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Jednoducha cesta k novym technoldgiam
Strategickym zamerom Trencianskej univer-
zity Alexandra Dubceka v Trenéine je vytva-
ranie platformy prenosu odbornosti do praxe
z akademickej sféry do sféry komercnej. Pro-
strednictvom projektu s nazvom ZvySovanie
kvality a kapacity ludskych zdrojov v oblasti
vyskumu a vyvoja na TnUAD prostrednictvom
vzdeldvania, zahranicnej spoluprace a tran-
sferu odhornosti do praxe vytvara Trencian-
ska univerzita Alexandra Dubéeka v Trenéine
priestor pre uplatnenie talentovanych po-
stdoktorandov a absolventov inZinierskeho
Stidia s technickym zameranim. V ramci
vedeckého kariérneho rastu im poskytujeme
odhorné Skolenia pre $pickové laboratérne
pristroje a ich detailnii funkcionalitu, ziska-
né v ramci investiénych projektov, a odborné
jazykové vzdelavanie na zahraniéné vedecké
publikovanie i nadvazovanie spoluprace.
Zaroveii sa na pode Trencianskej univerzity
Alexandra Dubéeka v Trencine uskutoCiuju
medzinarodné vedecké konferencie so zame-
ranim na transfer vyskumu do praxe.

Trencianska univerzita Alexandra Dubéeka v Trenéine
Alexander Dubcek University in Tren¢in

A simple path to new technologies

The strategic goal of Alexander Dubdek
University in Tren€in is to create a platform
for transferring expertise into practice
from academic to commercial sector. Via
the project named Increasing the quality
and capacity of human resources in areas
of research and development at TnUAD by
education, international cooperation and
transfer of expertise into practice, Alexan-
der Dubéek University in Tren€in creates
opportunities for talented postgraduates
and graduates of engineering studies. To
help their scientific career grow, universi-
ty provides vocational trainings focused
on detailed functionality of its state of
art laboratory instruments acquired in in-
vestment projects, as well as professional
language training for foreign scientific pub-
lishing and establishing cooperation. At the
same time Alexander Dubéek University in
Trenéin organizes international scientific
conferences focusing on the transfer of re-
search into practice.



Trencianska univerzita Alexandra Dubceka
v Trenéine podla svojho strategického zame-
ru budovania Centra transferu technologii
TnUAD rozSirila a nadialej rozSiruje svoj tim
o mladych vysokokvalifikovanych pracovni-
kov, ktori tak mozu najst uplatnenie na spo-
loénom pracovisku Vitrum Laugaricio a na Fa-
kulte priemyselnych technoldgii v Piichove.
Vitrum Laugaricio je Spickovo vybavené pra-
covisko orientujiice sa na vyskum a aplikova-
nyvyvojv oblasti skla, silikatovych materialov
a keramiky. Ma Statiit excelentného pracovis-
ka v Eurdpskej unii. Fakulta priemyselnych
technoldgii v Pichove patri medzi desiatku
najlepsSich technickych fakiilt na Slovensku.
Je vynimocna predovSetkym priamou vazbou
na vyrobni prax a pripravou odbornikov pre
jej potreby. Svojim zameranim predstavuje
unikat v ramci Slovenskej republiky.

Komplexny proces transferu know-how,
optimalizovanych vyrobnych a produk-
¢nych postupov v oblasti skla, silikatovych
a polymérnych materialov, gumy a keramiky
na Trencianskej univerzite Alexandra Dubége-
ka v Trencine do vyrobnej sféry bude zabez-
pecovat'novovybudované Centrum transferu
technoldgii TnUAD. (CENTRATECH)

Centratech ma ambiciu zabezpedovat’ Sirokii
Skalu sluzieb v oblasti vyhladavania, triedenia,
riadenia, ako aj zhodnocovania inovacného
potencidlu a ochrany vysledkov duSevného
vlastnictva Trenéianskej univerzity Alexandra
Dubéeka v Trenéine. Hlavnymi prioritami cen-
tra bude pomoc pri vyhladavani partnerov
a investorov z priemyselného a podnikatel-
ského prostredia a prevadzkovania spin-off
spoloc¢nosti. Budovanim komunikacie medzi
akademickou a stkromnou sférou budeme
plne schopni nastavovat’ podmienky na tran-

sfer technoldgii a znalosti do praxe, chranit’

a spravovat’ duSevné vlastnictvo odbornych
pracovnikov Trencianskej univerzity Alexandra
Dubéeka v Trencine a poskytovat'vedecko-vy-
skumnym pracoviskam, ale aj firmam profesio-
nalnu podporu a servis vo vSetkych stivisiacich
oblastiach od nadviazania komunikacie, licen-
covania aZ po implementaciu novych technolo-
gickych procesov do vyroby.

doc. Ing. Jozef Habanik, PhD.
rektor TnUAD v Trenéine

Alexander Dub&ek University in Trenéin has,
in line with its strategic plan of creating the
TnUAD Technology Transfer Centre, broade-
ned and continues to broaden its team of
highly skilled young workers who can work in
ajointworkplace Vitrum Laugaricio and at the
Faculty of Industrial Technologies in Puchov.
Vitrum Laugaricio is a workplace with state
of art equipment focusing on research and
applied development in the fields of study of
glass, silicate materials and ceramics. It gai-
ned the status of excellence of the European
Union. Faculty of Industrial Technologies in
Piachov ranks as one of the top ten enginee-
ring faculties in Slovakia. It is exceptional
by creating a direct link to production and
preparation of experts for its needs. Due to
its focus, it presents a unique achievement in
the Slovak Republic.

The complex process of transferring the ma-
terial know-how, optimized manufacturing
and production processes in glass, silicate
and polymer materials, rubber and ceramics
into the manufacturing sector will be secured
by a newly built TnUAD Centre for Technology
Transfer. (CENTRATECH)

Centratech aspires to provide a wide range
of services in the field of searching, classi-
fying, management as well as improving the
innovation potential and protection of the
intellectual property of Alexander Dubéek
University in Trenéin. The main priorities of
the centre will be the help in finding partners
and investors in the industrial and business
environment and operations of spin-off com-
panies. Due to continuous communication
between academic and private sector, we
will be fully able to set conditions for the
transfer of technology and knowledge into
practice, to protect and manage the intellec-
tual property of professionals at Alexander
Dubéek University in Trenéin and to provide
professional support and service in all rela-
ted areas from establishing communication,
licensing, to implementation of new techno-
logical processes into production not only
for science and research organization but
for companies as well.

doc. Ing. Jozef Habanik, PhD.
rector of TnUAD in Trenéin

Tren¢ianska univerzita Alexandra Dub¢eka v Trencine
Alexander Dubcek University in Trenéin



Poslanim Trendianskej univerzity Alexandra
Dubceka v Trencine, ktora je sucastou eu-
ropskeho priestoru vysokoSkolského vzdeld-
vania a spolocného eurdpskeho vyskumného
priestoru, je rozvijat’ harmonicki osobnost;
vedomosti, midrost, dobro a tvorivost'v ¢lo-
veku a prispievat’k rozvoju vzdelanosti, vedy,
kultiry a zdravia pre blaho celej spoloénosti,
a tym prispievat'k rozvoju novej ekonomiky
a vedomostnej spoloénosti. Trentianska uni-
verzita Alexandra DubCeka v Trencine, ako
univerzitna vysoka Skola, ma v ramci svojho
poslania, ktoré je v stlade so zakonom o VS,
Bolonskym procesom a medzinarodnymi
Standardmi, byt v oblasti vzdelavania vy-
znamnym centrom vzdelanosti s nasledujtici-
mi rozvojovymi cielmi:

* udrZiavat'a rozvijat'svoju identitu vedeckej
a vzdelavacej ustanovizne v siistave vyso-
koSkolského vzdelania doma a v zahranici;

vytvarat’ podmienky na kvalitné vzdelava-
nie v technickych, ekonomickych, social-
nych a zdravotnickych Studijnych odbo-
roch;

pripravovat’ svojich absolventov tak, aby
reprezentovali nielen najvyssi stupeii osob-
nej a profesionalnej kvality, ale i ludskosti
a humanizmu;

prispievat’k vedeckému a kultirnemu roz-
voju a hospodarskej prosperite spolo¢nos-
ti.

Univerzita poskytuje vysokoSkolské vzde-
lavanie univerzitného typu na 4 fakultach:
Fakulte socialno-ekonomickych vztahov:
Fakulte Specialnej techniky; Fakulte zdravot-
nictva; Fakulte priemyselnych technoldgii a
na celouniverzitnej Katedre politoldgie a spo-
loénom celouniverzitnom pracovisku Vitrum
Laugaricio. Kvalitné vzdelavanie poskytujeme
formou 3K, a to: Kvalitné Studijné programy,
Kvalitni ucitelia a Kvalitné prostredie.

Tren¢ianska univerzita Alexandra Dub¢eka v Trencine
Alexander Dubéek University in Tren¢in

The mission of Alexander Dubéek University
in Tren€in, which is a part of the European
Higher Education Area and the European
Research Area, is to develop a harmonious
personality, knowledge, wisdom, goodness
and creativity in a man and to contribute
to the development of education, science,
culture and health for the welfare of the
whole society and thereby contribute to the
development of a new economy and society.
Alexander Dubéek University in Trenéin, as
a university, has in its mission, which is in
accordance with the Law on Higher Educa-
tion, the Bologna process and internation-
al standards, to be an important center of
education with the following development
objectives:

maintain and develop its identity as a sci-
entific and educational institution in the
system of higher education at home and
abroad;

create conditions for quality education
in technical, economic, social and health
fields of studys;

prepare its graduates to represent not only
the highest grade of personal and profes-
sional quality, but also humanity and hu-
manism;

contribute to the scientific and cultural de-
velopment and economic prosperity of the
society.

The University provides higher education of
university type at its 4 faculties: The Faculty
of Social and Economic Relations, The Faculty
of Special Technology, The Faculty of Health
Care, The Faculty of Industrial Technologies,
the university-wide Department of Political
Science and joint university-wide workplace
Vitrum Laugaricio. We provide quality edu-
cation through 3Q: Quality curricula, Quality
teachers and Quality environment.



Trencianska univerzita Alexandra Dubceka
v Trencéine ma ambiciu stat’sa permanentne
inovujiicou vzdelavacou institiciou, ktora je
naklonena zmenam v obsahovom kontexte kul-
tiirnych a motivacnych zmien s akcentom na in-
dikatory vystupu a kvality merané schopnostou
absolventa a jeho uplatnenia na integrovanom
trhu prace a samozrejme realnym vyuzitim vy-
skumného a inovacného potencialu.

Veda, vyskum a transfer ziskanych poznatkov
z tejto oblasti do vzdelavania st velmi délezi-
tymi aspektmi nasho neustaleho zdokonalo-
vania sa. V programovom obdobi 2007 - 2013
sme tispesne uzatvorili niekol'ko vedecko-vy-
skumnych projektov a v budicnosti chceme
v tomto trende pokracovat’

Spojenie vedy, vzdelavania a praxe je v sti¢as-
nosti nevyhnutnostou v kazdej vzdelavacej
inStitdcii, ktora ma ambiciu uskutoéiovat’
transfer poznatkov do hospodarskej sféry. Su
to spojené nadoby, prepojenost’ akcii, jedna
bez druhej nemozu napredovat’

Alexander Dubéek University in Trencin as-
pires to be a continuously innovating edu-
cational institution, which is inclined to the
changes in the context of cultural and moti-
vational changes with an emphasis on output
and quality indicators measured by the abil-
ity of graduates and their application in the
integrated labour market and the real use of
research and innovation potential.

Science and research and the transfer of
knowledge gained in this field to education
are a very important aspect of our continu-
ous improvement. In the programming period
2007-2013, we successfully concluded a num-
ber of research projects and we want to con-
tinue this trend in the future.

Linking science, education and practice is
now a necessity in every educational insti-
tution that aspires to transfer knowledge
into the economy. These areas are inter-
connected; one cannot advance without the
other.

Tren¢ianska univerzita Alexandra Dub¢eka v Trencine
Alexander Dubcek University in Trenéin
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Vzdelavanie s perspektivou

Trencianska univerzita Alexandra Dubéeka
v Trenéine poskytuje naSim Studentom kvalit-
né vzdelanie a spojenim s praxou uz pocas Stu-
diaim dokaze garantovat’ flexibilitu a uplatni-
telnost'na trhu prace. Vedenim pravidelnych
dialdgov so zamestnavatelmi a umiestiiova-
nim Studentov do praxe nastavuje systém
vzdeldvania presne podla ich potrieb, a tym
zabezpecuje staly prisun kvalifikovanej pra-
covnej sily do podnikov a firiem.

Student, ktory uz pocas Stidia vykonava od-
bornii prax u zamestnavatela, ma vacSiu Sancu
uplatnit’sa na trhu prace. Nadobudnuté vzde-
lanie ziskané na nasej univerzite efektivnejSie
transformuje na zrucnosti, ktoré sa od neho
vyzaduju, a rychlejSie sa adaptuje vo firemnom
procese podniku. Samozrejmostou je prispo-
sobovanie vzdelavania aktualnym trendom
anormam EU, a tym zvySovanie uplatnitelosti
naSich absolventov na trhu prace. Studijné ma-
terialy sa na nasej univerzite inovuji, Studijné
programy sa prisposobujii aktualnemu dopytu
a trhu prace a samozrejme vytvarame aj nové

Trencianska univerzita Alexandra Dubéeka v Trenéine
Alexander Dubé&ek University in Trenéin

Education with perspective

Alexander Dubéek University in Trenéin
provides students with a quality education.
Moreover, studies are combined with a prac-
tical experience, thus guaranteeing flexibility
and employability. The educational system
is set up to meet exact needs of the labour
market based on regular dialogues with
employers as well as providing the students
with work placements and thereby ensuring
a steady supply of skilled labour to business-
es and companies.

A student with a work experience in a com-
pany has a greater chance of success in
the labour market. Knowledge acquired at
our university effectively transforms into
the required skills and helps a student to
quickly adapt to the business processes. We
continuously adapt to current educational
trends and EU standards and so increase
the success of our graduates in the labour
market. Study materials are being innovated
and study programs address the demand of
the labour market. Naturally, we create new



programy prepojené s praxou. Gielom odbornej
praxe vratane zaverecnej spravy je ziskanie
praktickych skisenosti, ktoré absolventom
zvysia kredit a uplatnenie na trhu préce.

V oblasti vzdelavania ma nasa univerzita sta-
novené ciele a priority, ktoré umoziiujii nasim
Studentom skvalitiiovat’ a zefektiviiovat’ Sti-
dium. V siilade s modernymi trendmi vo vysoko-
Skolskom vzdelavani sme zaviedli digitalizéciu
Studijnych predmetov. Student sa dokaze vzde-
lavat'na akomkolvek mieste a z akéhokolvek
zariadenia v priamej interakcii s pedagégom.
V priprave odbornikov kladieme ddraz na prepo-
jenie Stadia s firemnou praxou, Gomu prisposo-
bujeme obsahovii kvalitu Studijnych programov,
edukacny proces aj Studijné programy.

Okrem  klasickych® moznosti edukacie
a zapajania sa do rieSenia Studentskych ve-
deckych a odbornych prac sa Studenti nasej
univerzity mozu realizovat’ i prostrednictvom
novovytvoreného Studentského centra, ktoré-
ho sucastou je aj Studentskeé radio. Samotné
Studentské centrum ma ambiciu spojit’ pod
jednou strechou mimoskolskeé aktivity orien-
tované na Studentské mobility. Studenti
majli priestor na realizaciu neformalnych
prednasok, na tieto ticely mozu pozyvat'zauiji-
mavych motivaénych recnikov, tispeSnych ab-
solventov aj mladych podnikatelov. Je to tiez
priestor pre Studentskeé firmy a startup spo-
loénosti. Studentské centrum mozu vyuzivat’
aj malé inovacné firmy vo forme coworkingu.

Trendianska univerzita Alexandra Dubéeka
v Trenéine podla svojho strategického zameru
budovania Centra transferu technoldgii TnUAD
rozSirila a nadalej rozSiruje svoj tim o mladych
vysokokvalifikovanych pracovnikov. Centrum
transferu technologii TnUAD ma ambiciu
zabezpecovat’ Sirokii Skalu sluZieb v oblasti
vyhladavania, triedenia, riadenia, ako aj zhod-
nocovania inovaéného potencialu a ochrany
vysledkov duSevného vlastnictva Trendianskej
univerzity Alexandra Dub&eka v Trencine. Hlav-
nymi prioritami centra bude pomoc pri vyhla-
davani partnerov a investorov z priemyselného
a podnikatel'ského prostredia a prevadzkova-
nia spin-off spolo¢nosti. Budovanim komuni-
kacie medzi akademickou a stikromnou sférou
bude plne schopna nastavovat' podmienky
na transfer technoldgii a znalosti do praxe,

programs linked with practice. The mission
of professional experience including the fi-
nal report is to provide to students practical
experience so they will increase their credit
and applicability on the labour market after
graduation.

In the area of education, university sets ob-
jectives and priorities that help students to
make their studies better and more efficient.
In line with modern trends in higher educa-
tion, we have introduced the digitisation of
study subjects. The student can study at any
place and on any device in direct interaction
with teachers. We aim to bring up experts to
the market by linking study with a corporate
practice. Thus, we adapt the content of the
studies, the educational process and types of
study programs.

In addition to the “classical” education
and participation in student scientific and
technical work, students can realize them-
selves in the newly created student centre
that also involves the student radio. The
student centre aims to bring all extracur-
ricular activities regarding student mobil-
ity under one roof. Students can organize
informal lectures with invited motivational
speakers, successful graduates and young
entrepreneurs. It is also a space for student
businesses and start-ups. Small innovative
companies can also use the student centre
as a co-working space.

In line with the strategy to build the Technol-
ogy Transfer Centre TnUAD, the university
has heen expanding its team of highly skilled
young workers.

Technology Transfer Centre TnUAD aims
to provide a wide range of services in
the field of searching, selection, manage-
ment as well as hoosting the innovation
potential and protecting the intellectual
property of Alexander Dub&ek University
in Trenéin. The main priorities of the cen-
tre will be to help finding partners and
investors in the industrial and business
environment and management of spin-
off companies. Due to ongoing commu-
nication building between academic and
private sector, we will be fully able to set

Tren¢ianska univerzita Alexandra Dub¢eka v Trenéine
Alexander Dubcek University in Trenéin



chranit’ a spravovat’ duSevné vlastnictvo od-
bornych pracovnikov Trencianskej univerzity
Alexandra Dubéeka v Trenéine a poskytovat've-
decko-vyskumnym pracoviskam, ale aj firmam
profesionalnu podporu a servis vo vSetkych sii-
visiacich oblastiach od nadviazania komunika-
cie, licencovania az po implementaciu novych
technologickych procesov do vyroby.

Trencianska univerzita Alexandra Dubéceka
v Trencine podla svojho strategického zameru
budovania kompetencného centra na transfer
odbornosti do praxe v oblasti materialov vy-
razne rozsiruje svoj tim o mladych vysokokva-

lifikovanych pracovnikov, ktori tak mdzu najst’

uplatnenie na spoloénom pracovisku Vitrum
Laugaricio a na Fakulte priemyselnych techno-
logii v Piichove. Vedecko-vyskumné pracovisko
Vitrum Laugaricio je Spickovo vybavené praco-
visko orientujiice sa na vyskum a aplikovany
vyvoj v oblasti skla, silikatovych materialov
a keramiky. Ma sStatiit excelentného praco-
viska v Eurdpskej tinii. Fakulta priemyselnych
technoldgii v Pichove patri medzi desiatku
najlepSich technickych fakilt na Slovensku.
Je vynimoéna predovSetkym priamou vazbou
navyrobnii prax a pripravou odbornikov pre jej
potreby. Svojim zameranim predstavuje unikat
v ramei Slovenskej republiky.

Trencianska univerzita Alexandra Dubéeka v Trenéine
Alexander Dubéek University in Tren¢in

conditions for the transfer of technology
and knowledge into practice, protect and
manage intellectual property of profes-
sionals at Alexander Dubéek University
in Trenéin and provide professional sup-
port and service in all related areas from
establishing communication, licensing to
implementation of new technological pro-
cesses into production.

In line with the strategy to build the Tech-
nology Transfer Centre TnUAD, the univer-
sity has been expanding its team of highly
skilled young workers, who may thus find
awork placement in joint workplace Vitrum
Laugaricio and at the Faculty of Industrial
Technologies in Puichov. Vitrum Laugari-
cio is high-end workplace specializing in
research and applied development in the
glass studies, silicate materials and ceram-
ics. It has the status of excellence in the
European Union. Faculty of Industrial Tech-
nologies in Piichov ranks as one of the hest
engineering colleges in Slovakia thanks to
its connection with a production facilities
and the education of the experts hased
on the market needs. It presents a unique
achievement in the Slovak Republic due to
its field of study.
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Centrum kompetencie skla Vitrum Laugari-
cio (VILA) je spoloénym pracoviskom TnUAD,
Ustavu anorganickej chémie SAV Bratislava,
Fakulty chemickej a potravinarskej techno-
logie STU Bratislava a sklarne RONA, as.,
Lednické Rovne lokalizovanym v priestoroch
TnUAD. Predstavuje jediné slovenské pracovis-
ko zamerané na zakladny a aplikovany vyskum
v oblasti skla, od roku 2012 je nositelom Cen-
tra excelentnosti pre keramiku, sklo a silika-
tové materialy (CEKSIM), ktoré je spoloénym
pracoviskom UACH SAV BA, TnUAD a UACH
SAV KoSice. VILA ma neprerusent kontinuitu
s tren¢ianskym Vyskumnym a vyvojovym tista-
vom sklarskym (VVUS), na ktorom pracovisko
vzniklo ako Spoloéné laboratdrium pre zaklad-
ny vyskum skla Centra chemického vyskumu
SAV a VVUS uz v aprili 1983. Z tohto pohladu
ma pracovisko uz viac ako Stvrtstorocnii tradi-
ciu v oblasti zakladného a aplikovaného sklar-
skeho vyskumu.

V sucasnosti je pracovisko vybudované kom-
plexne, disponuje Sirokou Skalou Spickovych
pristrojov v medzinarodnom meradle ako kom-
pletné laboratdrium materialového vyskumu,
ktoré zahezpecuje cely proces vyvoja, pripra-
vy a charakterizacie materialov nielen v oblas-
ti bezprostredného objektového zamerania
centra, teda skla a keramiky, ale aj materialov
v§eobecne, €i uz kovov, polymérov alebo inych
typov materialov. Spojenim spolupracujticich
partnerov vzniklo na Slovensku unikatne vy-
skumno-vyvojové centrum, ktoré zabezpecuje
vSestranne prospesnii kooperaciu akadémie,
univerzit aj priemyselnej sféry. Jej prinosom
ako vzdelavacej institticie je hlavne to, Ze je
zdrojom S$tudentov. VILA TnUAD totiz pravi-
delne poniika miesto vybranym doktorandom
TnUAD, ktorych v ramci svojej vyskumnej
prace vedie k rieSeniu Specializovanych tloh
tykajticich sa vyskumu a vyveja nekovovych
anorganickych materialov, predovSetkym skla
a pokrocilych keramickych materialov a kom-
pozitov.

Do fungovania VILA TnUAD sa v ramci projek-
tovych aktivit zapajaji univerzitné pracoviska
nielen z vysokych $kdl na Slovensku, ale aj
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Glass competence centre Vitrum Laugaricio
(VILA) is a joint department of TnUAD, Insti-
tute of Inorganic Chemistry of Slovak Science
Academy Bratislava, Faculty of Chemical and
Food Technology STU Bratislava and glass-
works RONA a.s. Lednické Rovne. The centre
is localized on premises of TnUAD and is the
only Slovak institution focused on basic and
applied research of glass. Since 2012 it com-
prises the Centre of Excellence for ceramics,
glass and silicate materials (CEKSIM), CEKSIM
being a joint department of the Institute of In-
organic Chemistry of Slovak Science Academy
Bratislava, TnUAD and the Institute of Inor-
ganic Chemistry of Slovak Science Academy
KoSice. VILA continues the tradition of Tren¢in
Research and Development Glass Institute
(VVUS), where the department was estab-
lished as The joint laboratory for fundamental
research of Glass Center of Chemical Research
of Slovak Science Academy and VVUS already
in April 1983. From this perspective, the de-
partment has more than a quarter-century
tradition of basic and applied glass research.

Currently, the workplace is built complexly,
has a wide range of high-tech apparati at
its disposal. It is a complete laboratory for
materials research, and provides the entire
process of development, preparation and
characterization of materials not only in the
immediate subject of its studies, namely glass
and ceramic materials, but all material in gen-
eral - metals, polymers or other types of ma-
terials. By cooperation of partners, a unique
research and development center, which
provides mutually benefitting cooperation of
academy, universities and industrial sector
was established in Slovakia. The importance
of it, as an educational institution, is mainly
that it is a source of students. VILA TnUAD
regularly offers a place for selected doctorals
of TnUAD, which in the course of its research
work leads to finding solutions of specialized
tasks related to research and development of
non-metallic inorganic materials, especially
glass and advanced ceramics and composites.

VILA TnUAD cooperates in various projects with



v Cesku, Nemecku alebo Velkej Britanii. VILA
TnUAD v ramci svojich aktivit riesi vedecko-
vyskumné ilohy na baze vymeny skisenosti,
vysledkov a aplikacie do vzdelavacej innosti
apre priemyselnych partnerov.

Predstavuje jediné slovenské pracovisko za-
merané na zakladny a aplikovany vyskum v ob-
lasti skla a sii¢asne aj na univerzitné vzdelava-
nie vratane doktorandského Stidia v tejto
oblasti. Studijny program Anorganickeé techno-
logie a materialy (anglicky nazov Inorganic
Technology and Materials) sa poskytuje na tre-
tom stupni vysokoSkolského Stiidia (PhD.).

university departments not only from Slovakia,
but also from the Czech Republic, Germany
and the UK. VILA TnUAD conducts scientific
research based on the exchange of experience,
results and application into educational activi-
ties and industrial partners.

It represents the only Slovak workplace fo-
cused on basic and applied research in the field
of glass, and at the same time, on higher educa-
tion including doctoral studies in this field. Uni-
versity program Inorganic Technology and Ma-
terials is provided in the third higher education
degree (PhD.).

STANOVENIE CHEMICKEHO ZLOZENIA ANORGANICKYCH

NEKOVOVYCH MATERIALOV

DETERMINATION OF THE CHEMICAL COMPOSITION OF
INORGANIC NON-METALLIC MATERIALS

Metodika ¢. 1:

Transformacia anorganickych latok na zliéeni-
nurozpustni v kvapalnych roztokoch pomocou
systému speedwave 4 (mikrovinné rozkladné
zariadenie). Analyza kvapalnych roztokov sa
realizuje na optickom emisnom spektrometri
s indukéne viazanou plazmou (ICP OES) v siila-
de s STN EN IS0 11885/Stanovenie 33 prvkov
atomovou emisnou spektroskopiou s indukéne
viazanou plazmou. Pracovisko je zamerané
na rozkladné postupy sklarskych a keramic-
kych materialov, pripadne surovin na pripravu
anorganickych nekovovych materialov.

Specifikacia vzoriek:

Pevné vzorky v kusovej (metodika si nevyza-
duje poziadavku na rozmer a tvar vzorky mate-
rialu) zrnitej forme, prachove;j alebo praskovej
homogénne;j forme.

Analyticke vyulitie:
« kvalitativna analyza - umoziuje identifi-
kaciu spektralnych ¢iar neznameho prvku

Methodology No.I:

Transformation of inorganic substances into
compound soluble in aqueous solutions using
speedwave 4 (microwave digestion system).
Liquid solutions are analysed with an optical
emission spectrometer with inductively cou-
pled plasma (ICP OES) in accordance with STN
EN IS0 11885/Determination of 33 elements by
atomic emission spectroscopy with inductive-
ly coupled plasma. The workplace is focused
on decomposition processes of glass and ce-
ramic materials, or materials for the prepara-
tion of inorganic non-metallic materials.

Sample specification:

Solid samples in chunks (methodology does
not require specific dimensions or shapes of
the sample material) or grains, homogeneous
dust or powder form.

Analytic use:
* Qualitative analysis - allows the identifica-
tion of spectral lines of an unknown element

~n

Opticky emisny spektrometer
s indukéne viazanou plazmou
Vista MPX(Varian)

Optical emission spectometer
with induketively coupled plas-
ma Vista MPX (Varian)
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v analyzovanom materiali vo vzorke a ich po-
rovnanie s atlasom ciar, semikvantitativna
analyza - poskytuje informacie o tom, ktoré
prvky sa nachadzajii v analyzovanom mate-
riali a navySe aj o tom, aka je ich priblizna
koncentracia.

+ Kvantitativna analyza - poskytuje informa-
cie 0 mnozstve jednotlivych prvkov vo vzor-
ke alebo o ich vzajomnom pomere, t. j. 0 ich
koncentracii vo vzorke.

Pristrojové vybavenie:

Rozkladné zariadenie speedwave 4: dosahuje
max. 230 °C (kratkodobo az 300 °C) a tlak
max. 100 bar (v zavislosti od typu pouzivanych
rozkladnych nadob).

Opticky emisny spektrometer s indukéne via-
zanou plazmou Vista MPX (Varian): sa vyuZiva
v chemickej prvkovej analyze na analyzu kva-
palnych roztokov. Vertikalne (radialne) orien-
tovana plazma umoziiuje analyzovat'aj vysoko
zasolené roztoky.

* Rozsah vinovych dizok 175- 785 nm.

* Simultanna detekcia minoritnych a majorit-
nych prvkov pocas jednej analyzy.

* Minimalizacia spektralnych interferencii
vyberom alternativnej vinovej dizky.

* Korekcia spektralneho pozadia.

Oblasti vyuiitia:
* Prvkova analyza vzoriek:

* Anorganického povodu - kovy, zliatiny, rudy
a horniny, prachy a popoléeky, stavebné
materialy, skla a sklarske suroviny, tazko
rozlozitelné keramické materialy.

* Organického povodu - vzorky potravin a po-
travinarskych surovin, celuldza a papier.

+ ZmieSaného povodu - pady, sedimenty, kaly.

Pripadové Studie:

* OSRAM Slovakia, a.s., Nové Zamky,
Stanovenie chemického zloZenia amber
skla.

m kompetencie skla Vitrum Laugaricio (VILA)
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in the material analysed in the sample and
comparing them with line atlas.

+ Semi-quantitative analysis - provides infor-
mation about elements found in the ana-
lysed material and in addition, their approx-
imate concentration.

* Quantitative analysis - Provides information
about the individual elements in the sample
or their mutual ratio, that means the concen-
tration in the sample.

Instrumentation:

Decomposing device speedwave 4: reaches
max. 230 °C (short term up to 300 °C) and
pressure max. 100 bar (depending on the type
of decomposition vessels).

Optical emission spectrometer with inductively
coupled plasma Vista MPX (Varian) is used in
chemical elemental analysis for the analysis of
liquid solutions. Vertical (radial) oriented plas-
ma allows analysing the highly saline solutions.

* Wavelength range of 175-785 nm.

« Simultaneous detection of minor and major
elements within a single analysis.

* Minimization of spectral interferences hy
choosing alternative wavelength.

* Correction of spectral background.

Areas of application:
+ Elemental analysis of samples:

* Inorganic origin - metals, alloys, ores and
rocks, dust and ashes, construction mate-
rials, glass and glass materials, ceramic
materials with long degradation.

* Organic origin - samples of foodstuffs and
food ingredients, pulp and paper.

* Mixed origin - soil, sediments, sludges.

Case studies:

* OSRAM Slovakia, a.s. Nové Zamky: Deter-
mination of the chemical composition of
amber glass.



* EVPU Nova Dubnica, Stanovenie obsahu vap-
nika a horéika vo vzorkach dolomitu.

¢ Octopus Habitat, Postidenie zdroja zneéis-
tenia skiel na objekte Octopus Habitat ako
dosledku kordzie a zvetravania fasadneho
materialu.

* AMEC Nuclear Slovakia, s.r.o., Stanovenie
chemického zloZenia sklenych frit.

* RONA Lednické Rovne, Stanovenie chemic-
kého zlozenia barnatého kriStalového skla.

Metodika ¢. 2:

Rontgenova fluorescenéna spektrometria je
multiprvkova nedestrukéna forma testovania
a stanovenia zloZenia materialov. V porovnani
s ICP OES ¢asovo menej narocna, avSak nie je
mozné kvantitativne stanovit’ litium a bery-
lium, nevyhodou su zvySené naroky na mnoz-
stvo a homogénnost’ vzorky (minimélne 100 g).

Specifikacia vzoriek:

Vzorka moze byt analyzovana ako tuha, kva-
palna, praskova, pastova alebo vo forme sus-
penzie, tenkého filmu.

Analyticke vyuZitie:

Kvalitativna a kvantitativna prvkova analyza,
moznost’ stanovit’ vSetky prvky periodickej
stistavy okrem plynov a prvkov lahSich ako
bor. Citlivost' stanovenia je podstatne nizSia
u lahkych prvkov (B a F) zvyéajne pritomnych
a stanovovanych v skle a v surovinach. Prvky
s relativnou atomovou hmotnostou nizSou ako
bor nie je mozné stanovit

Oblasti vyuiitia:

Pouzitie metddy je univerzalne od metalurgie
az po medicinske aplikacie. V praxi je vyuziva-
na na stanovenie hlavnych, ako aj stopovych
prvkov v silikatoch vratane skiel a v sklar-
skych surovinach. Pracovisko svojim zamera-
nim je orientované na prvkovii analyzu vzoriek
v rozsahu udavanom v metodike €. 1. Vzorky

* EVPU Nova Dubnica: Determination of calcium
and magnesium content in dolomite samples.

* Octopus Habitat: Assessment of the source
of glass pollution on the object Octopus
Habitat as a result of corrosion and weath-
ering of facade material.

* AMEC Nuclear Slovakia s.r.0.: Determination
of the chemical composition of the glass frit.

* RONA Lednické Rovne: Determination of the
chemical composition of barium crystal glass.

Methodology No.2:

X-ray fluorescence spectrometry is a multiele-
mental non-destructive method of testing and
determining the composition of materials. It
is time saving when compared to ICP OES, but
it is not possible to quantitatively determine
lithium and beryllium, the disadvantage is an
increased demand on the amount and homoge-
neity of the sample (at least 100 g).

Sample specification:

The sample may be analysed as a solid, liquid,
powder, paste, or in the form of suspension or
a thin film,

Analytic use:

Qualitative and quantitative elemental anal-
ysis, ability to determine all elements of the
Periodic Table excluding gases and lighter
elements such as boron. The sensitivity is
substantially lower for light elements B and F
usually present and determined in glass and
raw materials. Elements with atomic mass less
than boron cannot be determined.

Areas of application:

This method is widely used, from metallurgy to
medical applications. In practice, it is used for
determination of the main and trace elements
in silicates, including glasses and glass mate-
rials. Workplace focuses on elemental analysis
of samples in the range given in the methodol-

—n

Pripravoviia vzoriek mletim, ta-
venim a lisovanim

—

Rontgenovy fluorescencny spek-
trometer S8 Tiger 4K (Bruker)
X-ray fluorescence spectrome-
ter S8 Tiger 4K (Bruker)
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anorganického povodu - kovy, zliatiny, horniny,
popolceky, skla a sklarske suroviny.

Pristrojové vybavenie:

* Tavicka (VULCAN 2MA fy FLUXANA): pri-
prava vzoriek tavenim s tetraboritanom
litnym.

« Lis (HTP 40 fy HERZOG): hydraulicky progra-
movatelny lis na pripravu vzoriek lisovanim
svoskom.

* Vlnovo disperzny rontgenovy fluorescencny
spektrometer S8 TIGER 4K (Bruker) - zaria-
denie umoziiujtice sledovanie sekundarnej
emisie rontgenového Ziarenia. Vyhodou me-
tody rontgenovej fluorescencie je, ze tuhé
vzorky sa analyzuji bez prevedenia do roz-
toku. Minimalizacia poctu pripravnych ope-
racii zvySuje presnost’ vysledkov a znizuje
pravdepodobnost’ vzniku systematickych
chyb.

Pripadové Studie:
« Vetropack, a.s, NemSova, Analyza zloZenia
odprachov zo sklarskej prevadzky.

» Amec Slovakia, s.r.o., Jaslovské Bohunice,
Analyza perlitov a zeolitov.

» RONA, a.s., Lednické Rovne, Analyza zloZenia
krysStalového skla.

* Johns Menville, a.s., Trnava, Analyza zloZenia
Eu vlakien.

PRVKOV VO VODACH

.

Zakladom metddy je meranie atdmovej emisie
technikou optickej spektroskopie. Technika
korekcie pozadia sa pouziva na kompenzova-
nie variabilnych vplyvov pozadia pri stano-
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ogy No. 1. Samples of inorganic origin - metals,
alloys, rocks, ashes, glass and glass materials.

Instrumentation:

* Melting tool (VULCAN 2MA from FLUXANA):
sample preparation by melting with lithium
tetraborate.

* Press (HTP 40 from HERZOG): programma-
ble hydraulic press for sample preparation
by moulding with wax.

 Wavelength dispersive X-ray fluorescence
spectrometer S8 TIGER 4K (Bruker) - a de-
vice enabling the monitoring of secondary
emission of X-rays. The advantage of X-ray
fluorescence is that the solid samples are
analysed without being mixed in a solution.
Minimizing the number of preparatory oper-
ations increases the accuracy of the results
and reduces the likelihood of systematic
errors.

Case studies:
« Vetropack a.s. NemSova: Analysis of the com-
position of the dust from the glass production.

* Amec Slovakia s.r.o. Jaslovské Bohunice:
Analysis of perlites and zeolites.

» RONA a.s. Lednické Rovne: Analysis of the
composition of crystal glass.

* Johns Manville a.s., Trnava: Analysis of the
composition of Eu fibres.

STANOVENIE OBSAHU ROZPUSTENYCH

DETERMINATION OF THE CONTENT
OF DISSOLVED ELEMENTS IN WATER

This method is based on the measurement of
atomic emission by optical spectroscopy. Back-
ground correction is used to compensate for
variable effects of the background when deter-



vovani stopovych prvkov. Prvkové analyza sa
realizuje na optickom emisnom spektrometri
s indukéne viazanou plazmou (ICP OES) v st-
lade s normou STN EN ISO 11885/Stanovenie
33 prvkov atémovou emisnou spektroskopiou
s indukéne viazanou plazmou.

Specifikacia vzorky:

Laboratdrne sklo vratane flia$ na odber vzo-
riek sa musi pred pouzitim oplachnut kyseli-
nou dusiénou a nasledne deionizovanou vodou.
Vzorka pred analyzou musi byt prefiltrovana
a stabilizovana pridavkom koncentrovanej ky-
seliny dusicénej (pH < 2).

Analyticke vyuZitie:

* Kvalitativna analyza - umoziiuje identifikaciu
spektralnych &iar neznameho prvku v analyzo-
vanom roztoku aich porovnanie s atlasom €iar.

+ Semikvantitativna analyza - poskytuje in-
formacie o tom, ktoré prvky sa nachadzaju
v analyzovanom roztoku a navyse aj o tom,
aka je ich priblizna koncentracia.

* Kvantitativna analyza - poskytuje informa-
cie 0 mnozstve jednotlivych prvkov vo vzor-
ke alebo o ich vzajomnom pomere, t. j. 0 ich
koncentracii v roztoku.

Oblasti vyuiitia:

Stanovenie obsahu rozpustenych prvkov v su-
rovej vode, pitnej vode a odpadovej vode, vo
vodach pochadzajiicich z chladiacich okruhov
(vodarne, Cistiarne odpadovych vad, jadrovy
a energeticky priemysel).

Pristrojové vybavenie:

Opticky emisny spektrometer s indukéne
viazanou plazmou Vista MPX (Varian): sa vyu-
ziva v chemickej prvkovej analyze na analyzu
kvapalnych roztokov. Vertikalne (radialne)
orientovana plazma umoziiuje analyzovat’ aj
vysoko zasolené roztoky. Rozsah vinovych
dlzok 175 - 785 nm. Simultanna detekcia mino-
ritnych a majoritnych prvkov pocas jednej ana-
Iyzy. Minimalizacia spektralnych interferencii
vyberom alternativnej vinovej dlzky. Korekcia
spektralneho pozadia.

mining the trace elements. Elemental analysis
is performed using optical emission spectrom-
eter with inductively coupled plasma (ICP OES)
in compliance with STN EN IS0 11885/Determi-
nation of 33 elements by atomic emission spec-
troscopy with inductively coupled plasma.

Sample specification:

Laboratory glass including bottles for sam-
pling must be rinsed before using in nitric
acid and then in deionized water. Samples
before analysis have to be filtered and sta-
bilized by the addition of concentrated nitric
acid (pH< 2).

Analytical use:

* Qualitative analysis - allows the identification of
spectral lines of an unknown element in the sam-
ple analysed and comparing them with line atlas.

+ Semi-quantitative analysis - provides infor-
mation about elements found in the ana-
lysed material and in addition, their approx-
imate concentration.

* Quantitative analysis - Provides information
about the individual elements in the sample
or their ratio, that means their concentra-
tion in the sample.

Areas of application:

Determination of content of dissolved ele-
ments in raw water, drinking water and waste
water, waters from the cooling circuits (water
treatment plants, sewage treatment plants,
nuclearand energy industries.

Instrumentation:

Optical emission spectrometer (OES) with in-
ductively coupled plasma Vista MPX (Varian)
is used in chemical elemental analysis of liquid
solutions. Vertically (radially) oriented plasma
allows analysing highly saline solutions. OES
has wavelength range is 175-785 nm and allows
simultaneous detection of minor and major el-
ements within a single analysis, minimisation
of spectral interferences by choosing an alter-
native wavelength and correction of spectral
background.
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Pripadové Studie:

Vypracovanie metodiky na stanovenie baria
avanadu v odpadovych vodach pomocou optic-
kej emisnej spektroskopie s indukéne viaza-
nou plazmou.

Case studies:

Developing a methodology for the determina-
tion of barium and vanadium in waste waters
using optical emission spectroscopy with in-
ductively coupled plasma.

STANOVENIE CHEMICKE) ODOLNOSTI

KREMICITANOVYCH SKIEL

DETERMINATION OF THE CHEMICAL
RESISTANCE OF SILICATE GLASSES

.

Metdda zahriia testovanie chemickej odolnos-
ti skla vo forme sklenej drviny proti vode pri
98 °C. Metoda urcéuje rozdelenie skla do tried
podla odolnosti proti vode stanovenej skiiSkou
vsiilade s postupmi uvedenymi v norme ,Odol-
nost sklenéné drti proti vodé pri 98 °C* (CSN
70 0531, ST SEV 1569-79).

Specifikacia vzorky:

Hustota skla musi byt'v rozsahu (2,4 + 0,2) g/
cm?, pre samotné testovanie sa pouzije 10g
sklenej drviny s velkostou éastic = 300 pm <
500 pm.

Oblasti vyufitia:

Testovanie odolnosti sklenej drviny je zaujima-
vé najma pre sklarsky priemysel orientovany
na produkciu uzitkového skla.

Odolnost’skla proti vode pri 98 °C sa vyjadri
spotrebou odmerného roztoku kyseliny chloro-
vodikovej.

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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The method includes testing of the chemical
resistance of glass, in the form of glass grains,
to water at 98 °C. The method determines the
division of glass into classes according to its
water resistance test measured in accordance
with the procedures set out in the standard
“Resistance of crushed glass to water at
98 °CG* (CSN 70 0531, ST SEV 1569-79).

Sample specification:

glass density must be within the range (2,4 : 0,2)
g/cmd, for the testing itself 10g of glass grains
with a particle size = 300 pm < 500 ym is used.

Areas of application:

Testing the resistance of glass grains is of par-
ticular interest for the glass industry focused
on the production of household glass.

Resistance of glass to water at 98 °C is ex-
pressed by the consumption of hydrochloric
acid solution.




Hrani¢né hodnoty spotreby kyseliny chlorovodikovej pri titracii vem? /g
Thresholds of hydrochloric acid consumption in the titration in cm? /g

do0,1
Upto0.1

nad 0,1do 0,20
from 0.1t00.20

nad 0,20 do 0,85
from 0.20 to 0.85

nad 0,85 do 2,00
from 0.85t02.00

nad 2,00 do 3,50
from 2.00 to 3.50

Pristrojové vybavenie:

« Vahy s presnostou na : 5mg.

» Termostat s moznostou regulacie teploty
vrozsahu 90-110 °C s presnostou =+ 0,2 °C.

Pripadoveé Stidie:
RONA, a.s., Lednické Rovne, Stanovenie odol-
nosti barnatého kristalového skla proti vode.

Trieda odolnosti proti vode
Water resistance class

1/98
2/98
3/98
4/98

5/98

Instrumentation:

* Scales with accuracy to + 5mg.

* Thermostat with temperature control in the
range from 90to 110 °Cwith accuracy to : 0.2 °C.

Case studies:
RONA, a.s., Lednické Rovne: Determination of
resistance of barium crystal glass to water.

KOROZNE SKUSKY A SLEDQVANIE CHEMICKE)
ODOLNOSTI ANORGANICKYCH MATERIALOV

CORROSION TESTING AND MONITORING OF CHEMICAL
RESISTANCE OF INORGANIC MATERIALS

Kordzna, respektive chemicka odolnost’ sa
posudzuje na zaklade mnozstva zloZiek testo-
vaného materialu vylihovanych do korézneho
média v zavislosti od ¢asu jeho pdsobenia.
Kordzne testy uskutoéiiované na materialoch
mozeme z hladiska hydrodynamickych pod-
mienok rozdelit’ na testy statické a prietoko-
vé. Mnozstvo materialu prevedeného do roz
toku sa stanovuje pomocou optickej emisnej
spektrometrie s indukéne viazanou plazmou
(ICP OES), pripadne hmotnostného iibytku
testovaného materialu, taktiez sa sleduju
mikroStruktarne zmeny povrchu korodovanej
vzorky po posobeni kordzneho roztoku.

Corrosion or chemical resistance is assessed
on the basis of the quantity of components of
the test material that is extracted in corrosive
medium, depending on the time of exposure. In
terms of hydrodynamic conditions, corrosion
tests carried out on materials can be divided
into static and dynamic. The amount of materi-
al transferred into the solution is determined
by optical emission spectrometry with induc-
tively coupled plasma (ICP OES), or weight loss
of tested material,; microstructural changes
of the corroded surface of the sample after
exposure to corrosion solution are also ob-
served.

—n

Termostat s moZnostou regula-
cie teploty v rozsahu 90-110 °C
s presnostou : 0,2 °C

Thermostat with temperature
control in the range from 90 -
110 °C with accuracy to = 0,2 °C

Centrum kompetencie skla Vitrum Laugaricio (VILA) 2]
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Specifikacia vzorky:

Testy sa uskutoéiiujii so vzorkami celistvymi
alebo s drvinou (prietokové testy sa uskutoé-
fiujii najmé s drvinou), pripadne s vlaknami.
Materialy sii testované proti vodnym rozto-
kom kyselin, zasad, pripadne soli.

Oblasti vyufitia:

Testy st vypracované a odskiiSané na sledova-
nie chemickej odolnosti skiel a keramiky, pri-
padne biomaterialov (sklarsky priemysel, jad-
rovy priemysel, medicinske aplikacie).

Sample specification:

Tests are carried out on solid or ground sam-
ples (dynamic tests are performed usually
with pulp), or with fibres. Materials are test-
ed with aqueous solutions of acids, bases, or
salts.

Areas of application:

Tests are developed and tested for monitoring
chemical resistance of glasses and ceramics,
or hiomaterials (glass industry, nuclear indus-
try, medical applications).

Kordzna vrstva a produkty kordzie analyzované na povrchu vapenato-hlinitokremicitanovom skle po kordzii vo vod-
nom roztoku chloridu sodného.
The corrosion layer and corrosion products analysed on the surface of calcium aluminosilicate glass after corrosion
in aqueous sodium chloride solutions.

Pristrojové vybavenie:
* Termostaty (Memmert) s moznostou regula-
cie teploty maximalne 95 °C : 1 °C.

* Klimaticka komora (Discovery DY 110) - na-
stavitelna teplota a kontrola teploty pocas
simulacie klimatickych podmienok, pricom
max pozadovana teplota 150 °C + 0,5 °C,
anastavitelna vihkost’a kontrola vlhkosti az
do teploty 90 °C.

* Opticky emisny spektrometer s indukéne
viazanou plazmou Vista MPX (Varian) -
umoziiuje chemicki prvkovii analyzu kva-
palnych roztokov.

* Elektronovy mikroskop (JEOL JSM-7600 F/
EDS/WDS/EBSD) - umoziiuje detailnii che-
mickt a mikroStruktirnu analyzu matera-
lov.

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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Instrumentation:
+ Thermostats (Memmert) - with temperature
regulation at a maximum of 95 °C 1 °C.

« Climatic Chamber (DY 110 Discovery) - adjust-
able temperature and temperature control
during a simulation of climatic conditions,
the maximum set temperature is 150 = 0.5
°C, and adjustable moisture and humidity
control up to the temperature of 90 °C.

+ Optical emission spectrometer with induc-
tively coupled plasma Vista MPX (Varian) -
allows elemental chemical analysis of liquid
solutions.

* Electron microscope (JEOLJSM-7600 F/EDS/
WDS/EBSD) - allows detailed chemical anal-
ysis and microstructure analysis of materi-
als.



* Rontgenovy difraktometer (Panalytical
Empyrean DY1098) - umoZiiuje kvalitativ-
nu a semikvantitativhu analyzu fazového
zlozenia materialov, kordznych produktov
na povrchu skiel a keramik, analyzu tenkych
vrstiev.

Pripadové Stidie:

* VUEZ Levice, Sledovanie chemickej odol-
nosti Eu sklenych vlakien pouzivanych ako
tepelna izolacia v jadrovych reaktoroch vo
vodnom roztoku kyseliny boritej a hydroxi-
du sodného.

* RONA, a.s., Lednické Rovne, Porovnanie che-
mickej odolnosti barnatého a bezbarnatého
kriStalového skla.

* RONA, a.s., Lednické Rovne, Posiidenie
vplyvu vihkosti a solného prostredia
na chemicku odolnost'barnatého kriStalo-
vého skla.

* RONA, as., Lednické Rovne, Sledovanie
a identifikacia kordzneho ucinku vlhkosti
a solnych roztokov na chemickii odolnost’
barnatého kristalového skla.

* X-ray diffractometer (Panalytical Empyrean
DY1098) - allows qualitative and semi-quan-
titative analysis of the phase composition
of materials, corrosion products on the sur-
face of the glass and ceramics, analysis of
thin films.

Case studies:

* VUEZ Levice: Monitoring the chemical
resistance of the Eu glass fibres used as
thermal insulation in nuclear reactorsin an
aqueous solution of boric acid and sodium
hydroxide.

* RONA a.s. Lednické Rovne: Comparison of
chemical resistance of barium and bari-
um-free crystal glass.

* RONA a.s. Lednické Rovne: Assessment of
the impact of moisture and salt environ-
ment on the chemical resistance of barium
crystal glass.

* RONA a.s. Lednické Rovne: Monitoring and
identification of corrosion effects of mois-
ture and salt solutions on the chemical re-
sistance of harium crystal glass.

KOROZNE SKUSKY S POKROCILYMI KERAMICKYMI
MATERIALMI ZA HYDROTERMALNYCH PODMIENOK

CORROSION TESTS WITH ADVANGED CERAMIC
MATERIALS UNDER HYDROTHERMAL CONDITIONS

Testy uskutocnené v statickych podmienkach
za vysokych tepldt a tlakov v uzatvorenych
reaktoroch alebo v autoklave. Vyznam tychto
testov spociva v tom, Ze je mozné za relativne
kratky ¢as vytvorit’ vyrazne agresivne pod-
mienky. Jednym z najrozSirenejSich testov
sledujiicich kordzne spravanie keramickych
materialov vyuzZivajiicich podobné usporiada-
nie je kordzia v superkritickej vode a kordzia
vo vodnej pare (hydrothermal corrosion).

Tests carried out under static conditions at
high temperatures and pressures in a closed
reactor or in an autoclave. Such tests are im-
portant due to the possibility to create sub-
stantially aggressive conditions in a relatively
short time. One of the most widely used test
for corrosion behaviour of ceramic materials
using a similar arrangement is supercritical
water corrosion and corrosion in water vapour
(hydrothermal corrosion).
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Glass competence centre Vitrum Laugaricio (VILA)

23



CENTRUM KOMPETENCIE SKLA VITRUM LAUGARICIO (VILA)
GLASS COMPETENCE GENTRE VITRUM LAUGARICIO (VILA)

~ n

Autoklav Limbo li (Biichi Glas
Uster)

Pressure Autoclave Limbo li
(Biichi Glas Uster)

Specifikacia vzorky:

Na umiestnenie vzorky do drziaka vysokotla-
kového reaktora sii pozadované rozmery
traméeka 3 x 4 x max. 50 mm.

Analytickeé vyjadrenie:

Hodnotenie a rozsah kordzneho ucinku sa
vyjadri na zaklade chemickej analyzy kordz-
neho roztoku a ¢asovej zavislosti mnozstva
prvku vylithovaného z materialu spolu s hod-
notenim mikro$truktirnych zmien povrchu
vzorky, pripadne fazovou analyzou kordznych
produktov.

Oblasti vyuiitia:

Testy st vypracované a odskiiSané na sledova-
nie kordznej odolnosti pokrodilej konStrukénej
keramiky (automobilovy, letecky priemysel,
metalurgia, chemicky priemysel, likvidacia
toxickych odpadovych materidlov, priemy-
selné odvetvia zamerané na vyuzivanie a zis-
kavanie geotermalnych zdrojov), vSeobecne
v priemyselnych odvetviach, kde sii materialy
dihodobo vystavované agresivnym kordznym
podmienkam (vodné roztoky kyselin, zasad,
pripadne soli).

Pristrojové vybavenie:

* Autoklav Limbo li (Biichi Glas Uster): na-
stavenie a kontrola teploty (max. 400 °C),
kontrola tlaku (max. 350 bar), mieSanie
média v rozsahu otacok 100 - 3 000 min-.
Zariadenie je konStruované z vysokoodolnej
HASTELLOY ocele.

* Vysokotlakové kordzne reaktory s teflono-
vou viozkou - do teploty 250 °C.

+ Opticky emisny spektrometer s indukéne
viazanou plazmou Vista MPX (Varian) -
umoziiuje chemicku prvkovi analyzu koroz-
nych roztokov.

* Elektrénovy mikroskop (JEOL JSM-7600 F/
EDS/WDS/EBSD) - umoziiuje detailnii che-
mickt a mikroStruktirnu analyzu materia-
lov a produktov kordzie.

* Rontgenovy difraktometer (Panalytical

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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Sample specification:

In order to place a sample into the sample
holder of a high-pressure reactor, the required
dimensions of sample are 3 x 4 x max. 50 mm.

Analytical expressions:

The evaluation and the extent of the corro-
sion effect is expressed based on chemi-
cal analysis of corrosive solution and the
time dependence of the element content of
leached material together with an assess-
ment of microstructural changes in the sur-
face of the sample, or the phase analysis of
corrosion products.

Areas of application:

Tests are developed and tested for moni-
toring of corrosion resistance of advanced
structural ceramics (automotive, aerospace,
metallurgy, chemical industry, disposal of
toxic waste, industries focused on geother-
mal energy), generally in industries where
materials are exposed to aggressive corro-
sive environment (aqueous solutions of ac-
ids, bases, or salts).

Instrumentation:

* Pressure Autoclave Limbo li (Biichi Glas
Uster) with Programmable PID temperature
controller (max. 400°C), pressure control
(max. 350 bars), and medium stirrer in the
range from 100-3000 min* The pressure
vessel is made of high-resistance HASTEL-
LOY alloy.

* High pressure corrosion reactors with Tef-
lon liner - for temperatures up to 250°C.

+ Optical emission spectrometer with induc-
tively coupled plasma Vista MPX (Varian)
--allows elemental chemical analysis of cor-
rosive solutions.

* Electron microscope (JEOLJSM-7600 F/EDS/
WDS/EBSD) - allows detailed chemical anal-
ysis and microstructure analysis of materi-
als and corrosion products.

« X-ray diffractometer (Panalytical Empyrean



Empyrean DY1098) - umoziiuje kvalitativnu
a semikvantitativnu analyzu fazového zloze-
nia materialov.

Pripadové Stidie:

Sledovanie chemickej odolnosti na nasleduju-
cich vybranych keramickych materialoch: nit-
rid kremicity spekany s pridavkom Y,0,, sia-
lon, polykrystalicky korund spekany bez
spekacich prisad, polykrystalicky korund spe-
kany s pridavkom prisady na podporu speka-
nia so zloZenim Ca0-5Si0,, keramika priprave-
na na bhaze polymérneho prekurzora (SiOC,
SiHf0C, SiZr0C).

DY1098) - allows qualitative and semi-quan-
titative analysis of the phase composition
of materials.

Case studies:

Monitoring the chemical resistance of the fol-
lowing selected ceramic materials: silicon ni-
tride sintered with the addition of Y,0,, sia-
lon, sintered = polycrystalline corundum
without sintering additives, sintered poly-
crystalline corundum with sintering promot-
ing additives (Ca0-5Si0,), ceramics prepared
on polymeric precursor base (Si0C, SiHf0C,
SiZr0C).

STANOVENIE TVRDOSTI MATERIALOV PODLA VICKERSA

VICKERS HARDNESS TEST

Skiiska tvrdosti materialu podla Vickersa
patri medzi statické skasky tvrdosti mate-
rialu. Princip spociva vo vtladeni indento-
ru do skiimaného materialu a nasledného
zistovania miery deformacie materialu.
Namerané hodnoty tvrdosti sii velmi pres-
né, okrem toho indenty sii pomerne malé,
takze sa naleStena plocha prili$ neposko-
dzuje. Spdsob prevedenia a vyhodnocovania
skusky sa realizuje v stlade s normou CSN
EN IS0 6507-1.

Specifikacia vzorky:
Povrch vzorky musi byt opracovany leStenim
na pozadovanii drsnost’

Oblasti vyuiitia:

Vickersova skiska je univerzalna, a mdze sa
pouzit'na stanovenie tvrdosti tvrdych, ako aj
makkych materialov.

Predbezné hodnotenie tvrdosti keramickych

materidlov, najma keramickych kompozi-

tov, ale aj skiel v systémoch s obmedzenou
sklotvornostou a o¢akavanymi vynimoénymi
mechanickymi vlastnostami.

The Vickers hardness test helongs to static
hardness tests. The principle is the press-
ing an indenter into the examined material
and subsequent detection of the degree
of material’s deformation. The measured
hardness values are very precise, indenta-
ta are relatively small, and so the polished
surface is not damaged excessivelly. The
process of performing and evaluating of
this test is in compliance with CSN EN 1SO
6507-1.

Sample specification:
Surface samples must he processed hy polish-
ing to the desired roughness.

Areas of application:

The Vickers hardness test is universal, and can
be used to determine the hardness of hard and
soft materials.

Preliminary assessment of the hardness of ce-
ramic materials, mostly ceramic composites,
and also glass in systems with limited glass
formation and expected exceptional mechan-
ical properties.
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Elekronovy mikroskop (JEOL
JSM-7600 F/EDS/WDS/EBSD)
Scanning electron microscope
(JEOL JSM -7600 F/EDS/WDS/
EBSD)

Vickersov tvrdomer (WIKI 200)
Vickers Microhardness Tester

(WIKI200)
= I

Hodnotenie vplyvu niektorych technologic-
kych operacii na mechanickeé vlastnosti vyrob-
kov tzitkového skla (najmi tvrdenych iistnych
okrajov).

Pristrojové vybavenie:

Vickersov tvrdomer, (WIKI 200) - umoiziiuje
meranie mikrotvrdosti a tvrdosti materialov
pri zatazeniach od 10g do 10 kg, zariadenie je
vybavené CCD kamerou s vysokym rozliSenim,
automatickym zaostrenim a vyhodnotenim
indentu.

Pripadové Studie:

+ Stanovenie mikromechanickych vlastnosti
zubnej skloviny a syntetickych dentalnych
materialov.

* Zhodnotenie kordzneho tcinku kyslych roz-
tokov na mikrotvrdost’ zubnej skloviny
a syntetickych dentalnych materialov.

Impact assessment of some technological
operations onto the mechanical properties of
commercial glass products (primarily hard-
ened rims).

Instrumentation:

Vickers Microhardness Tester, (WIKI 200) -
allows measurement of material micro and
macro hardness by loads from 10g to 10kg,
tester is equipped with a high resolution CCD
camera, auto focus and auto reading meas-
urements.

Case studies:

+ Determination of micro-mechanical proper-
ties of dental enamel and synthetic dental
materials.

« Evaluation of corrosion effects of acidic
solutions on microhardness of enamel and
synthetic dental materials.

MIKROSTRUKTURNA ANALYZA ANORGANICKYCH

NEKOVOVYCH MATERIALOV

MICROSTRUCTURAL ANALYSIS OF INORGANIC

NON-METALLIC MATERIALS

.

Poc¢as mikroStruktirnej analyzy povrchu ma-
terialu na kazdé miesto vzorky dopada tzky
zvizok elektronov. Interakciou dopadajiicich
elektrénov s materialom vzorky vznikaijti rozne
detekovatelné zlozky. Uroveii signalu v detek-
tore sa meni podla charakteru povrchu, z kto-
rého je potom zostaveny vysledny obraz. Zva-
zok elektronov dopadajtici na vzorku spésobi
emisiu sekundarnych a spatne odrazenych
elektronov a RTG Ziarenia, ktoré sii detektor-
mi analyzované.

Oblasti vyuiitia:
+ Topografia a morfoldgia povrchu materialov
(kovy, anorganické materialy).
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During the microstructural analysis of the sur-
face of material a narrow beam of electrons
hits every part of the surface.The interaction
of the incident electrons with material of
samples generates various detectable compo-
nents. The signal level in the detector varies
with the nature of the surface, from which
the final image is made. The electron heam
incident on the sample causes emission of sec-
ondary and backscattered electrons and X-ray
radiation that are analysed by detectors.

Areas of application:
Topography and morphology of the surface of
materials (metals, inorganic materials).



* |dentifikacia distribiicie sekundarnych faz
v keramickych kompozitoch.

* |dentifikacia a charakterizacia korodova-
nych povrchov a kordznych produktov skla
a keramickych materalov.

Analyza nehomogenit v skle
Charakterizacia produktov krystalizacie
pri Stadiu mechanizmov kryStalizacie
skiel.

Pristrojové vybavenie:

* lénova naprasovacka (JEOL JFC-1300
JAUTO Sputter Coater, JEOL JEC-520
Carbon Coater”) - zariadenie je komple-
mentarnym vybavenim k elektrénovému
mikroskopu a zabezpecéuje nevyhnutnii
pripravu nekovovych nevodivych vzoriek
na analyzu.

* Elektronovy mikroskop (JEOL JSM-7600
F/EDS/WDS/EBSD) - pristroj na detailni
chemicki a mikro$truktirnu analyzu ma-
terialov. Pri merani dosahuje rozliSenie
minimalne 2 - 4 nm. Zaroveii je vybaveny
analytickymi modulmi WDS detektorom,
EDS detektorom, EBSD detektorom vrata-
ne databazového softvéru na vyhodnoco-
vanie EBSD spektier.

Pripadoveé Stidie:

* RONA, as., Lednické Rovne, ldentifika-
cia a analyza nehomogenit vo forme
$lir vo vzorkach barnatého kriStalového
skla.

* RONA, a.s., Lednické Rovne, Analyza che-
mického zloZenia korodovaného AZS ma-
terialu.

Identification of the distribution of secondary
phases in ceramic composites.

Identification and characterization of corrod-
ed surfaces and corrosion products of glass
and ceramic material.

Analysis of inhomogeneities in the glass.
Characterization of crystallization products in
the study of glasses crystallization mechanisms.

Instrumentation:

* lonic coaters (JEOL JFC-1300 ,AUTO Sput-
ter Coater”, JEOL JEC-520 ,Carbon Coater”)
these devices are complementary to the
scanning electron microscope and provide
necessary preparation of non-metallic
non-conductive specimens for analysis on
the SEM.

« Scanning electron microscope (JEOL JSM-
7600 F/EDS/WDS/EBSD) - scanning electron
microscope is designed for detailed chemi-
cal and microstructural analysis of materi-
als. Image resolution is 2-4 nm at minimum.
SEM is equipped with analytical modules
WDS detector, SDD detector, EBSD detector,
including database software for evaluation
of EBSD spectra.

Case studies:

* RONA a.s. Lednické Rovne: Identification
and analysis of inhomogeneities in the form
of strings and stones in samples of barium
crystal glass.

* RONA as. Lednické Rovne: Identification of
phase modification Zr02 in AZS refractory
material with the use of high-temperature
chamber.
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Fluorescencny spektrometer Flu-
orolog-3-FL21 (Horiba Scienfitic)
Fluorolog - 3 Modular Spectro-
fluometer (Horiba Scienfitic)

OPTICKE A SPEKTRALNE VLASTNOSTI MATERIALOV
OPTICAL AND SPECTRAL PROPERTIES OF MATERIALS

.

Fluorescencna spektroskopia:
Fluorescencna spektroskopia je spektrosko-
picka metoda, ktora monitoruje rozne fotofyzi-
kalne deje nasleduijtice po excitacii (vybudeni)
castice elektromagnetickym Ziarenim (napr.
fluorescenciu, fosforescenciu, transfer ener-
gie) a poskytuje cenné kvalitativne a kvantita-
tivne informacie o Studovanom systéme. Umoz
fiuje nasledujticu charakterizaciu vzoriek:

» meranie emisnych, excitatnych spektier
v pravouhlom a  front-face usporiadani
(kvapalné a pevné vzorky)

* meranie fosforescencie

« meranie doby Zivota (kinetika zhaSania) ex-
citovaného stavu

* anizotropia, ¢asovo rozliSena anizotropia

« absolitne kvantové vytazky a urcenie fa-
rebnych siiradnic emitovaného svetla

 meranie spektralnych charakteristik vzo-
riek pri zvySenej teplote

Specifikacia vzoriek:

Kvapalné latky a roztoky (aj zakalené), pevné
vzorky (kusové, prasky, pasty) - vzorky anorga-
nického, organického a hiologického povodu.

Oblasti vyuiitia:

« Materialovy vyskum (napr. fosfory na apli-
kacie v pevno-latkovych energiu Setriacich
svetelnych zdrojoch - LED diody, fosfory
s dlho pretrvévajiicou emisiou Ziarenia - zna-
cenia ciest, informacné a vystrazné znace-
nie, quantum dots atd’).

* Chemicky vyskum (napr. chemické a bio-
chemické senzory, fluorescenéné markery,
sondy).

« Biochemicky a hiomedicinsky vyskum (napr.
Struktira a interakcie proteinov, fluores-
cencné proteiny, fluorescenéné markery).
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Fluorescence spectroscopy:

Fluorescence spectroscopy is a spectroscopic
method which monitors various photophysical
processes following the excitation of particles
by electromagnetic radiation (e.g. fluorescence,
phosphorescence, energy transfer), and pro-
vides valuable qualitative and quantitative in-
formation on the system analysed. This method
allows following characterization of samples:

» measurement of emission, excitation spec-
tra in right angle and front-face arrange-
ment (liquid and solid samples)

 measurement of phosphorescence

+ measurement of the excited state lifetime
(kinetic quenching)

* anisotropy, time-resolved anisotropy

+ absolute quantum yields and determination
of colour coordinates of the emitted light

+ measurement of the spectral characteristics
of the samples at increased temperatures

Sample specification:

Liquid substances and solutions (including
opaque), solid samples (chunks, powders,
pastes) - samples of inorganic, organic or bio-
logical origin.

Areas of application:

« materials research (e.g. phosphors for ap-
plication in solid-state energy saving light
sources - LEDs, long persistence phosphors
with radiation emission- road signs, informa-
tion and warning signs, quantum dots etc.)

+ chemical research (e.g. chemical and bi-
ochemical sensors, fluorescent markers,
probes)

* biochemical and biomedical research (e.g.
the protein structure and interactions, fluo-
rescent proteins, fluorescent markers).




* Environmentalne analyzy (napr. vody
na polyaromatickeé latky), klinické a farma-
ceutické analyzy (napr. analyza lie€iv), ana-
Iyza potravin, siidne analyzy.

Pristrojové vybavenie:

* Fluorescenény  spektrometer  Fluoro-
log-3-FL21 (Horiba Scientific) s moznostou
merania €asovo nerozliSenych spektier
v spektralnom rozsahu 200 - 3 000 nm;
spektralne rozliSenie < 1nm.

* Meranie v pravouhlej konfiguracii (roztoky)
alebo v tzv. front face” konfiguracii (pevné
latky, zakalené vzorky).

* Modul na meranie ¢asovo rozliSenej fluo-
rescencie metddou TCSPC (Time Corela-
ted Single Photon Counting) s moznostou
merania doby Zivota excitovaného stavu
0d 200 ps.

* Excitacia: Xe lampa (450W) a zableskova Xe
lampa na meranie fosforescencie, stiprava
pulznych LED diod pre TCSPC.

* Integracna sféra na meranie absolitneho
kvantového vytazku.

* Polarizatory na meranie anizotropie.

* Environmental analysis (e.g. water for pol-
yaromatic compounds), clinical and phar-
maceutical analysis (e.g. drug analysis),
food analysis, forensic analysis

Instrumentation:

* FluoroLog-3 Modular Spectrofluorometer
from HORIBA Scientific allowing measure-
ment of steady-state spectra in the wave-
length range of 200-3000 nm with wave-
length accuracy of less than Inm.

» Measurement in right angle configuration
(solutions) orin front face configuration (high-
ly concentrated, opaque, or solid samples).

* Module for time-resolved fluorescence meas-
urement using TCSPC method (Time Correlat-
ed Single Photon Counting) with the possibil-
ity to measure lifetime decay from 200 ps.

* Excitation source: Xenon short arc (450W)
and pulsed lamp for phosphorescence
measurements, and spark sources and di-
odes for pulsed lifetime-acquisitions.

* Integrating sphere for measurement of ab-
solute quantum yields.

* Polarizers for anisotropy measurements

UV-VIS-NIR (ABSORPCNA) SPEKTROSKOPIA

UV-VIS-NIR spektroskopia patri medzi spek-
troskopické metody monitorujice interakciu
elektromagnetického Ziarenia s latkou, pre-
dovSetkym s jej elektronovou Struktirou,
aposkytuje cenné kvalitativne a kvantitativne
informacie o Studovanom systéme (anorganic-
ké a organické latky, materialy, hiochemické
systémy). UmoZziiuje nasledujiicu charakteri-
zaciu vzoriek:

UV-VIS-NIR (ABSORPTION) SPECTROSCOPY

UV-VIS-NIR spectroscopy is one of the spec-
troscopic methods of monitoring the interac-
tion of electromagnetic radiation with matter,
primarily with its electronic structure. It pro-
vides valuable qualitative and quantitative
information on the analyte (inorganic and
organic substances, materials, hiochemical
systems). This method allows following char-
acterization of samples:

—n

UV-VIS-NIR spektrometer Cary
5000 (Agilent Technologies)
UV-VIS-NIR spectrophotome-
ter Cary 5000 (Agilent Technol-
ogies)
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 Merania absorpénych, transmisnych a re-
flexnych spektier (diftiznych) v ultrafialo-
vej, viditel'nej a blizkej infracervenej oblasti
spektra, dalej reflektancie pod variabilnym
uhlom (variable angle specular reflectance)
a absoliitnej reflektancie (absolute reflec-
tance) vzorky v zavislosti od vinovej dizky
Ziarenia.

* Merania chemickej kinetiky (zaznam ab-
sorbancie v zavislosti od ¢asu) aj scano-
vacej kinetiky (zaznam spektier vzorky
v ¢ase).

» Meranie a vyhodnocovanie farebnosti,
farebnych stradnic kvapalnych aj tuhych
vzoriek.

* Meranie a vyhodnocovanie (kvantitativna
analyza) koncentraénych zavislosti absor-
bancie vzorky.

» Meranie reflexnych materialov, zrkadiel,
tenkych vrstiev, antireflexnych vrstiev; ur-
¢enie hriibky tenkych vrstiev, indexu lomu,
farebnosti pri roznom uhle.

Specifikacia vzoriek:
Kvapalné latky a roztoky (aj zakalené), pevné
vzorky (kusové, prasky, pasty, tenké filmy/
vrstvy) - vzorky anorganického, organického
a hiologického povodu.

Oblasti vyuiitia:

« Materialovy vyskum (napr. spektralne cha-
rakteristiky roznych materialov, tenké vrs-
tvy, antireflexné vrstvy).

* Chemicky vyskum.

* Biochemicky a biomedicinsky vyskum.

* Environmentalne analyzy, klinické a farma-
ceutické analyzy, analyza potravin, stidne
analyzy.

Pristrojové vybavenie:

* UV-VIS-NIR spektrometer Cary 5000
(Agilent Technologies) s moznostou mera-
nia v spektralnom rozsahu 175 - 3 3300 nm.

* Fotometricky rozsah: max. 8 Abs.

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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 measurement of absorption, transmission
and reflection spectra in the ultraviolet,
visible and near infrared range. It further
allows measurement of variable angle spec-
ular reflectance and absolute reflectance of
analyte depending on the wavelength of the
radiation

+ chemical kinetics measurements (recording
absorbance changes as a function of time)
and spectrum changes (recording changes
of the sample’s spectrum over time)

 measurement and evaluation of colour and
the degree of colouring of liquid and solid
samples

+ measurement and evaluation (quantitative
analysis) of concentration dependence of
the absorbance values

+ measuring the reflectance of materials at
various angles and wavelengths, charac-
terizing mirrors, determining the refractive
index and thickness of thin films and an-
ti-reflection coating, and measuring colour
at different viewing angles

Sample specification:

Liquid substances and solutions (including
opaque), solid samples (chunks, powders,
pastes, thin films/layers) - samples of inorgan-
ic, organic or biological origin.

Areas of application:

« materials research (e.g. characterizing var-
ious materials, thin films, anti-reflection
coating)

+ chemical research

* hiochemical and hiomedical research

« environmental analysis, clinical and phar-
maceutical analysis, food analysis, forensic
analysis

Instrumentation:

» UV-VIS-NIR = spectrophotometer Cary
5000 from Agilent Technologies allowing
measurement in wavelength range of 175-
3300 nm.



* Spektralne rozliSenie: < 0,05 nm pre UV-VIS
oblast, < 0,2 nm pre NIR oblast:

* Modul na meranie difizne reflexnych
spektier v rozsahu vinovych dizok 200 -
2500 nm.

Modul VASRA na meranie spekularnej (zr-
kadlovej) reflektancie v zavislosti od uhla,
a to v rozsahu 20 - 70°. Siiéastou tohto mo-
dulu je aj polarizator typu Glan-Taylor (kalci-
tovy hranol) a depolarizator.

* Modul VW na meranie absoltitnej spekular-
nej reflektancie (odrazivosti) zrkadlovych
povrchov vzoriek a lesklych naterov, umoz
fiujtici meranie hriibky filmov a povrchovych
vrstiev, stupiia vyleStenia optickych povr-
chov.

« Termostatovany drziak kyviet, rozsah nasta-
venia tepldt vintervale 0- 100 °C s nastave-
nim teploty s presnostou <1 °C, s moznostou
ohrevu s teplotnym gradientom 1°C/s a kon-
tinudlnym mieSanim kvapalnej vzorky
v kyvete.

W=
— T
[ -
- - - - -
—

RAMANOVA SPEKTROSKOPIA

RAMAN SPECTROSCOPY

Ramanova spektroskopia je nedeStruktivna
spektralna analyticka metdoda Struktirnej
charakterizacie molekil a latok umoziiuji-
ca identifikaciu Cistych latok a jednotlivych
zloziek analyzovanej stistavy. Pristrojové vy-
bavenie nasho laboratdria umoziiuje merania
nasledujiiceho typu:

* Photometric range: max. 8 Abs.

+ Spectral resolution: < 0.05 nm for UV-VIS
range, < 0.2 nm for NIR range.

Module designed to measure diffuse reflec-
tance of samples in the wavelength range of
200-2500 nm.

Variable Angle Specular Reflectance Acces-
sory (VASRA) which provides the ability to
automatically measure the specular reflec-
tance of a sample surface at angles of inci-
dence ranging from 20 to 70 degrees. This
accessory comprises polarizer (Glan-Taylor
polarizing prism) and depolarizer (two crys-
talline quartz wedges).

VW Specular Reflectance Accessory (SRA)
designed to measure the direct (specular)
reflectance of light from smooth solid mate-
rials at near normal incidence. This accesso-
ry allows measurement of the thickness of
thin films and coatings, the characteriza-
tion of mirrors and refractive index deter-
mination

* Temperature-controlled cuvette holder, tem-
perature range in the interval of 0-100 °C,
temperature precision of <1 °C, with temper-
ature ramping capability (rate of 1°C/s) and
continuous mixing of the liquid sample in the
cuvette.

Raman spectroscopy is a non-destructive an-
alytical spectral method for structural char-
acterization of molecules and substances,
enabling the identification of pure substances
and individual components of the analyte. In-
strumentation in our laboratory allows follow-
ing measurements:
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Renishaw inVia Reflex Ramanov
mikrospektrometer
Renishaw inVia Reflex Ramanov
mikrospectrometer

« meranie ramanovych spektier (bodovy scan
s moznostou automaticky vytvaratrektangu-
larne Ramanovské mapy/mapovanie povrchu)

+ meranie infracervenych spektier

+ meranie spektier pri laboratdrnej teplote
ateplotach azdo 1500 °C

Specifikacia vzoriek:

Pevné vzorky (kusové, prasky, pasty, tenké
filmy/vrstvy) - vzorky anorganického, organic-
kého a biologického povodu.

Oblasti vyuiitia:

* Materialovy vyskum (napr. spektralna
a Struktarna charakterizacia materialov
- polovodice, mineraly, skla, keramické ma-
terialy, polyméry, kovy, korozne produkty,
nanomaterialy, analyza povrchov sorbentov,
senzorov, atd’).

« Chemicky vyskum (spektralna a Struktirna
charakterizacia anorganickych a organic-
kych latok).

« Biochemicky a biomedicinsky vyskum (ana-
Iyza biologickych systémov od hiomolekil
aZ po organizmy).

* Raman spectra (point-mapping with auto-
mated rectangular Raman mapping/surface
mapping)

* infrared spectra

* spectra at ambient temperature and tem-
peratures up to 1500 °C

Sample specification:
Solid samples (chunks, powders, pastes, thin
films and coatings) - samples of inorganic, or-
ganic or biological origin.

Areas of application:

+ materials research (e.g. spectral and
structural characterization of materials
- semiconductors, minerals, glass, ceram-
ics, polymers, metals, corrosion products,
nanomaterials, sorbent surface analysis,
sensors, etc..)

+ chemical research (spectral and structural
characterization of the inorganic and organ-
ic substances)

* hiochemical and biomedical research (anal-
ysis of biological systems from hiomole-
cules to organisms)
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* Environmentalne analyzy (napr. stanovenie
kontaminujticich latok a zhicenin), klinic-
ké a farmaceutické analyzy (napr. analyza
liediv), analyza potravin, stidne a forenzné
analyzy (napr. drogy fixované v rdznych mat-
riciach, toxicke latky).

Pristrojové vybavenie:

* Renishaw inVia Reflex Ramanov mikrospek-
trometer s moznostou merania v spektral-
nom rozsahu 50 - 10 000 cm", spektralne
rozliSenie < 1cm?

FT-IR modul pre kombinaciu s Ramanovym
spektrometrom umoziiujiici meranie infra-
cervenych spektier v spektralnom rozsahu
50-10 000 cm*

Mikroskop Leica DM2500 s objektivmi so
zvacSenim 5 x, 20 x, 50 x, 100 x, umoziiujtici
konfokalne meranie

Laserové excitacné zdroje: Argonovy vysoko-
vykonny laditelny laser Spectra Physics STA-
BILITE 2017 (458 nm/200 mW, 488 nm/15 W,
514 nm/2 W), HeNe laser (633 nm/17 mW)

Teplotna komora DSC600 (Linkam) umoziiu-
je meranie Ramanovskych spektier vzoriek
v teplotnom intervale 196 - 600 °C a snima-
nie kalorimetrickych dat

Teplotna komora TS1500 (Linkam) umoZiiuje
meranie Ramanovskych spektier vzoriek az
do 1500 °C

Pripadové Stidie:
* VUEZ, a.s., Levice - Stadium kordznych pro-
duktov na sklenych vlaknach

* Johns Manville Slovakia, a.s., Trnava - $tu-
dium defektov v kompozitnom materiali

« environmental analysis (e.g. determina-

tion of contaminants and compounds),
clinical and pharmaceutical analysis (e.g.
active pharmaceutical ingredients), food
analysis, forensic analysis (e.g. drugs
fixed in various matrices, toxic substanc-
es)

Instrumentation:
* Renishaw inVia Reflex Raman microspec-

trometer allowing measurement in the
spectral range 50-10000 cm", spectral res-
olution <1cm?

FT-IR module for Raman spectrometer, al-
lowing measurement of infrared spectra in
the spectral range 50-10000 cm’

Leica DM2500 microscope allowing con-
focal measurements with 5x, 20x, 50x
and 100x objectives

Excitation laser sources: adjustable Ar+ ar-
gon laser (STABILITE 2017, Spectra Physics,
458 nm/200mW, 488 nm/1.5W, 514 nm/2W),
HeNe laser (633 nm/17TmW)

Heating stage DSC600 (Linkam) allowing
Raman spectra measurement of samples
in the temperature interval 196-600 °C
and monitoring calorimetric data

* Heating stage TS1500 (Linkam) allowing

Raman spectra measurement of samples in
the temperature up to 1500 °C

Case studies:
* VUEZ a.s. Levice: A study of corrosion prod-

ucts on glass fibres

* Johns Manville Slovakia a.s. Trnava: A study

of defects in the composite material
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Modularny  elektrochemicky
systém - potenciostat a frek-
vencény analyzator Modulab
ESC-MTS (Solartron Analytical)
Modular electrochemical sys-
tem - a potentiostat and a Fre-
quency Response Analyser
Modulab ESC-MTS (Solartron
Analytical)
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ELEKTRICKE A ELEKTROCHEMICKE

VLASTNOSTI MATERIALOV

ELECTRICAL AND ELECTROCHEMICAL

PROPERTIES OF MATERIALS

.

Elektrochemické metddy si metddy zalozené
na merani elektrickych vlastnosti vzoriek spo-
jenych s transportom volnych aj viazanych no-
sicov elektrického naboja, ako aj elektroche-
mickych dejov, ktoré prebiehajii na fazovom
rozhrani elektréda - roztok/tavenina. Pristro-
jové vybavenie nasho laboratdria umoziiuje
merania nasledujticeho typu:

* Potenciostat: vSetky hezné potenciostatic-
ké/galvanostatické elektrochemické tech-
niky (napr. linear sweep voltametria, cyk-
licka voltametria, square-wave voltametria,
chronoampérometria, chronocoulometria,
potenciometria, cyklicka potenciometria,
chronopotenciometria, kombinované DC
techniky a pod.)

* Frekvenény analyzator: techniky v ¢asovej
doméne - |-V charakteristiky, konStantné,
pulzné, rampové, techniky vo frekvencnej
doméne (AC techniky) - impedancia, kapa-
citancia, permitivita, C-V charakteristiky,
Mott-Schottky charakteristiky s moznostou
merania nielen pri laboratdrnej teplote, ale
aj pri teplotach do 1500 °C.

Specifikacia vzoriek:

Kvapalné roztoky anorganickych a orga-
nickych latok (vodné aj nevodné), taveniny
(sklotvorné taveniny aj taveniny soli), pevné
kusové vzorky.

Oblasti vyuiitia:

« Materialovy vyskum (napr. elektrické vlast-
nosti polymérov, sklenych a keramickych
materidlov, dielektrik, polovodicov, nano-
materialov, biomaterialov, mikroelektrody,
kordzia materialov, palivové ¢lanky, solarne
panely, displeje).
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Electrochemical methods are based on meas-
uring the electrical properties of samples as-
sociated with the transport of free and bound
charge carriers and the electrochemical pro-
cesses occuring at the phase interface elec-
trode-solution (melt). Instrumentation in our
laboratory allows following measurements:

* potentiostat: All common potentiostatic
/ galvanostatic electrochemical methods
(e.g. Linear sweep voltammetry, cyclic
voltammetry, square-wave voltammetry,
chronoamperometry, chronocoulometry, po-
tentiometry, cyclic potentiometry, chronop-
otentiometry, combined DC methods, etc.)

* frequency response analyser: time-domain
techniques (I-V characterization, constant
DC level, pulse, ramp); frequency-domain
methods (AC tests) - GV, Mott-Schottky,
impedance, permittivity, capacitance char-
acterization. System components allow
sample temperatures control and measure-
ments at temperatures ranging from ambi-
ent temperature up to 1500 °C.

Sample specification:

Liquid solutions of inorganic and organic ma-
terials (aqueous and non-aqueous), the melt
(glass-forming melts and salt melts), solid
chunks.

Areas of application:

+ materials research (e.g. electrical proper-
ties of polymers, glass and ceramic mate-
rials, dielectrics, semiconductors, nano-
materials, biomaterials, microelectrodes,
corrosion studies, fuel cells, solar panels,
displays)



* Chemicky vyskum (napr. chemické a bioche-

mickeé senzory, sondy).

* Biochemicky a hiomedicinsky vyskum (napr.
mikroelektrody pre medicinske aplikacie,
biosenzory).

* Environmentalne analyzy, klinické a farma-
ceutické analyzy, analyza potravin.

Pristrojové vybavenie:

* Modularny elektrochemicky systém - poten-

ciostat a frekvencny analyzator Modulab

ESC-MTS (Solartron Analytical)

Potenciostat:

* 2., 3-alebo 4- zapojenie

* IR kompenzacia

* Rychlost’ zmeny napitia na elektrodach
(potenciostaticky): 1puV/s-10 MV/s,

* (galvanostaticky): 200 pA/s-400 kA/s

* Rozsah polarizacie elektrdd: : 100 V

* RozliSenie napitia (referencnd elektro-
da):1pV

« Najmensi pridovy rozsah (pracovna elek-
trada): 3 pA

* Priidovy rozsah: = 2 A

* Priidové rozliSenie (pracovna elektrada):
0.15fA

Frekvenény analyzator:

* 2-a4-elektrodové zapojenie

* Analyzator umoziiuje multisine/FFT (FTT-
Fast Fourier Transform) analyzu na rych-
lejSie meranie pri nizSich frekvenciach

* Analyzator umoZziiuje meracie techniky
v asovej doméne - IV, konStantné, pulzné,
rampové charakteristiky a techniky vo frek-
venénej doméne (AC techniky) -impedancia,
kapacitancia, permitivita, GV charakteris-
tiky, Mott-Schottky charakteristiky

ELECTROCHEMICAL SEMSORS
Think & Innovate

+ chemical research (e.g. chemical and bio-

chemical sensors and probes)

* hiochemical and biomedical research (e.g.

microelectrodes for medical applications,
biosensors)

« environmental analysis, clinical and phar-

maceutical analysis, food analysis

Instrumentation:
* Modular electrochemical system - a poten-

tiostat and a Frequency Response Analyser

Modulab ESC-MTS from Solartron Analytical

Potentiostat:

* 2., 3-or 4-terminal measurement mode

* iR compensation

» Voltage sweep rate, potentiostatic: 1pV/s
- 10 MV/s, galvanostatic: 200 pA/s - 400
kA/s

* Maximum voltage: : 100V

* Voltage resolution (reference electrode):
Tuv

¢ Minimum current range (working elec-
trode): 3pA

* Current range: + 2A

* Maximum resolution (working electrode):
0.15fA

Frequency response analyser:

* 2-and 4- terminal measurement mode

« the analyser allows Multi-sine /FFT (FTT-
Fast Fourier Transform) analysis for fast-
er measurement at low frequencies

« the analyser allows time-domain meas-
urement techniques: -V characterization,
constant DC level, pulse, ramp and fre-
quency-domain methods (AC tests) - C-V,
Mott-Schottky, impedance, permittivity,
capacitance characterization
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Netzsch STA 449 F1 Jupiter TG/
DTA/DSC simultanny analyzator
Netzsch STA 449 F1 Jupiter TG/
DTA/DSC simultaneous analyser

.
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* Aplikovatelné napatie na vzorku: :8V

* Rychlost’zmeny napitia: 1uV/s-1,6 MV/s

+ Maximalny priidovy rozsah: :100 mA

* Najmensi prudovy rozsah (pracovna elek-
trada): 3 pA

* Priidové rozliSenie (pracovna elektroda):
0,15fA

* Frekvenény rozsah impedanéného analy-
zatora: 10 pHz-1MHz

« Vysokoteplotna kalibracna pec (Lenton
LTF15/50/450) na vyhrievanie vzorky mate-
rialu (skleného, keramického alebo skloke-
ramického) do teploty 1500 °C.

« Specialny drziak vzoriek pre vysokotep-
lotné merania impedanénych charakteris-
tik pevnych vzoriek  (Probostat)
do 1500 °C.

* Maximum voltage: :8 V

* Voltage sweep rate: 1pV/s-1.6 MV/s

* Maximum output current: 100 mA

o Minimum current range (working elec-
trode): 3pA

* Maximum resolution (working electrode):
0.15fA

* Frequency range of impedance analyser:
10 pyHz - 1MHz

* High temperature tube furnace (Lenton
LTF15/50/450) to heat samples of material
(glass, ceramic or glass ceramic) up to tem-
peratures of 1500 °C.

* Special sample holder for high-temperature
impedance properties measurements of sol-
id materials (Probostat) up to the tempera-
ture 0f 1500 °C.

TERMICKE VLASTNOSTI MATERIALOV
THERMAL PROPERTIES OF MATERIALS

.

Termicka analyza zahriiuje vo vSeobecnosti
experimentalne metody, pri ktorych je vlas-
tnost'vzorky monitorovana s ¢asom aleho tep-
lotou pri programovanom tepelnom zatazeni
vzorky (dynamickom - ohrev/chladenie aleho
statickom - kon$tantna teplota). V priebehu
tepelného zatazenia vzorky dochadza k vyvo-
laniu alebo zmene intenzity procesu (fyzikalne
a chemické zmeny), napr. chemickej reakcie,
rozkladu, dehydratécie, fazovej premene, kto-
ré mozu byt sprevadzané zmenou hmotnosti,
objemu, uvolfiovanim alebo spotrebovanim
energie, zmenou vodivosti, deformaciou vzor-
ky. Patria sem termoanalytické metddy (DTA,
DSC, TG) a termomechanicka analyza (TMA).
Tieto metody umoziiujii nasledujticu charakte-
rizaciu vzoriek:

+ Simultanne meranie TG/DTA alebo TG/DSC
az do tepldot cca 2 000 °C.

Centrum kompetencie skla Vitrum Laugaricio (VILA)
Glass competence centre Vitrum Laugaricio (VILA)

Thermal analysis generally involves experi-
mental methods determining changes of ana-
Iyte properties as a function of time or chang-
ing temperature under a defined thermal
load of samples (dynamic - heating/cooling or
static- constant temperature). Heat loading of
samples leads to induction or change in pro-
cess intensity (physical and chemical chang-
es), for example chemical reaction, decompo-
sition, dehydration, or phase transition, which
may be accompanied by a change in weight,
volume, release or consumption of energy,
changes in conductivity, or deformation of the
sample. Methods include thermoanalytical
(DTA, DSC, TG), and thermomechanical analy-
sis (TMA). These methods allow the following
sample characterization:

« simultaneous TG/DTA or TG/DSC measure-
ment up to temperatures of ca. 2000°C



« Stidia vetkych fyzikalnych a termickych
dejov v materialoch spojenych s tepelnym
efektom (kryStalizacie, topenia, vyparova-
nia, rozkladnych dejov, chemickych reakcii
medzi komponentmi skimaného systému,
oxidacnej stability materialov atd’).

« Stanovenie teploty skleného prechodu
a teploty méknutia materialu, koeficientu
tepelnej roztaznosti v uréitom teplotnom
intervale.

« Stiidium objemovej a $truktdrnej relaxacie
nekrystalickych materialov.

* Dilatometrické skimanie priebehu speka-
nia materidlov a kompozitov v kontrolova-
nych atmosférach.

Specifikacia vzoriek:
Pevné latky (kusové, prasky).

Oblasti vyuiitia:

+ Materialovy vyskum (napr. termické a ter-
momechanické vlastnosti roznych materia-
lov, polymérov, skiel, organickych a anorga-
nickych latok, fazové premeny).

* Chemicky vyskum (napr. $tiidium chemic-
kych reakcii, rozkladnych dejov latok).

* Environmentalne analyzy, farmaceutické
analyzy (termickeé vlastnosti lie¢iv), analyza
potravin (termickeé vlastnosti potravin).

Pristrojové vybavenie:

TG/DTA/DSC simultanny analyzator:

* Netzsch STA 449 F1 Jupiter TG/DTA/DSC
simultanny analyzator - zariadenie na vyso-
koteplotnii simultannu termickii analyzu
vzoriek, ktoré v ramci jedného pristroja
kombinuje moznost'merania DTA a TG v roz-
sahu do cca2 000 °C a DSC v rozsahu do cca
1600 °C; alternativne vyuzitie dvoch vysoko-
teplotnych piecok do 2000 °Cado 1650 °C.

* Moznost" merania v kontrolovanej atmo-
sfére a vo vakuu, obsahuje integrovany
hmotnostny prietokomer plynov a moznost’

* the study of all physical and thermal process-
es in materials that relate to thermal effects
(crystallization, melting, evaporation, de-
composition behaviour, chemical reactions
between components of the system exam-
ined, the oxidative stability of materials, etc.)

* determination of the glass transition tem-
perature and softening temperature of ma-
terials, determination of thermal expansion
coefficient in a certain temperature range

* study of volume and structural relaxation of
non-crystalline materials

* dilatometric study of sintering mechanisms
for materials and composites in controlled
atmosphere

Sample specification:
Solid materials (chunks, powdered).

Areas of application:

+ materials research (e.g. thermal and ther-
momechanical properties of various mate-
rials, visco-elastic properties of polymers,
analysis of glass transition and softening
point, organic and inorganic substances,
phase transitions)

« chemical research (e.g. studying chemical
reactions and decomposition processes)

* environmental analysis, pharmaceutical
analysis (thermal properties of drugs), food-
stuff analysis (thermal properties of food)

Instrumentation:

TG/DTA/DSC Simultaneous analyser:

* Netzsch STA 449 F1 Jupiter TG/DTA/DSC
simultaneous analyser - a device for simul-
taneous high-temperature thermal analysis
of samples in a single device provides the
possibility of combining DTA (differential
thermal analysis) and TG (thermogravimet-
ric analysis) in the range up to ca. 2000°C
and DSC in the range up to ca. 1600°C; al-
ternatively the use of two high-temperature
furnaces up to 2000°C and up to 1650°C
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modularneho  pripojenia  hmotnostného
spektrometra na analyzu plynov.

* Grafitova piecka: 25 °C - 2 000 °C, .S“
termoclanok, rychlost’ ohrevu 0,1 K/min. -

50 K/min., chladiaci ¢as (volné chladenie):
21490 °Cna 100 °C/40 min.

+ Platinova piecka 25 °C - 1500 °C, W* ter-
moclanok, rychlost’ ohrevu 0,1 K/min. - 50
K/min., chladiaci ¢as (v He ): 21900 °C na
100 °C/45 min.

* Drziaky: TG (.S termoc¢lanok), TG-DSC (,S*
termoclanok), TG (W* termoclanok) a TG-
DTA (\W* termoclanok).

* Material téglikov: AL,0,, Pt/Rh, sklenyCaW.

Termomechanicky analyzator Netzsch TMA

402 F1 Hyperion

* Ocelova piecka: -150 °C - 1 000 °C, K*
termoclanok, rychlost’ ohrevu 0,1 K/min. -
50 K/min., chladiaci ¢as (volné chladenie):
21490 °Cna 100 °C 40 min.

+ SiC piecka: 25 °CG - 1600 °C, .S“ termo¢la-

nok, rychlost’ohrevu 0,1 K/min. - 50 K/min.,
chladiaci ¢as: 21540 °C na100 °C 60 min.;

* Drziaky: tlakovy, penetraény, 3-bodovy ohyb
atahovy.

« Material drziakov: Si02 a Al203;

+ Max. velkost’ vzoriek na tlak: 30mm (L) x
12mm (D) x 12mm (W);

 Max. velkost’ vzoriek na tah: 30mm (L) x
Tmm (Tx 8 mm (W);

* Silovy rozsah: od 1TmN do 3N/ krok 0,2 mN;

« Frekvencia: max. 1 Hz (mod dynamickej ter-
momechanickej analyzy).

Pripadové Studie:
* Knauf Insulation - Stidium termickych vlas-
tnosti skiel

+ the possibility to perform measurements in
controlled atmosphere or in vacuum

« analyser comprises anintegrated mass flow
controller and the possibility of coupling to
amass spectrometer for gas analysis

« graphite furnace: 25°C - 2 000°C, type
S thermocouple, heating rate 0.1K/min.
- 50K/min., cooling rate: from 1490°C to
100°Ciin 40 min.

+ platinum furnace 25°C - 1500°C, W* ther-
mocouple, heating rate 0.IK/min. - 50K/
min., cooling rate (in He ): from 1900°C to
100°Cin 45 min.

* holders: TG (type S thermocouple), TG-DSC
(type S thermocouple), TG (type W thermo-
couple) and TG-DTA (type W thermocouple)

* crucibles material: Al,0,, Pt/Rh, glass C
and W

Thermomechanical analyser Netzsch TMA

402 F1 Hyperion

« steel furnace: range from-150°C to 1000°C,
type K thermocouple, heating rate 0.1 K/
min - 50 K/min, cooling rate from 1490°C to
100°Cin 40 min.

* SiC furnace: range from 25°C to 1 600°C,
type S thermocouple, heating rate 0.1 K/
min - 50 K/min, cooling rate from 1540°C to
100°Cin 60 min

* holders: compression, penetration, 3-point
bending, tension

* holder material: Si02 a AI203

 maximum sample dimensions for compres-
sion: 30mm (L) x 12mm (D) x 12mm (W)

+ maximum sample dimensions for tension:
30mm (L) x Tmm (T)x 8 mm (W)

* force range: from 1 mN to 3 N / in step of
0.2mN
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* VUIE, ass., Trnava - vjskum uvolfiovania CO,
pocas reakcii prebiehajiicich v taviacej na-
dobe

Tyt Artermesn

e
:

AT

« frequency: max. 1 Hz (dynamic thermome-
chanical analysis mode)

Case studies:
* Knauf Insulation: A study of thermal proper-
ties of glass.

* VUJEa.s. Trnava: A study of CO, release dur-
ing reactions in the melting vessel.

TAVENIE SKLOTVORNYCH TAVENIN
\ LABORATORNYCH PODMIENKACH

MELTING OF GLASS-FORMING MELTS

Na pracovisku v laboratérnych podmienkach
prebieha tavenie skla v platinorédiovom tégli-
ku v roznych elektrickych peciach. K dispozicii
sii pece s vyhrevnym elementom superkantal
az do teplot 1800 °C.

Specifikacia vzorky:

Samostatné tavenie skla je mozné zrealizovat’
z analyticky Cistych surovin, z ¢repov, ako aj
z dodanej vzorky vo forme sklarskeho kmeiia,
ktoré boli pripravené v sklarskych priemys-
loch.

Oblasti vyuiitia:

Tavenie modelovych skiel pri optimalizacii,
resp. pri vyvoji nového zloZenia skla pre rézne
oblasti vyroby skiel (iiZitkové, obalové, ploché,
optické, sklenené vlakna, tesnenie zo skla pre
tuhé palivové élanky atd’).

Pristrojové vybavenie:

Vysokoteplotné elevatorové superkantalové

pece

* Tavenie  vacSich
(cca 500 g).

* Pece sii vybavené programovatelnym re-
gulatorom teploty do 1800 °C.

+ Maximalna rychlost’ohrevu 15 °C za mintitu.

mnozstiev  skla

UNDER LABORATORY CONDITIONS

Different high-temperature electric furnaces
can be used to melt glass in a platinum-rhodi-
um crucible under laboratory conditions. The
laboratory is equipped with high-temperature
furnaces with superkanthal heating elements
and programmable temperature regulation up
to 1800°C.

Sample specification:

Glass melting is possible from pure raw mate-
rials of required purity, from cullet and from
supplied specimen of glass batch, prepared in
the glass production facility.

Areas of application:

Melting glass when optimizing or developing
a new composition of glass batch used in the
production of various glasses (commercial,
packaging, flat, optical, glass fibres, glass
seals for solid fuel cells, etc.).

Instrumentation:
High-temperature elevator superkanthal fur-
naces
» Melting of larger amount of glass
(ca. 500g).
* Furnaces are equipped with programma-
ble temperature regulation up to 1800°C

—n

Vysokoteplotna elevatorova pec-|
Elevator furnace-|

—n

Vysokoteplotna elevatorova pec- I
Elevator furnace- Il
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Vysokoteplotnd komorova su-
perkantalova pec
High-temperature  superkan-
thal furnace

* Pece sii vybavené PtRh mieSadlom na
zabezpecenie automatického mieSania
skloviny s nastavitelnou rychlostou ota-
cok.

Vysokoteplotna komorova superkantalova pec
+ Tavenie skiel do hmotnosticca 500 g.
* Pec je vyhavena programovatelnym regu-
latorom teploty do 1700 °C.
 Maximalna rychlost ohrevu 10 °C za mi-
natu.

Pripadové Stiidie:
* Johns Manville Slovakia, a.s., Trnava, Tave-
nie modelovych skiel

* RONA, a.s., Vyvoj zlozenia skla so zvy-
Senou chemickou odolnostou a riesenie
tlohy vyskumu Vyvoj kriStalového uzit-
kového skla bez ohsahu toxického oxidu
barnatého“

« Zahranicny sklarsky priemysel, Vyvoj nové-
ho zloZenia skla

¢ The maximum heating rate 15°C per minute

* Furnaces are equipped with PtRh stirrer
for automatic molten glass stirring with
adjustable rotation speed

High-temperature superkanthal furnace
* melting of glass up to weight of ca. 500g
* furnace is equipped with programmable
temperature regulation up to 1700°C
* the maximum heating rate 10°C per minute.

Case studies:
* Johns Manville Slovakia, a.s. Trnava: Melting
of prototype glass.

* Rona a.s.: Development of glass composi-
tion with improved chemical resistance.

* Ronaa.s.: Aresearch study “Development of
commercial crystal glass free of toxic bari-
um oxide.”

* Foreign glass industry, Development of new
glass hatch formula.

MERANIE FYZIKALNYCH VLASTNOSTI
SKLOTVORNYCH TAVENIN A SKIEL

MEASUREMENT OF PHYSICAL PROPERTIES
OF GLASS-FORMING MELTS AND GLASSES

.

Medzi najddlezitejSie fyzikalne vlastnosti, kto-
ré vyrazne ovplyviiuji technologicky proces
vyroby, patria dynamicka viskozita, hustota
taveniny a skla, povrchové napatie taveniny,
teplota likvidus, transformacna teplota a ko-
eficienty linearnej teplotnej roztaznosti skla
a metastabilnej taveniny.

Dynamicka viskozita

V sklarskej technoldgii a pri vyvoji skla je vis-
kozita, resp. jej teplotna zavislost, najvyznam-
nejSou fyzikalnou veli¢inou. Dynamicka visko-
zita skloviny v zavislosti od teploty dosahuje
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Glass competence centre Vitrum Laugaricio (VILA)

The most important physical properties that
significantly affect manufacturing process
include dynamic viscosity, density of melt and
glass, surface tension of the melt, liquidus
temperature, transformation temperature
and a coefficient of linear thermal expansion
of glass and of metastable melt.

Dynamic viscosity

Viscosity, or its temperature dependence, is
the most important physical parameter in the
glassindustry and glass development. Dynamic
viscosity of the glass in relation to the temper-



urcité hodnoty vyplyvajtice z charakteru pri-
sluSného stupiia technologického procesu
vyroby skla. Viskozita v kombinacii s hustotou
determinuje priidenie, a tym aj homogenizaciu
skloviny v sklarskej vani. Viskozitu je na praco-
visku mozné zmerat:

* Vo vysokoteplotnej oblasti pomocou rotac-
ného viskozimetra v rozsahu 10'- 1075 dPa.s.

* V nizkoteplotnej oblasti pomocou termome-
chanického analyzatora (TMA) v rozsahu 108
-102dPa.s.

Oblasti vyuiitia:

« Stanovenie viskozity modelovych skiel pri
optimalizacii, resp. pri vyvoji nového zloze-
nia skla pre rozne oblasti vyroby skiel (izit-
kové, obalové, ploché, optické, sklenené
vlakna, tesnenie zo skla pre tuhé palivové
¢lanky atd’).

* Inalost'iidajov o viskozite skloviny a jej tep-
lotnej zavislosti je ddlezita pre optimalne
nastavenie taviaceho a tvarovacieho proce-
su v priemysle, ako aj pre Stidium pridenia
vo vaiiovych taviacich peciach.

Specifikacia vzorky:
* Rotacny viskozimeter - minimalny objem
vzorky 14 cms.

» Termomechanicky analyzator (TMA) -
vzorka v tvare hranoléeka s rozmerom
5x5x20 mm

Pristrojové vybavenie:
Na meranie viskozity taveniny vo vysokotep-
lotnej oblasti

* Rotaény viskozimeter BAHR - VIS 403.

» Meranie viskozity v rozsahu 101 -
107,5 dPa.s az do maximalnej teploty
1500 °C.

* Vzorka natavena v platinovom tégliku je
umiestnena vo vertikalnej riirovej peci

* Presnost’pristroja je overena a nasledne
kalibrovana pomocou Standardného skla

 Namerané hodnoty sa vyjadruju v tabulke
aj v grafickej forme.

ature reaches certain levels resulting from the
nature of the respective step of glass produc-
tion process. Viscosity in combination with
density determines the flow, and thereby the
level of glass homogenization in the glass bath.
Viscosity is the laboratory can be measured:

* |n the high-temperature region using a rota-
tion viscometer in the range 10'- 1075 dPa.s.

* |n the low-temperature region using a ther-
momechanical analyser (TMA) in the range
108102 dPa.s.

Areas of application:

+ Determining viscosity of prototype glass
when optimizing or developing a new compo-
sition of glass batch used in the production
of various glasses (commercial, packaging,
flat, optical, glass fibres, glass seals for sol-
id fuel cells, etc.).

« Sufficient and adequate glass viscosity
dataand viscosity temperature dependence
is important for the optimal adjustment of
the melting and the forming process in the
industry, as well as for the study of flows in
glass furnaces.

Sample specification:
* Rotation Viscometer-minimum sample of 14cm?.

« Termomechanic Analyser (TMA) - rectangu-
lar prism shaped sample with dimensions of
5x5x20 mm.

Instrumentation:
For melt viscosity measurement in the
high-temperature region

* Rotation Viscometer BAHR - VIS 403.

» Viscosity measurement in range of 101 -
107.5 dPa.s up to maximum temperature
of 1500°C.

* The sample melted in a platinum crucible
is placed in a vertical tube furnace.

« Device accuracy is checked and calibrat-
ed using a standard glass.

* Measured values are shown in tables and
graphics.

—n

Pristroj- BAHR - VIS 403
Apparatus - BAHR - VIS 403

'.I'-'-:.‘;- ‘cg

—n

Téglik s natavenou vzorkou
Cup with molten sample
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Na meranie viskozity skla v nizkoteplotnej
oblasti
* Termomechanicky analyzator TMA 402
» Meranie viskozity v rozsahu 108 -
102 dPa.s az do maximalnej teploty
1100 °C

Pripadové Studie:

* RONA, as., Vyvoj zlozenia skla so zvySenou
chemickou odolnostou a rieSenie tlohy vy-
skumu

* RONA, as., Vyvoj kristalového uzitkového
skla bez obsahu toxického oxidu barnatého*

« Zahranicny sklarsky priemysel, Vyvoj nové-
ho zloZenia skla
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Indikator zmeny dizky
Lenght change sensor

Meracia hlava ﬂ
Measuring head

Rotor
Rotor

Téglik I
Cup | |
Pec |

Furnace

For melt viscosity measurement in the
low-temperature region
* Termomechanic Analyser TMA 402
* Viscosity measurement in the range 108
-10% dPa.s up to the maximum tempera-
ture of 1100°C.

Lavazie
Load

2

Indentor
Indenter

— Pec
Furnace

Kremenna podlozka

1 Quartz pad

G|

Kremenna podlozka
Quartz pad

Case studies:
* Rona a.s.: Development of glass composi-
tion with improved chemical resistance.

* Ronaa.s.: Aresearch study “Development of
commercial crystal glass free of toxic bari-
um oxide.

* Foreign glass industry: Development of new
glass hatch formula.



Koeficient teplotnej roztainosti

a transformacna teplota
Termodilatometrické meranie koeficientu
teplotnej roztaznosti spociva v sledovani
priebehu zavislosti zmeny axialneho rozmeru
vzorky od teploty. Teplotna roztaznost’ patri
k najdolezitejSim tepelnym vlastnostiam skla.
V praxi sa nepriaznivo prejavuje ohjemovymi
zmenami skla a zavisi od nej tiez odolnost'pro-
ti prudkym zmenam teploty.

Oblasti vyuiitia:

Stanovenie koeficientu teplotnej roztaznosti
skiel pri optimalizacii, resp. pri vyvoji nového
zZlozenia skla pre rozne oblasti vyroby skiel
(nzitkové, obalové, ploché, optické, sklenené
vlakna, tesnenie zo skla pre tuhé palivové ¢lan-
ky atd))

Pristrojové vyufitie:

* Koeficient teplotnej roztaznosti sa stanovu-
je na termomechanickom analyzatore TMA
NETZSCH 402.

* Vzorka skla v tvare hranoléeka je ulozena vo
vertikalnej rirovej peci vybavenej teplotnou
regulaciou umoziiujiicou pracovat’do teplo-
ty 1100 °C.

Specifikacia vzorky:

Meranie sa uskutotiiuje na priprave-
nej vzorke v tvare hranoléeka s rozmer-
mi 5 x5x20 mm.

Pripadoveé Stidie:
* Rona, a.s., Vyvoj zloZenia skla so zvySenou
chemickou odolnostou

* Rona, a.s., Riesenie tlohy vyskumu Vyvoj
kriStalového uZzitkového skla bez obsahu
toxického oxidu barnatého®

* Johns Manville Slovakia, a.s., Trnava, Me-
ranie fyzikalnych vlastnosti modelovych
skiel

Hustota
Inalost’ priebehu hustoty skiel v zavislosti
od teploty a od chemického zlozenia ma velky

Coefficient of thermal expansion and
glass transition temperature

Thermal dilatometry measurement of the coef-
ficient of thermal expansion is based on the ob-
servation of the dependence of sample‘s axial
dimensions on temperature changes. Thermal
expansion is one of the most important thermal
properties of glass as it results in volumetric
changes and influences the heat resistance of
glass to rapid temperature changes.

Areas of application:

Determining the coefficient of thermal expan-
sion of glasses when optimizing or developing
a new composition of glass batch used in the
production of various glasses (commercial,
packaging, flat, optical, glass fibres, glass
seals for solid fuel cells, etc.).

Instrumentation:

* Coefficient of thermal expansion is deter-
mined on a thermomechanic analyser TMA
NETZSCH 402.

* Glass sample, shaped as a rectangular
prism, is placed into a vertical tube furnace
with temperature regulation allowing work-
ing temperatures up to 1100°C.

Sample specification:

The measurement is performed on a prepared
rectangular prism shaped sample with dimen-
sions of 5x5x20 mm.

Case studies:
* Rona a.s.: Development of glass composi-
tion with improved chemical resistance.

* Ronaa.s.: Aresearch study “Development of
commercial crystal glass free of toxic bari-
um oxide.

* Johns Manville Slovakia, a.s. Trnava: Meas-
urement of physical properties of prototype
glass.

Density
Knowing the density of glass as a function of hoth
temperature and chemical composition is impor-
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Zariadenie - KOM
Apparatus - KOM

Meracia cast’
Measuring part

K1
M)
YA
Lavazie
Weight

Téglik
Cup

Pt gulocka
Ptball

Tavenina
Melt

vyznam tak pre technoldgiu tavenia, ako aj pre
zakladny vyskum Struktiiry skiel a sklotvor-
nych tavenin.

Oblasti vyuiitia:

* Metodika stanovenie hustoty skla je vhodna
na rychle kontrolné overenie spravnosti vy-
robného procesu.

+ Inalost’lidajov o hustote skloviny a jej tep-
lotnej zavislosti je dolezita pri Studiu pride-
nia vo vaiiovych taviacich peciach.

Pristrojové vybavenie na stanovenie
hustoty skla:

Pomocou analytickych vah pouzivanim hy-
drostatickej metddy sa stanovuje hustota
skla.

Specifikcia vzorky: ,
Pevna kusova vzorka v tvare obdlZnika s hmot-
nostou minimalne 5g.

Pristrojové vyuZitie na stanovenie
hustoty taveniny:

Zakladnym zariadenim na stanovenie hustoty
taveniny je zariadenie KOM, ktoré je vybave-
né programovatelnym regulatorom teplot
do 1500 °C.

Specifikacia vzorky:
Meranie sa uskutoCiiuje natavenou vzorkou
v tégliku s objemom minimalne 70 cm3.

Pripadové Stidia:

* Rona, a.s., Vyvoj zlozenia skla so zvySenou
chemickou odolnostou a riesenie tlohy vy-
skumu

* Rona, a.s., Vyvoj kriStalového uzitkového
skla bez obsahu toxického oxidu barnatého*

* Johns Manville Slovakia, a.s., Trnava, Mera-
nie fyzikalnych vlastnosti modelovych skiel

Teplota likvidus

Metdda je zalozena na stanoveni prvého krys-
talu. Vzorka skla je natavena v platinovej lodic-
ke, ktora je vlozena do horizontalnej rirovej
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tant for melting technology and for basic research
of structure of glass and glass forming melts.

Areas of application:

* The methodology for determining the densi-
ty of glass is suitable for quick checks of the
correctness of the production process.

« Sufficient and adequate glass density data
and its temperature dependence are impor-
tant for the optimal adjustment of the melting
and the forming process in the industry, as
well as for the study of flows in glass furnaces.

Instrumentation for determination of
glass density:

The density of the glass is determined by analyti-
cal scalesusinga hydrostatic weighing technique.

Sample specification:
Rectangular prism shaped sample with weight
of atleast bg.

Use of instrumentation for determination
of melt density:

Apparatus KOM is the basic device used to de-
termine melt density. KOM includes program-
mable temperature regulation up to 1500°C.

Sample specification:
The measurement is performed with a sample melt-
ed inacrucible with capacity of at least 70 cm?.

Case studies:
* Rona a.s.: Development of glass composi-
tion with improved chemical resistance.

* Ronaa.s.: Aresearch study “Development of
commercial crystal glass free of toxic bari-
um oxide.

* Johns Manville Slovakia, a.s. Trnava: Measure-
ment of physical properties of prototype glass.

Liquidus temperature

This method is based on the determination
of the first crystal. A sample of the glass is
melted in a platinum boat that is inserted into
a horizontal tube furnace with temperature



pece s teplotnou regulaciou umoziiujiicou pra-
covat'do teploty 1500 °C.Vzorka je zahrievana
pocas 24 hodin a nasledne je pozorovany prvy
vytvoreny krystal. Zo zmeraného teplotného
profilu pece a polohy kryStalu v lodicke je ur-
tena teplota likvidus skimanej vzorky skla.
Pri stanoveni teploty likvidus pomocou optic-
kého mikroskopu je mozné identifikovat'rozne
krystalické fazy.

Oblasti vyuiitia:

Teplota likvidus je ddlezity parameter pri
uréeni najnizSej teploty na temperaciu tavia-
ceho agregatu, ako aj pri tahani sklenenych
vlakien.

Pristrojové vybavenie:

Zakladnym zariadenim na urdenie teplo-
ty likvidus je elektricka spadova piecka
do tepldt 1500 °C.

Specifikacia vzorky:
Pevna kusova vzorka, resp. ¢repy s velkostou
viac ako S5 mm.

Pripadové Stidie:
* Rona, a.s., Stanovenie teploty likvidus

« Johns Manville Slovakia, a.s., Trnava, Stano-
venie teploty likvidus

Povrchové napitie

Z technologického hladiska ma povrchové
a Cereni skloviny. Velky vplyv ma velkost’
povrchového napitia skloviny aj na kordziu
Ziaruvzdorného materialu. Vplyv povrcho-
vého napidtia sprevadza proces vyroby skla
od vzniku skloviny cez ¢irenie az po tvarova-
nie vyrobku.

Na pracovisku bola vyvinuta Statisticky ro-
bustna metdda na stanovenie povrchového na-
pitia tavenin z profilu kvapky leZiacej na pod-
lozke zo skleného uhlika a z profilu kvapky
visiacej na prstenci z platinového drotu.

Oblasti vyuiitia:
Znalost’tidajov o povrchovom napiti skloviny

gradient control allowing working temper-
atures up to 1500 °C. The sample is heated
for 24 hours and then first formed crystal is
observed. From the measured temperature
profile of the furnace and the position of the
crystal in the hoat, liquidus temperature of
the sample glass is determined. Observation
of the sample by polarised-light optical mi-
croscopy allows determination of the liquidus
temperature of the glass and identification of
the various crystalline phases.

Areas of application:

Liquidus temperature is an important parameter
when determining the lowest temperature for tem-
pering of meltingunit, as well as pullingglass fibres.

Instrumentation:

A temperature gradient furnace with working
temperatures up to 1500 °C is used for deter-
mination of liquidus temperature.

Sample specification:
Solid chunk samples or cullet with grain diam-
eter larger than S mm.

Case studies:
* Rona a.s.: Determination of liquidus temper-
ature.

* Johns Manville Slovakia, a.s. Trnava: Deter-
mination of liquidus temperature.

Surface tension

From a technological point of view, the surface
tension has the greatest importance during
glass homogenisation and refining. The magni-
tude of the surface tension of the molten glass
has a great influence on corrosion of refracto-
ries. The whole glass production process from
formation of glass through refining until final
product forming is influenced by the effect of
surface tension.

In our workplace, we developed a statistically
robust method for the determination of the
surface tension of melts from a profile of a drop
placed on a carbon glass mat and from a profile
of a drop hanging from a platinum wire ring.

—n

Zakladnym zariadenim na ur-
cenie teploty likvidus je
elektricka spadova piecka
do tepldt 1500 °C

Atemperature gradient furnace
with working temperatures up
to 1500 °C is used for determi-
nation of liquidus temperature.
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Leziaca kvapka

Sessing drop
Vzorka skimané-
ho skla
Sample of
analysed glass

Profil kvapky
Profile of adrop

Profil kvapky

po experimente
Post experiment
profile of a drop

Visiaca kvapka

Hanging drop
Vzorka skimané-
ho skla
Sample of

analysed glass

Profil kvapky
Profile of adrop

Post experiment
profile of adrop

- - Profil kvapky
v po experimente

hm
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ajej teplotnej zavislosti je dolezita na optimal-
ne nastavenie vyrobného procesu

Pristrojové vybavenie:

» Zakladnym zariadenim na stanovenie
povrchového napdtia je Ziarovy mik-
roskop.

* Pristroj je vybaveny programovatelnym re-
gulatorom teplot do 1450 °C.

* Profil kvapky je zosnimany digitalnou kame-
rou uEye s vyuzitim softvéru QuickPhOTO
Industrial.

+ Zosnimany profil leZiacej, resp. visiacej
kvapky sa spracuje softvérom na obrazovii
analyzu LUCIA G v4.82.

* Pomocou vypoctového programu KVA-
REG metodou nelinearnej regresnej
analyzy sa vypocita povrchové napitie
sklotvornej taveniny a jeho smerodajna
odchylka.

Specifikacia vzorky:
Pevna kusova vzorka, resp. érepy s velkostou
vacSou ako 10 x 10 x 5 mm.

Vysledky a pripadové Stidie:
Johns Manville Slovakia, a.s., Trnava, Meranie
povrchového napiatia modelovych skiel

Areas of application:

Sufficient and adequate glass surface ten-
sion data and its temperature dependence is
important for the optimal adjustment of the
production process.

Instrumentation:
* The basic device for determination of sur-
face tension is a heating microscope.

* The apparatus is equipped with a program-
mable temperature controller up to 1450 °C.

* The profile of a drop is scanned by a digi-
tal camera uEye and analysed by software
QuickPHOTO Industrial.

+ A scanned profile of a sessing or a hanging
drop was treated with image analysis soft-
ware LUCIA G v4.82

« Surface tension of glass-forming melt and its
standard deviation is calculated using KVAREG
software and nonlinear regression analysis.

Sample specification:
Solid chunk samples or cullet with grains larg-
er than 10x10x5 mm.

Results and Case studies:
Johns Manville Slovakia, a.s. Trnava: Measure-
ment of surface tension of prototype glass.



EXPERIMENTALNE SLEDQVANIE PRIEBEHU TAVENIA
SKLARSKEHO KMENA A STUDIUM STABILITY PRIMARNEJ
A PNEUMATICKEJ PENY VYTVORENEJ NA HLADINE

SKLOTVORNEJ TAVENINY

EXPERIMENTAL OBSERVATION OF THE BATCH MELTING
PROGRESSION AND STABILITY STUDY OF PRIMARY
AND PNEUMATIC FOAM FORMED ON THE SURFAGE OF

GLASS-FORMING MELT

Tvorba peny na povrchu roztavenej skloviny
v sklarskej taviacej vani v znacnej miere ovplyv-
fiuje energeticku efektivnost; ekologické dosahy
a kvalitu finalneho produktu v celom sklarskom
priemysle. Problematika skimania faktorov
ovplyviiujticich vznik a stabilitu peny je tak v su-
casnosti mimoriadne aktualna tak v domacich,
ako aj v celosvetovych stivislostiach.

Oblasti vyufZitia:

Na optimalizovanie taviaceho a ¢eriaceho pro-

cesu, pretoZe pomocou tejto metodiky je mozné:
+ Sledovanie rychlosti rozptistania surovin
v kmeni (resp. vsadzky).

+ Sledovanie priebehu tavenia pri zmene

surovin, pri zmene velkosti ¢astic jednot-
livych vstupnych surovin.

gk, . 4
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| 1200°C

Foam formation on the surface of molten
glass in a glass furnace largely affects ener-
gy efficiency, environmental impact and the
quality of final product in the whole glass
industry. Studies focusing on factors causing
foam formation and stability are highly ac-
tual at present both in domestic and global
context.

Areas of application:

For the optimization of melting and refining

prncess by using this method, it is possible to:
* Monitor the rate of melting of materials in
glass batch.

* Monitor the progress of melting when

changing raw materials or changing grain
size of individual raw materials.

| 1400°C

Priebeh tavenia pri roznych teplotach/Melting progress at different temperatures

—n

Vysokoteplotna pozorovacia pec
High-temperature  superkan-
thal photography furnace

Pred experimentom pripravena
kremenna kyveta so sklarskym
kmeiiom

Quartz cuvette with glass batch
prepared before experiment

—n

Po experimente kremenna
kyveta so sklovinou

Quartz cuvette with glass after
experiment

I
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B |
Stanovenie &asového vyvoja Pristrojové vybavenie:
vysky peny « Vysokoteplotna superkantalova pozorova-
Determination of foam height cia pec so zabudovatelnym prierezom
over time

+ Zariadenie je vybavené programovatelnym
regulatorom teploty do 1650 °C.

zu LUCIA G v4.82 (Laboratory Imaging, a.s.,
Praha)

Pripadové Studie:

Johns Manville Slovakia, a.s., Trnava, Sledova-
nie priebehu tavenia a vyhodnotenie primarnej
aj sekundarnej peny pri optimalizacii chemic-
kého zlozenia sklarskeho kmeiia.

.
A g3 =
i o .

Na obrazovii analyzu sa pouziva univerzalny
opticky mikroskop s maximalnym mnozstvom
dopliiujiiceho vybavenia pre rozne aplikacie
v priemysle a materialovom vyskume.

Mikroskop typu Nikon LV 100
UDM (Universal Design Micro-
scope). Mikroskop je vybaveny
farebnou CCD kamerou s 5 Mpix
osvetlenim v dopadajiicom i od-
razenom polarizovanom svetle

Nikon LV100 UDM (Universal De-
sign Microscope) microscope.

Oblasti vyuZitia:

* Obrazova analyza pomocou optickej mik-
roskopie patri do skupin zakladnych metdd
na identifikaciu chyb v skle.

* Obraz je snimany digitalnou kamerou Pixe-
link s vyuzitim softvéru na obrazovi analy-

Instrumentation:
* High-temperature superkanthal photogra-
phy furnace

* Apparatus is equipped with programmable
temperature regulation up to 1650 °C

* Images are recorded by a digital Pixelink
camera using image analysing software
LUCIA G v4.82 (Laboratory Imaging, a.s.
Praha)

Case studies:

Johns Manville Slovakia, a.s. Trnava: Monitor-
ing of melting progress and evaluation of pri-
mary and secondary foam in optimizing the
chemical composition of glass batch.

"~ | OBRAZOVA ANALYZA POMOCOU OPTICKE] MIKROSKOPIE
7 I IMAGE ANALYSIS USING OPTICAL MICROSCOPY

A universal optical microscope with a maxi-
mum amount of supplementary equipment for
various applications in industry and material
research is used for image analysis.

Areas of application:

* Image analysis using optical microscopy is
one of the basic methods for identifying de-
fectsin glass.

o A AN Ay S g T it T

The microscope is equipped O . B R
with colour 5 Mpix CCD camera
with illumination in incident
and reflected polarized light..
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Profil snimania podla vyznaceného smeru na obrazku
Profile scanning in a direction indicated in the picture

Identifikacia mechanického poSkrabania povrchu skla

"'"ﬂh <«— vumyvacke riadu

Identification of mechanical scratching of glass surfa-
ceinadishwasher
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+ S mikroskopom je mozné meranie a hodno-
tenie pnuti v sklenych vyrobkoch

* Pouzivanie na zakladni morfologicki cha-

rakterizaciu materialov

* Pomocou vyhrevnych stoléekov online sle-
dovanie priebehu krystalizacie v sklach pri
zvySenej teplote a na meranie bodovych NIR
spektier prilaboratdrnej, ako aj pri zvySenej
teplote

* Sledovanie morfologickych zmien materia-
lov, ako napr.: Stiidia kordzie skla a kerami-
ky

Pristrojové vybavenie:
* Mikroskop typu Nikon LV 100 UDM (Univer-
sal Design Microscope).

* Mikroskop je vybaveny farebnou CCD ka-
merou s 5 Mpix osvetlenim v dopadajticom
i odrazenom polarizovanom svetle.

« Nastavenie polohy vzorky je zabezpecené
plne automaticky ovladatelnym motorizova-
nym stolcekom v smere XYZ.

* Vyhrevné stoléeky s regulaénou jednotkou.

Pripadoveé Stidie:

* RONA, as., Lednické Rovne, Identifikacia
a analyza nehomogenit vo forme S$lir, ka-
mienkov vo vzorkach barnatého kristalove-
ho skla

f

Profil snimania podla vyznaceného smeru na obrazku
Profile scanning in a direction indicated in the picture

Identifikacia mechanického poSkrabania povrchu skla
vumyvacke riadu

Identification of mechanical scratching of glass surfa-
ceinadishwasher

* The microscope can measure and evaluate
stresses in glass products.

+ Used for basic morphological characteriza-
tion of materials.

* Online observation of crystallization pro-
gress in glass at increased temperature
and for measuring single point NIR spectra
at ambient room and at increased tempera-
ture with the use of heating stools.

* Monitoring of morphological changes in
materials such as the study of corrosion of
glass and ceramics.

Instrumentation:
* Nikon LV 100 UDM (Universal Design Micro-
scope) microscope.

* The microscope is equipped with colour 5
Mpix CCD camera with illumination in inci-
dent and reflected polarized light.

« Sample position is adjusted by a fully auto-
matically controlled motorized stool in xyz
directions.

* Heating stools with regulation unit.

Case studies:

* RONA as. Lednické Rovne: ldentification
and analysis of inhomogeneities in the form
of strings and stones in samples of harium
crystal glass.

—n

Obrazova analyza pomocou op-
tického mikroskopu pri vyhod-
noteni kinetiky Cirenia taveniny
Image analysis by an optical
microscope during evaluation
of melt refining kinetics
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Obrazova analyza pri identifika-
cii Slir v kalichu

Image analysis during identifi-
cation of streaks in a chalice

~ n

Komorova pec do 1800 °C
Chamber furnace up to 1800°C

* Johns Manville Slovakia, a.s., Trnava, Obra-
zova analyza pri vyhodnoteni priebehu tave-
nia, sklarskeho kmeiia

* RONA, as., Lednické Rovne, Identifikacia
mechanického poskrabania povrchu skla
v umyvacke riadu

* Johns Manville Slovakia, a.s. Trnava: Image
analysis during evaluation progression of
melting of glass batch.

 RONA a.s. Lednické Rovne: Identification of
mechanical scratching of glass surface in
a dishwasher.

OBRAZOVA ANALYZA POMOCOU OPTICKEJ MIKROSKOPIE
IMAGE ANALYSIS USING OPTICAL MICROSCOPY

.

Spekanie je vyznamny proces, ktory prebieha
pri vypale keramiky na zabezpecenie hutného
materialu s pozadovanymi vlastnostami.

Oblasti vyuiitia:
+ Keramicky priemysel

* Priprava a optimalizacia stability keramic-
kych suspenzii a hlin a pod.

* Priprava tenkych keramickych platni (roz-
neho zloZenia) metddou tape casting.

Specifikacia vzoriek:

Vzorky vo forme suspenzie alebo cerstvo vyt-
varované polovyrobky, resp. cesta.

13-3-2009 AT
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Sintering is an important process taking place
during ceramic firing process that ensures
compact material with desired properties.

Areas of application:
* Ceramic industry.

* Preparation and optimization of stability of
ceramic suspensions and clays etc.

* Preparation of thin ceramic plates of differ-
ent composition by tape casting method.

Sample specification:
Samples in form of suspensions, freshly
formed semi-products, or slurries.

Priebeh spekacieho procesu tenkého keramického pasu pripraveny pomocou metody Tape-Casting
Sintering process of thin ceramic tapes prepared using Tape-Casting method

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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Pristrojové vybavenie:
Na spekanie keramickych materialov sa
pouZivaji vysokoteplotné pece rozneho
typu:
* Komorova pec do 1800 °C
* Horizontalna rirova pec s moznostou
prace v kontrolovanej atmosfére aleho vo
vakuu pri teplotach do1 800 °C
« Vertikalna pozorovacia pec s moznostou
sledovania priebehu spekacieho procesu
az do teplot 1650 °C

Pripadoveé Stidie:
CCN Group Castings, s.r.o0., Povazska Bystrica,
Spekanie keramickych téglikov

Experimentalne je mozné vytvorenie video-
zaznamu samotného spekacieho procesu.

RTG DIFRAKTOMETRIA

THE X-RAY DIFFRACTOMETRY

RTG difrakcia (XRD) je vysoko vyspela nedes-
truktivna technika na analyzu Sirokého rozsa-
hu materialov: kovov, mineralov, farmaceutic-
kych materialov, tenkych vrstiev, povlakov,
keramiky, slneénych ¢lankov a polovodicov.
RTG difrakcia sa stala nenahraditelnou meto-
dou na skimanie a charakterizaciu materialov
a kontrolu kvality vo vSetkych priemyselnych
avyskumnych oblastiach.

Oblasti vyuiitia:
« Kvalitativna a semikvantitativna analyza
fazového zlozenia materialov.

+ Na identifikaciu krystalickych faz (kera-
mickych materialov, kompozitov, fazového
zlozenia kordznych produktov na povrchu
skiel a keramik).

« Stidium kinetiky kry$talizécie skiel pri vy-
sokych teplotach.

Instrumentation:
Various types of high-temperature furnaces
are used for sintering of ceramic materials:

» Chamber furnace with working tempera-
tures up to 1800 °C.

* Horizontal tube furnace with controlled
atmosphere mode or vacuum mode at
temperatures up to 1800 °C.

» Vertical photography furnace allowing ob-
servation of sintering process with work-
ing temperatures up to 1650 °C.

Case studies:
CCN Group Castings, s.r.0. Povazska Bystrica:
Sintering of ceramic pots.

There is a possibility to record video of sinter-
ing process during experiments.

X-ray diffraction (XRD) is a highly advanced
non-destructive technique for analysing awide
range of materials: metals, minerals, pharma-
ceutical materials, thin films, coatings, ceram-
ics, solar cells and semiconductors. X-ray dif-
fraction has become an indispensable method
for investigation and characterization of ma-
terials and quality control in all industrial and
research fields.

Areas of application:
¢ Qualitative and semi-quantitative analy-
sis of the phase composition of materials.

« |dentification of crystalline phases (ceram-
ics, composites, phase composition of cor-
rosion products on the surface of glass and
ceramic).

o Study of glass crystallization kinetics at
high temperatures.

—n

Riirova pec do 1800 °C
Tube furnace up to 1800°C

Pozorovacia pec do 1650 °C
Photograpfy furnace up to
1650°C

RTG difraktometer (Panalytical
Empyrean DY1098)

RTG diffractometer (Panalyti-
cal Empyrean DY1098)
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Meranie v transmisnom a v re-

flexnom mdde
Measurement in transmission
and reflection mode

« Stiidium krystalickych defektov v materid-
loch.

+ Na stanovenie kordznych produktov vznika-
juicich pri korozii ziaromaterialov.

* Na stanovenie mriezkovych parametrov
(stanovenie krystalickej modifikacie).

+ Na analyzu tenkych vrstiev.
+ Na analyzu napiti v tenkych vrstvach.

+ Na meranie velkosti ¢astic v polykrystalic-
kych a praskovych systémoch.

Specifikacia vzoriek:
Praskové aj kusové vzorky

Pristrojové vybavenie:
* RTG difraktometer (Panalytical Empyrean
DY1098).

+ Detektor Pixel 3D, ktory umoZziiuje pouzitie
ako klasicky bodovy detektor, linearny de-
tektor alebo ploSny detektor.

+ Vysokoteplotna cela Anton Paar s maximal-
nou pracovnou teplotou 1600 °C s moznos-
tou merania vo vakuu, resp. pri heznych
atmosférickych podmienkach.

* Kryogénnaavlhkostna cela Anton Paar s pra-
covnou teplotou od -180 do 400 °C a s moz-
nostou regulacie relativnej vihkostiv rozme-
dzi od 0 do 95%.

Pripadové Studie:

* RONA, as., Lednické Rovne, Identifikacia
novej neznamej fazy vytvorenej kordziou
Ziaruvzdorného materialu v sklovine

* RONA, a.s., Lednickeé Rovne, Identifikacia fa-
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« Study of crystalline defects in materials.

+ Determination of the corrosion products
formed during corrosion of refractories.

+ Determination of matrix parameters (deter-
mination of crystal modifications).

* Analysis of thin films.
* Analysis of stresses in thin films.

 Measurement of particle size in a polycrys-
talline powder system.

Sample specification:
Powder and solid samples.

Instrumentation:
« X-ray diffractometer (Panalytical Empyrean
DY1098)

* Pixel 3D detector with following modes -
classic point detector, line detector or area
detector.

* High-temperature chamber Anton Paar with
maximum working temperature of 1600 °C
with possibility to perform measurements
in vacuum or ambient conditions.

* Cryo & Humidity chamber Anton Paar with
working temperature from -180 to 400°C
controlled humidity regulation in the range
from 0 to 95 %.

Case studies:

 RONA a.s. Lednické Rovne: Identification of
new unknown phase formed by corrosion of
refractories in glass.

 RONA a.s. Lednické Rovne: Identification of
phase modification Zr0, in AZS refractory



zovej modifikacie Zr0, v AZS Ziaruvzdornom
materialy pomocou vysokoteplotnej cely

material with the use of high-temperature
chamber.

STANOVENIE REOLOGICKYCH VLASTNOSTI
DETERMINATION OF RHEOLOGICAL PROPERTIES

Cielom je meranie tokovych vlastnosti tekutin
(kvapaliny, suspenzie, kalov a pod.) so zame-
ranim na meranie viskozit, tokovych kriviek,
stanovenie medze toku, viskoelastickych
vlastnosti, tixotropie a bodu gelacie. Umoz
vzoriek, teplotnych vplyvov na mechanické
a reologické vlastnosti materialov, relaxacie
vzoriek pri definovanom zatazeni a pod.

Specifikacia vzoriek:

Tekuté vzorky, vzorky vykazujice viskoelas-
tické vlastnosti, krémy, pasty, kaly, suspenzie.
Vzorky, ktoré pod vplyvom Smykového napitia
e,

Pristrojové vybavenie:
Rotacny reometer HAAKE™ MARS Ill - Thermo
Scientific.
* od 1 mPas pri uhlovej rychlosti 50 1/s a vys-
Sej
« geometria plate - plate, plate - cone, cylinder
* rozsah tepldt od-20 do 200 °C
« opticky mikroskop Reoskop
- progresivny-scan GCD kamerou s rozliSe-
nim 1024 x 768 pixelov
- rozliSenie 1ym,
- hibka ostrosti 5 ym
- 30 obrazkov za sekundu.
- teploty od-5do 120 °C

Oblasti vyuiitia:
* Chemicky priemysel, polyméry, taveniny
polymérov, plasty a gumy
- meranie viskoelastickych vlastnosti v za-
vislosti od Smykového napitia, rychlosti,
casu, frekvencie, teploty, teploty trans-

The aim is to measure the flow properties of
fluids (liquids, suspensions, sludge, etc.), fo-
cusing on measuring viscosity, flow curves,
determination of flow limits, viscoelastic prop-
erties, thixotropy and gel point. It allows the
study of stability and tests of sample aging,
temperature effects on mechanical and rheo-
logical properties of materials, relaxation of
samples at defined load etc.

Sample specification:

Fluid samples, samples showing viscoelastic
properties, creams, paste, sludge, suspen-
sions. Samples that seem to flow under shear
stress.

Instrumentation:
* Rotational and dynamic rheometer
HAAKE™ MARS Il - Thermo Scientific.
* from 1 mPas at angular velocity 50 1/s and
higher
« geometry plate - plate, plate - cone, cylinder
* temperature range from-20 to 200 °C
* Rheoscope module (optical microscope)
- progressive-scan GCCD camera with reso-
lution 1024 x 768 pixels
- resolution 1pm (at 20x focus)
- field depth. 5 pym
- 30images per second
- temperatures from -5 to 120 °C

Areas of application:
* Chemical industry, polymers, polymer melt,
plastics and rubber
- measurement of viscoelastic properties
as function of shear stress, velocity, time,
frequency, temperature, transition tem-

—n

Rotacny reometer HAAKE™
MARS Ill - Thermo Scientific
Rotational and dynamic rheom-
eter HAAKE™ MARS III-Thermo
Scientific

Mikroskopicky obrazok roz-
taveného tuku (a) a to isté
po krystalizécii (b).

The microscopic image of
molten fat a) and the same af-
ter crystallization (b).
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formacie T, polymérnych latok v danom
teplotnom rozsahu

* Petrochémia
- motorové, mazacie a hydraulické oleje, pri
roznym teplotach a tlakoch

* Farmacia a kozmetika, tlaciarenské farby,
natery, povlaky, tuSe, pigmenty
- zamena beznych organickych rozpuista-
diel za vodu ¢i iné aditivum pri zachovani
povodnych tokovych viastnosti
- znalost'reologickych charakteristik umoz-
fiuje navrhnit’znacné aspory pri tladi

* Potravinarstvo
- optimalizacia mieSania, prepravy do dav-
kovacich zariadeni, termicka stabilita

vase-oleje

Pripadové Studie:

* Meranie viskozity motorovych olejov v zavis-
losti od teploty (0 - 120 °C) pre priemysel-
nych partnerov.

+ Stanovenie optimalneho obsahu disperzantu
Darvan a €asu stabilizacie suspenzie Al,0,
pre plazmou opracované a neopracované
prasky Al,Q,.- Masarykova univerzita v Brne.

perature T, of polymer materials in the
given temperature range

* Petrochemistry
- motor, lubricating and hydraulic oils, at
various temperatures and pressures

* Pharmaceutics and cosmetics, printing
inks, paints, coatings, inks, pigments:

- switching from conventional organic sol-
vents for water or other additive while
maintaining original flow properties

- knowingrheological characteristics allows
to develop significant savings in printing

Food industry:
- optimization of mixing, transportation to
the dispensing equipment, thermal stabi-
lity over time - oil

Case studies:

* Measurement of motor oil viscosity depend-
ing on the temperature (0-120°C) for indus-
trial partners.

* Masarykova univerzita Brno: Determination
of the optimum Darvan dispersant content
and stabilization time of AL0, suspensions
for plasma treated and untreated AL0,.

MERANIE VELKOSTI CASTIC A ZETA POTENCIALU
MEASUREMENT OF PARTICLE SIZE AND ZETA POTENTIAL

.

Meranie velkosti ¢astic a polydisperzity nam
hovori o stabilite koloidného systému. V pri-
pade zeta potencialu ide o nameranie hodnoty
potencialu elektrického naboja na teoretic-
kom rozhrani medzi elektrickou diftiznou dvoj-
vrstvou, ktora vznika v okoli éastice a roztoku.

Specifikacia vzoriek:

Vzorka musi byt'analyzovana v kvapalnom mé-
diu, takze suspenzie, emulzie, ale aj praskové
materialy.

The measurement of particle size and poly-
dispersity describes the stabhility of colloidal
dispersions. The zeta potential is the electrok-
inetic potential on a theoretical interfacial
double layer formed around the dispersed
particle and dispersion.

Sample specification:

The sample must be analysed in a liquid me-
dium, hence suspension, emulsion, and pow-
ders.

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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Oblasti vyufitia:
* Elektronicky priemysel
- lestiace a briisne suspenzie pouzivané pri
leSteni wafrov alebo LCD displejov
- nanocastice - farbiace materialy vo fareb-
nych displejoch z tekutych krystalov

* Potravinarsky priemysel
- optimalizacia velkosti ¢astic v emulziach
- velkost' ¢astic farbiacich emulzii do na-
pojov
- sedimentacia astic vemulziach, pouziva-
nych v napojoch, v mlieénych vyrobkoch
- vznik zrazenin

« Stavebny priemysel
- cementy, optimalizacia mletia, pevnosti,
charakterizacia tvaru ¢astic cementu
- uhlie

Areas of application:
* Electronic industry
- polishing and grinding suspensions used
for polishing wafers or LCD displays
- nanoparticles - colouring matter in colour
liquid crystal displays

* Food industry
- optimization of particle size in emulsions
- particle size in colouring emulsions used
as heverage colorants
- sedimentation of particles in emulsions
used in beverages and in dairy products
- clot formation

* Construction industry
- cements, optimization of milling, strength,
particle shape characterization of cement
- coal
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Zariadenie na meranie velkosti
Castic a zeta potencialu
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Klimaticka komora Angelantoni
Discovery DY110
Climatic Chamber Angelantoni
Discovery DY110

~

Planétovy mlyn Fritch Pul-

versiette 5

Planetary Mill Fritch Pulversi-

ette 5

A

* Oleje a petrochémia
- stabhilita emulzii - tuky a mazacie latky

* Vyrobné procesy
- frézovanie a brisenie, velkost' Eastic
briisnych materialov a vplyv na opracova-
nie, minimalizacia odpadu

« Specialne chemikalie
- Cistiace prostriedky, charakterizacia
praSkovych detergentov, vplyv pH

* Pigmenty a tonery
- disperzia pigmentu, aglomeraty, naboj
pigmentovych materialov, laserové tla-
¢iarne - rozliSenia tlace

Pristrojové vybavenie:

Pristroj 90Plus Brookhaven

* velkost ¢astic od 2 nm do 3 pm s odchylkou
+29%

« zdroj laserového svetla s vinovou dizkou
658 nm s vykonom 35 mW

* 0d5do 75 °C, krok 0,1°C

* rozsah merania zeta potencialu je -150 mV
az+150 mV

* teplota 6 az74 °C, krok 0,1 °C

* velkost'detekovanych ¢astic od 10 nm do 30
um s presnostou : 2 %

+ automaticky autotitrator BI-ZTU, zmena pH
od2do12

* Qils and petrochemistry
- Emulsion stability - fats and lubricants

* Production processes
- milling and grinding, the particle size of
abrasive materials and the effect on tre-
atment, waste minimization

+ Special chemicals
- cleaning products, characterization of
powder detergents, influence of pH

* Pigments and toners
- pigment dispersion, agglomerates, char-
ge of pigment materials, laser printers
- print resolution

Instrumentation:
90PIlus Brookhaven Particle Size Analyser
with a laser source (wavelength of 658 nm,
power 35 mW) and Zeta Potential Analyser.
* Particle sizing
- range from 2 nm to 3 pm, deviation of
+2%
- temperature control: 5-75°, step of 0.1°C
« Zeta potential
- range measurement from-150 mV to +150 mV
- temperature 6°C to 74°C, step of 0.1°C
- detected particles size range from 10 nm
do 30 pm, accuracy of = 2%
- autotitratorBl-ZTU, change of pH from 2t0 12

OPTIMALIZACIA STABILITY A SUSENIA
KERAMICKYCH SUSPENZII, ILOV A HLIN

OPTIMIZING STABILITY AND DRYING OF
CERAMIC SUSPENSIONS, CLAYS AND SOILS

.

Optimalizacia suspenzii sa uplatiiuje hlavne
v keramickom priemysle. Tie sa potom odlieva-
jii na rozne povrchy (voskované formy, teflon,
sadra a pod.). Vel'mi dolezité je optimalizovat’
proces su$enia (v zavislosti od teploty a vih-
kosti vzduchu), resp. navrhniit'vhodni krivku

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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Suspensions optimization is mainly applied in
the ceramics industry. Suspensions are cast
onto various surfaces (waxed mould, Teflon,
plaster and similar). It is essential to optimize
the drying process (depending on air temper-
ature and humidity) or to identify a suitable



suSenia. Suspenzie sa pripravujii z praskov,

flov a inych surovin. Optimalny postup stabi-
lizacie suspenzie ¢i inej vyrobnej zmesi s po-
trebnou charakterizaciou, bez vzniku aglome-

ratov a problémov pri suSeni je klticovy pre
vyrobné procesy.

Specifikacia vzoriek:
Suspenzie pripravené v organickych alebo
vodnych rozpustadlach, prasky, resp. zmesi

praskov s roznou velkostou castic a Specific-

kym povrchom.

Oblasti vyuiitia:

* Vyroba tehiel, sanitarnych produktov, izola-
torov na stlpy elektrického vedenia, uzZitko-
vé produkty, palena stresna krytina, dlazba,
obkladacky

. §peciélne vyrobky z oxidovej a zirkonicitej
keramiky

 Keramické kompozity

 Keramickeé izolatory pre elektronicky prie-
mysel

Pristrojoveé vybavenie:
* Rotacny reometer MARS I

* Particle size analyzator 90PLUS s autotitra-
torom

* Planétovy mlyn Fritsch Pulversiette 5
- Stvormiestny s maximalnou kapacitou
4 x 250 ml a moznostou pouzitia mlecich
nadob s objemom2x250 a4 x 80 ml
- prisluSenstvo (mlecie nadobky a telesa):
AL,0, (39,7°%)

* Vibraény mlyn Fritsch Analysette 3 Spartan
- plynule nastavitelna amplitida vibracii
- prisluSenstvo (mlecie nadobky a telesa):
AL,0, (99,7 %), achat

* Klimaticka komora Angelantoni Discovery

DY110
- regulacia teploty v rozmedzi od -40
do 190 °C, s teplotnou odchylkou :0,5 °C

drying curve. Suspensions are prepared from
the powders, clays and other raw materials. The
optimal method of stabilizing suspensions or
other production mixture with necessary char-
acterization, without agglomerates forming and
without problems during drying is crucial for
manufacturing processes.

Sample specification:

Suspensions prepared in organic or aqueous
solvents, powders, mixtures of powders with
different particle size and specific surface.

Areas of application:

« production of bricks, sanitary products,
insulators for electricity towers, commer-
cial products, clay tiles, floor tiles, wall
tiles

+ special products from oxide and zirconium
ceramics

* ceramic composites

« ceramic insulators for the electronics indus-
try

Instrumentation:
* Rotational Rheometer MARS IlI

* Particle Size Analyser 90PLUS with autoti-
trator

* Planetary Mill Fritsch Pulversiette 5
- the maximum capacity 4x250ml and po-
ssible use of 2x250 a 4x80ml grinding
bowls
- accessories (grinding bowls and bhalls):
AL, (99,7 %)

« VibratoryMicroMill Fritsch Analysette 3 Spartan
- adjustable vibration amplitude
- accessories (grinding bowls and bhalls):
ALL0, (99,7 %), agate

o Climatic Chamber Angelantoni Discovery
DY110
- temperature regulation ranging from 40
t0190°C, with accuracy of :0.5°C

—n

Vibracny mlyn Fritch Analyset-

te 3 Spartan

Vibratory Micro Mill mlyn Fritch

Analysette 3 Spartan

—n

Laboratdrna suSiareii
High Temperature Oven
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Tape Caster Lab - Cast Model
TC-11LC
Tape Caster Lab - Cast Model
TC-T1LC

- simultanna kontrola relativnej vlhkosti
v teplotnom intervale od 5 do 95 °C s re-
gulatorom teploty a vlhkosti

- minimalny vniitorny objem 501 a maximal-
ny vniitorny objem 1501

- nastavitelna rychlost’ ohrevu < 5 °C/min.
a nastavitelna rychlost’chladenia < 3 °C/
min.

+ Laboratdrna susSiareii GHIBLI GH60
- nastavitelna teplota a kontrola teplo-
ty, pricom max. pozadovana teplota je
+350 °C, s teplotnou odchylkou 1,5 °C
- minimalny vniitorny objem 501
- maximalny vnuitorny objem 1001

* Ultrazvukova sonda BANDELIN SONOPLUS
- max.vykon 2200 W, regulacia vykonu

- simultaneous control of relative humidity
in the temperature interval between 5
and 95°C with temperature and humidity
regulation

- minimum inner volume 501 and maximum
inner volume 1501

- adjustable heating rate < 5°C/min and
adjustable cooling rate < 3°C/min

* High Temperature Oven GHIBLI GH60
- regulation and control of the temperatu-
re, max. temperature +350°C, accuracy of
+1.5°C
- minimum inner volume 501
- maximum inner volume 1001

* Ultrasonic homogenizer BANDELIN SONOPULS
- max. power 2200 W, power regulation control

PRIPRAVA TENKYCH KERAMICKYCH
PLATNI METODOU TAPE CASTING

PRODUCTION OF THIN CERAMIC TAPES
USING TAPE CASTING METHOD

.

Tenké keramické platne (hribka od 250 pm
do 1000 pm) sa pripravujii odlievanim z kera-
mickych suspenzii rozneho zloZenia pomocou
zariadenia tape casting. KedZe ide o velmi ten-
ké materialy, tieto suspenzie obsahujti okrem
keramického prasku, rozpustadla a disperzan-
ta aj plastifikator a pojivo. Tieto dve zlozky
zabezpecuju dostatoéné mechanickeé viastnosti
na manipulaciu s odliatou a vysusenou surovou
paskou. Sirka pasky je obmedzena na 200 mm.
V pripade potreby je mozna optimalizacia nie-
len pripravy, ale aj proces susenia, vyharania
organickych prisad a vypalovania.

Specifikacia vzoriek:

Ide o prasky, ktoré majii byt'hlavnou spekacou
prisadou, resp. suspenzie, ktoré zahezpedu-
jii kompaktnost’ materialu po odliati, suSeni
a spekani.

kompetencie skla Vitrum Laugaricio (VILA)
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Thin ceramic tapes (thickness of 250 pm to 1000
pm) are prepared by casting from ceramic sus-
pensions of various compositions by tape cast-
ing equipment. As tapes produced are very thin,
suspensions contain beside ceramic powder, sol-
vent and dispersant, also plasticizer and binder.
These two components provide adequate me-
chanical properties for handling with cast and
dried raw tape. Width of the tape is limited to
200mm. If necessary, it is possible to optimize
not only preparation, but also the processes of
drying, burning out of organic compounds and
firing.

Sample specification:

Powders that are to be the main sintering ad-
ditive or suspensions providing compactness
of the material after casting, drying and sin-
tering.



Oblasti vyuiitia:

* Tenkeé keramickeé substraty - nosice elektric-

kych obvodov v elektronickom priemysle

* Viacvrstvové keramickeé platne, bud'z rovna-
kych materialov, alebo materialov kombino-

vanych

* Viacvrstvové keramické izolatory na haze
Ti0,aBa0

« Palivové élanky na vyrobu elektrickej energie
* Keramicko-kovové komponenty

* Polymérne batérie do telefonov, notebookov
apod.

* Dielektrika pre kondenzatory
Pristrojové vybavenie:
Tape Caster Lab-Cast Model TC-71LC

* Davkovacia hlava single a dual doctor blade

* SuSenie zhora suchym vzduchom s teplotou
max. 120 °C

* SuSenie zdola, max. teplota 120 °C

* Rozmery odlievanych pasok 30 x 200 ¢cm

Areas of application:

o thin ceramic substrates - carriers of
electrical circuits in the electronics in-
dustry

 multilayer ceramic plates, either of the
same materials, or combined materials

+ multilayer ceramic insulators on base Ti0,
and Ba0

* fuel cells for electricity generation
* ceramic - metal components

* polymer batteries in laptops, phones, lap-
tops etc.

« dielectrics for capacitors.

Instrumentation:
Tape Gaster Lab-Cast Model TC-71LC

+ dispensing head, single and dual doctor blade
* top drying max. temperature 120°C

* hottom drying max. temperature 120°C

« cast tape size 30x200cm.

Centrum kompetencie skla Vitrum Laugaricio (VILA)
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THE FACULTY OF INDUSTRIAL TECHNOLOGIES IN PUCHOV

v Puchove

Fakulta priemyselnych technoldgii v Piichove
Trencianskej univerzity Alexandra Dubceka
v Trencine (FPT TnUAD) svojim zameranim
v ramci SR posobi vo vychove odbornikov
v oblasti kovovych a nekovovych materialov,
najma gumy, silikatovych materialov a textilu.
Je vynimocna predovSetkym priamou vazbou
na vyrobnii prax, a to tak pripravou odborni-
kov pre jej potreby, ako i Struktirou Stiudia
Specializovanou v ramci akreditovanych Stu-
dijnych programov, ¢im je plne kompatibilnou
s modelmi vzdelavania na poprednych univer-
zitach v krajinach EU.

Nosnym smerom na FPT TnUAD je priprava
odhornikov v oblasti materialov v siilade s po-
Ziadavkami priemyselnej praxe vo vSetkych
troch stupiioch. Fakulta disponuje Spickovym
technickym vybavenim a kvalitnym laborator-
nym zazemim. Vedecko-vyskumna ¢innost’ je
prioritne smerovana do dvoch oblasti - expe-
rimentalnej diagnostiky roznych druhov prie-
myselne vyznamnych materialov, kompozitov
ananomaterialov a numerickej analyzy a simu-
lacie technologickych procesov.

Zakladny a aplikovany vyskum na fakulte je
smerovany do tychto oblasti:

- kovy a fyzikalne inZinierstvo materialov so
zameranim na oblast’ fyzikalnej metalurgie
a medznych stavov materialov so zameranim
na vzajomny stvis mikroStruktarnych, frak-
tografickych a mechanickych vlastnosti ko-
vovych materialov v zavislosti od aplikovanej
technoldgie vyroby strojnych sii¢asti,

- makromolekulové materialy so zameranim
na vyvoj a modifikaciu gumarenskych zmesi;
nové postupy pripravy elastomérov na netra-
diénej surovinovej baze a ich aplikacia v praxi;
vyvoj chemickych a fyzikalnych modifikacii
prirodnych a syntetickych polymérov; vyskum
textilnych vlakien, analyza vplyvu Struktiry
materidlov na vlastnosti vyrobkov uréenych
pre technické a odevné textilie, problemati-
ku Struktiry priadzi a ich vplyv na vlastnosti
dizkovych a ploSnych textilii, kompozitné
materialy, elastoméry z pohladu experimen-
tov - mechanickych skiiSok a MKP vypoctov,

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov

The Faculty of Industrial Technologies in Piichov
of Alexander Dubéek University of Trenéin (FPT
TnUAD) actively focuses on educating profes-
sionals in fields of metallic and non-metallic
materials, especially rubber, silicate materials
and textiles. The faculty is exceptional by creat-
ing a direct connection to production practice:
both by preparing future professionals to the
specific industry needs and by the structure
of education specialized in various study pro-
grams. This makes the education model fully
compatible with education models of the lead-
ing universities in the EU countries.

The main goal of FPTTnUAD is to prepare profes-
sionals in the field of materials in accordance
with the requirements of industry practice in all
three levels. The faculty has state of art technol-
ogy equipment and advanced laboratory facili-
ties at its disposal. Research activities focuse
primarily on two areas - experimental diagnosis
of various types of materials of industrial im-
portance, composites and nanomaterials and
numerical analysis and simulation of techno-
logical processes. Basic and applied research
at the faculty is focused on the following areas:

- metals and physical engineering of materials
- with the focus on physical metallurgy and
limit states of materials, primarily the mutual
correlation of microstructural, phractograph-
ic and mechanical properties of materials de-
pending on the applied technology of machine
parts production,

- macromolecular materials - focusing on the
development and modification of rubber mix-
tures: new procedures for the preparation of
elastomers based on non-conventional raw
materials and their application in practice;
development of chemical and physical modi-
fication of natural and synthetic polymers; re-
search of textile fibres, analysis of the impact
of the structure of materials on the properties
of products for technical textiles and apparel.
Analysis of the structure of yarns and their in-
fluence on the properties of fibre textile and
fabrics. Experiments with composite materi-
als, elastomers - mechanical tests and FEM cal-



degradacénych procesov s orientaciou na au-
toplaste osobnych a nakladnych automobilov
a ich materialové parametre, kvantitativna
termograficka diagnostika konStrukénych
materialov, najma materialov na baze polymé-
rov, na vyskum tepelnych a viskoelastickych
vlastnosti polymérov a polymérnych nanokom-
pozitov, ako aj na Stidium vplyvu ionizujticeho
Ziarenia na ich fyzikalne vlastnosti,

- anorganické materialy so zameranim na sku-
manie vztahov medzi vlastnostami anorganic-
kych materialov a ich zloZzenim; vyvoj novych
druhov skiel; vyskum v oblasti sol-gel metdd
(vrstvy, kompozity, katalyza); modifikacia zlo-
Zenia anorganickych materialov,

- environmentalne inZinierstvo so zamera-
nim na ekologizaciu vyroby polymérnych
materialov; skimanie moznosti ekologizacie
vyroby anorganickych materialov; skiimanie
vplyvov priemyselnych technoldgii na zlozky
Zivotného prostredia; vyskum v oblasti vyu-
zitia prirodnych anorganickych materialov
na detoxikaciu zloziek Zivotného prostredia,
biodegradacia materialov, vyvoj progresiv-
nych materialov na likvidaciu Skodlivin zo
Zivotného prostredia,

- numericka analyza a simuldcia technologic-
kych procesov s vyuzitim Specializovanych vy-
konnych simulaénych softvérov, ako sti ADINA,
COSMOS, NASTRAN, ADAMS, MATLAB a pod.

culations, degradation processes with a focus
on tires for passenger and commercial cars
and their material parameters. Quantitative
thermographic diagnostics of construction
materials, in particular polymer-hased mate-
rials, the research of thermal and viscoelastic
properties of polymers and polymer nanocom-
posites, and the study of effects of ionizing
radiation on their physical properties.

- Inorganic materials - with a focus on analys-
ing relationships between the properties of
inorganic materials and their composition;
development of new types of glass; research
in the field of sol-gel methods (layers, compos-
ites, catalysis); modification of the composi-
tion of inorganic materials,

- environmental engineering - focusing on ecol-
ogisation of polymeric materials production;
exploring the possibility of ecologisation of
inorganic materials production; studying the ef-
fects of industrial technology on environmental
issues; research in areas of application of natu-
ral inorganic materials to detoxification of envi-
ronmental components, biodegradation of ma-
terials, development of advanced materials for
disposal of pollutants from the environment,

- numerical analysis and simulation of techno-
logical processes - with the use of specialized
simulation software such as ADINA, COSMOS,
NASTRAN, ADAMS, MATLAB, etc.

ORGANIC MATERIALS LABORATORY

Cinnost’ laboratéria je zamerana na izolacie
farbiv a inych organickych latok z prirodnych
zdrojov, extrakcie, farbenie prirodnych a syn-
tetickych vlakien, potlac textilii a na modifika-
ciu biopolymérov, syntézu novych organickych
latok, biopolymérov s ddrazom na povrchovo-
aktivne latky, zahustovadla, tenzidy a vychy-

The laboratory focuses on the isolation of dyes
and other organic substances from natural
sources, extraction, dying of natural and syn-
thetic fibres, textile printing and modification
of biopolymers, synthesis of new organic com-
pounds, biopolymers with emphasis on sur-
factants, thickeners, tensids and free radical

=<
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tavace volnych radikalov. Zaoberame sa aj pri-
pravou avyberom polysacharidov, ich derivatov
ako vhodnych aditiv do polymérnych zmesi.

Pristrojové vybavenie:

+ Homogenizator DIAX 900 230 VAC Heidol-
ph-Instruments

+ Miesadla RZR 20050 Heidolph, IKA RW 16
basic, magnetické EKT 3001 K s nastavcom
a kontaktnym teplomerom so sondou

* PH konduktometer OK 117 Radelkis

* Tenziometer DuNouy

+ Vakuova odparka Rv0 200 BUCHI

* Spektrofotometer spektroFlex 6600

SkiiSobné metody:
+ Stidium povrchovo-aktivnych vlastnosti:
- stanovenie povrchového napitia a kritic-
kej micelarnej koncentracie
- stanovenie emulgacnej i¢innosti
- stanovenie zmacacej ucinnosti

« Stiidium funkénych vlastnosti:
stanovenie pracej ti¢innosti
stanovenie antiredepozicnej ucinnosti
stanovenie penivosti

stanovenie antioxidacnych vlastnosti

+ Stanovenie pH a bodu topenia

* Meranie UV-VIS spektier roztokov v rozsahu
190-1100 nm

Vysledky a Stidie:

Ciefom vyskumnych prac bolo najst’ poly-
mérne biosurfaktanty, ktoré by mohli znizit
vysokii spotrebu nedegradovatelnych tenzi-
dov na haze ropnych produktov. Vyskum bol
obsahovou napliiou a stcastou rieSenia vy-
skumnych prac realizovanych na pracovisku
v ramci rieSenia projektov typu VEGA, APVT
a CUGA v oblasti polymérnych materialov
vspolupraci s GHU SAV a fy Procter & Gamble.
Vyskum bol aj stiéastou rieSenia vyskumnych
prac realizovanych na pracovisku v ramei rie-
Senia iiloh pre Vyskumny ustav zeleninarsky,
s.I.0., a CHEMOSVIT, a.s., z hladiska izolacie
farbiv z rastlinnych zdrojov a farbenia textil-
nych substratov.
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The Faculty of Industrial Technologies in Piichov

scavengers. We also prepare and select poly-
saccharides and their derivatives as suitable
additives in polymer blends.

Instrumentation:

 Homogeniser DIAX 900 230 VAC Heidolph
Instruments

* Blenders RZR 20050 Heidolph, IKA RW 16
hasic, magnetic EKT 3001 K with accessory
and contact probe thermometer

* pH conductivity meter OK 117 Radelkis

* Tensiometer DuNouy

* Vaccum Evaporator RV0 200 BUCHI

* Spectral Photometer Spektroflex 6600

Test methods:
+ the study of surface-active properties:
- determination of the surface tension and
critical micelle concentration
- determination of the emulsifying efficiency
- determination of the wetting force

« the study of functional properties:
- determination of the washing performance
- determination of the effectiveness of an-
ti-redeposition
- determination of the foamability
- determination of the antioxidative pro-
perties

* determination of pH and melting point

+ measurement of UV-VIS spectra of solutions
inrange 190-1100 nm

Results and case studies:

The aim of the research work was to find pol-
ymeric biosurfactants, which could reduce
the high consumption of non-degradable sur-
factants based on oil products. The research was
a part of the research work undertaken within
projects VEGA, APVT a CUGA in the field of poly-
meric materials in cooperation with the GHU SAV
(Slovak Academy of Sciences) and the company
Procter & Gamble. The research was also part of
the research work conducted in addressing chal-
lenges for Vyskumny tistav zeleninarsky, s.r.o.
and CHEMOSVIT, a.s in terms of isolation of dyes
from plants and dyeing of the textile substrate.



SPECTRAL METHODS LABORATORY

Cinnost’ laboratdria je zamerana na stanovenie
fyzikalnych vlastnosti materialov, zakladné
rozhory pdd, vod a inych zloZiek Zivotného pro-
stredia, semikvantity prvkov, identifikaciu tex-
tilnych vystuznych materialov, Stidium emulzii
v rozliSeni 20 - 1 000 x, meranie remisie hlad-
kych, nelesklych povrchov, absorbanciu, resp.
transmitanciu kvapalnych latok v kyvetach.
K dispozicii je moznost' merat’ transmisné
aabsorpéné spektrav UV a VIS oblasti, meranie
belosti vlakien a tkanin.

Pristrojové vybavenie:

* Leukometer - (Carl Zeiss Jena)

+ Specord UV VIS

+ Spekol 10 s nastavcom EK 1(Carl Zeiss Jena);
s nastavcom R 45/0 (Carl Zeiss Jena)

* Mikroskop KAPA 3000 M

» Atomovy absorpény spektrofotometer
AAS3, Carl Zeis Jena s dvoj- a jednoliicovym
rezimom s kompenzaciou pozadia UV/VIS
aemisnym rezimom

+ Nis -Elements AR 2.30 - svetelny mikroskop
Nicon, CCD kamera s detektorom s rozliSe-
nim 1392 x 1040 pixelov, softvér Nis -Ele-
mentaPC

Skusobné metody:

+ Stanovenie absorbancie vod pri 254 nm
ainé

+ Stanovenie obsahu pigmentov v polyméroch
aprirodnych substratoch

* Meranie remisie hladkych, nelesklych povr-
chov

* Atomové a emisné stanovenie nasledujticich
prvkov: Na, K, Cu, Co, Cr, Fe, Mn, Ni, B, Ca, Ti,
Ge, Zr, Al, Ba, Si, D,HK, Pb, Mg, Zn, Ag, D,

« Sledovanie, snimanie a archivovanie hrubej
povrchovej Struktiry vlakna, priadze, tka-
niny, pleteniny a netkanej textilie v precha-
dzajiicom a dopadajticom svetle

* Rucné alebo automatické meranie priemeru
vlakien kruhového prierezu

The laboratory focuses on the determination
of the physical properties of materials, basic
analyses of soil, waters and other environmental
components, the semiquantity of elements, the
identification of textile reinforcing materials,
the emulsion study in resolution 20-1000x, the
measurement of the remission of smooth, matte
surfaces, the measurement of the absorbance
and transmittance of liquids in cuvettes. It is
possible to measure transmission and absorp-
tion spectra in the UV-VIS region, measuring the
brightness of fibre textile and fabrics.

Instrumentation:

* Leukometer - (Carl Zeiss Jena)

* Specord UV VIS

* Spekol 10 with accessory EK 1 (Carl Zeiss
Jena); with accessory R 45/0 (Carl Zeiss
Jena)

* Microscope KAPA 3000 M

 Atomic absorption  spectrophotometer
AAS3, Carl Zeiss Jena with single and dual
beam mode, background compensation UV/
VIS and emission mode

* Nis -Elements AR 2.30 - optical microscope
Nikon, CCD camera with detector with res-
olution of 1392x1040 pixels, software Nis
-Element and a PC

Test methods:

« determination of water absorbency at 254
nm and other

+ determination of content of pigments in pol-
ymers and natural substrates

* measurement of remission of smooth,
matte surfaces

+ atomic and emission detection of the follow-
ing elements: Na, K, Cu, Co, Cr, Fe, Mn, Ni, B, Ca,
Ti, Ge, Zr, Al, Ba, Si, D,HK, Pb, Mg, Zn, Ag, D,

 monitoring, recording and archiving of
rough surface structure of fibres, yarns,
fabrics, knitted fabrics and nonwovens in
transmitted and incident light

Leukometer (Carl Zeiss Jena)
Leukometer (Carl Zeiss Jena)
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Specord UV VIS
Specord UV VIS
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Spekol 10 (Carl Zeiss Jena)
Spekol 10 (Carl Zeiss Jena)
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* Rucné alebo automatické meranie priemeru
priadze

* Merania plochy porovv tkanine

* Uréenie zmesovacieho pomeru dlzkovych
a ploSnych textilii pre zmesové komponenty
rozpoznatelné na zaklade povrchovej Struk-
tiry

* Analyza odpadovych, technologickych
a lzitkovych vod a inych environmentalnych
Zloziek

Vysledky a Stidie:

Stanovenie kolority skla s vyuzitim rovnomer-
ného farebného priestoru CIELAB meranim
transmisného spektra sa uskutocnilo pre
RONA, a.s., Lednické Rovne. Optimalizacia
procesu vyroby porézneho Si0, z Mikrosili-
ca-Sioxidu s cielom dosiahnut’produkty vhod-
né na pripravu gumarenskych zmesi plnenych
Si0, sa realizovalo pre Matador Holding, a.s.,
Istebné. Stanovenie spektralnych vlastnosti
novych komplexov na baze tazkych kovov -
adheziva, urychlovace sirnej vulkanizacie sa
realizovalo pre potreby Matador, a.s., Pichov.
Moznosti ekologizacie vyroby olovnatého
kriStalu recyklaciou prachu zo spalinovych
filtrov boli rieSené pre Slovglass, a.s., Poltar.
Chemicka analyza vzorky kondenzatu z ter-
mickej analyzy, stanovenie Na,0, K,0, Fe,03,
AL0,, Ca0, Mg0 pre Skloplast: A Johns Man-
ville Company, a.s., Trnava. Meranie priemeru
polyesterovych vlakien a zmesovacieho po-
meru na vyplnkovych materidloch uréenych
do vankisov a paplénov pre Aéko, a.s., Ruiom-
berok, meranie porovitosti, snimanie obrazov
vlakien, niti a pletenin pre Fibrochem Svit, a.s.
Stanovenie spektralnych vlastnosti vybrané-
ho adheziva bolo realizované pre potreby Gon-
tinental Matador Truck Tires, s.r.o., Pichov.
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+ manual or automatic measurement of fibre
diameter of a circular cross section

 manual or automatic measurement of yarn
diameter

+ measurement of the surface of pores in the
fabric

* determination of the mixing ratio of fibre tex-
tile and fabrics for mixed components recog:
nizable on the hasis of their surface structure

« analysis of waste, technological and indus-
trial waters and other environmental com-
ponents

Results and case studies:

Determination of glass colouring using a uniform
colour space CIELAB by measuring the transmis-
sion spectrum was performed for RONA, a.s. Led-
nickeé Rovne. Optimization of the production pro-
cess of a porous Si0, from microsilica-Sioxide to
achieve products suitable for the preparation of
rubber mixtures filled with Si0, was performed
for Matador Holding, a.s. Istebné. Determina:
tion of the spectral properties of new complexes
based on heavy metals - adhesives, sulphur vul-
canization accelerators was performed for Mat-
ador a.s. Pichov. Ecologisation options of lead
crystal production by recycling dust from the
flue gas filters was performed for Slovglass, a.s.
Poltar. Chemical analysis of condensate sample
from thermal analysis, determination of Na,0,
K,0,Fe,0,,Al,0,, Ca0, MgO for Skloplast: A Johns
Manville Gompany, a.s. Trnava. Measuring the
diameter of polyester fibres and mixing ration
for pillow and quilt filling material for A¢ko a.s.
Ruzomberok, porosity measurement, fibre, yarn
and knitted fabric image recording for Fibrochem
Svit, a.s. Determination of the spectral proper-
ties of the selected adhesive was performed for
Continental Matador TruckTires, s.r.0. Piichov.




SPECTRAL METHODS LABORATORY

Cinnost’ laboratdria je zamerana na pripravu
syntetickych polymérov a polymérnych zmesi
zlozenych zo syntetickych alebo prirodnych poly-
mérov roznymi technikami a sposobmi v labora-
tornom meradle (cca do 200 g). Zameriavame
sa na vyskum a vyvoj procesov pripravy che-
mickych latok, novych polymérnych latok a ich
formulécii, vyskum kompozicii gumarenskych
zmesi, kompatibilizaénych a vizbovych ¢inidiel
pre kompozitné polymérne vyrobky, optimaliza-
cie chemicko-technologickych procesov.

Pristrojové vybavenie:

* Mechanické mieSadla s regulaciou otacok
IKARW

* Varice s regulaciou

* Lahoratorna suSiareii s regulaciou teploty
(40-120 °C)

* Vodny kdpel Julabo s objemom 81 a regula-
ciou teploty (5-120 °C)

« Vyveva dvojkomorova elektricka

* Vodny/olejovy termostat

Skiusobné metody:

« stanovenie zakladnych vlastnosti polymé-
rov a surovin potrebnych na pripravu zmesi
(hustota, mdlova hmotnost, bromové ¢islo,
jodové éislo, viskozita)

+ zakladna charakteristika polymérov a orga-
nickych zlicéenin (stanovenie obsahu krysta-
lického podielu, stanovenie obsahu aktivnej
latky)

* Cistenie kvapalnych zmesi destilaciou
(za atmosférického tlaku, za znizeného tla-
ku)

Vysledky a Stidie:

Cielom prac bolo najst'ii¢innejSie a ekologicky pri-
jatelné komponenty do gumarskych zmesi alebo
rieSit’ proces vyroby kyseliny dusicnej bez amo-
niaku. Vyskum bol ohsahovou napliiou a st¢astou

The laboratory focuses on preparation of syn-
thetic polymer and polymer mixtures made of
synthetic or natural polymers by various tech-
niques and methods in a laboratory scale (up to
ca. 200g). We focus on the research and develop-
ment of processes for preparation of chemicals,
new polymeric substances and their formulas,
research of rubber mixtures compositions, com-
patibilisers and coupling agents for composite
polymer products, optimization of chemical-tech-
nological processes.

Instrumentation:

 mechanical stirrer with speed control IKA
RW

* cookers with regulation

* laboratory oven with temperature control
(40-120°C)

* Julabo water bath with a volume of 81 and
temperature control (5120 ° C)

* dual-chamber electrical vacuum pump

« water/ oil thermostat

Test methods:

* determination of the basic properties of
the polymers and materials needed for the
preparation of mixtures (density, molar
mass, bromine value, iodine value, viscosity)

* hasic characterization of polymers and
organic compounds (determination of the
crystallization rate, determination of the
active substance content)

* cleaning of liquid mixtures by distillation
(atmospheric pressure, under reduced
pressure)

Results and case studies:

The goal was to find amore effective and environ-
mentally more acceptable components in rubber
mixtures, or to address the process of ammonia
free nitric acid production. The research was
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rieSeniavyskumnych prac realizovanych na praco-
visku v ramci rieSenia projektov typu VEGA, APVT,
VIPv oblasti polymérov a organickych latok v spo-
lupraci s UP SAV a fy BorsodChem MCHZ , s.r.0.,
Ostrava., Slovnaft, a.s., Vegum, a.s.

THE FACULTY OF INDUSTRIAL TECHNOLOGIES IN PUCHOV

a part of work within the project type VEGA,
APVT, VTP in the field of polymers and organic
matter in cooperation with UP SAV and compa-
nies BorsodGhem MCHZ s.r.0. Ostrava., Slovnaft,
a.s.,Vegum, a.s.

RUBBER AND PLASTICS LABORATORY

Laboratdrium je zamerané na vyvoj gumaren-
skych receptiir a pripravu vybranych polymér-
nych zmesi a kompozitov s predpokladanymi
dobrymi tizitkovymi vlastnostami so zamera-
nim na materialy ur¢ené pre spotrebitel'sky
priemysel. Na pripravu zmesi sa pouzivajii
rozne technologické postupy - jednostupiiovy
alebo viacstupiiovy, na roznych zariadeniach
(v uzavretej komore, na otvorenom dvojvalci)
pri roznych teplotach (cca 50 - 150 °C) a tes-
tovanie ich fyzikalno-mechanickych, reologic-
kych vlastnosti.

Pristrojové vybavenie:

* Laboratorny dvojvalec 300 x 300 mm

* Hydraulicky vulkanizaény lis dvojetazovy
BUZULUK a vulkanizacné formy

+ MieSaci pristroj Plasti-corder PLV 151-Braben-
der s regulaciou otacok a teploty do 200 °C

+ Reometer Monsanto 100 s digitalnym pre-
vodnikom (digitalny vystup)

* Hriibkomery

+ Zariadenie na meranie odrazovej pruznosti

Fakulta priemyselnych technoldgii v Piichove
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The laboratory is focused on the development
of rubber mixture formulas and preparation of
selected polymer blends and composites with
the anticipated suitable performance charac-
teristics with a focus on materials intended
for consumer industry. For preparation of com-
positions, various technological processes are
used - one-stage or multi-stage, on different
devices (inaclosed chamber, the open two-roll
mill) at different temperatures (approximate-
ly 50 - 150 °C) and the testing of their physi-
cal-mechanical, rheological properties.

Instrumentation:

* two-roll mill 300 x 300 mm

* hydraulic vulcanization two-storey BUZU-
LUK press and vulcanizing moulds

 mixing device Plasti-Corder PLV-151 Bra-
bender with rotation control and tempera-
tures up to 200 °C

* Monsanto 100 rheometer with a digital con-
verter (digital output)

* Thickness measurement apparati



* Mechanicka, rucna vysekavacka skusob-
nych telies a matrica na vysekavanie vzoriek
pre skiiSku na trhacke

* SuSicka elektricka s regulaciou teploty
od 5 °C do 250 °C s moznostou vakua
do-0,1 MPa

* Ruény tvrdomer IRHD

* Trhacka Zwick do 2,5 kN

¢ Trhacka Zwick do 5 kN

* Instron 4466 do 10kN s digitalnym vystupom

SkisSobné metody:
« Stanovenie vulkanizacnych charakteristik
gumarenskych zmesi

« Stanovenie zakladnych fyzikalnych a me-
chanickych vlastnosti vulkanizatov (tvr-
dost; pevnost; taznost, odrazova pruznost)

« Stanovenie Specialnych vlastnosti vulkani-
zatov

« stanovenie termo-oxidacného starnutia

Vysledky a Stidie:
Zamerom vyskumnych prac bolo hlavne pre-

* device for measuring the resilience

 mechanical, hand cutter of testing speci-
mens and a matrix for cutting out samples
for shredder testing

* electric dryer with temperature regulation
+5 °C to 250 °C with vacuum option to -0.1
MPa

* handheld hardness tester IRHD

o Zwick shredder to 2.5 kN

* Zwick shredder to 5 kN

* Instron 4466 to 10 kN with digital output

Test methods:

+ determination of vulcanization characteris-
tics of rubber mixtures

* determination of basic physical and me-
chanical properties of vulcanisates (hard-
ness, strength, elongation, resilience)

+ determination of the special properties of
vulcanisates

* determination of thermo-oxidative aging
Results and case studies:

The goal of the research work was to study
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Reometer Monsato 100 s digi-
talnym prevodnikom

Monsato 100 rheometer with
a digital converter
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Studovanie spracovatelskych vlastnosti,
vulkanizaénych charakteristik, mechanic-
kychvlastnosti pripravenych elastomérnych
zmesi v spolupraci s UP SAV a Gontinental

Matador Truck Tires, s.r.o., alebo overit’

opatovné pouzitie recyklatu TPE vo vyrobe,
pomocou skimania fyzikalno-mechanic-
kych, reologickych vlastnosti v spolupraci
so SaarGummi Slovakia, s.r.0., laboratdrne
skisky gumy - vulkanizacné charakteristi-
ky pre Delta Electronics, s.r.o., lisovanie
pogumovanej textilie sa realizovalo v spo-
lupraci s Univerzitou Pardubice. Moznosti
ekologizacie vyroby nanosovych zmesi pre
nakladné autoplaste boli rieSené v spolu-
praci s firmou Continental Matador Truck
Tires, s.r.o. Hodnotenie spracovatel'skych,
mechanickych, termickych vlastnosti a opti-
malizacia podmienok a zloZenie na pripravu
EPDM zmesi sa rieSili v spolupraci so Sa-
arGummi Slovakia, s.r.o. MieSanie a vyvoj
novych zmesi pre automobilové tesnenia
sa uskutocnilo v spolupraci s Dongil rubber
helt Slovakia, s.r.0. Vyvoj novych zmesi na
tesnenia leteckych motorov v spolupraci
s Leteckou fakultou TU KoSice.

THE FACULTY OF INDUSTRIAL TECHNOLOGIES IN PUCHOV

the particular processing properties, vulcan-
isation characteristics, mechanical properties
of prepared elastomeric compounds in part-
nership with UP SAV a Continental Matador
Truck Tires s.r.0., or to verify the re-use of TPE
recycled material in the production process by
examining the physical and mechanical prop-
erties, rheological properties, in cooperation
with SaarGummi Slovakia s.r.o., laboratory
tests of rubber - vulcanisation characteristics
for Delta Electronics, s.r.0., pressing of rubber
coated fabric was performed in partnership
with Univerzita Pardubice. Options of ecologi-
sation of truck tire coating mixtures production
has been addressed in collaboration with com-
pany Continental Matador Truck Tires s.r.o.
Evaluation of processing, mechanical, thermal
properties and optimization of conditions and
the composition for the preparation of EPDM
mixtures were addressed in partnership with
SaarGummi Slovakia s.r.o. Stirring and devel-
opment of new mixtures for automotive seal-
ings was conducted in collaboration with Don-
gil rubber belt Slovakia s.r.o0. The development
of new mixtures for aircraft engines sealings in
cooperation with Letecka fakulta TU KosSice.
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Dilatometer Chevenard
Dilatometer Chevenard

PHYSICAL METHODS LABORATORY

Cinnost laboratéria je zamerana na meranie
Littletonovho bodu maknutia skiel a Stidium
termickej stability latok, termickej degrada-
cie a rozkladu anorganickych, organickych
latok, polymérov s prihliadnutim k pouzitym
finalnym metodam analyz a k Statistickému
spracovaniu dat. Analyza sklovitych materia-
lov a surovin pre ich vyrobu je zamerana do ob-
lasti silikatov, skiel a surovin.

Pristrojové vybavenie:

« Zariadenie na meranie Littletonovho bodu
maknutia KZ-35

* Dilatometer Chevenard

* Derivatograf MOM

SkisSobné metody:

* Meranie Littletonovho bodu méaknutia
skla

» Meranie dilatometrickej transformacnej
teploty skla

* Meranie DTAa TG

* Degradacné procesy, zmeny hmotnosti

Activities in this laboratory are focused on
measurement of Littleton softening point of
glass and the study of thermal stability of sub-
stances, thermal degradation and decomposi-
tion of inorganic, organic compounds, polymers,
considering methods of final analysis used and
statistical data processing. Analysis of vitreous
materials and raw materials for their production
is focused on silicates, glass and raw materials.

Instrumentation:

« apparatus for measuring Littleton softening
point KZ-35

* dilatometer Chevenard

* derivatograph MOM

Test methods:

 measurement of Littleton softening point of
glass

» measurement of dilatometric glass trans-
formation temperature

 measurement of DTAand TG

* degradation processes, changes in weight

Fakulta priemyselnych technoldgii v Piichove
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Vysledky a Stidie:

Vyskumné prace boli zamerané na chemickui
analyzu vzoriek kondenzatu z TA, stanovenie
obsahu Si0,, B,0,, F, S0,%, Na,0, K,0, fe,0,,
ALO,, Ca0, MgO0, vihkosti a stanovenie Little-
tonovho bodu miknutia skla pre Skloplast:
A Johns Manville Company, a.s., RONA. Roz-
klady skiel na stanovenie zlozenia skloviny
pre sklarne, rozklady sklenenych koralikov
na stanovenie zloZenia v spolupraci s Archeo-
logickym tustavom SAV Nitra, stanovenie fluo-
ridov v sklovine pre sklarsky priemysel.

Results and case studies:

The research work focused on the chemical analy-
sis of samples of condensate from TA, determina-
tion of Si0,, B,0,, F, S0,%, Na,0, K,0, Fe,0,, ALQ,,
Ca0, Mg0 contents, humidity and determination
of Littleton softening point of glass for Skloplast:
A Johns Manville Company, a.s. RONA. Decompo-
sition of glasses to determine the composition of
the glass for glassworks, decomposition of glass
beads to determine their composition in coopera-
tion with Archeologicky istav SAV Nitra, deter-
mination of fluoride in glass for glass industry.

THERMAL ANALYSIS LABORATORY

Cinnost laboratéria je zamerana na skima-
nie termoanalytickych vlastnosti Sirokej
Skaly materialov a kompozitov v rozsahu
teplot 30 - 600 °C v inertnej atmosfére.
Experimenty umoziiuju Studovat’ kinetiku
procesov (kinetiku kryStalizacie polymérov,
kinetiku vulkanizacie elastomérov a pod.),
tepelmi vodivost' a degradaciu materialov.
Step-scan umoziiuje sledovat’ fazové pre-

chody polymérov. Metédu DSC mozno pouzit’

na meranie teplotnych a entalpickych veli¢in
materialov, stanovenie oxidaénych stabilit
a Cistoty materialov.

Pristrojové vybavenie:
* Pyris Diamond DSC, presnost’ + 0,1 °C/:
0,01°C

SkisSobné metody:

« Stanovenie termickych
tuhych latok a zmesi

+ Stidium fazovych prechodov materialov

* Testovanie kvality materialov

« Stidium charakteristickych teplot materia-
lov

charakteristik

Vysledky a Stidie:
Vyskum bol zamerany na meranie termickej

Fakulta priemyselnych technoldgii v Piichove
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The activities of this laboratory are focused on
examination of the thermoanalytical character-
istics of a wide range of materials and compos-
itesin the temperature range of 30-600 °Cinan
inert atmosphere. Experiments allow studying
kinetics of processes (crystallization kinetics
of polymers, elastomers vulcanization kinetics,
etc), thermal conductivity and degradation
of materials. Step-scan allows monitoring the
phase transitions of polymers. DSC method may
be used to measure the temperature and en-
thalpy values of materials, and determination of
oxidation stability and purity of materials.

Instrumentation:
* Pyris Diamond DSC, accuracy of = 0.1 °C/:
0,01°C

Test methods:

* determination of thermal characteristics of
solid substances and mixtures

+ study of phase transitions of materials

* quality testing of materials

+ study of characteristic temperatures of ma-
terials

Results and case studies:
The research was aimed at the measurement of



stahility elastomérnych zmesi plnenych sili-
kou, charakteristickych teplot pre rezorcinol
a montmorillonity pre Continental Matador
Truck Tires, s.r.o., zistovanie charakteristic-
kych tepldt pre elastomérne zmesi s obsahom
plniva na baze uhlikovych nanoriirok v spolu-
praci s DANUBIA Nanotech, s. r. 0., pobocka
MAX PLANCK Institut Stuttgart., zistovanie
termickej stability autotextilii v spolupraci
s VW Nemecko, meranie charakteristickych
teplot folii, hadic, textilii, primesi do gtm pre
Vipotest, s.r.o. Taktiez bol skiimany vplyv zlo-
zenia adhezivneho systému na kinetiku vulka-
nizacie v spolupraci s Matador, a.s., Pichov
arieSeny predohrev sklarskej vsadzky pre po-
treby RONA, a.s., Lednické Rovne a Slovglass,
a.s., Poltar.

the thermal stability of silica-filled elastomeric
compounds, characteristic temperatures for re-
sorcinol and montmorillonites for Continental
Matador Truck Tires, s.r.o., detection of charac-
teristic temperatures for elastomeric mixtures
containing fillers based on carbon nanotubes in
partnership with DANUBIA Nanotech, s. r. o.,
branch of MAX PLANCK Institut Stuttgart., de-
tection of thermal stability of automotive tex-
tilesin collaboration with VW Germany, measure-
ment of the characteristic temperatures of foils,
hoses, fabrics, rubber additives for Vipotest,
s.I.0. We also studied the impact of adhesive sys-
tem composition on the kinetics of vulcanization
in partnership with Matador, a.s. Piichov and ad-
dressing the glass batch preheating for RONA,
a.s. Lednickeé Rovne a Slovglass, a.s. Poltar.

MECHANICAL & TECHNOLOGICAL LABORATORY

Laboratorium umoziiuje realizovat'testovanie
fyzikalnych a mechanickych vlastnosti elasto-
mérov, plastov, kovovych materialov a kompo-
zitov, ako aj Creep testy roznymi metddami.

Pristrojové vybavenie:

* Trhaci stroj FP 10/1 - maximalna skiiSobna
kapacita: 10 KN

* Trhaci stroj TIRATEST 2300 - maximalna skii-
Sobna kapacita: 100 KN

* Trhaci stroj HOUNSFIELD H20K-W - maximal-
na skiSobna kapacita: 20 KN

* Trhaci stroj INSTRON 6020 - maximalna skii-
Sobna kapacita: 100 KN

* Creepove jednotky 3/3- tri pecné agregaty
do 800 °C, 30 KN

+ Stroj pre inavové skisky SCHENCK - meranie
tinavovych charakteristik v ohybe za rotacie

* Tvrdomer LUCZNIK - meranie tvrdosti kovov
metodou ROCKWELL

* Tvrdomer WALLACE - meranie tvrdosti gumy
vjednotkach IRHD

* Tvrdomer ZWICK - meranie tvrdosti gumy

This laboratory allows testing of physical and
mechanical properties of elastomers, plastics,
composites, metal materials, as well as various
methods of creep tests.

Instrumentation:

* Tensile tester FP 10/1- maximum test capac-
ity: 10KN

* Universal testing machine TIRATEST 2300 -
maximum test capacity: 100KN

* Tensile tester HOUNSFIELD H20K-W - maxi-
mum test capacity: 20KN

* Tensile tester INSTRON 6020 - maximum
test capacity: 100KN

* Creep units 3/3- three furnaces up to
800°C, 30 KN

* Fatigue tester SCHENCK - measuring the
bending fatigue characteristics with rotation

* Hardness Tester LUCZNIK - measurement of
metal hardness by ROCKWELL method

* Hardness Tester WALLACE - measurement of
rubber hardness in IRHD units

* Hardness Tester ZWICK - measurement of

Dilatometer Chevenard
Dilatometer Chevenard

Fakulta priemyselnych technoldgii v Piichove
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vjednotkach SHORE A
* Pristroje na meranie rozmerov skisSobnych
vzoriek

Skisobné metody:

« Skuska tahom kovovych materialov

+ Stanovenie tahovych vlastnosti gumy, plas-
tov, tupych zvarovych spojov

* Skiiska tahom zvarového kovu tavnych zva-
rovych spojov v pozdlZznom smere

+ SkiiSka tahom plechov, pasov a pruhov hrb-
kyod 0,1-0,5mm

+ SkiiSka rirok tahom

+ Metody skiSania cementu. Stanovenie pev-
nosti

« SkiiSky tecenia za vysSich teplot

« Skusky tunavy kovov. Metodiky

* Meranie tvrdosti podla ROCKWELLA - stup-
nicaA,B,C

« Stanovenie tvrdosti gumy vtlaéanim hrotu
vreckovych tvrdomerov (meranie tvrdosti
vjednotkach IRHD)

« Stanovenie tvrdosti gumy, plastov, ebonitu
vtlacovanim hrotu tvrdomera (meranie tvr-
dosti tvrdomera v jednotkach SHOREA)

+ SkiiSanie plastov. Stanovenie modulu pruz-
nosti zo skisky tahom, tlakom a ochybom

* DesStruktivne skusky zvarov kovovych mate-
rialov

* Skuasky l[amavosti

Vysledky a Stidie:

Zamerom vyskumnych prac bolo stanovit’
mechanické vlastnosti vzoriek ocele pre
Siemens automobilové systémy, s.r.o., vplyv
orientacie vystuzného materialu na pevnost’
dlhovlaknitych kompozitov a lepenych spo-
jov z polykarbonatu pre FORM, s.r.o., skiiSku
tahom azhestovych pasov a tesneni HDU pre
letecky motor DV2 pre PS Letecké motory,
a.s., pevnost'v tahu a pevnost'v ohybe pre
dodané vzorky elektrografitov pre Elek-
trokarbon Topol€any, a.s., hodnotenie me-
chanickych vlastnosti lepenych spojov pre
rozne lepidla a rozne typy adheziv pre IMC
SLOVAKIA, s.r.0., stanovenie pevnosti v Smy-
ku pri namahani v tahu na dodanych vzor-
kach lepenych spojov plastov a kompozitov
pre UNI-TECH, s.r.o.

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov
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rubber hardness in SHORE A units
* Apparati for measuring the dimensions of
test specimens

Test methods:

+ tensile testing of metallic materials

+ determination of tensile properties of rub-
ber, plastics, butt welded joints

* tensile test of melt weld metal of welded

joints in the longitudinal direction

tensile test of sheets, strips and bands of

thickness from 0.1to 0.5mm

tensile test of tubes

methods of testing cement. Determination

of strength

creep test at higher temperatures

fatigue testing of metals. Methodologies

hardness measurement according to Rock-

well- A, B, C scale

determination of indentation rubber hard-

ness by applying pressure with a tip of an

indentor (hardness in IRHD units)

determination of the hardness of rubber,

plastic, ebonite by applying pressure with

a tip of an indentor (hardness indentor on

the Shore A)

testing of plastics. Determination of mod-

ulus of tensile testing, compression and

bending

* destructive tests of metallic materials welds

* brittleness tests

Results and case studies:

The aim of the research work was to determine
the mechanical properties of steel samples
for Siemens automobilové systémy s.ro., the
influence of the orientation of the reinforcing
material on the strength of long-fibre compos-
ites and bonded polycarbonate joints for FORM
s.r.o., tensile test of ashestos strips and HDU
seals of DV2 aircraft engine for PS Letecké mo-
tory a.s., tensile strength and flexural strength
of electrographite samples for Elektrokarbon
Topol€any a.s., evaluation of mechanical proper-
ties of bonded joints for different adhesives and
different types of adhesives for IMC SLOVAKIA
s.r.0., determination of shear strength under ten-
sion for the supplied samples of bonded joints of
plastics and composites for UNITECH, s.r.o.



HEAT TREATMENT LABORATORY

Cinnost’ laboratdria je zamerana na tepelné
spracovanie materialov, hlavne Zihanie kovo-
vych a nekovovych materialov, tavenie skla
a vypalovanie s programovym rezimom. Pri
$tidiu sa zameriavame hlavne na urcenie doty-
kového uhla na rozhrani podlozka - zatuhnuta
sklenena kvapka - plynna atmosféra.

Pristrojové vybavenie:

* Komorova pec KOIl na tepelné spracovanie
materidlov do 1550 °C s programovatelnym
regulatorom rastu teploty a vydrze na zvole-
nej teplote - REMARK M

* Muflova pec na tepelné spracovanie mate-
rialov do 900 °C s programovatelnym regu-
latorom rastu teploty a vydrze na zvolenej
teplote - REMARKM

* Rarkova pec na tepelné spracovanie materi-
alov do 1450 °C s programovatelnym regu-
latorom rastu teploty a vydrze na zvolenej
teplote - REMARKM

SkisSobné metody:

« Tavenie skla (teplota do 1 550 °C, vydrz
na danej teplote do 48 h, narast teploty
0,- 25 °C.min"), chladenie skla zvolenym
rezimom

« Stadium zmadavosti sklovin, $tadium ich
adhéznych vlastnosti

+ Stanovenie objemu kvapky znamej hmot-
nosti pri urcitej teplote (metdda leZiacej
kvapky)

« Stanovenie straty zihanim

+ Vypalovanie vzoriek naprogramovanym
rezimom (teplota do 950 °C, vydrZ na da-
nej teplote do 48 h, narast teploty 0,1-25
°C.min")

The activity of the laboratory is focused on heat
treatment of materials, particularly annealing
of metallic and non-metallic materials, glass
melting and burning with a program mode. Qur
studies focus primarily on determining the con-
tact angle at the interface - solidified glass drop
-gaseous atmosphere.

Instrumentation:

* KOIl chamber furnace for heat treatment
of materials up to 1550 °C with a program-
mable temperature increase controller and
temperature hold mode - REMARK M

* Muffle furnace for heat treatment of ma-
terials up to 900 °C with a programmable
temperature increase controller and tem-
perature hold mode - REMARK M

* Tube Furnace - the heat treatment of materi-
als to 1450 °C with a programmable temper-
ature increase controller and temperature
hold mode - REMARK M

Test methods:

+ glass melting (temperature up to 1550 °C,
temperature hold on a selected tempera-
ture up to 48 h, temperature increase 0.1- 25
°C.min"), glass cooling in a selected mode

+ study of wettability of glasses and their ad-
hesion properties

* determination of the volume of a drop with
a known mass at a specific temperature
(sessing drop method)

* determination of annealing loss

* firing of samples in a programmed mode
(temperature up to 950 °C, temperature
hold on a selected temperature for 48 h, the
temperature increase 0.1- 25 °C.min")

Komorova pec KOII
KOIl chamber furnace

Muflova pec
Muffle furnace

Fakulta priemyselnych technoldgii v Piichove
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* tepelné spracovanie materialov do uvede-
nych teplot

Vysledky a Stidie:

Zamerom vyskumnych prac bolo prestudovat’
tepelné spracovanie oceli pre formy pre RONA,
a.s., Lednickeé Rovne. Realizovala sa aj tepelna
tiprava odpadu z vyroby ferosilicia v muflovej
peci a pre Matador Holding, a.s., Istebné.

THE FACULTY OF INDUSTRIAL TECHNOLOGIES IN PUCHOV

* heat treatment of materials up to the indi-
cated temperatures

Results and case studies:

The aim of the research work was to study thermal
treatment of mould steels for RONA, a.s. Lednické
Rovne. We also realized thermal treatment of
waste from the production of ferrosilicon in amuf-
fle furnace for Matador Holding, a.s.Istebné.

THERMO-PHYSICAL MEASUREMENT
AND MATHEMATICAL MODELING LABORATORY

V laboratoriu mozno vySetrovat’ mechanické
a tepelné vlastnosti konStrukénych materialov
a modelovat’ fyzikalne procesy v nich. Spek-
trum aplikacii je Siroké a vysledky st apliko-
vatelné v priemysle, ale aj vo vyskume. Data
z DMA sa vyuzivajii na testovanie mechanic-
kych vlastnosti polymérov za roznych podmie-
nok, napriklad zmena elasticity polymérov pri
uréitom type namahania a deformacii alebo pri
fluktuacii teplot, miery zosietovania polymé-
rov ovplyviiujii viskozitu ich tavenin, stabilitu
polymérov, alfa a beta relaxacie a ich aktivacné
energie, postupnti zmenu rozmerov materialu
pri zatazeni, kinetiku chemickych procesov,
ako je vytvrdzovanie Zivic, polymerizacie a sie-
tovanie, mechanickeé straty v materialy, relaxa-
cie retazcov polymérov.

Pristrojové vybavenie:

« PerkinElmer Diamond DMA (teplotny rozsah
0d-150 °C do 400 °C)

« Termovizny skener Vigo Systems (citlivost’
0,01°C)

« Termovizna kamera FLIR Systems (ruéna,
citlivost’ 0,1°C)

* Experimentalna zostava RTL na meranie
termofyzikalnych parametrov tuhych kon-
Strukénych materialov pulznou prechodo-

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov

In this laboratory, it is possible to study mechan-
ical and thermal properties of construction ma-
terials and to model physical processes in these
materials. The range of applications is wide and
the results are applicable in both industry and
research. The DMA data are used to test the me-
chanical properties of polymers under various
conditions, such as changes in the elasticity
of polymers under a certain type of stress and
deformation, or at fluctuating temperatures,
the degree of crosslinking of polymers affects
viscosity of their melts, polymer stability, alpha
and beta relaxation, and their activation ener-
gies, step change of material’s dimensions un-
derload, kinetics of chemical processes, such as
curing resins, polymerization and cross-linking,
the mechanical losses in the material, relaxation
of polymer chains.

* Instrumentation:

* PerkinElmer Diamond DMA (temperature
range from-150 °C to 400 °C)

* Thermal Imaging Scanner Vigo Systems
(sensitivity 0,01 °C)

* Thermal Imaging camera FLIR Systems
(hand held, sensitivity 0.1 °C)

* RTL experimental setup for measuring ther-
mophysical parameters of solid construc-



vou metddou (teplotny rozsah od -20 °C
do 70 °C)

* PC pracovna stanica so zakladnym softvé-
rovym vybavenim (Windows 8, MS Office,
Internet)

Skusobné metody:

* Meranie mechanickych vlastnosti tuhych latok

* Meranie tepelnych parametrov nizkovodi-
vych materialov

+ Matematické modelovanie fyzikalnych pro-
cesov

Vysledky a Stiudie:

Vyskumné prace boli zamerané na preStudova-
nie dynamicko-mechanicko termickych vlastnosti
pripravenych elastomérnych zmesi, elastomér-
nych zmesi plnenych polysacharidmi v spolupraci
s UP SAV, Continental Matador Truck Tires, s.r.0.,
aLeteckou fakultou TU KoSice.

MACHINING LABORATORY

Zakladny strojovy park umoziiuje realizovat’
jednotlivé technoldgie z hladiska delenia,
obrabania a zvarania materialov. V laborato-
riu sa realizuje vyskum obrabatelnosti ma-
terialov, meranie zloZiek reznej sily, monito-
rizacia obrabania, trvanlivost' reznej hrany,
vznik a stav obrobeného povrchu, kontrola
utvarania triesky.

Pristrojové vybavenie:

* Hrotovy sustruh, typ: SV-18 -RA

* Fréza zvisla, typ: FSS 400-Y

+ Vrtacka stipova, typ: E 172 OF s maximal-
nym prierezom vitania 25 mm, maximalna
vzdialenost’ vitania od stola 640 mm, 16
rychlosti

* Braska stolova, dvojkotiicova, typ: BOSCH
-GSM 200D s brissnym kotiiéom 0200 x 25,
s priemerom upinacieho otvoru 32mm

* Rozbrusovacka prenosna, typ: KDR 300

tion materials by pulse transient method
(temperature range from-20 °C to 70 °C)

« PC workstation with basic software (Win-
dows 8, MS Office, Internet)

Test methods:

» measurement of mechanical properties of
solids

» measurement of thermal properties of
low-conductive materials

» mathematical modelling of physical pro-
cesses

Results and case studies:

Research work was aimed at the study of dynam-
ic-mechanical thermal properties of the pre-
pared elastomer mixtures, elastomeric mixtures
filled with polysaccharides in cooperation with
UP SAV, Continental Matador Truck Tires s.r.o.
and Letecka fakulta TU KoSice.

The basic machinery allows performing var-
ious technologies as cutting, machining and
welding of materials. This laboratory conducts
research of the machinability of materials,
measurement of cutting force components,
monitoring of machining, cutting edge dura-
bility, origin and condition of the machined
surface, control of chip forming.

Instrumentation:

* Centre Lathe Type: TOS SV-18RA

* Vertical Milling Machine Type: FSS 400-Y

* Pillar Drilling Machine Type: E 172 OF with
a maximum bore diameter of 25mm, max-
imum drilling distance from the tahle
640 mm, 16 speed

* Double-wheeled Bench Grinder Type: BOSCH
GSM 200 D with grinding wheel 0200x25,
with the grinding disc bore 32mm

* Disc cutter Type: KDR 300TR with cutting

Vrtaéka stipova E 172 OF
Pillar Drilling Machine E 172 OF

Fréza zvisla FSS 400-Y
Vertical Milling Machine FSS
400-Y
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Atomovy silovy mikroskop NT -

Atomic force microscope NT -

b
P e o

TR s rezacimi kotiémi 0300 x 32 x 3mm,
obvodova rychlost’ 80 m.s*

+ Uhlova briska, typ: BOSCH GWSP -125 CE
s kotiicom priemeru 125mm a otackami
2800 - 11000 min!

* Jvaracia stiprava na zvaranie plameiiom

* Jvaraci agregat na zvaranie elektrickym
oblikom v ochrannej atmosfére CO,, typ:
COMPAKT 141 AUTO

THE FACULTY OF INDUSTRIAL TECHNOLOGIES IN PUCHOV

wheels 0300x32x3mm, circumferential
speed 80 m.s!

* Angle Grinder Type: BOSCH GWSP -125 CE
with a125 mm diameter wheel and rotations
2800-11000 min-

* Gas welding kit

 Welding machine for electric arc welding
with CO, gas shielding Type: COMPAKT 141
AUTO

ATOMIC MICROSCOPY LABORATORY

Atdmova silova mikroskopia (AFM) spolu s ria-
diacim programovym zahezpecenim a pro-
striedkami spracovania je urena na meranie
mikro a submikroreliéfu povrchov, objektov
mikro a nanometrovych rozsahov s vysokym
rozliSenim. Oblasti pouzitia AFM si fyzika
peviych materialov, tenkovrstvové technolo-
gie, nanotechnoldgie, mikro a nanotriboldgia,
mikroelektronika, optika, vyskum preciznej
mechaniky, magnetické nahravanie, vakuova
technika atd. AFM je mozné vyuzit' vo vedec-
kych aj v priemyselnych laboratdriach.

Pristrojové vybavenie:

* Atomovy silovy mikroskop NT-206
* Riadiaca jednotka

* PC

SkisSobné metody:
+ Skenovanie matrice - meranie vybranej plo-
chy povrchu

* Dvojnasobné skenovanie - Specialna SSM
metodika umoziiujica skenovanie jednej
plochy v dvoch smeroch na ziskanie najprv
zobrazenia topografie a potom zobrazenia
kontrastu

* Mnohovrstvové skenovanie - Specidlna
metodika automatického merania stboru
AFM sluziaca na zobrazenie jednej plochy

Atomic force microscopy (AFM) together with
the controlling software and processing tools
focuses on measurement of micro and submi-
crorelief of surfaces, objects of micro- and na-
nometre ranges with high resolution. AFM can
be applied in following areas: physics of solid
materials, thin film technology, nanotechnolo-
gy, micro and nanotribology, microelectronics,
optics, research of precision mechanics, mag-
netic recording, vacuum technology etc. AFM
can be used in academic as well as in industri-
al laboratories.

Instrumentation:

* Atomic force microscope NT-206
* Controlling unit

* PC.

Test methods:
* Mould scan - measuring a selected surface.

* Double scan - a special SSM methodology
enabling scanning of one surface in two di-
rections to obtain the topography first and
then to display contrast.

* Multilayer scan - a special methodology of
automatic measurement of AFM file serving
to display one surface with different values
of the parameter that determines the extent
of console curvature.

Fakulta priemyselnych technoldgii v Piichove
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s roznymi hodnotami parametra uréujliceho
rozsah ohybu meracej konzolky

* Spektroskopia v bode - spektroskopickeé
meranie vo vybranom bode meranej plochy.
Funkcia silovej spektroskopie sa vyuziva
na presné nastavenie meracieho systému
(staticka silova spektroskopia alebo meranie
kriviek ,sila-vzdialenost™) a tiez ako Special-
na metodika na ziskanie informacii o vlast-
nostiach a zloZeni povrchu vzorky (staticka
adynamicka silova spektroskopia)

Druhy zobrazenia:
« Staticky rezim:
- Topography - topografia povrchu
- Deflection - vychylenie (ohyb) meracej
sondy
- Torsion - skriitenie (torzia) meracej sondy

* Dynamicky rezim:
- Topography- topografia povrchu
- Amplitude - amplitida kmitov meracej
sondy
- Phase - fazovy posuv meracej sondy

Vysledky a Stidie:

Vyskumné prace holi zamerané na sledovanie
morfoldgie, topografie - Rms drsnost; priemer-
na vySka nerovnosti, spektroskopie v bhode
- adhézna sila, tuhost’a vySetrovanie modulov
pruznosti v tahu kau¢ukovych zmesi s roznymi
plnivami (tmavé plniva, svetlé plniva, nanoruir-
ky), plastov, ako sti polypropylén a polyetylén,
Ti0,, Si0, a anorganicko-organickych vrstiev
pripravenych zo sdlov metddou sol-gél, kovo-
vych materialov - med; hlinik, ocel’ Vyskum
bol obsahovou naplitiou a sucastou rieSenia
vyskumnych prac realizovanych na pracovisku
v ramci rieSenia projektov VEGA a APVT.

+ Spectroscopy in point- spectroscopic meas-
urements in the selected point of the meas-
ured surface. Force spectroscopy is used
for precise adjustment of the measuring
system (static force spectroscopy or curves
measurements “force - distance”). Further-
more, it is used as a special methodology
to obtain information about characteris-
tics and composition of the sample surface
(static and dynamic force spectroscopy).

Display modes:
« Static mode:
- Topography - surface topography
- Deflection - bending of the measuring
probe
- Torsion - twisting (torsion) of the measu-
ring probe

Dynamic mode:
- Topography- surface topography
- Amplitude -oscillations’ amplitude of the
measuring probe
- Phase - phase shift of the measuring pro-
be

Results and case studies:

Research Studies aimed to examine the
morphology, topography - RMS roughness,
the roughness average, contact point spec-
troscopy - the adhesion force, rigidity, and
analysis of the elasticity modules in rubber
compounds with various fillers (dark fillers,
white fillers, nanotubes), plastics such as
polypropylene and polyethylene, Ti0,, Si0,
and inorganic-organic layers prepared from
sols based on sol-gel method, metal materi-
als - copper, aluminium, steel. The research
was a part of work within the projects VEGA
and APVT.

Fakulta priemyselnych technoldgii v Piichove
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Vyhodnotenie percentualneho
obsahu jednotlivych faz Struk-
tiry

Determination of the content
ratio of individual phases of
astructure

feriticko - perliticka Struktira
ferritic - pearlitic structure

_— ¥

METALLOGRAPHIC LABORATORY
AND METALLOGRAPHIC PREPARATION ROOM

V metalografickom laboratoriu rieSime prob-
lematiku kovovych a nekovovych materialov,
stavbu makro a mikroStruktury, vyskyt jed-
notlivych faz vSetkych typov oceli az po an-
tikorozne materialy, liatiny a rozne typy fa-
rebnych kovov. Zaoberame sa aj hodnotenim
plastov, gumy, skla a textilii. Spracovavame
analyzu vstupnych materialov pred vyrobou
sticasti, tepelne a chemicko-tepelne spra-
covanych materialov, ochrannych povlakov
na jednotlivych materialoch. Meriame hibky
tepelne a chemicko-tepelne spracovanych po-
vrchov, nanesenych povlakov rdznych typov
az po plazmové nastreky. Hlbku ovplyvnenia
mikro$truktiry uréujeme metalograficky
podla zmeny mikroStruktiry jednotlivych
faz sposobenej vplyvom tepelného a chemic-
ko-tepelného spracovania a meranim priebehu
tvrdosti podla Vickersa pri roznom zatazeni.
Skusky prebiehaji podla eurépskych noriem.
Ur€éujeme percentualny obsah jednotlivych faz
v mikro$truktiire.

Pristrojové vybavenie:

+ Svetelny metalograficky mikroskop DMI
5000 s programovym vybavenim LAS 3.8
na prenose dat z mikroskopu do pocitaca

+ Svetelné mikroskopy Jenaverty, mikroskop
Neophot 21 a stereolupa binokular do 45 x.

* Mikrotvrdomer V10 K/AQ na meranie tvrdo-
sti metodou Vickers s prisluSnym softvéro-
vym vybavenim

* Pristrojové vybavenie na pripravu meta-
lografickych vybrusov

+ Pila Mikron 3000/150 na rezanie metalogra-
fickych vzoriek

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov

The metallographic laboratory deals with
metallic and non-metallic materials, macro
and microstructure architecture, incidence
of the individual phases of all steel types
and corrosion resistant materials, cast iron
and various types of ferrous metals. We eval-
uate plastics, rubber, glass and textiles. We
analyse input materials before manufactur-
ing of parts, heat and chemical-heat treated
materials, protective coatings on various
materials. We measure the depth of heat and
chemical-heat treated surfaces, the different
types of coatings and plasma injection. Using
metallography, we determine the depth of the
effect on microstructure based on changes in
individual stages microstructure caused by
the influence of thermal and chemical-thermal
processing and by measuring the development
of hardness at various loads according to Vick-
ersat different loads. The tests are in line with
European standards. We also determine the
percentage content of individual phases in the
microstructure.

Instrumentation:

* Optical metallographic microscope DMI
5000 with software LAS 3.8 to transfer
data from the a microscope into a comput-
er

+ Optical Microscopes Jenaverty, microscope
Neophot 21 and stereomicroscope binocu-
lars up to 45x.

* Vickers Microhardness Tester V10 K/AQ to
perform Vickers hardness test with the nec-
essary software.

* Instrumentation for preparation of metallo-
graphic cuts:
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Metalografickeé laboratorium FPT-Tn UAD v Piichove
Metallographic laboratory FPT-Tn UAD in Piichov

Svetelny metalograficky mikroskop DMI 5000 s programovym vybavenim LAS 3.8
Optical metallographic microscope DMI 5000 with software LAS 3.8

Urcovanie jednotlivych faz a meranie povrchového ovplyvnenia cementovanej vrstvy metalograficky
Determination of individual phases and metallographic measurement of the surface effects of a cement layer

+ Zalisovacka Standard 30 na zalisovanie + Saw Mikron 3000/150 for cutting metallo-

metalografickych vzoriek do bakelitu a den- graphic samples
takrylu
* Press Standard 30 for pressing metallo-
¢ Automaticka briuska a leSticka Mecotech graphic samples into hakelite and dentacryl
234

* Automatic grinder and polisher Mecotech 234
Skiusobné metody:
* Hodnotenie makrostruktiry (vnitornych  Test methods:
a vonkajSich chyb, rieSenie problematiky « Evaluation of macrostructure (internal and
poruSovania sii¢asti) external flaws, addressing formation of
manufacturing defects of parts).
* Hodnotenie mikrocistoty a mikroStrukti-
ry, uréenie jednotlivych faz roznych typov * Evaluation of microclarity and microstruc-
kovovych a nekovovych (farebnych kovov) ture, determination of the individual phases
materialov of different metal and non-metal (ferrous
metals) materials.

Hodnotenie  makroStruktiry
Stereolupou pri roznych zvac-
Seniach

Evaluation of macrostructure
with stereomicroscope at dif-
ferent magnifications

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov
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Priprava metalografickych vy-

brusov
Preparation of metallographic
cuts

Pila MIKRON 3000/150
Saw MIKRON 3000/150

R

Mikrotvrdomer V10 K/AQ na meranie priebehu tvrdosti metddou Vickers
Vickers Microhardness Tester V10 K/AQ

Detail merania tvrdosti metddou Vickers pri zataZeni HV, a meranie vzdialenosti
jednotlivych vtlackov od povrchu metalografickej vzorky

Detail of Vickers hardness test at a HV, load and measurement of distance

of individual indents from the surface of metallographic sample

Mikroskopy Jenavert a Neophot 21
Microscopes Jenavert a Neophot 21

+ Meranie nanesenej hribky na povrchu ma- » Measurement of the coating thickness

terialu, ako aj ovplyvnenie mikroStruktiry
po tepelnom spracovani alebo po chemic-
ko-tepelnom spracovani (cementovani,
nitrocementovani, nitridovani a pod.) me-
talograficky a priebehom tvrdosti podla
Vickersa

Uréovanie velkosti zfn podla prisluSnych
noriem pre rozne druhy materialov

Urcovanie percentualneho obsahu faz v mik-
roStruktire

Expertizne rieSenie roznych pricin poru-
Seni pred a po tepelnom spracovani ho-

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov

on the surface of material and the effect
on microstructure after heat or chemi-
cal-heat treatment (hardening, carboni-
triding, nitriding, etc.). Measurements
are performed metallographically or by
course of hardness by Vickers hardness
test.

Determination of grain size according to the
standards for different types of materials.

Determination of the content ratio of indi-
vidual phases in the microstructure.

+ Expert analyses of the various causes of de-



tovych siicasti, po ich degradacii alebo
havarii

Vysledky a Stidie:

V metalografickom laboratdriu si hodnotené ma-
terialy, ktoré sui sui¢astou rieSenia grantovych
tiloh, projektov KEGA, VEGA (eurépskych projek-
tov) a tiloh rieSenych v ramci HZ VTP. Spolupraca
v ramci rieSenia praktickych problémov s firma-
mi RONA, a.s, Lednické Rovne, Continental, a.s.,
Piichov, Kaliarei, a.s., Povazska Bystrica.

fects before and after heat treatment of com-

ponents after their degradation or failure.

Results and case studies:

In metallographic laboratory we evaluate materi-
alsthatareapart of addressingtasksingrant pro-
jects KEGA, VEGA (European projects) and tasks
executed within HZ VTP. Solution of practical prob-
lems in cooperation with the following companies:
RONA, as. Lednické Rovne, Continental, a.s.
Puchov, Kaliarei, a.s.PovazskaBystrica.

ELECTRON MICROSCOPY LABORATORY

Cinnost' laboratdria je zamerana na vyhodno-
covanie mikromorfoldgie lomov, povrchov vzo-
riek a morfologie mikrocastic do velkosti Tym.
Rastrovaci elektronovy mikroskop je jeden
z najdolezitejSich nastrojov optickej analyzy
povrchov vyuzivajiici sekundarne elektrony
na pozorovanie vySetrovaného povrchu. Vyho-
dou je vel'ka hlbka ostrosti, ktora je vacSia ako
pri svetelnom mikroskope pri rovnakom zvag-
Seni. DalSou vyhodou je trojrozmerny obraz,
ktory je mozno Iahko interpretovat

Skusobné metody:

* Hodnotenie materialovych charakteristik
kovovych i nekovovych materialov vratane
hodnotenia mikroStruktiir a hodnotenia lo-
movych ploch na REM

* Komplexné analyzy pricin havarii strojnych
sticasti

* Spolupraca pri optimalizacii vyrobnych
technoldgii

+ Optimalizacia rezimov tepelného spracova-
nia.

Vysledky a Stidie:

Vyskumné prace holi zamerané v oblasti vyvo-
ja, vyroby a exploatacii sii¢asti motocyklovych
retazi pre CZ Retézy, a. s., Strakonice, oblasti
identifikacie metalurgickych chyb a optimali-

This laboratory is focused on the evaluation
of micromorphology of fractures, surfaces of
samples and the morphology of microparticles
up to the size of lym. Scanning electron micro-
scope is one of the most important tools of the
optical analysis of surfaces using secondary
electrons for the observation of the surface
examined. The advantage is a large depth of
field, which is larger than the optical micro-
scope at the same magnification. Another ad-
vantage is the three-dimensional image, which
can be readily interpreted.

Test methods:

+ evaluation of material characteristics of
metallic and non-metallic materials includ-
ing evaluation of microstructures and eval-
uation of fracture surfaces on REM

« comprehensive analysis of the causes of ma-
chine parts failures

* cooperation in the optimization of produc-
tion technologies

« optimization of heat treatment.

Results and case studies:

The research work focused on development,
production and use of parts of motorcycle
chains for Retézy a.s., Strakonice, areas of iden-
tification of metallurgical defects and optimi-

Zalisovacka STANDARD 30
Press STANDARD 30

L]

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov
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MakroStrukttra- lomy
Macrostructure - fractures

roskop

Microstructure - optical micro-

scope

MikroStruktura - svetelny mik-

zacie technoldgie vyroby pre Metalurg, Dubnica
nad Vahom, optimalizacie technoldgie vyroby
skrutiek fosfatovanie, tepelné spracovanie pre
RIBE Slovakia, Dubnica nad Vahom, v oblasti
vyvoja, vyroby a exploatécii sucasti zubnych
vrtaciek pre Chirana Medical, Stara Tura, ma-
terialova analyza znecistenia skloviny ocelo-
vymi sti¢iastkami RONA, L. Rovne, materialova
expertiza havarovanych matic pre Odenberg
Engineering, s.r.o., Pezinok, materialova ex-
pertiza havarovanych skrutiek a podloziek pre
Schneider Electric, a. s., Pisek, optimalizacia
technoldgie vyroby tvarnej liatiny pre Kovosvit
Mas, CR, hodnotenie kvality technologického
procesu tepelného spajania povlakovanych hli-
nikovych casti elektromotora pre HVCC, llava,
spolupraca pri rieSeni aktualnych operativnych
problémov - kordzia parovodnych trubiek kotla,
praskania kordov pneumatik, vplyv pretavova-
nia na Struktiiru a vlastnosti zliatiny AIMg, pre
Matador, Piichov.

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov

zation of production technology for Metalurg,
Dubnica nad Vahom, optimisation of technology
of screws manufacturing, phosphate coating,
heat treatment for RIBE Slovakia, Dubnica nad
Vahom, in the development, production and
use of components of dental drills for Chirana
Medical, Stara Tura, Material analysis of glass
pollution hy steel components for RONA, L.
Rovne, material expertise of crashed nuts for
Odenberg Engineering, s.r.0. Pezinok, material
expertise of damaged bolts and washers for
Schneider Electric, a. s., Pisek, optimization
of technology of ductile iron production for
Kovosvit Mas, CR, quality assessment of the
technological process of heat staking of coated
aluminium parts of an electric motor for HVCC,
llava, cooperation in solving current opera-
tional problems - corrosion of the steam boiler
tubes, cracking of tire cords, the influence of
remelting on the structure and properties of
the AIMg, alloy for Matador, Piichov.



HOLOGRAPHY LABORATORY

Cinnost’ laboratéria je zamerana na nedes-

truktivnu kontrolu vyrobkov a ich ¢asti meto-
dou ESPI (Electronic Speckle Pattern Interfe-
rometry), umoziiuje vySetrovanie deformacie
skiimaného objektu, vizualizaciu vibraénych
poli objektu, meranie jeho vlastnych frekven-
cii a dalSie holografické a interferometrické
merania.

Pristrojové vybavenie:

* Holograficky stol

* He-Ne laser s vykonom 50 mW

* Polovodicovy laser Nd-YAG

+ Opticka aparatira (zrkadla, SoSovky, matni-
ce, delice zvizkov)

* Mechanickeé casti (stojany a drziaky)

* Elektroakusticka aparatira (generator si-
nusoidalneho signalu, zosiliiovac)

* CCD videokamera CB - 3803

+ Riadiace PC spolu so Specializovanym hard-
vérom a softvérom (framegrabber KAPA LAB
PCI, SW pre spracovanie obrazu IMPOR 4.,5)

* Klimatizacna jednotka

Skiusobné metody:
« Vyuzitie vlastnosti laserovych Skvin (spec-
klov) a digitalne spracovanie obrazu,

+ ESPI a softvérovym vybavenim aparatiiry sa
ziskaju obrazy deformacie meraného telesa
vrealnom case

» Moznost’ merat’ statické zatazenie, dyna-
mické zatazenie (meranie vibracii telesa
v realnom ¢ase)

* Uréenie modulu pruznosti v tahu, modul
pruznosti v Smyku, Poissonovo &islo

Vysledky a Stidie:

Cielom vyskumnych prac bolo sledovanie vlas-
tnych tvarov kmitania dosiek roznych tvarov
a roznych materialov (kovové materialy, kompo-

The laboratory focuses on non-destructive in-
spection of products and their parts using ESPI
(Electronic Speckle Pattern Interferometry)
method that allows investigation of deforma-
tion of the examined object, visualization of
vibrational fields of the object, measurement of
its natural frequencies and other holographic
and interferometry measurements.

Instrumentation:

* holographic table

* He-Ne laser, output power of 50 mW

+ semiconductor laser Nd-YAG

« optical accessories (mirrors, lenses, focus-
ing screen, beam splitters)

« mechanical parts (racks and holders)

+ electroacoustic accessories (sinusoidal sig-
nal generator, amplifier)

* CCD camcorder CB- 3803

* PC control with specialized hardware and
software (KAPA LAB PCI frame grabber, im-
age processing software IMPOR 4.5)

* air conditioning unit

Test methods:
« use of laser spots (speckles) properties and
digital image processing

+ with ESPI and software it is possible to
obtain images of deformations of the exam-
ined body in real time

* abhility to measure static load, dynamic load
(vibration measurement of hody in real
time)

o determining the tensile modulus, shear
modulus, Poisson’s ratio

Results and case studies:

The goal of the research work was to observe
the vibration mode shapes of square plates of
different shapes and different materials (met-

Ukazky vlastnych tvarov kmita-
nia Stvorcovych dosiek
Examples of vibration mode
shapes of a square plate

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov
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Ukazky vlastnych tvarov kmita-
nia osobnych aut plastov
Examples of vibration mode
shapes of passenger car tires

PULSE 35608
PULSE 3560B

He-Ne laser
Irkadlo He-Ne laser

Sosovka | CCD kamera
Mirror s CCD camera
' |

ZrkadN .
Mirror

Optické hlava Referenény zvazok
Optical head Reference beam

zitné materialy), uréenie rezonanénych frekven-
cii meraného objektu, sledovanie vlastnych tva-
rov kmitania autoplastov. V ramci spoluprace
sMatador, a.s., Piichov sa merali vlastné frekven-
cie vibrécii osobnych plastov a modalna analyza
osobnych plastov pomocou speckle interfero-
metrie a bodového snimaca vibracii. Vyskum bol
aj obsahovou naplilou a sii¢astou rieSenia vy-
skumnych prac realizovanych na pracovisku
vramci rieSenia projektov VEGA a KEGA.

Osobny poéitaé
PC

Objektovy zvazok -ea
Object beam

als, composites), determinations of resonance
frequencies of the measured object, ohserve
the vibration mode shapes of car tires. In coop-
eration with Matador, a.s. Pichov we meas-
ured natural frequencies of vibration of pas-
senger tires and modal analysis of passenger
car tires using speckle interferometry and
point vibration sensor. The research was
a part of work within the project type VEGA
aKEGA.

APPLIED MECHANICS AND NUMERICAL

ANALYSIS LABORATORY

Cinnost’ laboratdria je zamerana na rieenie
problémov aplikovaného vyskumu pre prax,
rozvoja vedy a vyskumu v odbore materialové
inzinierstvo a aplikovana mechanika. Rovna-
ko slizi na vzdelavanie hlavne na doktorand-
skom Stiidiu, ale i pri vyucbe odbornych pred-
metov.

Fakulta priemyselnych technoldgii v Piichove
The Faculty of Industrial Technologies in Piichov

The laboratory focuses on solving problems
of applied research for the practice, devel-
opment of science and research in fields of
Materials Science and Applied Mechanics.
Moreover, the laboratory serves for education
purposes, especially for doctoral studies, but
also for regular vocational subjects’ classes.



Pristrojové vybavenie:

* Meracie zariadenie PULSE 12

* Modalne kladivko typu 8206-002

* Piezoelektrické snimace zrychlenia

« Softvér na meranie a vyhodnotenie merania

Softvéroveé vybavenie:

+ COSMOS M, COSMOS MOUTION
 DESIGNER STAR

» MODEL3D

» DYTRAN, PATRAN, MARC, ADAMS
* ADINA9.0.1

* MATLAB

* PROENGINEER

Skisobné metody:

* Meranie vlastnych a vybudenych frekvencii
objektov

* Numericka analyza a simulacia technologic-
kych procesov

+ Experimentalne testovanie autoplastov pre
automobilovy priemysel

* Numericka analyza kovovych polymérnych
a kompozitnych materialov

Vysledky a Studie:

Meranie vlastnych frekvencii objektov a kon-
Strukeii v rozsahu do cca 20 kHz. Numericka
analyza statického, dynamického a teplotného
zatazenia konStrukcii. Simulacia napatovo-de-
formacénych stavov konStrukeii. Experimental-
ne testovanie autoplastov pre automobilovy
priemysel.

Modalna analyza autoplasta
Modal analysis of a tire

Numericka analyza napétovo-deformacnych stavov autoplastov

Numerical analysis of stress-strain states of tires

Instrumentation:

* Measuring apparatus PULSE 12

* |Impact hammer Briiel & Kjer 8206-002

* Piezoelectric CCLD accelerometer

« Software for measurement and evaluation
of measurement

Software:

« COSMOS M, COSMOS MOUTION
« DESIGNER STAR

« MODEL 3D

DYTRAN, PATRAN, MARC, ADAMS
ADINA 9.0.1

MATLAB

PROENGINEER

Test methods:

» Measurement of natural and excited fre-
quencies of objects

* Numerical analysis and simulation of tech-
nological processes

* Experimental testing of tires for the auto-
motive industry

* Numerical analysis of metallic polymeric
and composite materials

Results and case studies:

Measuring the natural frequencies of objects
and structures in the range up to approximate-
ly 20 kHz. Numerical analysis of static, dynamic
and thermal load of structures. Simulation of
stress-strain states of structures. Experimen-
tal testing of tires for the automotive industry.

Modalna analyza kompozitnej dosky
Modal analysis of a composite board

Modalne kladivko typ 8206-002
Impact hammer 8206-002

p

Akcelerometer typ 4507B
Piezoelectric  accelerometer
4507B

Zostava experimentalneho me-
rania
Experimental measurements
setup

Graf frekvencnej odozvy v 3D
zobrazeni
Frequency response graphin 3D

Fapry e = s v
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Fakulta priemyselnych technoldgii v Plichove
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