stages of the experiment was in all cases slightly lower than the calculated ones. However, at
longer exposure to corrosive media, the measured and calculated data overlap. The expected time to
transform to more than 80% of monoclinic phase in the tested materials at 37°C can be then estimated
as follows: IVOCLAR: 7 years, 3Y-TZP-1450: 1 year, 3Y-TZP-1500: 18 years. However, the
transformation of the 3Y-TZP-1500 could be overestimated, due to the high standard deviation of the
activation energy. For DOCERAM, no kinetics for lower temperatures were measured and the predicted
transformation could not be calculated. The collected data from this study indicated that there was no
significant impact of depletion of the stabilizing yttrium ions on phase transformation in tested
commercial materials and the material 3Y-TZP-1500 prepared in our laboratory. The transformation,
which occurs after corrosion at temperatures higher than 37°C, was correlated with nucleation and
growth processes. The calculated activation energies are comparable to those obtained by other authors

(61, [7].

Table 1. Normalized amount of yttrium ions leached out from tested materials in different aqueous
solutions; duration of the experiment for commercial materials was 31 days and for non-commercial
materials, 40 days.

IVOCLAR DOCERAM 3Y-TZP-1450 3Y-TZP-
1500
0, 1 0, H o) 1 0, 1
Temperature | 4% aFetlc Water 4% aFetlc 4% a'cetlc Water 4% aFetlc
of the acid Jem? acid acid Jem? acid
experiment ug/cm? HE ug/cm? mg/cm? HE ug/cm?
37°C 4.2+0.7 - 1.3+0.5 0.16 +0.19 - 89+2.1
60°C 6.9+0.4 - 2.2+0.5 0.57+0.1 - 7.9+0.9
80°C 87+0.1 | 3.8+15 3.2+15 99+0.2 |92.4+147 | 24.8+0.7
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Fig. 1. Relationship between the amount of monoclinic phase and aging time at various temperatures:

comparison of measured data with the values estimated from the MAJ equation: solid dots represent

experimental data, empty dots are the values calculated from the MAJ equation: a) 3Y-TZP-1450, b)
3Y-TZP-1500, c) IVOCLAR
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ABSTRACT

Nanomaterials based on titanium dioxide has a wide usage, mainly in the form of films in the solar
systems and environmental applications. In these films, TiO- is required to be in the form of anatase.
This crystalline form is formed in the films during their thermal treatment. Sol-gel method represents
advantageous method for preparation of TiO; films. In this method, the controlled reactions of
hydrolysis and condensation of titanium isopropoxide lead to preparation of TiO, sol which is
transformed to gel and subsequently to xerogel after the sol is deposited on the substrate. Mentioned
transformation is carried out by drying up to the temperatures of 100 °C. The subsequent thermal
treatment at temperatures around the 400 °C causes the transformation of xerogel to anatase. For
achievement of the best properties of prepared films, the process of thermal treatment has to be
controlled. For optimizing of thermal treatment process, it is needed to understand and observe which
processes take place during the transformation from xerogel to crystalline form — anatase.

Processes which take place during the thermal treatment of xerogel were observed using DTA/TG
analysis at heating rates of 10 and 2 °C/min. On the basis of analysis of DTA/TG curves, the individual
processes during the thermal treatment have been identified. It was found, that in the range of
temperatures, where the crystallization of anatase is assumed, there are also the processes which are
connected with weight loss. Based on the mentioned fact, the process of thermal treatment of TiO;
xerogel was observed using high-temperature Raman spectroscopy and high-temperature X-ray
diffraction. In relation to the formation of anatase, the intervals of temperatures were identified. Based
on the comparison of results of all analyses, it can be concluded that the anatase is formed from xerogel
by the given reactions — the first reaction represents the decomposition of xerogel leading to the
formation of amorphous TiO- and the second reaction represents the formation of anatase, respectively.

Keywords: Titania xerogel, Crystalization, Sol-gel, DTA/TG, Raman spectroscopy, HTXRD
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Polycrystalline yttrium aluminum garnet ceramic laser material (Y3Als012) or YAG is one of the
most common candidates that received much attention since 1995 due to its optical characteristics
that has been improved greatly and its highly efficient laser oscillation that could be obtained [1].
Moreover, in the case of laser applications, some recent works demonstrated the rare-earth-doped
YAG ceramics to be even better than the single crystals [2,3].

For the last thirty years, massive attention has been focused on the performance of YAG ceramics
fabrication methods [4-7]. Compared with the complicated wet-chemical techniques of YAG
nanopowders synthesis [8,9] the solid-state reactive sintering is considered as the easiest and cost
efficient way for achieving of YAG desired properties. In this way, commercial high purity a-Al>O3
and Y03 powders are mixed in precise stoichiometric quantities where the required YAG phase
formation occurs during the sintering step. It has been proved that the Al;O; - Y203 system
experienced three different crystallographic phases during the sintering. The phase composition and
formation temperature ranges for each phase are described as follows [10]:

2Y,03; + Al;O3 — Y4/ALOy  (YAM) 900-1100 °C
YsAl,O9 + Al;O3 — 4YAIO; (YAP) 1100-1300 °C
3YAIO3 + Al,O3 — Y3AIs01» (YAG) 1400-1600 °C

So, great attention has to be paid during the sintering reaction to avoid the presence of any secondary
YAP or YAM phases which interfere with the YAG cubic structure and inhibit the propagation of
light through the material thus strongly deteriorating the optical properties. Moreover, the most
important issue in the transparent YAG ceramics is the removal of pores, which is achieved through
the use of sintering additive and application of vacuum or pressure during sintering. Although
tetraethyl orthosilicate (TEOS) and MgO served as a common sintering additive for the
densification promotion [11,12], the priority was given to the use of MgO where a successful
fabrication of YAG transparent ceramic with excellent optical properties was achieved by
employing a simple solid state reaction vacuum sintering using 0.03 wt. % MgO. The transmittance
was 84.5% at 1064 nm, after sintering the sample at 1820°C for 8 h [12].

In the present study, commercial high purity a-AlOs; and Y>03 powders were mixed in precise
stoichiometric quantities where the required YAG phase formation occurs during the sintering step.
In addition, a small amount (0.03 wt.%) MgO or the equivalent amount of Mg(NO3),'6H,0 was
used both as a sintering aid and grain growth inhibitor. The mixed oxide suspensions were subjected
to freeze granulation and freeze drying before uniaxial pressing at 30 MPa for 30 sec then cold
isostatic pressing at 300 MPa for 5 min. Characterization of the starting oxide mixtures prepared by
using of different methods, mixing conditions, and processing steps was carried out with the aim to
achieve the optimum green body characteristics prior to the sintering process. Results revealed that
both the phase composition and microstructure of the obtained YAG ceramics are noticeably
affected by the factors such as morphology and particle size of the starting powders. Moreover, the
impact of pore size distribution, different shaping parameters, density of the green body,
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densification behavior of samples pre-sintered at 1675°C for 4h in air and those furtherly hot
isostatically pressed at 1700°C for 4h and 200 MPa in argon atmosphere results were elucidated.

SEM of different YAG samples, YAGL1 is sintering aid free, YAG2 is with 0.03 wt% of MgO, and YAG3 is with
Mg(NOs3)2.6H20 equivalent to 0.03 wt% of MgO.

Keywords: Hot isostatic pressing, Solid-state reaction, YAG transparent ceramics.
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ABSTRACT

In this work we investigated fluorescence activity of yttria ceramic materials modified by
various amounts of ZnO. Samples were prepared by pressure filtration of isopropanol based
suspension containing 5 vol% of yttria, stabilized by 1 wt.% of PEG (Polyethylene Glycol 400 Ultra
f. Fluka) in consideration of Y03 mass. After drying, the green pellets were presintered with
regime: ramp 10°C/min to 1000°C and lhour holding time followed by free cooling as to obtain
porous but sufficiently stable pellets able to withstand infiltration procedure in water based solution.
Water solutions of zinc acetate (Zn(CH3;COO), . 2H,0 p.a. f. CentralChem) was used for infiltration
with concentrations calculated individually accordingly to porosity of presintered pellets to obtain
0.25, 0.5, 1.0, 2.0, 3.0, 3.5 and 4 atomic percent of Zn?* dopant. The pellets were sintered using
superkantal furnace f. Netzch by following regime: ramp 10°C/min to 80°C and 2 hours holding
time, ramp 10°C/min to 250°C and 2 hours holding time and finally, ramp 10°C/min to 1400°C and
2hour holding time followed by free cooling. To confirm the role of vacations on fluorescence
intensities, for the sample composition with strongest fluorescence activity the final sintering step
temperature was changed to 1300°C and 1500°C with holding times 2h.

After sintering, both emission (PL) and excitation (PLE) fluorescence spectra were measured by
Fluorolog 3 (FL3-21, Horiba) fluorescence spectrometer in front-face mode. The Xe-lamp (450 W) was
used as an excitation source. All emission spectra, were corrected for spectrometer optics and excitation
lamp response. Excitation spectra (PLE) spectra were corrected for the spectrometer response (optics).
All spectra were recorded at the same conditions (slit width, integration time, monitored wavelength,
filter) On graph 1. we can see stacked spectrums of prepared specimens. The strongest intensities were
observed for 3 and 4 atomic at. % of Zn?".
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Graph 1. Excitation and emission spectra of Zn2+ dopped Y'tria.

For further evaluation the graph 2. was prepared to show photoluminescence intensities for
different samples dopant concentrations at emission wavelength of 534nm. Using this graph, we can
predict that the maximum intensity of luminescence for yttria doped ceramic will be around 3.5 at. % of
Zn%*" additive. The emission decay times couldn’t be measured due to short decay times which are
according to literature in order of nanoseconds.
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On graph 2. we can also observe that while
maximum intensities of luminescence are
growing uniformly when measured on shiny
side of pellet, intensities of luminescence
measured on dull side are erratic. This can be
explained by pore sizes inhomogeneity in
presintered pellets- the pellets have probably
better pore size distribution on shiny side.
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This is also supported by the fact that the
shiny side of pellet is concave after sintering

due to better green body microstructure.
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Graph 2.A comparisson of emission intensities on EBSD measurements for determination of
shiny and dull side of pellets in dependence of Zn** | grainsize distribution Fig. 1. The median grain

size grows with growing sintering temperature

from 0.84pm (1300°C/2h) through 1.38um(1400°C/2h) to 3.10pm(1500°C/2h).
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On Fig. 2 the SEM shows porous
cross section of polished sample.
Zinc oxide is concentrated into
zincite grains detected by EBSD.
EDXS confirms this and analysis
shows mainly random
signal(noise) of zinc where yttria
grains are located. There are a few
places where EDXS shows a zinc
signal but no zincite is indexed by
EBSD. This is probably caused by
greater volume and measurement
depth of EDXS. In some cases, the
Y203 and ZnO Kikuchi patterns
superposition  during EBSD
measurements made the phase
indexing impossible.

The future work plans
involve the measurements of
sintered pellets densities using
archimedes method and

SEM Phase Color

Zn Lol 2 25pm

Fig. 2. SEM, EDXS and EBSD maps

characterization of these specimens by XRD. If possible, the SEM of presintered sample will be
done to determine pore distribution through pellet crossection.
Keywords: Yttria ceramics, ZnO, Fluorescence, Pressure filtration

FunGlass School 2019 / Part 1

34



Acknowledgment:

This paper is a part of dissemination activities of project

This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 739566, SAS-MOST JRP
2015/6, VEGA 2/0026/17 and VEGA 1/0527/18.

35
FunGlass School 2019/ Part 1



From Xerogels to Aerogels: synthesis of porous oxyfluoride glass-ceramics
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ABSTRACT

Rare-earth (RE) ions doped oxyfluoride glass-ceramics (OxGCs) are being widely investigated in
the last decades for its potential use in different photonics applications, such as solid-state lasers,
white light emitting diodes (WLEDs), solar cells and catalysis, among others. These materials
combine the good mechanical, thermal and chemical properties of an oxide glass matrix with the
low phonon energy of crystalline fluoride environments (250-450 cm™) and good solubility of RE
ions in the fluoride crystals, which reduces non-radiative multiphonon relaxations, increasing the
optical efficiency. Moreover, GCs present a high degree of transparency due to the much smaller
size of uniformly dispersed nanocrystals (NCs) in the amorphous matrix, less than 100 nm [1,2].
These OxGCs can also be obtained in different forms, such as bulk, coatings or fibers.

One of the synthesis routes to obtain bulk OxGCs is the sol-gel method. The SG emerges as an
alternative synthesis route at low temperatures, to avoid the drawbacks observed in other routes,
such as the melting-quenching (MQ) process. This method permits obtaining more homogeneous
and pure materials with higher fluorine content, resulting in high crystalline fraction, around 18
wt% in 80SiO,-20LaFs; compositions [3,4]. However, bulk transparent SG materials are difficult to
obtain due to the presence of the residual porosity in the structure and the existence of residual
stresses generated during the sintering process [5]. Moreover, the presence of residual OH groups
strongly reduces the RE ions luminescence.

To overcome these shortcomings the processing of bulk SG materials must be optimized. The first
approximation combines the SG chemistry and the supercritical drying process to obtain SiO.-REF3;
composite aerogels partially crystallized with a narrow pore size distribution. This process route is
inspired by the drying procedure of silica aerogels under supercritical conditions, followed by
adequate thermal treatments to obtain bulk OxGCs. Following this processing route, the synthesis
was optimized to obtain bulk monolithic wet-gels, by controlling the synthesis and processing
parameters (tetraethyl orthosilicate (TEOS)/water/ethanol ratio, pH, temperature and reaction time,
rate of hydrolysis and condensation, aging time in ethanol, etc). Then, bulk materials were obtained
using supercritical drying process under supercritical conditions of ethanol in CO,. However,
despite the effective synthesis of monolithic crack-free samples, the performed DTA/DSC, FTIR,
XRD analysis of the obtained bulk materials, after the different sintering process (temperature and
time), revealed that the crystallization was strongly inhibited after the supercritical drying process
using ethanol (243 °C and 72 Mpa.).

Therefore, it was necessary to propose a new route to obtain bulk OxGCs, based on the use of
transfer charge complexes to synthesize LaFz NCs. The NCs obtained this way can be incorporated
into a TEOS/water/ethanol solution to obtain sols with SiO.-REF; composition. These samples can
be finally processed following different routes, such as supercritical drying or slow drying + thermal
treatment resulting in crack-free bulk OxGCs [6,7]. Preliminary analysis of the materials obtained
by this route reveals NCs with mean size ranging 5-8 nm obtained at very low temperature (70 °C),
opening the way to use in composite aerogels.
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ABSTRACT

The structural relaxation of three compositional series of PbO-WOs3-P20s glasses with
composition (0.5—x/2)PbO -xWOz-(0.5-x/2)P20s, x=0, 0.1, 0.2, 0.3, 0.4, 0.5
0.5 PbO - xWOs3 - (0.5 - x) P20s, x =0, 0.1, 0.2, 0.3; and (0.5 - x) PbO - xXWO3z - 0.5 P05, x = 0,
0.1, 0.2, 0.3, 0.4, 0.5 was studied by thermomechanical analysis [1, 2]. The relaxation was
described using a mathematical model based on the stretched exponential relaxation function
with relaxation time proportional to actual viscosity. The viscosity dependence on
thermodynamic temperature and fictive temperature was expressed by Mazurin’s
approximation [3, 4, 5]. The relaxation parameters dependence on the glass composition was
studied. It was found that the modulus is increasing with increasing amount of WQO3 in all
glasses. On the contrary, the width of the spectrum of relaxation times is decreasing with
increasing amount of WOs in all studied glasses.
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ABSTRACT

The use of thermodynamic models, especially the thermodynamic model Shakhmatkin and VVedishcheva
(SVTDM) still has a wide application [1]. The glass composition proposed by us is derived from the
needs of the glass industry. Using the FACT database [2] it is possible to find all the thermodynamic
data needed to quantify the SVTDM.

In multi-component melts, there is a tendency to deistribute components so that the resulting surface
energy is minimal. The substances that lower the surface tension concentrates in the surface layer of the
melt. The surface tension enhancing components have a lower concentration in the surface layer than in
the volume. E.g. oxides MgO, ZnO, BaO, ZrO,, and Li-O increase the surface tension of glass, however
other oxides, especially K,O, PbO a B,Os3, decrease it [3].

A variety of methods are known for measuring the surface tension of liquid systems. The most reliable
results can be obtained by analyzing the sessile and pendant drop profiles. The principle of the method
lies in the regression analysis of the drop profile based on the numerical solution of the Laplace equation
[4, 5].

The chemical composition of the studied glasses was designed as four compositional series. The glass
batches were prepared from analytical grade purity oxides and carbonates. Glasses were melted in Pt
crucible in superkanthal furnace at the temperature of 1600°C for two-three hours in ambient
atmosphere. The chemical composition (Tab. 1) of studied glasses was analyzed by inductively coupled
plasma optical emission spectroscopy (VARIAN - Vista MPX / ICP-OES). Sessile drops were prepared
from the glass cubes of approximate (2x2x2) mm?® dimensions on glassy carbon plate (Fig. 1a) in the
atmosphere of pure nitrogen. Pendant drops were obtained by melting of the T-shape glass samples
suspended in the platinum wire ring (Fig. 1b). The drop profile was recorded by the CCD camera uEye
(IDS Imaging Development Systems GmbH) and digitized using the Lucia® software (LIM, a.s.,
Prague).

Figure 1: Sample prepared for the measurement by Figure 2: Sample prepared for the measurement by
the sessile drop method. the pendant drop method.

The surface tension was determined over the temperature range 1250-1500°C by the sessile and pendant
drop methods. The values of surface tension were obtained by the least squares method by minimization
of the sum of squares of deviations between the experimental and calculated drop profile. The calculated
drop profile was obtained by the numerical integration of the Laplace equation using the experimental
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density values.

The ZnO component was identified as the surfactant based on the significant negative correlation of its
amount with the surface tension value. The surface tension values obtained by the sessile drop method
were in almost all cases little bit lower than those obtained by the pendant drop method. On the other
hand the values are identical within the estimated standard deviation.

Table 1: Glass composition in mole percent of oxides as analyzed.

Glass Na,O K.O CaO ZnO ZrO, SiO;
NKCZ1 7.64 7.36 8.61 - 0.95 75.44
NKCZ3 7.54 7.44 8.84 - 2.86 73.32
NKCZ5 7.74 6.89 9.97 - 5.12 70.28
NKCZ7 7.66 7.01 9.98 - 7.18 68.17
NKzZ1 7.45 7.41 - 10.08 0.98 74.08
NKzZ3 7.30 7.06 - 9.63 2.61 73.40
NKzZ5 7.66 7.13 - 10.92 5.22 69.07
NKzZ7 7.83 7.00 - 11.03 7.54 66.6
NCzZ1 1351 - 4.80 4,58 0.89 76.22
NCzZ3 13.72 - 4,72 5.01 2.71 73.84
NCzZ5 15.78 - 5.13 5.58 5.42 68.09
NCzz7 15.78 - 5.11 5.43 7.4 66.29
KCzZ1 - 15.81 5.03 5.27 1.01 72.88
KCzZ3 - 13.95 4.47 4.95 2.66 73.97
KCzZ5 - 13.64 4,97 5.48 5.20 70.72
KCzz7 - 13.88 4,98 5.43 7.25 68.46

Keywords: Thermodynamic model, Shakhmatkin and Vedishcheva, surface tension
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ABSTRACT

The samples AYEM, AYEMB and AYEMFD, containing 76.8 mol.% Al,Os and 23.2 mol.% Y203
were prepared by three different ways. The combination of modified Pechini sol-gel method and flame
synthesis was used for preparation of AYEM sample. The prepared glass microspheres (AYEM) were
subsequently ground in vibratory mill (Fritsch Pulverisette 0) for 30, 45, 60, 75, 90, 105, 120, 150, 180,
210 and 240 min with amplitude 1.0 mm and marked as samples AYEBM1-AYEBML1L1. For preparation
of AYEMFD sample, the combination of sol-gel Pechini method, freeze-drying and flame synthesis was
used. All prepared systems were studied by using of XRD, DTA, PSA and SEM analysis. Preliminary
HP and RHP experiments were performed. The Vickers hardness 16.6 — 17.0 GPa was obtained in
sintered samples. The morphology of prepared glass-ceramics materials were examined by scanning
electron microscopy and the results are reported.

Fig.1. SEM images of AYEM sample (a), grinding sample AYEBM11 (b) and freeze-dryed sample
AYEMEFD (c).
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ABSTRACT

A glass, whether in bulk, fibre, or film form, is a non-crystalline solid (NCS) which undergoes a
glass transition, to which is associated a glass transition temperature, Tg. In principle, any substance
can be vitrified by quenching it from the liquid state, while preventing crystallization, into a solid
glass, with the melt structure becoming “frozen” below Tg [1].

In this work, we present our recent research on preparation of bulk YAG glass form YAG glass
microspheres. Sol-gel process's (Pechini method) prepared YAG powder was fed into a high
temperature methane-oxygen flame (estimated temperature 2800 °C), where the particles melted
and YAG glass microspheres were formed. Molten droplets were quenched at the estimated cooling
rate 1000 °C/min by spraying them with deionized water to prevent crystallization, and the formed
glass microspheres were collected. Viscous flow sintering of YAG glass microspheres were than
used to prepare bulk YAG glass in hot press. This is a well-known method in which free surfaces
are eliminated by viscous flow at temperatures above Ty However, many quenched glasses
crystallize rapidly at temperatures T, when the supplied thermal energy mobilizes the structure and
the latent heat previously trapped during quenching is released [2]. Crystallization can therefore be
observed even during hot-pressing (Fig. 1) by changing of the heating rate slope (measured by
thermocouple placed beneath the sample). When crystallization occurs dilatation of the sample stops
within few seconds. Which means the amount of residual glass in the sample is so low that
elimination of free surfaces by viscous flow is not possible anymore.
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Figure 1: Dilatation of YAG sample during hot-pressing as a function of time and changing of
sample’s temperature vs time.

The working temperature of such glasses is thus restricted to be between T4 and Ty so called kinetic
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window [2]. According to DSC measurements (Fig. 2) between Ty inflection and Ty onset is 24 °C
at the heating rate 5 °C/min. Additionally, during experiment we have to take into account the heat
capacity of the carbon die. Therefore, experiments were planned according to dilatation data from
hot-press (Fig. 2.)
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Fig. 2.: Dilatation of YAG sample during hot-pressing as a function of time and changing of
sample’s temperature vs time.

Careful optimisation of the sintering conditions lead to the YAG bulk glass/ceramic with the relative
density over 99 % with 6 wt. % of crystalline phase.

Keywords: DSC, XRD, YAG.
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ABSTRACT

The vitrification of wastes is in general accepted as a reliable way to stabilize dangerous and
hazardous wastes in the form of glass. One of the world’s most complex vitrification projects, the
Hanford Waste treatment and immobilization plant (USA) [1], was launched as a response to, what
was up until very recently, the most severe nuclear pollution in the Western hemisphere. This clean-
up project has gathered tremendous amounts of data on how to turn the radioactive and toxic nuclear
waste into a stabile glass. This waste is in the form of slurries, which contain over 60 elements, and
are stored in 177 underground tanks. Each tank needs to be treated separately, the suitable glass
forming and modifying additives need to be tailored to their unique composition and only then can
the slurry be vitrified. After long years of research, the Hanford area clean-up will be finally
launched in 2022 [2].

This particular issue of nuclear pollution could be perceived as non-relatable in Europe, where in
general the vitrification of nuclear fission byproducts is the subject of well-working technology.
However, with growing consumer demand, and the ever growing industrial production, the issue of
environmental pollution is becoming a grievous global issue of the 21°% century [3]-[7]. The
recycling of used materials is no longer sufficient, and in recent years it has also failed in many
areas. The most significant area is the failure to process chemical variations of the same material
(i.e. plastics), or to even address potential recycling of composite materials. The best example would
be solar collectors, where vast numbers of them will be obsolete in the next few decades. That will
add just another item to the ever-growing list of inorganic and partially inorganic waste streams,
which already include waste from the glass making industry (glass shards, cutting debris,
insulations), mining sites (byproducts from ore), ashes from incineration sites, TV screens, medical
waste etc. [3].

Another setback of recycling is that it demands proper separation of the waste for the desired
recycling stream, and leaves behind a significant share of final waste that ends in landfills, which
are rapidly growing in price [8]. This is one of the main reasons why governments and industry are
very reluctant to invest more into this technology, which only gets a marginally positive net balance
against the full-landfill solution.

Hanford’s ability to turn waste streams into stabile glass could be the inspiration for the launch of
inorganic vitrification projects in Europe and worldwide. The vitrification could provide a solution
to toxic, stable and obsolete materials, which do not have alternative solutions nowadays. However,
if the aim of the vitrification would only be the reduction of waste volume via the waste glass
designated for landfill, due to expenses, there would only be a little motivation on the market
economy to actually participate [9].

Therefore, the aim for the inorganic waste vitrification should not be the production of waste
glasses, but of the products that would re-enter market as novel and attractive materials. For
example, if a consolidated vitrification product enters flame synthesis, it could result in the
formation of glasses with novel composition and applications. One such application could be in the
popular, and growing, 3D printing technology (AMT-Additive Manufacturing Technology).
Another possibility is the design and manufacturing of building materials from insulations to
construction parts that would bring longer durability, better mechanical properties or would replace
decoration materials, i.e. marble, which nowadays comes at the cost of the destruction of natural
sites [4].

However, in the first step, there needs to be a cooperation with industry partners from the mid-
European area, and also with the research institutions in that area. A library of partner sites is
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currently built with information on waste type and volume and then from the obtained samples, the
general composition for particular waste streams (i.e. via XRF, SEM-EDS/WDS, XRD) will be
added as well. In the second step, after the example of the Hanford project, target glasses would be
designed for a particular purpose and could also open the door to the idea of recycling-upcycling in
the research of novel materials and composites for targeted applications with better chemical,
physical and mechanical properties than existing materials.

Keywords: Recycling, Upcycling, Waste management, Vitrification, Flame synthesis, AMT,
Foam glass.
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ABSTRACT

Complex impedance spetroscopy is flexible tool for simultaneous electrical and dielectrical
characterization of materials. This powerful technique has been widely used to characterize the dielectric
behaviour of single crystal, polycrystalline and amorphous materials [1-4].

In a typical EIS experiment, the complex electrical impedance of a sample is measured as a function of
frequency over a wide frequency range — typically several orders of magnitude. From an experimental
point of view, performing impedance analysis at frequencies below some MHz is a straightforward
procedure, but the physical interpretation of experimental data is quite often rather complex. A
frequently used method to analyze impedance data is modelling of the impedance spectra by an
appropriate equivalent circuit. Graphically the experimental data are often plotted as the so-called
Nyquist diagram, i.e. a plot of the negative imaginary part of the impedance —Z"" versus its real part
Z’[5]. When measurements are carried out at different temperatures, it is possible to determine the
activation energies of the conduction and dielectric relaxation processes.

The temperature dependence of the impedance spectra of the barium crystal glass was studied at
temperatures (50, 100, 150, 200, 250, 300, 350, and 400)°C, in the frequency range from ImHz to 1
MHz. Samples with thickness 0.7mm, 1mm, 1.7mm and 2.5mm were studied and compared. The
temperature dependence of the DC resistance, R, estimated from the Nyquist plots has been analyzed.
At higher temperature, the conductivity versus inverse thermodynamic temperature is exponential and

can be explained by a thermally activated transport of Arrhenius type:
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ABSTRACT

In the case of the loss of coolant accident (LOCA) the glass fibres used as thermal and electrical
insulation in PWR type nuclear power plant get in immediate contact with cooling solution of
the emergency cooling system. Corrosion products formed during the contact insulation fibres
with aggressive cooling solution can cause changes, resulting in insufficient even functionless
operation of the cooling system. To assure safety of the cooling system it is important to know
and describe behavior of insulating fibres in aggressive environment. Therefore the present
work concerns chemical durability of the NUKON glass fibres used as insulating materials
in nuclear power plants. Describes the static and dynamic tests, Kinetics of transfer of the glass
into the solution Tests were conducted in two corrosive medias - distilled water and corrosion
solution H3BOz/ Na2B4O7 at temperatures 70 °C, 80 °C and 90 °C. Content of the elements was
determined by atomic emission spectrometry with inductively coupled plasma
VARIAN - Vista MPX/ICP-OES. Changes on the surface of the tested samples were observed
by using scanning electron microscopy with energio-dispersion spectroscopy. Time
dependences of normalized quantities of individual elements were described by regression
function designed by Helebrant’s model. From the results of static and dynamic tests follows
that normalized elements in distilled water at different temperatures have different course than
in the corrosive solution H3BO3/ Na2B4O7 and with increasing temperature tends to increase
the normalized quantity of leaching elements in various corrosive solutions. The values of
normalized quantities of elements set out in both corrosive solutions provided comparable
results with values translated by empirical equation.

Keywords: Glass fibres, thermal insulation, LOCA, coolant solution, chemical durability,
corrosion.

Acknowledgment:

This paper is a part of dissemination activities of project

This project has received funding from the European Union’s Horizon 2020

research and innovation programme under grant agreement No 739566.

This work was supported by The Slovak Grant Agency for Science under grant No.
VEGA 2/0088/16, VEGA 1/0064/18 and APVV 0487-11.

References:

49
FunGlass School 2019/ Part 1


mailto:jaroslava.michalkova@tnuni.sk

/1/. MAHMOODI, R., SHARIARI, M., ZOLFAGHARI, A., MINUCHEHR A.: An advanced method
for determination of loss of coolant accident in nuclear power plants, Nuclear Engineering and
Design 241, 2013-2019, (2011)

/2/. OBDRLIKOVA, V.: Koroze izolacndch vidken pro jaderné elektrdarny. Diplomova prace, VSCHT
Praha, (2013).

/3/. CHROMCIKOVA, M. - VOKELOVA, J. - MICHALKOVA, J. - LISKA, M. - MACHACEK, J.
GEDEON, O. - SOLTESZ, V.: Chemical durability of gamma-irradiated glass fibrous insulation.
J. Nuclear Technology 193, 297-305, (2016).

50
FunGlass School 2019/ Part 1



Characterization of Ce-doped yttria ceramics prepared by pressure
filtration

Nibu Putenpurayil Govindan®, Monika Michalkova?, Dusan Galusek?,

! — FunGlass - Centre for functional and surface functionalized glass, TnUAD, Tren¢in, Slovakia
(E-mail:nibu.puthenpurayil@tnuni.sk)
2- Vitrum Laugaricio — Joint Glass Center of the IIC SAS, TnU AD, and FChPT STU, Trenéin, Slovakia,

Cerium doped yttrium oxide (Y.03:Ce*") nanopowders have been synthesized using precipitation
method (1-3) with ammonium hydroxide used as a precipitation agent. The aqueous nitrate solution of
Y3 was prepared by dissolving yttria powder (99.99 %) in diluted nitric acid (HNO3) under continuous
stirring at 90°C and then diluted into 0.1 M with deionized water. The 0.1M solution of Ce3* was
prepared by dissolving cerium nitrate (99.99 %) in deionized water. The mixed metal nitrate solution
was dripped into ammonium solution, under continuous rapid stirring, ensuring there was sufficiently
high excess of ammonia to eliminate any pH fluctuations throughout the process. The mixed solution
turned to opaque white slurry. After 12 h aging the slurry was vacuum filtered through filter paper and
the resulting white precipitate was washed with distilled water, dried overnight in air at 100°C, crushed
and ground with pestle in an agate mortar , and calcined in air for 3 h at 700 °C (heating rate 10°C/min).
Partly agglomerated powders with the primary size of Y,03 nanoparticles ~ 55 nm and cubic crystal
structure were prepared. The precipitation method led to severe agglomeration of ceria doped yttria
powder. The powder had to be subjected to efficient de-agglomeration before it could be used for
preparation of green compacts. The green compacts were prepared by vacuum-pressure filtration of
prepared alcoholic suspension and reached relative density above 43 %.

Figure 1 shows the SEM micrograph of synthesized Ce®*doped Y.Os; powders. The powder is
agglomerated with the primary particle size of approximately 55 nm, which is in good accord with the
X-ray diffraction data. All ceria doped samples show the same particle size and all samples are
agglomerated. Doping of yttria powder by ceria did not have any significant effect on particle size and
distribution.

= 100 nm

Fig 1: SEM micrograph of the synthesised Ce**doped Y203 powder, A) 0.001 mol%Ce,
B) 0.005 mol % Ce, C) 0.01 mol % Ce
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Fig. 2 Fracture surfaces of Y03 sintered ceramics prepared from Ce**doped powders, A)
0.001 mol % Ce, B) 0.005 mol % Ce, C) 0.01 mol % Ce

Figure. 2 shows the fracture surfaces of sintered Ce**doped yttria ceramics. SEM analysis of all ceria
doped materials displayed microstructure with closed porosity, which could be used as starting material
for hot isostatic pressing. Table 1 summarizes the relative densities of all Ce®*" doped yttria samples
after sintering at 1550 °C.

Table 1: Relative density of Ce®*" doped yttria ceramic prepared by pressure filtration method, sintered

at 1550°C for 3h.

Ce*doped yttria | Relative density
0.001 Ce** 97.88 %
0.005 Ce** 98.38 %
0.01 Ce* 98.57 %
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