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Z znanjem do inovativnih reSitev

Prva Studentska konferenca Mednarodne podiplomsleeJ®zefa Stefana je pokazala, da
tako Studentje kot tudi predstavniki iz gospodaspotrebujemo dogodke, namenjene
povezovanju znanja iz raiih sfer. Zato je bila odttev Studentskega sveta tokrat veliko
laZja: »Konferenca seveda bo«.

Za rde&o nit letoSnje Studentske konference smo si pdsiaziv, kako z znanjem do ino-
vativnih reSitev. Odgovore bomo poiskali s povezgem - povezovanjem med nami,
Studenti, povezovanjem z mentorji, ki usmerjajoendélo, in ne nazadnje s povezovanjem
z vrhunskimi slovenskimi raziskovalnimi in razvajmilaboratoriji. Drug drugemu in Siro-
kemu krogu strokovnjakov iz vodilnih slovenskih anigacij zelimo pokazati svoje delo.
Zelimo premisliti tudi o tem, kak$no pot bomo ubréér na kak3en @in lahko s svojim
pridobljenim znanjem prispevamo svoj kardek v mozaik uspesnosti slovenskega gospo-
darstva.

Mladi raziskovalci véasu Studija usmerjamo rezultate svojega dela pesawsznanstvene
publikacije v najboljSih mednarodnih revijah. Velkcat se niti ne zavedamo, kako bi svoje
znanje in izsledke uporabili za izboljSavo dmlnega izdelka, v razvoju novih materialov,
delovnih in poslovnih procesov ali Z&stejSe okolje. Prav v tem segmentu je Studentska
konferenca svojevrstna, saj je njen namen poveZeviastitucije znanja s slovenskim
gospodarstvom. Upamo, da bodo tako Studentje kibpredstavniki iz gospodarstva na tej
konferenci nasli svoje sogovornike in da se bo mddgtavljenih posterjih razvila plodna
debata, ki bo morda vodila v kasnejSe tesno sodajevn ne nazadnje, inovacije.

V letoSnjem letu nam je uspel velik premik napB: Studentskih prispevkov in preko 40
obiskovalcev iz vodilnih slovenskih podjetij kaZa to, da je tako séanje v danasSnjem
¢asu ekonomske negotovosti, ko je glavno gonilo sgeyrav v inovacijah, raziskavah,
novih izdelkih in izboljSanih storitvah, Se kakotfano. Uspeh te konference pa ni samo
stvar organizatorjev. Brez vsestranske podpore lliedime podiplomske Sole JoZefa Ste-
fana z dekanom prof. dr. Robertom Blincem ne bitdlm gladko. Prav tako sta za uspeh
konference v veliki meri zasluzna prof. dr. Alekdem Kornhauser, prodekanka MPS za
sodelovanje z industrijo, ki je tudi v letoSnjentul@revzela skrb za pregled vseh prispev-
kov, in dr. Emil Rojc, ki nam je priskd na pom@ s Stevilnimi kontakti v razvojno-
raziskovalnih oddelkih podijetij. Veseli smo, dassoslovenska podjetja v tako veliki meri
odzvala na vabilo. Predvsem pa gre zahvala vsentomem, ki nas usmerjajo na naSi
raziskovalni poti.

Programski odbor
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Beseda dekana

Zivimo v ¢asu globalizacije, kjer je znanstvena uspesnosaverpogoj za ekonomsko
uspesnost in celo za neodvisnost. Razlogi za ugttnoMednarodne podiplomske Sole
Jozefa Stefana (MPS) so prav v tem, to je v izjemitiem razvoju znanosti in nastanku
novih znanstvenih podé ter potrebi po hitrem prenosu novih znanj v wgims. MPS gradi
na projektno usmerjenem izobraZevanju, kjer Studdoipaj z mentorji prispevajo k preno-
su vrhunskih znanj v procese dela in k uvajanjuimakolju prijaznih tehnologij ter med-
narodnemu sodelovanju z vrhunskimi raziskovalcihtwjniverz. Podrgja dela so zlasti
nanotehnologija in bioznanosti, informacijska imkanikacijska tehnologija, ekotehnologi-
ja in menedZment tehnologij. Gre za doseganjeiooliti v temeljnih raziskavah, po drugi
strani pa za posodabljanje postopkov in proizvoddwaj privedejo k v&i ekonomski
ucinkovitosti in okoljski sprejemljivosti.

MPS je bila ustanovljena leta 2004 kot samostojswko3olski gavod, na njej pa je sedaj
doktoriralo 40 doktorjev znanosti in magistrirald fnagistrov. Studenti so skupaj z men-
torji objavili okoli 200 znanstvenih del v revijaki, jih citira Science Citation Index.

MPS kot vsaka druga univerza je tako dobra, kadetari njeni Studenti. Pred letom dni je
bila organizirana prva Studentska konferenca, kirjkazala nekatere rezultate dela Studen-
tov in je bila zelo uspeSna. Tokrat organizirajodénti drugo Studentsko konferenco, za
katero smo preptani, da bo prav tako uspesSna kot prva in bo prizleek povezovanju
akademske in industrijske sfere.

Prof. dr. Robert Blinc
Dekan MPS



« Beseda predstavnika industrije

Glavni razlog za m&no podporo slovenske industrije pri snovanju iranavljanju Medna-
rodne podiplomske 3ole JoZefa Stefana -MPS —| jgebi cilj:

Gojiti vrhunsko raziskovanje
in dosezke temeljnih raziskav neposredno vé&ljati
v raziskovalne in razvojne projekte gospodarstva.

Zato smo v slovenskih industrijskih podjetjih laniveseljem pozdravili akcijo Studentov
MPS za $irSo predstavitev njihovih raziskovalnitpm@v in dosezkov s poudarkom na
obetih za izboljSanje — ali celo uvajanje novihestopkov in proizvodov.

LetoSnja druga Studentska konferenca kaze porasigabin kakovosti predstavljenih dose-
Zkov. To je dokaz, da tudi nova generacija $tudeMi®S sprejema to predstavitev kot
obveznost ter kot priloznost za prenos znanja -paEadnje tudi za uveljavljanje mladih
raziskovalcev.

Gospodarstveniki bomo vesetie bocimvet dosezkov prodrlo v naSo industrijo v obliki
novih izdelkov in storitev. Se posebej pa bomo geliem pozdravili mlade raziskovalce v
svoji sredi. Kajti samo s skupnimi napori mladéwmiskovalcev in izkuSenih razvojno
vodilnih gospodarstvenikov bomo ustvarili dosekgih Zelimo in potrebujemo.

Uresntiti jih bomo poskuSali z razvojno strategijo, ki betala pomen in moznosti razis-
kovanja, seveda tudi z usklajevanjem neogibnihjewadnih faktorjev kot sta za to potre-
bencas in denar.

Od Vas pa ptiakujemo, da boste prinasali svezino, dinarost in tudi sanje.

Franjo Bobinac

Predsednik Uprave Gorenja
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Zdruzitev kemijske analize in bioloSkih testov za
preucevanje steroidnih estrogenov in drugih
biolosko aktivnih snovi

Miha Avbersek *? Bojana Zegura, Metka Filipi ¢, Ester Heath*

'0dsek za znanosti 0 okolju, Institut JoZef Stefqmbljana, Slovenija
*Mednarodna podiplomska 3ola JoZefa Stefana (Ekolegifa, 3. letnik)
3Nacionalni institut za biologijo, Ljubljana, Slovign

m ha. avbersek@j s. si

BioloSko aktivne snovi igrajo v Zivljenjdloveka in drugih Zivih organizmov pomembno viogo,je&
lahko pozitivha (zdravilne dinkovine) ali pa negativna (Skodljiva prisotnosbkolju). Onesnazevanje
okolja je ze vé desetletij pomembna tema in predmet raziskav,gualar raziskovalci v Evropi in svetu
ugotavljajo, da v okolju prepoznavamo vsed vaovih organskih in anorganskih bioloSko aktivnih
onesnazil. Prav tako se nezadrzno Siri tudi spisdrdavilnih winkovin, ki imajo poleg Zelenih tudi
nezelene tinke. Ker se bioloSko aktivne snovi ponavadi pggel v kompleksnih vzorcih, je poleg
vsebnosti posameznih spojin pomemben tudi podateklotnem bioloSkem dinku vzorca. Oshovni
metodologiji, ki se uporabljata za ptewanje zdravilnih &inkovin ter prisotnosti, kroZenja in vpliva
bioloSko aktivnih snovi v okoljskih vzorcih, starkgska analiza in bioloSko testiranje — biotesti.

Kemijska analiza, ki se najpogosteje uporablja @eadovanje spojin v kompleksnih vzorcih, nam poda
informacijo o kemijski sestavi vzorca, to je o vsebti posameznih spojin v vzorcu, ne pa tudi o
njihovem dejanskemcinku in medsebojnih interakcijah. Celotni biologkinek merimo z biotesti, ki pa
nam sami riesar ne povedo 0 vsebnosti posameznih spojin vcuzdfvalitetnejSe rezultate lahko
zagotovimo z zdruZitvijo kemijske analize in bidte§a testiranja, v kolikor sta metodi smiselno Zeéni

in prilagojeni ena drugi.

Del naSega raziskovalnega dela pokriva pegeanje prisotnosti steroidnih estrogenov v okoljskiorcih

s kemijsko analizo (plinska kromatografija z masepektrometiino detekcijo, GC-MSD), kar
kombiniramo z biolodkimi testi za dalanje celokupne estrogenosti vzorcev (ER-CAluObiajno
raziskovalci kemijsko analizo in bioloSke teste abravajo Igeno, kar posledno pomeni Iéeno in
dvojno pripravo vzorcev. V naSem laboratoriju smergagajanjem posameznih metod (npr. uporaba
enakega topila v obeh metodah, prilagoditev dkadi uporabljenega topila) zdruZili oba postopka in
dosegli v& kot 90 % ujemanje rezultatov, pfémer smo zmanjSafias in stroSke analize. V prihodnje
bomo kombinirano metodo uporabili za pfevanje kroZenja steroidnih estrogenov v okoljskibreih
(odpadna voda iz komunalnitistiinih naprav in povrSinske vode) in njihov dapyé k celokupni
estrogenosti vzorcev.

Prekevanje povezave med kemijsko sestavo vzorca inkgplom bioloSkim dinkom vzorca je
uporabno tako za préevanje onesnazenosti okolja (strupene snovi, eidakotilci ipd.), kot tudi za
testiranje bioloSkegac¢inka zdravilnih dinkovin. Hkrati pa lahko s primerno kombinacijo &mae
metode in bioloSkega testa odkrijemo neznane spojin jih lahko s frakcioniranjem izoliramo in
identificiramo. Tovrstni pristopi so pomembni pskanju novih biolosko aktivnih zdravilnikgimkovin, v
okolju pa za zaznavanje novih onesnaZil. ZdruZikemijske analize in bioloSkega testa pomeni
kvalitetnejSo informacijo z niZjimi moZnimi stroski krajSim porabljeningasom.
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BioloSko aktivne snovi igrajo v Zivljenju ¢loveka in drugih Zivih organizmov pomembno vlogo, ki je lahko pozitivna (zdravilne u¢inkovine)
ali pa negativna (Skodljiva prisotnost v okolju). Onesnazevanije okolja je Ze vec¢ desetletij pomembna tema in predmet raziskav, pa
vendar raziskovalci v Evropi in svetu ugotavljajo, da v okolju prepoznavamo vse ve¢ novih organskih in anorganskih, biolosko aktivnih
onesnazil. Prav tako se nezadrzno Siri tudi spisek zdravilnih u¢inkovin, ki imajo poleg Zelenih, tudi nezelene ucinke. Ker nam kemijska
analiza in bioloSki testi vsak zase ne podajo celovite informacije o vsebnosti in bioloski aktivnosti posameznih spojin 0z. kompleksnih
vzorcev, je smiselno hkratno testiranje vzorcev z obema metodama. Zdruzitev kemijske analize in bioloSkega testiranja nam omogoca
kvalitetnejSe rezultate, v kolikor sta metodi smiselno zdruzeni in prilagojeni druga drugi.

Zdruzitev kemijske analize in bioloskih testov

KEMIJSKA ANALIZA

VZOREC (npr. odpadna voda) VEC KVALITETNEJSIH INFORMACIJ O
VZORCU!

« vsebnost IN celokupni bioloSki u¢inek

« upostevanje medsebojnih interakcij
med spojinami (sinergizem,
antagonizem)

* vsebnost posameznih snovi
* specificnost
* obdutljivost, ponovljivost

« brez celokupnega biolodkega uginka + odkrivanje neznanih spojin z bioloskim
« brez sinergijskih in antagonisti¢nih VeelrEe VAIREE 2 ucinkom
interakcij
» draga, ¢asovno zamudna metoda -
* prakticno nemogoce zaznavanje
neznanih spojin EKSTRAKCIJA EKSTRAKCIJA (Najpogostejsa praksa) Loceno,
vzporedno (podvojeno) delo z

vzorcem posebej za kemijsko in
posebej za bioloSko analizo

BIOTEST | POT 2 2

(ER-Calux®) Za biotest se uporabi ekstrakt iz
kemijske analize (1-10%),

Tezave:

* nekompatibilnost kemijske
in bioloSke metode

« prostorska lo¢enost
laboratorijev

¢ razlicne metode dela v
kemijskih in bioloskih

izognemo se dvojni pripravi

laboratorijih : vzorca, dodatnim korakom,
DERIVATIZACIJA - rezultati so bolj primerljivi
BIOTEST ' '
+ KVALITETNI PODATKI S CIM
« celokupni bioloski uginek, KEMIJSKA ANALIZA MANJSIMI STROSKI in
sinergizem, antagonizem GC-MSD (GC-MS(MS)) PORABLJENIM CASOM!
« hitrost, cena
¢ vec vzorcev hkrati
« in vivo testi Rezultati in cilji raziskovalnega dela:
 neznane spojine « IESE) zdruZitev obeh metod (GC-MSD in ER-Calux®) za dolo¢anje

steroidnih estrogenov
» dosegli smo ve€ kot 90% ujemanje rezultatov

* uporaba metode na realnih vzorcih za dolo¢anje vsebnosti steroidnih
estrogenov in celokupne estrogenosti vzorcev

* nespecifiénost
* ni informacije o sestavi vzorca

UPORABNOST V PRAKSI

Proucevanje povezave med kemijsko sestavo vzorcev in celokupnim bioloSkim u¢inkom vzorca je uporabno tako
za prou €evanje onesnazenosti okolja (strupene snovi, endokr ini motilci ipd.) , kot tudi za testiranje
bioloSkega u €inka zdravilnih u €inkovin . Hkrati lahko s primerno kombinacijo analizne metode in bioloSkega
testa odkrivamo neznane spojine , ki jih lahko s frakcioniranjem izoliramo in identificiramo. Tovrstni pristopi so
pomembni pri iskanju novih bioloSko aktivnih zdravilnih u€inkovin, v okolju pa za zaznavanje novih onesnaZzil.
Zdruzitev kemijske analize in bioloSkega testa pomeni kvalitetnejSo informacijo z najnizjimi moznimi stro Ski
in porabljenim ¢€asom.
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Microbiological transformations of mercury
Speciesin aguatic environments

Arne Bratki&¢*? Milena Horvat

! Department of Environmental Sciences, JoZef Stefstitute, Ljubljana, Slovenia
2 Jozef Stefan International Postgraduate Schoolt@Ebaology, 1. year)

arne.bratkic@js. si

Biogeochemical cycle of mercury (Hg) is a complichteries of biotic and abiotic reactions, fromahhi
formation of monomethylmercury (MeHg) is widelymsidered as the most important, due to the proven
toxicity of MeHg [1]. Organomercury forms have apounced capability of bioaccumulation (incorpora-
tion in cells and tissues of living organisms) &naimagnification (transport through trophic levdls).

In order to understand how the MeHg enters fooduess, transformation of mercury and its spegies i
the aquatic environment needs to be understoodroltiganisms play a fundamental role in mercury
transformation processes (reduction, oxidation,hylation, demethylation). Hg transport and transfor
mations are also governed by the physical and ad@mproperties that characterize the aquatic enviro
ment (pH, redox potential, temperature, saliniigsdived oxygen, presence of dissolved organicenatt
etc...).

The objective of this research is to better undedstthe role of microorganisms in mercury cycling i
typical Slovenian surface water bodies as a regptmsnercury loads from air and water born sources.
The work plan involves the following steps: (i) aégition of measurement data on mercury analysis an
speciation in precipitation and surface wateiyuge of chemical analytical methods for mercumglg-

sis and speciation and transformation processeg uadiotracers; (iii) application of microbiologicand
molecular tools to understand the role and respofisgcrobial population to mercury stress.

The initial research has been focused on the doasthestuarine environment of the Gulf of Trieste
which has been extensively studied in recent ygaf. The Gulf of Trieste is still receiving high
loads of Hg due to now closed mercury mine in &apd is therefore of special ecological interestest
results from measurements from Gulf of Triestedatk that approximately 1-7 % of total Hg (THg)ns

the form of MeHg in pore waters and water columhereas in sediments, between 0.01 and 0.1 % of
total Hg is present in methylated form (data ndblihed). THg concentrations in marine waters are i
range from 2 ng/L in surface layers to 15 ng/Lhat bottom layer. Interesting values are those sgali

ved elemental Hg in waters, which are not only led same order of magnitude as MeHg, but are
approximately of the same concentration as weldl are in some cases higher than MeHg. Surface
waters have generally more dissolved Hg than boti@ters. Concentrations of THg in pore waters are
somewhat higher and range from 4 ng/L to 32 ngkdi®ents have the highest THg concentrations,
ranging from 2700 to 17000 ng/g of sediment drygliei however in this case, higher concentrations in
top layers can be observed. These are relativgly Values, indicating present (and constant) iopiitg

into Gulf of Trieste. More measurements are regui estimate which are the controls over the Hg
cycling in this environment. In addition to tha@éasonal variations need to be investigated.
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AQUATIC MERCURY CYCLE

VOLATILIZATION VOLATILIZATION
AND DEPOSITION AND DEPOSITION

During aquatic part of Hg cycle many different transformations
occur, which have profound influence on Hg bioavailability. Very
important are especially methylation and complexation
processes. They are responsible for the increased toxicity and
decreased bioavailability and transport, respectively.

Note that besides sedimentation and volatilization, no other
process removes Hg permanently from aquatic system. Hg,
bound in biota, is considered only temporarily immobilized
(Figure 1).
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Figure 1: Simplified mercury water cycle.
Source: Internet

In September 2009, water was collected
from the boat with precleansed bottles \ g i
and sediment was collected with corers. : : ; '
They were kept in cooling boxes and :
transported back to the laboratory. First,
measurements of dissolved elemental Hg
were conducted. Sample preparations for
MeHg measurements were carried out in
inert nitrogen atmosphere.

5ampling point 3

Sampling point 1

errahleirics, Podatki na zemjevi

Marine waters Figure 2: Sampling points in Gulf of Trieste. Source: Google Maps
Figures 3-6 show results Pore waters
1000 1,000 . . 3000 300
o from sampling in
o wooee  SEPtember 20009. L
. . E
4 Different Hg species were " w
” i i i i I measured at different §
o 10 12 16 30 33 34 5o s1 sz aw " water depths and 1000 100
Figure 1: MeHg and THg concentrations in sea water sediment at 4 Sampling 500 i I i I i i a 050
points. DGM was oo om
o0 Sediments - THg measured Only in water feml l;:;!ml;m]! fem) fem] r::n:"m; feml rm;lvx;mr]n;:: fem] :wa 3 s
16000 . . Depth of sediment [cm]
g o column. Results indicate Figure 3: MeHg and THg in sediment pore waters
[ gradual increase of THg
5 8000 Concentrations towa rds Dissolved Gaseous Mercury
o bottom and higher

2000

[ —————————— e o4 [o g 1 - i [e] s N T R V] ] oS g
. layers of sediment. Other

150 1
- values do not exhibit
Figure 2: THg concentrations in sediments. clear trends in the s
Sampling point 3 is missing from analyses. . .
sampling period. 0 ‘ .. N NN
10 12 e 30 33 4 50 51 522w

Sampling point

Concentration [pg/L]

The authors would like to acknowledge help and
effort from V. Fajon, N. Ogrinc, J. Kotnik and D.
Kocman, without whose assistance this work
would not be possible.

Figure 4: DGM concentrations in sea water.
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Vstop radionuklidov v okolje kot posledica aktivtiog energetiki ali jedrski industriji in posledio
njihova razporeditev in krozenje v ekosistemih fgbgini problem, ki se odraza na r&nlh ravneh. V
okolici uranovih rudnikov so spedifie aktivhosti lahko mimo poveéane, ker uranovi razpadni produkti
(**Ra, >°Th, ?*Pb, #%0) prehajajo v okolje z odlaganjem rudnidkih jatoWa takih obmgjih lahko
radionuklidi predstavljajo radioloSko nevarnostdfun in Zivalim zaradi moZnosti zauZitja onesnazene
hrane ali vode, vdihavanja na praSnate delce vezaxionuklidov ali radioaktivhega sevanja. Radionu
klidi so v tesni povezavi z lastnostmi tal (orgaaskov, glineni minerali, kationska izmenjevalnaaei-
teta, pH vrednost...), ki dot@jo obnaSanje radionuklidov v tleh in vplivajo rjgnavo bioloSko dostop-
nost [1]. Nekatere rastline, ki rastejo na rudrigkiovi&ih ali v blizini uranovih rudnikov lahko kogijo
radionuklide tudi v v&ih koncentracijah v koreninah in nadzemnih del#}j. [To so tako imenovane
akumulatorske rastline, ki so razvile ré&mk n&ine tolerance na toksie kovine in radionuklide [3].
Nekatere akumulatorske rastline iz druzine kriznitrav se v zadnijih letih vse &@iporabljajo v ekoteh-
noloSke namene, kot je fitoremediacija, kar pomgrarabo rastlin z&iS¢enje onesnazenih tal ali voda.
Med rastlinami primernimi za fitoremediacijo radidtidov, v literaturi pogosto omenjajo s@nico
(Helianthus annus L.), rjavo gorjuSico Brassica juncea ), oljno ogr$ico (Brassica hapus), amarantus
(Amaranthus sp.), navadno trsjePbragmites australis), Sirokolistni rogoz Typha latifolia), nekatere
vrste praprotiRteris vittata)... Tradicionalne metode remediacij, kot so fihikea(solidifikacija, izpiranje,
aeracija..) in kemijske (ekstrakcija, imobilizacija, oksidggredukcija ...) so drazje in lahko negativno
vplivajo na kakovost tal in na ekosistem, zatoijerémediacija dobra alternativa za manj onesnazena
podraija, ker je okoljsko in ekonomsko trajnostna. Fitoegliacija se glede na hamen bioloSk&§éenja
Se naprej deli na fitoekstrakcijo, fitostabilizagifizofiltracijo in fitovolatizacijo.
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4 TIPI FITOREMEDIACIJE
4.1 FITOEKSTRAKCIJA

EHEELRY (17 R U _I P I izl .__" ; ki se odraZa na razJ|cn|h il [Filiinilr * Je uporaba akumulatorskih rastlin za ekstrakcijo radionuklidov iz tal v
predstavljajo problem v okolju pri vecjih koncentracijah v tleh in vodah zaradi ingestije reEinlh e e
hrane in vode ter inhalacije na prasnate delce vezanih radi idov. Eden pogostejsih vzrokov p

v okolje je deji ih rudnikov kjer z odl; sivejalovinevokolje prehajajo uranovi « primerne so hitrorastoce rastline, ki razvijejo veliko biomaso in kopicijo
razpadni produkti (Ra-226, Th-230, Pb-210, Po- -210). Tudi pretekli poskusi z jedrskimi bombami in jedrska radionuklide v vecjih k ijah v nadzemnih delih
v Cernobilu sta $e dva od pomembnejsih vzrokov zaradi katerih so v okolju Se vedno povecane speclflcne . trajno fit ijo, kjer se uporabljajo naravne akumulatorske
aktivnosti Sr-0 in Cs-137. Ciscenje z o . obmotij je t N pri vedii . . Jezity rastline z velikim akumulacijskim potencialom |n kemijsko-inducirano, kjer se
s0 po svetu razvili razlicne metode remediacij za onesnazena tla ali vode, ki obicajno temeljijo na fizikalnih ali tlom dodaja najrazlinejée dodatke, ki povecaj fionuklidov.v.tieh
ke'f‘“s_k'h P, 10 r_netodaz S0 d_rage, kel ey ylfpon UL pra_)v t_a!(o 2 il r]e_gatan ob uporabi kultiviranih rastlln ki razvuep veliko blomaso, vendar ni nujno da so
vplivajo na kakovost tal in talni ekosistem. V zadnjih 20 letih se zato vse bolj uveljavljajo ekotehnoloski nacini akumulatorske a morajo imeti razvito | o~ 5 Al

remediacij, ki temeljijo na naravnih procesih in uporabi akumulatorskih organizmov, ki lahko kopicijo
radionuklide v svojih tkivih v vecjih koncentracijah. Fitoremdiacija je med bolj razsirjenimi ekotehnoloskimi
nacini in pomem uporabo rastlln za CiScenje onesnazenih tal ali voda [1]. V primerjavi z tradlcmnalmml metodaml

j je fit i 0 ugodnej$a, ne zahteva gije in je lj tr
vendar je prlmerna le za manj onesnazena obmocja. Glede na namen ciScenja se fitoremediacija deI| na
fits jo, fitostabilizacijo, fitovolatizacijo in rizofiltracijo od katerih je vsak tip primeren le pri dolocenih

rastlinskih vrstah.

2 ZNACINOSTI RASTLIN PRIMERNIH ZA FITOREMEDIACIJO

Nekatere rastline, ki rastejo v blizini uranovih rudnikov ali na samih jaloviscih lahko kopicijo radionuklide tudi v
vecjih koncentracijah v koreninah in nadzemnih delih [2]. Veliko teh rastlinskih vrst je razvilo ekotipe, prilagojene
na vecjo vsebnost toksic¢nih kovin v tleh. TakSna prilagoditev je vezana na ekspresijo specificnih genov za
dolocene kovme v rastlinah. Ekotipi z takSnimi prilagoditvami imajo razvite razlicne nacine tolerance na vecje
k t klidov ali ih kovin v tleh in se delijo na naravne akumulatorje, indikatorje in

izloéevalce. [3]

* Akumulatorji so rastline, ki kopicijo radi ide v vecjih k tracijah v koreninah in nadzemnih delih in so
tako primerne za ekstrakcijo radionuklidov iz tal ali voda. Primer so rjava gorjusma (Brassica juncea), oljna
ogrscica (Brassica napus var. napus), oljna repica (Brassica rapa subsp. P

tricolor), mnogolistni volcji bob (Lupmus polyphyllus), navadno korenje (Daucus carota) plazeci petoprstnik
(Potentilla ref ) dno trsje (Phragmites australis), Sirokolistni rogoz (Typha latifolia), grbasta vodna leca
(Lemna gibba), lokvanj (Nymphaea violacea), nekatere vrste praproti (Pteris vittata, Woodwardia areolata)...

* Indikatorji kopicijo radi ide v ih delih v majhnih k ijah in tako sluzijo za indikacijo mo¢no
ih ali naravno zalozenih tal z radionuklidi
* Izlocevalci pa s svojimi izmi ¢ j lionuklidov v rastlino in so v nekaterih primerih

primerni za fitostabilizacijo radionuklidov v tleh ker s svouml izlocki zmanjsajo njihovo mobilnost v tleh.
Rastline primerne za fitostabilizacijo so npr. trave iz rodu Festuca, Agrostis in Hyparrhenia, nekatere mikorizne
rastline, topoli...

3 PRIVZEM IN KOPICENJE RADIONUKLIDOV V RASTLINAH

Za fitoekstrakcijo je pomembno, da se morajo radi idi v tleh nahajati v I obI|k| kar pomeni, da se

morajo nahajati v topni obliki v talni raztopini. Odziv rastlin na povec r ali
kovin v tleh je prikazan na spodnji sliki :

a) Absorpcija - mobilizacija vtlehsp

rizosfere in helatiranja radionuklidov z rastlinskimi izlocki

b) Privzem in sekvestracija - privzem helatiranih ali hidratiranih radionuklidov
c) Transport radionuklidov po ksilemu

d) Razporeditev radionuklidov po tkivih — npr. kopicenje v trihomih

e) Kopicenji I idov v celicnih org;

5 NOVI TRENDI POVEZANI Z FITOREMEDIACIJO

* Vsvetu se razvuajo now nacm| |zboljsanja fitoekstrakcije z dodajanjem najrazlicnejsih dodatkov v onesnazena

tlaz po j radionuklidov ali h kovin v tleh za rastline

* proucevanje genov, ki so odgovorni za toleranco akumulatorskih rastlin na vecje koncentracije radionuklidov
ali toksicnih kovin v tleh

* uporaba transgenih rasiin z izboijSano toieranco na toksicne kovine in izboijSanim akumuiacijskim potenciaiom
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toksicne kovine

« primeri rastlin za fitoekstrakcijo U-238 in Ra-226

. SN o ' >
Brassica juncea Helianthus annus Amaranthus sp.
4.2 FIOSTABILIZACIJA

* To je proces, kjer rastline radionuklidov v svojih tkivih ne kopicijo, temvec s
svojimi izlocki zmanjsajo njihovo mobilnost v tleh in jih na ta nacin stabilizirajo

* rastline morajo imeti razvito dobro tol na vecje k acije
radionuklidov v tleh, katerih na smejo premes¢ati v nadzemne dele

« primeri rastlin za fitostabilizacijo toksi¢nih kovin

Agrostis tenius Festuca rubra Hyparrhenia hi

4.3 RIZOFILTRACIJA

¢ Je uporaba akumulatorskih vodnih in moévirskih rastlin za ¢iSc¢enje vodnih
ekosistemov

« primeri rastlin za rizofiltracijo U-238 in Ra-226

Lemna gibba Nymph iol: Phr i li

4.4 FITOVOLATIZACIJA

* je proces, kjer se radionuklidi po ekstrakciji iz tal v telesu rastline pretvorijo v
hlapno obliko, ki nato izhlapi v ozracje (primer H-3)
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Jezera so edinstvena vodna sedimentacijska okolpmedstavljajo zelo atutljive, z okolico tesno pove-
zane ekosisteme. Osnovni problem jezer predstaviiafikacija, ki jo pospeSujélovek z intenzivnimi
posegi v okolje. Zaradi po¥anega vnosa hranil v jezero se porusi ravnotepgledica pa je povanje
primarne produkcije. Organska snov, ki nastaja wr§ioski plasti vodnega stolpca (epilimniju),dasi
tone in se razgrajuje v spodnjem delu vodnega &io(pipolimniju). Organska snov, ki doseZe dno, je
pomemben vir hranil in se lahko vgradi v sediméggr je izpostavljena nadaljnjim diagenetskim spre-
membam (fizikalni, kemijski, bioloSki in mehanskiogesi, ki so prisotni v fazi, ko iz sedimenta agest
kamnina). To poteka s porjo mikrobnih procesov, in tako neposredno vplivaknacentracijo hranil v
vodnem okolju.

Raziskave organske snovi v sedimentu nam orgjgadolciti njen izvor in depozicijske pogoje, ki so
vladali v&asu, ko se je organska snov vgradila v sedimeantlij§torganske snovi v jezerskih sedimentih
so pomembne, ker pokazejo, kakSne so bile spremengizeduktivnosti jezera ter nakazejo klimatske
razmere in spremembe v preteklosti. Uporabljajaaaicne metode, od analiz spremembe izotopske
sestave organske sno¥tiC vrednosti) in dolsitve razmerij C/N, na osnovi katerih lahko détao izvor
celotne organske snovi, do déitye posameznih organskih spojin, ki so dovolj atigoin stabilne, da
»prezivijo« prve stopnje procesov razgradnje in nalhko podajo bolj specifen izvor organske snovi.
Ceprav so bile prve raziskave biomarkerjev v jezérskedimentih opravijene Ze v osemdesetih letih, so
te Studije aktualne tudi danes, predvsem zaradiovebvih odkritij lipidov iz alg, bakterij, zoopl&tona

in ostalih organizmov, ki jih lahko uporabimo zdazspecifino identifikacijo izvora organske snovi.

Iz sestave lipidne frakcije organske snovi v seditmedobimo zelo uporabne informacije o izvoru or-
ganske snovi in o njenih spremembah, ki so poskediagenetskih procesov. Lipidni ekstrakti iz jezer
kih sedimentov vsebujejo rastie frakcije, kot so alifatski ogljikovodiki (CH)Jlkoholi (COH), aldehidi,
ketoni, steroli (ST), m&®dbne kisline (FA) in sorodne spojine, ki vsebujgfbin ve& C atomov.

Cilj naSih raziskav je dolfitev izvora organske snovi v sedimentih in v susi@mi organski snovi v
Blejskem jezeru. V ta namen smo v sedimentu Blejakezera dokili CH, COH, ST in FA. Za ekstrak-
cijo sedimenta smo medseboj primerjali dve tazlekstrakcijski tehniki — ekstrakcijo s Soxhletom
ekstrakcijo z mikrovalovi. Za Wtev in identifikacijo komponent smo uporabili pdiki kromatograf
sklopljen s plamensko ionizacijskim detektorjem (BID) in plinski kromatograf z masnim detektorjem
(GC-MS). Za dolgitev izotopske sestave biomarkerjev v Blejskemiezeno uporabili plinski kromato-
graf sklopljen z masnim spektrometrom za del@nje stabilnih izotopov preko sezZigne enote (GC-C
IRMS). Rezultati kaZejo, da avtohtoni lipidi s K@i verigami, ki so planktonskega in bakterijskega
izvora, prevladujejo v vrhnjih plasteh sedimentghablje pa previadujejo kopenski lipidi z daljSineri-
gami. Ta porazdelitev je ¥moma posledica diagenetskih procesov, saj so lakpdipidi teZje razgradl-
jivi. 1zotopska sestava alifatskih ogljikovodikom-C,s — n-Cs3) se giblje med -34,0 in -37,0 %o, kar kaze
na njihov kopenski izvor. Podobno kot alifatski jogivodiki, so tudi alifatski alkoholi z daljSimieariga-

mi kopenskega izvora. Njihovi@®C vrednost znasa med -35,0 in -36,0 %o.

Uporabo stabilnih izotopov in ddlitev izotopske sestave ng@bnih kislin, smo uspesno uporabili tudi v
industrijske namene, kjer z déltvijo ma&obnih kislin v olgnih oljih ugotavljamo pristnost in geografs-
ko poreklo olgnih ol].
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Organska snov predstavlja majhen del jezerskih sedimentov. Vir organske snovi so lahko ostanki vodnih
organizmov iz vodnega stolpca in sedimenta (avfohtona organska snov), ostanki kopenskih organizmov,
predvsem rastlin, ki se v jezero spirajo iz njegove okolice (alohtona organska snov) ter produkti, ki so
posledica mikrobne aktivnosti v vodi in sedimentu. Organsko snov sestavljajo zelo obstojne (nereaktivne)
komponente in lahko razgradljive (reaktivne) komponente, ki se relativno hitro odstranijo.

Lipidni ekstrakti iz jezerskih sedimentov vsebujejo razlicne frakcije, kot so ogljikovodiki, alkoholi, ketoni,
aldehidi, steroli, mas¢obne kisline in sorodne spojine, ki vsebujejo 10 in ve¢ C atomov.

Iz sestave lipidne frakcije organske snovi v sedimentu lahko dobimo zelo uporabne informacije o izvoru
organske snovi in o njenih spremembah, ki so posledica diagenetskih procesov.

CILJI

= doloitev izvora organske shovi v sedimentih in v suspendirani organski snovi v Blejskem jezeru

= doloéitev lipidnih biomarkerjev: alifatskih ogljikovodikov (CH), alkoholov (OH), sterolov (ST) in
mas¢obnih kislin (FA)

= primerjava dveh razlicnih ekstrakcijskih tehnik - ekstrakcijo s Soxhletom in ekstrakcijo z mikrovalovi

= za loCitev in identifikacijo komponent in stabilnih izotopov smo uporabili GC-FID, GC-MS in 6C-C-IRMS

EKSPERIMENTALNI DEL

voda —s rezervar

GC-MS
hladilnik
= — voda
topilo_za spiranje

Uparevanje topila

Ekstrakeijska

posoda

celulozni Na,SO04

tulec

st. volna silikagel

vzorec

pare topila GC-C-IRMS
bu¢ka steklena volna
tepile zamasek
® ® grelo
1. Vzorcevanje 2. Ekstrakcija 3. Frakcionacija 4. Detekcija

REZULTATI
V povrsinskih anoksi¢nih sedimentih prevladujejo lipidi s krajSimi verigami. Najpogostejsi so ST in FA. V oksi¢hem sedimentu

c18:1

., Ta ST predstavlja fekalijsko 32.5% Uporabo stabilnih izotopov in dologitev izotopske
onesnazenje. Glede na naSe sestave mas¢obnih kislin, smo uspesno uporabili tudi
\ rezultate, je v industrijske namene, kjer z dologitvijo mas¢obnih
prisoten samo na povrsini, 160 kislin v olj¢nih ol jih ugotavljamo pristnost in
medtem ko ga globje ni, kar pomeni, B1.9% geografsko poreklo oljénih olj
da je do onesnazenja jezera
HO 4 prislo v zadnjih nekaj letih. A .
16:1 180 A J
24-ethylcoprostanol (24-ethyl 5p-cholestan-3p-ol) k A

Kromatogram za mas¢obne kisline - merjeno z 6C-C-IRMS
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Postojna Cave is the biggest of 12 show cavesameBia. Because of elevated radon concentratibns, i
has been under permanent radon survey since 199%5Hé driving force for air movement in the cave,
and thus the inflow of fresh air and release ofdiee air to the atmosphere, is the temperatuferdifce
between the cave air and outdoors [2]. In our stwayintend to predict radon concentration in theec
air on the basis of this temperature difference.

Measurements of radon concentration in the PostGpae were carried out continually (recorded once
per hour) from July 2005 to October 2009 in the agountain hall. Outdoor temperature has been
recorded at the Postojna meteorological stationpaiodided by the Environmental Agency of the Repub-
lic of Slovenia.

The cave behaves as a large chimney, and in tlepesiod the warmer radon-rich cave air is reledsed
the colder outdoor atmosphere, allowing the inftfiresh air with low radon levels. The radon levil

the cave are the highest when the outdoor temper@usimilar to the cave temperature (10 °C) and,
hence, the air movement is very low. Our calcufetibave shown that the effect of the difference be-
tween outdoor and cave temperature on radon cartient was delayed for three days, presumably be-
cause of the distance of the Great Mountain froenethtrance (ca. 2 km). When daily outdoor tempera-
ture drops below — 6 °C, radon concentration grbigber resulting in an average value of 644 + 285 B
m>. It is assumed that ice and snow on the surfaoeeathe cave prevent the cave air from escaping the
cave. In summer, the vertical air movement stopis amninimal and the horizontal air movement has the
main influence on radon concentration in the cave.

For data analysis, the one dimensional transpouttémn provided by Nazaroff [3] has been used:
dc __kaT|c _ic+g (1). HereC is the radon concentration [Bqint is time [s], AT is the difference

dt L

between outdoor temperature and cave temperatyréa._[is the distance from the entrance to the Great
Mountain [m],A is radon decay constant (2.1%16") and® is radon source term [Bq#s7]. Based on
the temperature difference, this equation predid®n concentration. In the analysis of the datieet
July 2005 to October 2007, the concentration reddtsemaximum (2,800 Bq 1) in summer when the
air draught in the cave was minimal or zero. Urtlese conditions, the radon source term of 5.9-84
m3s' was obtained. Thk values were calculated for the summig) &nd winter regimekg) separately,
and the averages of 0.19 + 1.07 mhK& and 0.93 + 31.13 mm*K ™, respectively, were obtained.

The model, developed using the results of our pressiong-term radon monitoring in the Postojna Cave
provides a relatively good prediction of radon camtcation in the cave air, simply on the basishef t
difference in air temperature in the cave and omtsloAlthough successful, the model may certaimy n
replace the measurements but could reduce markieeitynumber, without diminishing the level of reli
ability of data needed for dose estimates for #masgnnel working in the cave.

References:

[1] J. Vaupott. Nanosize radon short-lived decay products inaieof the Postojna Cavécience of the Total
Environment, 393(1): 27-38, 2008.

[2] J. Hakl, et al. Radon transport phenomena stlugiekarst caves-international experiences on rddeals and
exposuresRadiation Measurements, 28(1-6): 675-684, 1997.

[3] W. W. Nazaroff. Radon transport from soil to. &eviews of Geophysics, 30(2): 137-160, 1992.
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Introduction

Postojna Cave is the biggest of 12 show caves in Slovenia. Because of elevated radon concentrations it has been under permanent radon survey since 1995
(Vaupoti¢, 2008). The influence of meteorological conditions on the radon levels and their temporal variations depends mostly on the shape of the cave, and the
number and directions of cracks, corridors and fissures connecting the cave rooms with the outdoor atmosphere. The driving force for air movement in the cave,
and thus the inflow of fresh air and release of the cave air to the atmosphere, is the temperature difference between the cave air and outdoors (Hakl et al., 1997). In
our study, we intend to predict radon concentration (Cy,) in the cave air on the basis of this temperature difference.

Experimental

Measurements of Cg, in the Postojna Cave were carried out continually (recorded once per hour) from July 2005 to October 2009 in the Great Mountain hall (with
some interruptions because of failure of instrument. Outdoor temperature (T,,) has been recorded at the Postojna meteorological station and provided by the

Environmental Agency of the Republic of Slovenia.

1. Seasonal pattern

Winter regime: T_,, < T,

- Chimney effect: the warmer radon-rich cave air
is released to the colder outdoor atmosphere,
allowing the inflow of fresh air with low Cg,, (Fig.
3).

- Toue = Teaet The air movement is very low > Gy,

reaches its maximum

- Ty <—6°C:ice and snow on the surface above
the cave prevent the cave air from escaping the
cave > Cg,grows higher.

Summer regime: T, > T, .
- The vertical air movement stops or is minimal
and the horizontal air movement has the main

influence on G, in the cave.

The effect of the difference between T and T,
on Cg,is delayed for 3 days, presumably because
of the distance of the Great Mountain from the

entrance (cca 2 km).

2. Building the model

- Dataset: July 2005 to October 2007
- The one dimensional transport equation provided by Nazaroff (1992) can be transformed to the
following equation:

C.. radon concentration (Bg m~3) L.. the distance from the entrance (m)
dc - ki‘AT‘C i t.. time(s) A.. radon decay constant (s7)
E i _f_ +o AT ... the difference between T, @.. radon source term (Bq m-3s1)
and T, (K)

- Cgqreached its maximum (2800 Bgq m3) in summer when the air draught in the cave was minimal or zero
- O was calculated: 5.9x1073 Bq m—3s1.

- The kvalues were calculated for the summer (k,) and winter regime (k) separately (Table 1).

ki Tout k (mm s~1K?) Cr, (Bqm~3)
ky T, >10°C 0.193 + 1.072
k, -6°C< T, <10°C 1.8+31.137

T, <-6°C 644 +235

out

Table 1: Constant k for summer and winter regime.

3. Testing the model

For testing the model the dataset from November 2007 to October 2009 was used. The correlation
coefficient between measured and predicted Gy, is 0.76.

Figure 1: Comparison of predicted and measured C,, from July 2005 to October 2009.

Results

Our results have shown a good agreement between the measured and
predicted radon concentration (Fig. 1). However this agreement is
better in summer and winter months, whereas in the transitional period
(from March to April and from October to November) the error of
prediction is higher.

— Cg, - measured

— Cg, - predicted
o Toul

Conclusion

The model, developed on the results of our previous long-term radon
monitoring in the Postojna Cave, provides a relatively good prediction of
radon concentration in the cave air, simply on the basis of the difference
in air temperature in the cave and outdoors. Although successful, the
model may certainly not replace the measurements but could reduce
markedly their number, without diminishing the level of reliability of
data needed for dose estimates for the personnel working in the cave.

References

Hakl, J., Hunyadi, I., Csige, I., Géczy, G., Lénart, L., and Varhegyi, A.: Radon transport
phenomena studied in Karst caves-international experiences on radon levels and
exposures, Radiat. Meas., 28, 675-684, 1997.

Nazaroff, W. W.: Radon transport from soil to air, Reviews of Geophysics, 30, 137-160,
1992.

Vaupoti¢, J.: Nanosize radon short-lived decay products in the air of the Postojna Cave,
Sci. Total Environ., 393, 27-38, 2008.
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vnosa fluora vélovesko telo

Alenka Koblar!, Maja Ponikvar-Svet*

! Odsek za anorgansko kemijo in tehnologijo, InStinitef Stefan, Ljubljana, Slovenija
al enka. kobl ar @] s. si

Cajevec Camellia sinensis L.; druzina Theacea) lahko iz zemlje privzema ifjuo ga akumulira v listih,
iz katerih se med ekstrakcijo zlahka sprosti [1Pi}lje vejih kolicin pravegacaja lahko tako bistveno
prispeva k dnevnemu vnosu fluora v telo. Primereevdi odmerek fluora iz vseh virov naj bi bil
0,05 mg/kg telesne teZze/dan za vse starosti visfernesecev [3], v primeru viSjih vnosov pa se @ave
tveganje za pojav fluoroze.

Zanimala sta nas razlika med vsebnostjo celotnkgamaf in spro&enega fluora v pripravljeneaju v
nekaterih najbolje prodajanih prawhjih v Sloveniji, ter kokiina ¢aja, ki ga lahko zauzijemo, ne da bi
presegli primeren dnevni vnos fluora.

Najvet fluora vsebujej@rni ¢aji (68—435 mg/kg), manj rde(83—238 mg/kg), najmanj pa zeleni (53—-293
mg/kg). Pripravljeni napitkérnih ¢ajev vsebujejo 0,56-3,55 mg/L, e 50-134 mg/L in zelenih 0,44—
1,52 mg/L prostega fluora. Primeren dnevni viieszauzivamo fluor le &jem, je v primeru uzivanja 1
L ¢aja (za osebho s tezo 70 kg) presezen lérpgmdcaju, v primeru v&ega vnosaaja in pri lazjih ose-
bah pa je primeren vnos fluora zlahka presezenpdirugih vrstaltaja.

V skladu s priakovanji sem ugotovila tudi, da je vsebnost celgénBuora viSja od vsebnosti prostega
fluora, pokazala pa sem tudi, da se koncentrakifgd v infuzijah glede na tim pripravecaja razlikuje-
jo. Rezultati eksperimentov kazejo, da lahko sampijem petih skodelic (1000 mL) nekaterih viajev

Ze presezemo pripaten dnevni vnos fluora.

Fluor dokazano prehaja preko placente in materimelg&a [4], pojav zobne fluoroze pa je najpogostejs
pri otrocih do 7-8 leta starosti (ko se zobje foajn) [5—6], zato bom v prihodnje dalita vsebnosti
fluora v ¢ajih za nosénice in dojée matere in v otroSkibiajih. Ravno pri zadnjih je kdlina vneSenega
fluora izjemno pomembna, saj lahko le-ta Ze v tizkoncentracijah bistveno vpliva na dajkavo
zdravje in razvoj.

Fluor je eden najbolj pogostih elementov v sledimaravi, kjer se nahaja v visjih koncentracijebleg
naravnih virov (tudi vulkanski izbruhi) so Zbovekovo zdravje pomembne predvsem koncentraaie- fl
ra v okoljih, ki so kontaminirana z industrijskimiri fluora. Dolccitev le-teh je tudi cilj bod&h ra-
ziskav.

References:

[1] P. Gulati, V. Singh, M.K. Gupta, V. Vaidya, S. Dassd S. Prakash. Studies on the leaching of fleoindtea
infusions.Sci. Total Environ.138: 213-2221993

2] Z.M. Xie, Z.H. Ye, M.H. WongDistribution characteristics of fluoride and alumin in soil profiles of
an abandoned tea plantation and their uptake bwa@ddy speciesnviron. Int. 26: 341-346, 2001

[3] Standing Committee on the Scientific Evaluation luf Dietary Reference Intakes, Dietary Referencekésta
(DRI) for Calcium, Phosphorus, Magnesium, Vitamindhd Fluoride, National Academy Press, Washington
D.C., 1997

[4] Y. W. Shen, D. R. Taves. Fluoride concentrationsithe human placenta and maternal and cord blaod.J.
Obstet. Gynecol. 119: 205-207, 1974

[5] O. Fejerskov, A. Thylstrup, M. J. Larsen. Clinicadastructural features and possible pathogenic arésims of
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FLUOR je esencialni element, ki ima pri vnosu niZjih

koncentracij bistven pomen pri mineralizaciji zob

(najpomembenejsi je vhos fluora pri otrocih do 7-8 leta - Doloéitev dnevnega vnosa fluora v
el 1o el bl &lovesko telo iz razliénih virov
hrane - v katerih primerih je ta

Fluor vnasamo v telo s HRANO, pitno VODO in razli¢nimi vnos pr'evisok??

fluoriranimi sredstvi za nego zob. Priporocen dnevni vnos

fluora je 0.05 mg/dan/kg telesne teze. Dologitev meje med koristnim

. . . 5 in Skodljivim odmerkom fluora
Kronicen vnos visjih koncentracij fluora pa lahko povzroci

pojav zobne oziroma kostne fluoroze.

Vnos fluora ima najveéji vpliv pri majhnih otrocih
in dojenckih, saj lahko Ze nizke koncentracije
vplivajo na zdravje in razvoj

Fluor dokazano prehaja preko
placente in preko materinega
mleka na otroka...

!

. Koli¢ine fluora v otroskih
Cajevec (Camellia sinensis; family Thaeca) dokazano &ajih, v &ajih za noseénice
privzema viSje koncentracije fluora iz zemlje in ga in dojece matere
akumulaira v listih iz kjer se zlahka sprosti med pripravo

¢aja.

— Preuciti smotrnost uporabe fluorovih
Ve 1 priporoten dnew vios 22 sl tabletk pri otrocih in dodajanja

.4205¢D0 5 60 kg, &€ popije 1000 mL Saja

fluora v sredstva za nego zob

Fluor je prisoten povsod v okolju, Se posebno ob
vecjih naravnih virih > tudi prst kontaminrana z
vulkanskim pepelom

vet
ing;
vet

Vsebnost fluora v pripravijenem  &aju
-
—
——

Ze s samo pitjem
nekaterih cajev
lahko presezemo
priporocen dnevni
vhos fluora...

Hotel Park) s &

Young gree

ter v okoljih kontaminiranimi z razli¢nimi
industrijskimi viri fluora

l

Kai ba v brimert: Preuciti obremenjenost Slovenskega
ARl ' )  okolja z industrijskimi viri fluora in
>Nizje telesne teZze, UZivanja vecjih koli¢in ¢aja njihov vpliv na ¢lovekovo zdravje

>Vnosa fluora iz hrane, vode in izdelkov ustne nege ??

Young oolong
Pu erh (CHA

Formosa (CHA

Sir Winstol
Yunnan (CHA)
Green tea (Supermarket

English breal
Indian black tea (1001
Earl Grey (Mi
Black tea (Darjeel
Earl Grey (1001
Earl Grey(Mr Perl
Keemun (CH,
Turkish blacl
Mao Feng ( CHA)

Green tea(|

Graf predstavlja koli¢ine spros¢enega fluora v nekaterih
pravih ¢ajih po katerih najpogosteje sezemo Slovenci.
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fillrskega prahu iz elektroobloéne peii: Studi
vplivov na okolje
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V jeklarski industriji nastaja v proizvodnem proagmoleg ostalih odpadkov tudi filtrski prah iz etiek
oblacne pei, ki zaradi praSnate narave in velike Kole maino obremenjuje odlagatid in okolje. V
razvitih drzavah v zadnjih desetletjih industrijskdpadne surovine intenzivno uporabljajo kot akéine
materiale, ki uspeSno nadonia® naravne surovine v gradbeniStvu [1] in cestdgjia[2]. S tem se
ohranjajo naravne surovine in zmanjSuje obremeroagali€ in okolja. Tovrstna uporaba odpadnih
surovin ima tudi pozitivhe ekonomskeinke. Pred kakrSnokoli uporabo pa je potrebno plodogorediti

in kriti¢cno oceniti dolgoréne vplive tako nastalih novih materialov na okoRei. oceni dolgorénih vpli-
vov novih materialov na okolje moramo upostevatitda sta bioloSka dostopnost in tak&ist posame-
znega elementa odvisni od kemijske oblike, v kageria element nahaja (npr. trivalentni krom jeneise
len, medtem ko je Sestvalentni krom tcksi).

Preuili smo uporabnost filtrskega prahu za pripravoalieth in cementnih kompozitov, ki bi jih lahko
uporabljali v cestogradniji in gradbeniStvu. V tanean smo pripravili stabilne kompaktne in zdrobljene
asfaltne kompozite z dodatkom 2 % filtrskega prabu kompaktne in zdrobljene cementne kompozite
brez in z dodatkom 1,5 % filtrskega prahu. Dolgoe vplive materialov, ki vsebujejo filtrski prah em
prewili z izluzitvenimi testi na osnovi difuzije. Koziuzevalno sredstvo smo uporabili vodo in slano
vodo teréasovno (pol leta) sledili izluzevanju celotneg&@stvalentnega kroma. Na koncu poskusa smo
v izluzkih dolaili tudi koncentracije nekaterih ostalih kovin (M@p, V, Cu, Zn, K, Cd, Pb, Ni, Fe, Ca,
Mg, Mn).

Rezultati so pokazali, da je krom v izluzkih agsféitin cementnih kompozitov prisoten skoraj izkho v
Sestvalentni obliki. Ugotovili smo, da se je Selmtni krom izluZil le iz zdrobljenih asfaltnih kqrozi-

tov z dodatkom filtrskega prahu. KoncentracijaZHoega Sestvalentnega kroma v vodi po Sestih nieseci
ni presegla 220 pgtin v slani vodi 150 ug & Pri cemetnih kompozitih se je $estvalentni kratuiil

le iz zdrobljenih cemetnih kompozitov z dodatkofirgkega prahu v slani vodi. Po Sestih mesecih kon-
centracija Sestvalentnega kroma ni presegla 100 ludz rezultatov je bilo razvidno, da se $estvalentn
krom izluZzuje pretezno iz cementa in le v manjSetezl iz filtrskega prahu. IzluZevanje nekateritaos
lih kovin (Mo, Co, V, Cu, Zn, K, Cd, Pb, Ni, Fe, Odg, Mn) je bilo zanemarljivo.

Na osnovi naSe raziskave lahko zaéifno, da asfalti in cementi z dodatkom filtrskegahr ne pred-
stavljajo nevarnosti za okolje in jih lahko uporabiza raziine namene v cestogradniji in gradbenistvu.

Literatura:

[1] T. Sturm, R. Mil&i¢, S. Murko, M. Vaki¢, A. Mladenow, J. Strupi-Suput, J.c8nsar. The use of EAF dust in
cement composites : assessment of environmentalcindp hazard. mater., vol. 166, pp. 277-283, 2009.

[2] M. Vaheig, R. Milagig, A. Mladenovk, S. Murko, T. Zuliani, M. Zupati¢ in J. $arcar. Leachability of Cr(VI)
and metals from asphalt composites with additiorfikkér dust.Waste Manag., vol. 12, pp. 2667-2674, 2008.
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Eleifrooblo ¢na pe EX Jek]o

Odpadki
Filtrski prah Crna Zlindra

NAMEN DELA

Preu ¢iti uporabnost filtrskega prahu iz
elektrooblo €ne pe¢€i za pripravo asfaltnih in
cementnih kompozitov, ki bi jih lahko
uporabljali v cestogradniji in gradbeniStvu.

Kriti €no oceniti okoljske vplive stabilnih
asfaltnih in cementih kompozitov z dodatkom
filtrskega prahu.

REZULTATI

- Izluzeni krom je skoraj povsem v Sestvaletni
obliki

- Cr(VI) se je izluzil le iz zdrobljenih asfaltnih
kompozitov z dodatkom filtrskega prahu (v
vodi 220 ug/L, v slani vodi pa 150 pg/L)

- Cr(VI) se je izluzil le iz zdrobljenih cementnih
kompozitov z dodatkom filtrskega prahu v
slani vodi (100 pg/L)a Cr(VI) se je izluZil
pretezno le iz cementa

- Izluzevanje nekaterih kovin je bilo
zanemarljivo

ZAKLJUCGEK v@

Asfaltni in cementni kompoziti z dodatkom filtrske

Bela Zlindra

EKSPERIMENT
Pripravili smo:

- Asfaltne kompozite brez in z dodatkom 2%
filtrskega prahu

- Zdrobljene asfaltne kompozite brez in z
dodatkom 2% filtrskega prahu

- Cementne kompozite brez in z dodatkom
1,5% filtrskega prahu

-Zdrobljene cementne kompozite brez in z
dodatkom 1,5% filtrskega prahu

Dolgoro ¢€ni vplivi novih materialov z dodanim
filtrskim prahom na okolje smo preu  ¢evali z
izluzitvenim testom na osnovi difuzije
(izluzevalno sredstvo je voda in slana voda).

-V izluzkih smo dolo ¢€ili pH, koncentracije
celotnega Cr in Cr(VI), ter na koncu poskusa
Se koncentracije nekaterih izbranih
elementov.

ga prahu ne predstavljajo nevarnosti za

okolje in jih lahko uporabimo za razli  €ne namene v cestogradniji in gradbenistvu.
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EkoloSko pridelana zelenjava na trgu dosega vigjee o/ primerjavi s tisto, pridelano na konvencienal
natin. Ker zaradi Zelje pridelovalcev po doseganjgjibedobickov obstaja moZnost goljufij oziroma
nepravilnega ozri@vanja konvencionalno pridelane zelenjave z ozfiakoloski”, se pojavlja potreba po
metodah za preverjanje avtemibsti ekoloSkih pridelkov. Z metodo izotopske maspektrometrije
(IRMS) smo ugotavljali primernost uporabe izotopskstave dusikat’N) kot potencialnega indikatorja
ekoloSke pridelave, in sicer na primerudnaga poskusa s solatioattuca sativa L.) ter na vzorcih zelen-
jave (endivija, motovilec, radj por, petersilj, itd. ) , kuplijene na slovenskemut Studija temelji na
predpostavki, da imajo konvencionalno pridelandlires nizje §*°N vrednosti v primerjavi z enakimi
rastlinami, gnojenimi z organskim gnojilom, saj jmaaradi raziinih procesov izdelave gnojil sintétia
gnojila nizjes*N vrednosti (okrog 0%0) od organskih (med +10%. irb%g). V loncnem poskusu se je
3N izkazal kot hiter in relativno poceni indikaton@jenja s sintetnim dusikovim gnojilom, vendar
samo v primeru enkratne aplikacije gnojila. Sredmjaerjenad™N vrednost v solati, gnojeni z organ-
skim gnojilom, je bila 9,6%o, v solati, gnojeni si@ticnim gnojilom pa 5,3%.. V primeru dognojevanja
kombinirane uporabe organskih in sintath gnojil pa z uporabljeno IRMS metodo nismo maglhes-
ljivo potrditi, kar pomeni, da bi pridelovalci stéalahko prikrili uporabo sintethega gnojilage bi le—
tega uporabili v kombinaciji z organskim gnojiloRreliminarni rezultati analiziranih vzorcev zelerga
kupljene na slovenskem trgu, kaZejo jasne razliBN med konvencionalno pridelano zelenjavo (nizje
3"N vrednosti) ter zelenjavo, ki naj bi bila pridedaekolosko (vi§j&™N vrednosti), kar kaZe na to, da je
bila analizirana zelenjava ozfema pravilno.
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- skrb za rodovitnost tal
Republika Slovenija @
Ministrstvo za kmetijstvo,

gozdarstvo in prehrano

- gnojenje z organskimi gnojili
[ - prepoved uporabe sintetiénih gnojil ekoloski
- preprecevanje bolezni/Skodljivcev s kolobarjem

- izbor odpornejsih sort
- prepoved uporabe GSO deQth
- uporaba bioti¢nih/biotehni¢nih sredstev

Locevanje ekolosko in konvencionalno Lonéni poskus: solata ledenka Izotopska masna spektrometrija —

pridelane zelenjave na podlagi izotopske IRMS z ANCA-SL prep. modulom
sestave dusika (8'°N) v rastlini — odvisna
od §'5N v uporablienem gnojilu.

Organska gnojila: 8'°N ~ +10 %o do +25%.
Sinteti¢na gnojila: 85N ~ -2%o0 do +2%o Zelenjava na slovenskem trgu:

motovilec, por, petersilj, radi¢, endivija, ...
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Kositer in kositrove zlitine so v uporabi od broteaslobe dalje. Sprva so se kositer in njegovengliti
uporabljali predvsem za izdelavo raznih uporabniteikov (posode, oroZje..), danes pa se&imeekositra
porabi za sintezo organokositrovih spojin (OKS).

Prve (OKS) je sintentiziral sir Edward Franklanthl&849. OKS vsebujejo centralni kositrov (Sn) atom
na katerega so vezane do Stiri organske skupikén@lali arilne). Spadajo v skupino organokovitski
spojin, splosno pa jih lahko zapiSemo z formulg,$X, . Prve praktine aplikacije OKS so razvili leta
1940, ko so v industriji plastike ugotovili, da Ok8lo dobro stabilizirajo plagtie mase. Te pod vpli-
vom svetlobe in toplote razpadajo (postanejo kihkegubijo barvo). V petdesetih so ugotovili, dadijo
OKS spojine tudi biocidne lastnosti, tako jih dang®rabljamo za za#io lesa, fungicide, miticide ter
strupe za glodalce in insekte [1], [2].

OKS spojine so zelo strupene Ze pri nizkih koneamijgh (ng/L). Povzréajo spremembo spola pri neka-
terih vrstah morskih polZev in okvare pri tvorbpin Skoljk, pri sesalcih pa okvare imunskega irtdar

ga sistema ter encimatske aktivnosti. Zaradi Sings@rabe in dolge razpolovne dobe so OKS danes pri-
sotne v raztinih ekosistemih [2], [3].

Po strupenosti si sledijo OKS spojine v nasledniaporedju: trisubstituirane OKS>disubstituirane OKS
> mosubstituirane OKS> tetrasubstituirane OKS >rgawoski Sn [3].

Speciacija OKS spojin je izjemnega pomena za vanjevekolja in zdravja ljudi. Za dotanje posamez-
nih zvrsti OKS so danes najbolj razSirjene kromedtgke tehnike sklopljene z raglimi masnimi dete-
ktorji (ICP-MS, MS, PFPD,...).

Cilj dela je bil razviti hitrejSe in dinkovitejSe analizne metode za hkratno speciacimdjpogostejSih
OKS (metil-, butil-, fenil- in oktil- kositrovih spjin) v razlicnih okoljskih vzorcih ( vode, sedimenti,
zemlje, organski vzorci). Razvoj specijacijskih oeje vkljweval preizkuSanje razhih pufrov, ekstra-
kcijskih reagentov, derivatizacijskih reagentov tgtimizacijo pogojev derivatizacije, ekstrakcije i
kromatografskih pogojev. Zadbo in detekcijo OKS smo uporabili plinsko kromat@afijo sklopljeno z
masno spektrometrijo z induktivno sklopljeno plaz(@-ICP-MS). Z razvitimi metodami smo uspesno
locili in kvantitativno dol@ili metil-, butil-, fenil- in oktil- kositrove spape v okoljskih vzorcih. Razvite
analizne metode so dlitno skrajSale analizas in omoggdile hkratno dolgitev 12 OKS spojin v okolj-
skih vzorcih.

References:

[1] M. Hoch, Organotin Compounds in the environment -e&rview, Applied Geochemistry, 16 (2001), 719-743

[2] 3.M. Batt, The world of organotin chemicals: Apptioas, Substitutes and the environment,
www.ortepa.org/WorldofOrganotinChemicals. pdf

[3] K. Fent, Ecotoxicology of organotin compounds, CRiev. Toxicol. 26 (1996) 1.
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Uvod:
Organokositrove spojine (OKS) sodijo med industrijsko najSirSe uporabljane organokovinske spojine. Prva in Se danes
najpomembnejSa aplikacija OKS je stabilizacija plasticnih mas, sledi uporaba za zaS¢itne premaze, katalizo itd... . Zaradi dolgega
razpolovnega Casa in Sirokega spektra uporabe so OKS posledi¢no zelo razsirjene v okolju. Ker so poleg uporabnosti te spojine tudi
zelo toksi¢ne, tako za morske organizme (povzroc¢ajo spremembo spola pri polzih, nepravilnosti pri tvorbi lupin, ...) kot za sesalce
(okvare imunskega, endokrinega in Zivénega sistema) je njihov stalen nadzor in speciacija izjemnega pomena za varovanje okolja in
zdravije ljudi. i =

Lastnosti in toksi¢nost OKS so funkcija substitucije centralnega Sn atoma, na katerega 1
so lahko vezane do Stiri organske skupine (alkilne ali arilne). SploSno lahko OKS
zapiSemo s formulo R, ,SnX, . Toksiénost pada v smeri : tri- > di- > mono- > tetra-
substituiranim.

H

HITEH
Nezasciten ladij

ski trup

Tributil kositer

Cilj dela je bil razvoj hitrejSih in ucinkovitejSih metod za simultano speciacijo 12 napogostejSih OKS (metil-, butil-, fenil- in oktil-
kositrov) v razliénih okoljskih vzorcih z uporabo 15 m GC kolone, testiranjem razliénih ekstrakcijskih pogojev in pufrov. Razvite
metode uporabljamo za analizo realnih vzorcev (re¢ne, morske, odpadne, izcedne vode).

Speciacija OKS
. Locha in analiza
Ekstracija OKS et Py i Prenos v
TR Derivatizacija organsko fazo organske faze z
GC-IPC-MS
Razvoj analiznega postopka Lastnosti GC-ICP-MS
ekstraﬁg'skih Testirane Ekstrakcijski Preizkuene Analizna
pufrojv vode reagenti GC kololone metoda Prednosti Uporabe Slabosti tehnike
Fostauni Retne 1zooktan 15m GC-ICP-MS
.4-9. Odstranitev
interferenc ki se —
pojavljajo pri GC-MS Drazja
AC?S}Q'OPH Morske Heksan 30m GC-MS i
8 Izcedne i
Karbonatni ! , : a & ZahtevnejSa za
vode iz Ciklopentan Nizka meja detekcije
pH 4.0-10.0 deponije uporabo
TRIS/citratni 0
pH 3.0-10.0 Rezultati
Veliko Iing_arno
oml=kme; ‘5°°;‘a"r tris-cltratni pufer, pH 6.0 A 15 m kolona, heksan, tris-citratni pufer, pH 6.0 C obmocje
30000
g 30000 2
25000
5 25000 a 5s7on
20000 10 - oo oo .
g 2000 s
S i Zakljucki in ugotovitve
o000 . o 21 g, - e o M * Razvite metode so obcutno skrajSale ¢as analize z GC-ICP-MS
=0 4 - 4 « Posledica je prihranek energije, asa in moznost analize veéje
o . - - o ) -
0 . 1 R oon o ow koli¢ine vzorcev v istem ¢asu
o S S S O + Metoda omogoga simultano dologanje 12 OKS v okoljskin
2 ] 2 vzorcih.
1 25000 | 5 . . . .
o a 67 9 » Fostatni in karbonatni pufer nista uporabna za ekstrakcijo OKS
%7 20000 11 . . v L. .
2= 3 91 13 £ 1o T o v morskih vzorcih zaradi izobarjanja soli.
1 2 ’m . . . . . .
g oo | » 8 10000 8 . « Ugotovili smo da je TRIS/citratni pufer pri pH 6.0 optimalni za
h . - ; ;
o0 s * o 5 * analizo OKS v okoljskih vodnih vzorcih.
o : : 0 . - . « Ekstrakcija z heksanom je repruducibilna in da stabilen signal
S e T time (min) preiskovanih OKS.

1-TMeT, 2 — DMeT, 3 - MMeT, 4 —Sn, 5 - MBT, 6 — TPrT, 7 — DBT, 8 — MPhT, 9 — TBT, 10 —
MOcT, 11 - TeBuT, 12 — DPhT, 13 — DOCT, 14 — TPhT, 15 — TOcT
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The Internet has already set its users free ofkamty of building infrastructure. It has evolved bey e-
mail, content, and e-commerce, becoming a trudgptatthat combines the qualities of service of ente
prise computing with the ability to share resouraeoss the web. Moreover, Internet is becomingemor
and more distributed, and so are the expectatimnisf aligning protocols. According to Ipoque Imtet
Study for 2008/09, P2P generates most of the lataraffic in all regions (even up to 70% in Easter
Europe), with predictions that it will account fmore than 90% by 2013. This huge amount of P2Peusag
is due to its open, anonymous and self-organizetyine. P2P computing has incredibly wide range of
usage: from simple every-day communication (Skygeptent sharing (BitTorrent), and e-commerce
(eBay), to great research projects that requirgtbeessing power of numerous interconnected comput
ers (SETI@Home). The whole area of distributed aating is a hot bed of significant development that
has been generating amazing advances [3] [4].

Nevertheless, P2P systems are not just abouthdistrg information. Their open nature has attractast
amount of users and dragged even greater attetatiattackers who use impressive amount of resources
trying to subvert these systems. There is nowategiic shift by the attackers that mainly targespeal
computers with high Internet connectivity that denuseful for the miscreants. The complexity ofrdis
buted networks brings equally complex issues fdem#ing them against attacks [1] [2]. Future system
are not likely to ease that job, as new threatk emlerge due to the billions of components compgisi
them. In this new “world of emerging technologioglportunities”, reputation is one of the few tothiat

can still provide trust: trust among the usersisfrdbuted services, and even the trust necessamyain-

tain reliability and accountability of these sersd3].

Our contribution is attributed through BarterCasfully distributed reputation mechanism that ist e

the NextShare software developed in the P2P-Nexégptr[4]. We have mapped BarterCast's design onto
the Taxonomy of Trust proposed by the Stanford FResyearch group and obtained important conclu-
sions mainly related to the design and partiallyh® purpose of the mechanism [3]. While Barter@ast
more reputation oriented (choosing appropriateabaltator based on her past behavior and performance
incentivizing collaborative behavior etc.), theme aecurity issues that have not been tacklednyéte
present design. Some of them are identity and mastagement, threat modeling, information integrity
check and information time convergence. Our re$eaot only considers the social aspect of a rejmutat
system design, but also strives to base user@tmaiation on strong security mechanisms. Fostered r
putable and trustworthy collaboration would leag arternet based application closer to its"Futureei-

net” ideal.

References:

[1] Meulpolder, M. and Pouwelse, J. A. and Epema, DJ.Hand Sips, H. J., BarterCast: A Practical Appraach
Prevent Lazy Freeriding in P2P Networks, Prochef@th International Workshop on Hot Topics in PleePeer
Systems (Hot-P2P'09) in conjunction with IPDPS 2008y, 2009, 1-8,
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WHY? HOW? RESULT
Distributed computing: hot bed Reputation mechanisms Minimized privacy concerns
of significant development that [ BarterCast: Fully distributed and cost
is generating amazing BitTorrent-based | * Dat -

ata protection

advances Reputation rationale: P
P2P computing: distributed - Past behavior predicts future  Maximized resource and data
computing paradigm of sharing Pehavior relevance and ease of use
resources on the Internet - Poor behavior deterred by

Reduced initial ambiguity

ey
(QsitTorrent
Google

loss of future business

P2P open and anonymous nature
= an ideal medium for attackers
to spread malicious content

Information asymmetry in on-line
collaboration

OBJECTIVES

The problem of deciding whether to interact is a process of judging how cooperatively
prospective partners are likely to be with respect to the expected outcome.

Principals gather information, evaluate and enforce agreed upon policies (if
necessary) without reliance on central management authority.
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Vehicle driving consumes time and energy (fuelcteieity etc.). Usually both have to be minimized.
Minimizing the consumption of one of them leadsirtoreasing the consumption of the other. To find
driving strategies that take into considerationhbobjectives, we have implemented a multiobjective
genetic algorithm that constructs driving strategas sets of rules. Optimal sets of rules cons$iabn-
dominated solutions and therefore cannot be sdydseéd on quality since each solution represengs-a p
ticular trade-off between the two objectives. Thelf strategy selection is done by the user whes use
higher-level information to select the most preddrstrategy from the found best solutions.

To test the strategies, we implemented a vehictailsitor. It is defined with the engine, transmissio
aerodynamics, braking and wheel characteristicsiniulates driving on a predefined route that csigsi
of segments. Each segment is defined with its lgrigtlination, radius and velocity limit. Vehictiiv-
ing is controlled with a strategy consisting ofea of rules. Each rule has the following form: I€hicle
characteristics INSIDE intervall AND segment chagastics INSIDE interval2 THEN USE throttle
percentage AND gear OR braking percentage.

The implemented multiobjective genetic algorithnb@sed on NSGA-II [1]. It has the characteristi€s 0
genetic algorithms [2] as follows. It randomly ializes a set of driving strategies. Then thesatesgies

are improved over generations where in each geaerptirs of strategies are randomly selectedy thei
information is exchanged, their rules are randoafignged, a randomly selected rule is removed and a
randomly created rule is added, and the strategidinally evaluated and added to the set ofesjias

[3]. This is done in such a way that each straisgelected once on average in each generatiaddia

tion to these classical genetic algorithm mechasjgshe NSGA-II has dedicated mechanisms in order to
meet the multiobjective algorithm requirementsaddition to minimization of the objectives, it peeges

the diversity of the strategies with respect todbgectives. This is done using the non-dominatetirg

and the crowding distance mechanisms known fronNBEA-I11.

Using the described algorithm, we performed prelamy numerical experiments in multiobjective dis-
covery of driving strategies for several predefis@dple routes [4]. The results in the form of nonm-
nated sets of solutions are promising and stinudatbr further investigation in this problem domain
Future work will include improvements of the algbm efficiency, its testing on the routes defineithw
real data, and comparison of our results with &seilts of other algorithms.
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Problem Description

* Vehicle driving on a route from location A to

location B
« Vehicle defined with:
- engine characteristics
- transmission characteristics
- aerodynamic characteristics
- braking characteristics
- wheel characteristics
¢ Route consists of segments
* Segment defined with:
-length
—inclination
- radius
- velocity limit

Goal

 Find driving strategies regarding two objectives

that have to minimized:
- traveling time
- fuel consumption

« Find set of strategies:

Advisor: Prof. Bogdan Filipi¢
Department of Intelligent Systems

Jozef Stefan Institute, Jamova cesta 39, 1000 Ljubljana

erik.dovgan@ijs.si

Representation of Driving Strategies

« Strategies as sets of rules
¢ Rule form:
- IF vehicle characteristics INSIDE intervall
AND segment characteristics INSIDE interval2
THEN
USE throttle percentage AND gear
OR braking percentage

Solving the Problem

¢ Find strategies with a multiobjective genetic algorithm
based on NSGA-II

« First, random initialization of strategies
« Then, strategy improvement step-by-step, in each step:

- randomly select two strategies and two rules of these
strategies

- exchange information between the selected rules

—randomly change the rules

- delete a randomly selected rule

—add a randomly created rule

- evaluate the obtained strategies

- add these strategies to the set of existing strategies
« Periodically remove the worst and too similar strategies

- not worse with respect to both objectives
- heterogeneous with respect to both objectives

Solutions for a given route found in five experimental runs
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Car driving interface
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The population of developed societies is rapidiyng@gnd there is an increased pressure on the mgrki
age population to take care for the elderly peoBkveral systems were introduced in recent years ad
dressing some issues related to this problem. Meryenost of the systems developed in this coraext
based on pre-defined fall detection [1, 4, 5], nieguthat they are capable of recognizing simpleahdz
ous situations and triggering alarms. We aim anarging the scope of detection and user-adaptafion
the system by enriching it with more complex scheffioe reconstruction, interpretation and adaptation
In particular, we are exploring the possible amilans of intelligent agents in home environmefuidg-

ing how they can be employed to realize cognitivathhanced multi-agent system (MAS) which is capa-
ble of robust and reliable monitoring the eldergrgon in his or her daily activities. Not only thielerly

will profit from the system, but also their famgi@nd caregivers, since the burden on them wiuie
stantially reduced.

In this context, our efforts are endeavoring t@gnate state-of-the-art technology in the fieldsnoiiti-
agent systems, filtering, machine learning andi@utiletection in order to produce a single, multi-
functional system to be deployed in a home enviemmThe system is composed of a multitude of
agents that are arranged hierarchically, providiregeasingly more abstract situational awareness,ima
parallel, exploiting the principle of multiple knéedge. We present the following groups of agetts: t
refining agent group where the agents filter noise, comgateved attributes and map raw data with the
human body model; theconstruction agent group, a set of agents which reconstrusedasu3D position
and a posture in the environment [3]; flmerpretation agent group, which provides the awareness by
explaining the reconstruction results and reactsnergency or hazardous situations when detedted; t
prevention agent group, a swarm of agents monitoring a wavétmeasurable user parameters ranging
from posture characteristics to daily activitiesd aeacts to contingencies and foreseeing incamsigs

in the user’s behavior indicating a decreased pgyfeysical state or even a disease; and finallyctige
nitive agent group which is able to construct the cogmisitate of the integrated system from increasingly
more abstract context awareness, and perform riggg@m a wider spectrum of information with an
integrated reasoning strategy.

The system has been tested in several on-line demations. The results in the fall detection expert
showed that context dependent reasoning can diétectomplex scenarios usually misinterpreted by
acceleration-based systems [2]. In addition, tleipimary results on disability detection are emagu
ing, showing a potential for premature discovenagotential health problem that may lead to alqesi
condition.

References:

[1] A. K. Bourke and G. M. Lyons. A threshold-based-&#tection algorithm using a bi-axial gyroscopessen
Medical Engineering & Physics, 30(1):84-90, 2008.

[2] Bostjan Kaluza, Violeta Mirchevska, Mitja Lustreohe Velez, and Matjaz Gams. Ubiquitous care system
support independent living: Preliminary results.Roots for the future of amb. intelligence, pp. 308—-315, 2009.

[3] Mitja LuStrek and BosStjan KaluzZa. Fall detection addivity recognition with machine learninthformatica,
33(2):197-204, 2009.

[4] J. I. Pan, C. J. Yung, C. C. Liang, and L. F. Lai. iAtelligent homecare emergency service system lftere
falling. In: World Congress on Medical Physics and Biomedical Engineering 2006, pp. 424—-428, 2006.

[5] T. Zhang, J. Wang, J. Liu, and P. Hou. Fall detecby wearable sensor and one-class SVM algorithm.ec-
ture Notesin Control and Information Science, pp. 858-863, 2006.

26



MEDNARODNA JOZEF STEFAN - ’
PODIPLOMSKA SOLA INTERNATIONAL ~ ~
JOZEFA STEFANA  POSTGRADUATE SCHOOL® "~ &~ \

Context-Aware MAS for Remote Elderly Care

BOSTJAN KALUZA?, VIOLETA MIRCEVSKA? and ERIK DOVGAN?

Advisors: prof. dr. MatjaZ Gams, dr. Mitja Lustrek
Study program: New Media and E-Science, JoZef Stefan International Postgraduate School
1Department of Intelligent Systems, JoZef Stefan Institute, Jamova cesta 39, 1000 Ljubljana

2Result d.o0.0., Bravnitarjeva 11, 1000 Ljubljana

{bostj an. kal uza, violeta.nircevska, erik.dovgan}Gijs.si

- - | === === mmmmmmmmmmmm————————— -
MULTI-AGENT SYSTEM (MAS) A E Components of a typical care ' Cognitively-enhanced architecture OUR SOLUTION i
A multi-agent system is a collection of software agents that 1 system architecture 1 We aim at augmenting the scope of |
work in conjunction with each other cooperatively or : : detection component (marked gray) by :
competitively to achieve some individual or collective task. I S | m enriching it with more complex schemes for |
Multi-agent systems can be used to solve problems which : Communication | Reporting : \\ reconstruction, interpretation and :
are difficult or impossible for an individual agent or | 1 component 1 Communication prevention. In particular, we present a I
monolithic system to solve. : : " complex MAS architecture able not only to H

. ' Cognition detect falls from sensor data but also to !

1 1 Prevention reason from context and moreover, to I
REMOTE ELDERLY CARE \ i ) ' i recognize unusual behavior as an indicator :
Care at home is often preferable to patients and is usually | 1 Interpretation Dzt 1 Interpretation of a potential health problem. On the rightis |
less expensive for care providers than institutional | | ' ' N illustrated the subsumption architecture | |
alternatives. New developments in assistive technology are | ! ] Reconstruction that organizes agents into groups, and |1
likely to make an important contribution to the remote care : : : Refining groups into hierarchical context awareness. :
of elderly people improving older people's safety, security : - N : ' The architecture is further elaborated below :
and ability to cope at home. Systems introduced in this I HW 1 Sensing in the middle figure presenting interactions H
context are mainly focused on fall detection, meaning that : Sensing component : : between agent groups. Particular group is :
they are capable of recognizing simple hazardous situations, I 1 presented in one of the surrounding boxes H
triggering alarms and notifying caregivers or relatives. : : : with corresponding color. :

1 1 1

RESULTS
Meta-prediction agent PREVENTION AGENTS § X We have designed two sets of experiments showing the
gmes wess s s we o om wes o A set of agents observe user’s behavior, where each of them ilties of the interpretation and ion group of
Heuristics, collects specific subset of behavior data ranging from posture agents. The first experiment was devoted to fall

learning characteristics to daily activities. These agents automatically
agents (1) build behavior models that are constantly updated and classify
the current behavior to recognize changes that might lead to a
disease or illness. Since each agent only partially observes
user’s behavior, an integration agent collects their observations
and merges them into the final behavior observation.

detection where we presented complex situations that
can be easily misinterpreted by an acceleration-based fall
detector. The system successfully recognized all falls and
had some problems recognizing sliding from the chair.
However, the system raised only one false alarm,

Learningagents L s L t " " " achieving overall accuracy of 91.33 %. The second

Figure on the right shows measured behavior of gait experiment verified how the prevention group of agents

\ . \ Gait Turing Actviy ooy || | Charecterstics agents. Each measured atribute s presented on adapts 1o a person and detects disabilities.  After two

i : - Vs / green intersecting lines are previous training days, the user started limping (third day) and

EL T ik L agents (2) agents (2) agents (2) agents (1) measurements of normal behavior. New measurement, marked walking slow (fourth day), which was successfully
with blue line, represents new measurement. recognized by at least one statistics-agent group.

COGNITIVE AGENTS

Meta-learning agents. The system design includes the cognitive state of the user,
although not implemented yet in the tested version. The
cognitive layer will include the attributes related to the
cognitive state of the user (heart rate, blood pressure,
Learning agents ~ Learning agents voice etc.), thus constructing not only the physical, but
also the cognitive state of the user. These agents use the
cognitive state to perform reasoning on a wider spectrum
of information with an integrated reasoning strategy.

Interpretation

Communication
agents

Cognitive
agents

Prevention
agents

'
| Meta-prediction agents RECONSTRUCTION AGENTS \
pq The reconstruction agents determine location and
/ Heuristics posture of a person at a specific time. There are two
Interpretation d ! € tio
agents combine their classifications by exploiting the power
(accuracy) of particular agents.

. Learning agents Learningagents | | three figure below show: top view of the apartment
Reconstruction

agents

Expert Machine- (left) indicating area where the user is; side view
(nowledge learning (middle) showing skeleton of the user as seen; and
agents (14) agents (5) recognized activity (right), i. e. how the system perceives
the current posture of the user by various agents.

Sensor

1

: learning competitive agent groups performing this task, namely
Y i agents 2) machine-learning and expert-knowledge agents. The

| final decision is made by meta-prediction agents that

1

1

1

1

1

1

1

1
agents

] Ground Plane Viewer [ || £ side view [ | £ Activity Recognition [
Q =
A samang
s
} standing
/ e
VQ

—————— System { |\ standing

ontology l - —

Sensing S
T ‘L__',\l _____________________________________________________ CoTmmmEmmmmms
| [ITERPRETATION AGENTS Met predoen g ¥ ~ Troes sgonts it i N — 1
i i A —

2 ) ) Leomingsgents Y i agent These agents filter noise (using not only one ) 1 \ ) ]
1| The interpretation group of agents contracts physical Heurstis (1) ! method such as Kalman's fiter, but five | if y |
! awareness of a person in th: :nvwronmen; band ] ] rcceleration Body independent methods in the form of agents that [ i 3 ]

etects emergency situations which are caused by a constraints rovide their observations), compute derived | {
| caus | agents(4) p , comp i . .
1 | fall or a sudden health problem. These situations are Learningagents _ Learning agents i agent (1) attributes and map raw data with the human d iy w " :
I | reflected by a person lying or sitting at an Expertknowlede Machine learring [ eamingogents ~—Leaming agents body model. In this way they provide a uniform [ 1 I
1| inappropriate place (eg. on the ground) for agents (8) agents (2) 1! of all available data of the body. z S— ]
! | prolonged period of time. ) ' Moving Kalman fitering Three graphs on the right present x, y and z | 1% Mm« 1
| | The group is structured similar as the reconstruction detection (5) agents (4) coordinates of a tag attached to the belt. The | ; ]

agent group: it consists of expert knowledge agents, e o5 W
1| gert group: it consists of e ldge agen . i vertical axis is distance (meters) while horizontal T . % 1
i | prediction " agents based on machine-learning i gk Xl Reflexagents axis is time (1/10 of a second). The blue line | - ]
1 | algorithms, while the final decision is made by the Macrire Lowring 1 presents original data as provided by sensing | 1 ]
||| meta-prediction agent. e ' Median fitering agent, the green line is after the median filtering | ¢ ’J !
| | The image below  group architecture shows NG DEECTED o peRsON LG AT : | agents (4) is applied and the red line after the agent that | (; i MW y — :
| | explanations of alarm messages triggered by the st e i takes into account constraints of human body. e | N o . 1
1 Lparticular subgroup. i e e 0
1 1
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Nadzor nad hrambo vzorcev v laboratorijih je zedbonpmben, saj lahko Ze zelo majhna napaka poéivzro
veliko Skode. Eden izmed klnih elementov za optimalno delovanje laboratojasfjalen nadzor nad
delovanjem laboratorijske opreme. Neprestano dejevaredstavlja za opremo (npr. hladilne skrinje)
velik izziv. Poleg primarnega shranjevanja matekigke nujno tudi nadzorovanje delovanja opreme za
hranjenje podatkov o vzorcih, zdravilih, pacierntitopremi. Meritve okoljskih parametrov v labordiibr
potekajo s pom#jo raznih merilnih naprav, ki v dotenih ¢asovnih intervalih zapisujejo podatke o
izmerjenih vrednostih v podatkovno bazo.

Za nadzor nad vrednostmi teh meritev smo raz\dliesn iLab, ki temelji na uporabi teorije ekspertnih
sistemov [1]. Znanje, ki je potrebno za pravilndodanje ekspertnega sistema, je opisano v oblikp-mn
Zice pravil, katera uporabnik vnese v sistem s pgonaporabniSkega vmesnika. Pravila opisujejo dovol-
jene oziroma zaZeljene pogoje, ki morajo veljatprastore, opremo, vzorce in delavce, na primen-te
peratura v prostoru P ne sme pt#dé& "C. V primeru, da je eno od pravil krSeno spdetni sistem sproZi
alarm oziroma opozorilo ter poda opis trenutnegajatuporabniku preko grafiega vmesnika.

Rezultat naSega dela je ekspertni sistem z updaalprijaznim uporabniSkim vmesnikom. Sistem deluje
tako, da uporabnika opozori o nepravilnostih detjaapreme. V tesni povezavi z delovanjem opreme
nadzoruje tudi podige analize in shranjevanja vzorcev. To pomeni, gailneru ko oprema ne deluje
dobro, lahko dvomimo v kakovost vzorcev in ne smeapati rezultatom analiz.

Razvit prototip je primeren za uporabo v r&zih laboratorijih [2], od zasebnih do javnih (v bdhicah,
zdravstvenih domovih in veterinarskih postajahpotaba take aplikacije lahko bistveno zmanjSa k&os
hranjenja vzorcev in s skoraj optimalnim shranjgeanzagotavlja in ohranja njihovo kakovost.

Literatura:

[1] J. C. Giarratano and G.D. Rilefgxpert Systems, Principles and Programming. Thomson Course Technology,
2005.

[2] J.E.H Stafford Advanced LIMS Technology, Case Studies and Business Opportunities. Kluwer Academic Publis-
hers, 1995.
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« odpis celotne -
serije zdravil, -
vzorcev,
proizvodnih N
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« stalno spremljanje delovanja
opreme

* neprekinjeno delovanje opreme
pomeni velik izziv

« kakovost vzorcev moéno odvisna
od pravilnega delovanja opreme

Zajem meritev

Podatkovna baza
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okoljski
parametri

» zmanjSanje stroSkov
hranjenja vzorcev

 povecanje zaloge vzorcev zaradi
zmanjSanja pokvarljivosti le-teh

manjSanje siroSkov v zvezi s
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periodi¢nim fizi€nim pregledovanjem
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razvoj
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* izvajanje meritev okoljskih parametrov (oprema, prostori, vzorci)
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« definiranje mnoZice pravil s pomocjo uporabniSkega vmesnika

]
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« primer pravila: temperatura v prostoru P ne sme preseci 15 °C

SPODNJAMEJA <= 'f% <= ZGORNJA MEJA
L4
* ekspertni sistem stalno preverja definirana pravila nad
zajetimi okoljskimi parametri

 ob morebitnem kr8enju pravila se sprozi alarm, sistem /'\

opozori uporabnika °

Uporabniski vmesnik

Ekspertni sistem
mnozica pravil
(preverjanje pravil)

okoljski
parametri

opozorila, alarmi

Uporaba take aplikacije lahko bistveno zmanjSa stroSke hranjenja
vzorcev ter tako zmanjSa prorac¢unske odhodke . S skoraj
optimalnim shranjevanjem zagotavlja in ohranja kakovost vzorcev.

« razli¢ni javni in
zasebni laboratoriji

« bolniSnice, zdravstveni domovi,
veterinarske postaje
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This poster presents real-time learning througbrawtion. In sequential decision making domains and
domains in which creating representative datasexpensive and time consuming, learning throug-int
raction is the only feasible way to train a syst&xamples of such domains include system adaptstion
particular user, control problems, learning to maynes and similar.

Reinforcement learning is an approach for learrapgmal action policy via experiencing, i.e. using
observed reward in environment states. Reinforcérearning algorithms include adaptive dynamic
programming, temporal difference learning and Qrlery[1]. Examples of successful applications of
reinforcement learning are controller for sustaiivagerted flight on an autonomous helicopter [2Han
learning to play the soccer game Keepaway[3].

We researched possibilities for adaptation of hdsed alarm detection system in the domain of remot
elderly care using the CONFIDENCE system [4]. Ekpental results show that reinforcement learning
can be used for adaptation of the alarm detectystem to the particular needs and preferenceseof th
user.

References:

[1] S. Russel and P. Norvigrtificial Intelligence: A Modern Approach, 2nd Edition. Prentice Hall, 2003.

[2] A. Y. Ng, A. Coates, M. Diel, V. Ganapathi, J. S¢huB. Tse, E. Berger and E. Liang. Autonomous im¢eert
helicopter flight via reinforcement learning. Rnoceedings of the International Symposium of Experimental Ro-
botics, pp. 363-372, 2004.

[3] P. Stone, R. S. Sutton, and G. Kuhlmann. Reinforcétesrning for RoboCup-Soccer Keepaway Aifeptive
Behavior, 13(3), pp.165-188, 2005

[4] CONFIDENCE Ubiquitous Care System to Support Indepenideing - http://www.confidence-eu.org/
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Imagine playing chess without any knowledge about the rules of the game.
After hundred or so moves, your opponent says, “Yes, you loose!”. How can
you use this feedback in order to develop successful playing strategy?

LEARNING OPTIMAL BEHAVIOR THROUGH INTERACTION

Sequential decision making problems which are difficult to be represented with examples accurately and consistently

= System adaptation to user based on received feedback: user does not evaluate every low level action the system makes, but
overall system performance

= Control: a traffic system can measure the delay of cars, however it is difficult to develop a strategy how to decrease the delay
using this kind of data.

= Game playing: player knows whether it wins or loses, however this does not provide information how to move at each step.
REINFORCEMENT LEARNING

) ) PERCEPTS (STATE
Learning from success and failure

+ REWARD)
- Adaptive dynamic programming e
« Temporal difference learning
* Q-learning
ACTIONS

» EXPLORATION VS EXPLOITATION «

* Peter Stone, Richard S. Sutton, and Gregory Kuhimann.
Reinforcement Learning for RoboCup-Soccer Keepaway.
Adaptive Behavior, 13(3):165-188, 2005.

APPLICATIONS

REMOTE HEALTH CARE — DETECTION OF EMERGENCY SITUATIONS

IF person lying on the

ground 80% in 8 seconds P ———
Anchors : o
a > THEN alarm
'
o
"
S|0|0j0|0|O0
a o|-1|-1/-1|/0]0 - —
Portable © °°
dev@e Sphygmo 8 -3|-3|-3 1 0 g 0n
0
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o
8|-3[3|3[1]0 ./
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* CONFIDENCE Ubiquitous Care System to Support
Independent Living - http://www.confidence-eu.org/
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Gaussian process (GP) models form a new, emergimglementary method for nonlinear system identi-
fication. The GP model is a probabilistic nonparaioélack-box model. It differs from most of théher
frequently used black-box identification approachs# does not try to approximate the modeledesyst

by fitting the parameters of the selected basistfans, but rather searches for the relationshipragn
measured data. Gaussian processes models arg/cllagtd to approaches such as Support Vector Ma-
chines, and specially Relevance Vector MachinesH&tause GP model is a Bayesian model, the output
of Gaussian process model is a normal distributexpressed in terms of mean and variance. Mear val
represents the most likely output and the variaacebe viewed as the measure of its confidence. Ob-
tained variance, which depends on amount of avail@dining data, is important information distingju

ing the GP models from other non-bayesian meth@sussian process can be used for model identifica-
tion when data are heavily corrupted with noise, when there are outliers or gaps in the trainiatgd
Another useful attribute of the GP model is thesiuty to include various kinds of prior knowleeg

into the model, e.g. local models, static charéstier etc.

A noticeable drawback of the system identificatiath Gaussian process models is computation time
necessary for modeling. Gaussian process regreigsiolves several matrix computations which load
increases with the third power of the number dhtrey data, such as matrix inversion and the catoah
of the log-determinant of used covariance matrhisTcomputational greed restricts the number dafitra
ing data, to at most a few thousand cases.

This limitation precludes usage of GP models fonynaeal applications, usually dynamic systems, wher
the amount of data constantly rises. In these ¢c#sesbility of online learning of GP models withn-
stant time of an update is needed. This could h&aed with maintenance of a set of the most inferm
tive data. The size of a set should be small entlgthan update could be completed before new data
arrives. In many cases new data is much more irapbtihan old data. In these cases the featuragétfo
ting old data is used.

References:

[1] C. E. Rasmussen and C. K. I. Willian®&aussian Processes for Machine Learning. The MIT Press, 2006

[2] J. Kocijan, D. Petelin, V. Tanko, Identifikacija celoverne skrinjice na podlagi Gaussovih procesov, |18we
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[3] L. Csatd and M. Opper. Sparse On-Line Gaussian Bsese Morgan Kaufmanrifeural Computation,
14(3):641-669, 2002.
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BASIC INFORMATION

- GP model is non-parametric,

- probabilistic (Bayesian) method,

- it may be considered as a Black-box method while
- it searches relationships among data.

- It is a kernel method.

input value input values

| |

Gaussian Process

mean function: p(t)
cov. function: cov(t,t")

Gaussian Distribution

mean: p Pk
variance: 0

Tos

ribution

pio
* o veriance:s /\

value of the density function

(= probability in discretecase) ~ =~ ° l p(x(t)

- Itis easy to use,

- returns also a confidence in a prediction,

- is resistant to missing and noisy data and

- can't be overfitted (due to Bayesian nature).
- It has ability to include prior knowledge.

MODELING
- GP model is fully specified with the data and
a covariance matrix

GP Model

Covariance Matrix

training l covariance training |{|——>
inputs function outputs

inputs

COVARIANCE FUNCTION

- It reflects correlation between inputs,

- must generates semi positive-definite matrix.

- It is constructed out of a number of hyperparameters

- that may be used to adjust the properties of the GP prior

ONLINE LEARNING
- Improving a model with every new data.

- Maintaining a subset of the most informative data (BV).
- Enables forgetting of old (irrelevant) data

Remove
/ the worst \
Score all Optimise
vectors hyp. par.
Add to Update
aBVset hyp. par.

REAL APPLICATIONS

Robotics

Weather (ozone, CO,,...)

Wastewater systems

- and many others
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V okviru opisanega dela je bil razvit jezik za zapiatematinih izrazov nadtasovnimi vrstami [4] ter
programska oprema, ki omogp leksikalno in sintakdno analizo ter evaluacijo izrazov, ki pripadajo
opisanemu jeziku.

Jezik omogoa uporabo konstant, osnovnih matefdt operacij (seStevanje, odStevanje, mnozenje,
deljenje), potenciranja, trigonomeinih funkcij (sin, cos, tan), logaritmiranja in ahsme vrednosti. Na
voljo so tudi primerjalni operatorji (enako, rarlo, veje, manjSe, v§e ali enako, manjSe ali enako). V
vlogi spremenljivk se uporabljajo vredno&tisovnih vrst ob izbraniiasih. Jezik omog@ tudi uporabo
osnovnih funkcij nad intervaltasovnih vrst, kot so minimum, maksimum in powma vrednost.
Sintaksa izrazov je dotena z gramatiko tipa LALR(1) [1].

Leksikalni analizator na vhodu sprejme niz znakang( characters) sestavljencik, desetiSkih cifer in
ostalih znakov (+, -, *, /, =, >, <[e je sprejeti vhodni niz leksikalno pravilen, gaakator pretvori v
niz korénih simbolov (ang. tokens) gramatike jezika. V masgem primeru analizator sp@iaapako in
zaporedno Stevilo znaka v izrazu, pri katerem je bdkrita napaka. Leksikalni analizator, ki dellt

deterministtni konéni avtomat (ang. deterministic finite state machipe bil razvit s pom&o orodja za
generiranje &inkovitih leksikalnih analizatorjev Flex [3].

Sintaktini analizator na vhodu sprejme niz simbolov, kigeultat leksikalne analiz€e izraz pripada
jeziku, ga pretvori v drevo izpeljave (ang. paree}, sicer pa vrne spaiitp o napaki in mestu napake.
Sintakteni analizator je bil razvit s ponip orodja CUP [2] in deluje kot skladovni avtomaing.
pushdown automaton), kar mu omgégdasovno in pomnilniSkodinkovitost.

Evaluator za izréun vrednosti izraza uporabi drevo izpeljave in ftijtk ki jo zagotovi uporabnik, in na
zahtevo vraéa vrednosti¢asovnih vrst ob dol®nih ¢asih. Evaluator je implementiran v okviru
sintakténega analizatorja, tako da se tara vrednosti izraza opravi Ze med izvajanjem stitak
analize. Evaluacija izraza se po potrebi lahkojewadi Iateno od sintaktine analize.

Jezik in razvita programska oprema sta primernapmaabo v Stevilnih aplikacijah v katerih je potneb
fleksibilna in uporabniku prijazna analiz@sovnih vrst. Opisano delo smo npr. uporabili vjgktu
i-LAB, v katerem z ekspertnim sistemom nadzorujeykoljske parametre v zdravstvenem laboratoriju in
po kvaliteti primerjamo vzorce in reagente gledgpagoje hranjenja.

References:
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Casovna vrsta (ang. time series) je zaporedje
vrednosti dolo¢ene spremenljivke v zaporednih
¢asovnih intervalih.

Primeri :
*Relativha zracna vlaznost v susilnici izmerjena
vsakih 5 minut.
«Stevilo avtomobilov v parkirni hii vsako minuto.
Nadmorska viSina letala izmerjena 4 krat na
sekundo.

3218
—

£ s
(=1

C 3212 o

%2}

'S 3209

3206

izraz
sestavljena iz znakov dolo¢ene abecede in pripada
nekemu jeziku besed. Znaki predstavljajo konstante,
spremenljivke, operacije ali relacije.

Primeri :

Matemati €ni je beseda koncéne dolzine

*RH > 40 (ali je trenutna vlaznost nad 40%)

*315 - max(N[1440-0]) (najmanj3e Stevilo prostih mest v
zadnjih 24 urah)

eabs(h — h[8]) > 10 (ali se je letalo v zadnjih dveh
sekundah spustilo/dvignilo za ve¢ kot 10m)

Gramatika jezika je mnozica pravil, ki doloc¢ajo,
kako se iz simbolov dolo¢ene abecede sestavijo
izrazi, ki pripadajo jeziku, ki ga gramatika opisuje.

cond ::= expr = expr | expr != expr | expr > expr
| expr < expr | expr >= expr | expr <= expr |
expr ;
expr ;= expr + factor | expr — factor | factor ;
factor ::=  factor * term | factor / term | term ;
term = expr) | - term | expr) | expr
| expr) | expr) | expr
| expr , expr ) | expr ) | num | var |
series ) | series ) | series ) ;
num ::= ;
var ;= | num | ;
series ::= num — num

Leksikalna analiza (ang. lexical analysis) je proces
pretvarjanja zaporedja znakov v zaporedje simbolov
(ang. tokens).

Primer :
abs(h — h[8]) > 10 se po leksikalni analizi pretvori v:
| (] hi-| il Bl

| 110 |

Sintaksna analiza (ang. parsing, syntactic analysis)
je proces analiziranja teksta sestavljenega iz
simbolov, ki ugotovi gramatiCno strukturo glede na
dano formalno gramatiko (jezik).

Primer :
abs(h — h[8]) > 10 se po sintaksni analizi pretvori v:

cond
expr expr
fact fact
te#m tetm
e)ipr fa%t :10
fa¢ct te[m
term var
v%r :h nLim
h 8
Evaluacija izraza (ang. expression evaluation)

pomeni izracun dejanske vrednosti izraza ob znanih
vrednostih vseh spremenljivk, ki nastopajo v izrazu.

Primer :
abs(h — h[8]) > 10 se med evaluacijo pretvori tako::
nires
e
4.6 10
/T\
-4.6
/T\
3208.4 3213.0 :10
=
t
h :8

Uporaba: jezik in razvita programska oprema sta
primerna za aplikacije v katerih je potrebna analiza
¢asovnih vrst.

Jezik smo uporabili v projektu i-LAB, v katerem z
ekspertnim  sistemom nadzorujemo okoljske
parametre v  zdravstvenem laboratoriju in
primerjamo vzorce in reagente po kvaliteti glede
na pogoje hranjenja.
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Wireless sensor networks (WSNs) are one of the$ashanging ICT related areas both in industry and
research fields, having a big impact on modernetpcNevertheless, designing a WSN requires conside
ing a set of constraints and low energy is ondiefrhost important of them [1]. From previous applea

es we saw that the energy efficiency issue is addrkat different levels, including MAC and network
protocols, physical layer communication, operatsygtem, algorithms, etc. All these should be able t
dynamically adapt in order to minimize power conption [2]. Therefore, several optimizations have
been proposed such as adaptive modulations andrpM#eC protocols such as T-MAC, S-MAC, B-
MAC, power aware routing algorithms like SPIN orAEH, etc [2].

Our implementation is related to cross-layer desitnich is based on interaction between non-adjacent
layers. Such approach can improve energy efficidmcyoining design optimizations across hardware,
link layer, MAC and routing protocols [2]. Our stibin is based on accessing, from the applicatigarla
the services provided by lower layers. These sesvare available as libraries and they perform powe
aware operations on the nodes without sacrifichrg dbstraction of low-level functionality. The powe
consumption is reduced using two methods: miningizime communication process as it is one of the
most consuming processes within the network, anidgieally activating deep sleep mode for the nodes

We used a WSN composed of two types of nodes:ethsirsg nodes for measuring environment data, and
the gateway node through which the network is senthe data to a PC for storing and possible farthe
processing. They transmit messages based on tveas tyb communication: wireless communication
between the nodes and the gateway, and wired coroatiom between the gateway and the PC. The
sensors located on the nodes are able to measuperature, humidity, light and 3D acceleration. For
developing the applications, few tools were useamely .NET Micro Framework, Visual Studio 2005
and SQL Server. The application running on the @ensdes periodically reads the sensor data and
checks if the difference between the current valoe the last sent value is above a threshold elidift
ference is above, it saves these new values artth ®2new message to the gateway. Otherwise, it dis-
cards the last sensed value. In both situatidres next step is activation of the deep sleep mode f
predefined timeslot. In this way, not only the powensumption is reduced but also the data redwydan
The node which acts as a gateway for the networtoes the following tasks: receives the messages
that are sent by the sensor nodes, converts thetmetoorrect format and then sends them to the PC
through serial port without looking in its contefhe application running on the PC side executes th
next operations for each new message receivedghrthe USB interface: message loading, identifica-
tion of the actual information/fields in the messagomputation of the real values from the senseas-m
surements and finally saving them into the database

References:
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WSNs features and constraints

>Low energy

»>Low cost

>Low data rate

»Short transmission range
>Limited hardware resources
»>Interferences
»>Heterogeneity

> Scalability

Hardware

Imote2 Radio Processor Board (IPR2400)

»Intel XScale processor - PXA271
»802.15.4 radio with an on-board antenna
»Wireless MMX coprocessor

»Multi-color status indicator LED

>Basic and advanced expansion connectors
supporting: 3xUART, I2C, 2xSPI, SDIO,
I25, AC97, USB host, Camera I/F, GPIO,
mini-USB port for direct PC connection

Functionalities

Wireless

Gateway
P

Wireless

Message=header (data

about network, node
and message type) +
payload (sensor data)

Cross-layer Power

Optimization

Applications

»Home automation

»>Personal health care
»Measurements and control

» Telecommunication applications
»Advanced metering infrastructurg
»>Process monitor and automation

Local Monitoring

Base Station Energy efficiency

»MAC protocols

»>Network (routing) protocols
»Physical layer transmission
> Algorithms

Imote2 Basic Sensor Board
(ITS400)

Interface Board (IIB2400)

»code loading and debugging
»>3d accelerometer through JTAG interface
> Temperature sensor
»Humidity sensor
»>Light sensor

»>4-channel A/D

Software

> TinyOS and nesC

» .NET MICRO Framework
> Visual Studio 2005
»SQL Server database

Sensor node

»>Periodically measures the environment
»Sends only when the variation is big enough
> Minimize communication process
>Enters deep sleep state

Gateway

>Receives the message from the sensor node
»>Converts it to the correct format

»Sends it to the PC

PC side

>Reads messages from the USB interface
>Identifies and extracts the fields from the message
»Computes sensor data values

> Stores data into database
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This poster presents an implementation of datangitéchniques to obtain a probabilistic processehod
from the low-level event log of the activity of adwledge worker, In these settings, knowledge wrke
are often involved in numerous projects, that rexjaiccessing different data sources, interactiriy wi
different individuals, exchanging messages, brogvshe web, etc. An individual's role may vary from
project to project, and the relevance of diffengoitions of the document will vary according to tire-

ject and the individual reading the document. Feuoh events, we obtain dynamic models and demon-
strate the process on real-world data collecteoh fkaowledge workers in a large telecom company. The
goal is to aid the user with improved informaticglidery when we are provided with better understand
ing of the knowledge process [1].

We describe the situation as following: given aablase, describing events in a business setting, asic
e-mail messages and visited URLS, executed inrdiftecontexts, produce a probabilistic temporal ehod
that best describes the action patterns appearitigei event log. We obtain this by solving thraeks:
context mining, action mining and process mining.

Context mining is the task where we want to discover the diffecemtexts that the knowledge worker is
involved in. It is obtained by performing semi-sopsed clustering of events, where each clustererep
sents a distinct context in which the knowledgek&olis working. In most work environments, contexts
are most often seen as projects or clients, suctPraeess mining research project” or "Proposal for
client X". In general, we distinguish between them by diffe@mmtent keywords, resources, and people
involved in the events.

Action Mining is the task where we wish to look at the event @ontext-free manner and identify more
general atomic actions. It is performed by clusigi2] of a context-free representation of eveWbien
events are stripped of context-describing feataresgiven additional metadata, we are left wittsidts,
which describe generalized representations of syesuich asSend e-mail to group of co-workers' or
"View intranet website", which may occur in multiple contexts.

Process mining shows us the dynamics of the knowledge procesdtludr a particular knowledge worker
or an aggregate process model of an entire tedrgivds us the probabilistic model of transitiores b
tween actions within a context. It is done by léagnprobabilistic deterministic finite automata [3]
(PDFAs) and reduces the full models to only statistycasignificant frequent sequences of actions in the
data. This gives us a pruned process model whigibtsenoise by only using statistically groundeohsi-
tions and is easier to interpret.

Demonstration on real data shows that we can irgegeveral patterns using this model. For instance
the transitions between project-related actiongraee common than transitions to administratioatesl
actions. Also, web browsing events tend to havgdoimomogeneous action sequences than e-mails.

References:
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Goal Context Mining

L . . « Discover contexts in which the knowledge worker is
» Fighting knowledge worker’s information overload by working, e.g. projects, clients, cases

enabling contextual information delivery

« Via semi-supervised clustering

» Knowledge workers are most often working within a
URI
nt

single context for a given period of time and then switch
to another context Document

» While working, we are only interested in resources Eye

within that particular context active-prgject.eu

Person

» Example: Receiving too many emails from different
contexts, hard to manage

« Understanding the dynamic properties of a knowledge Action Mining

process  Discover the generalized actions the knowledge worker is

* Given only basic productivity software and no big doing in different contexts

information systems, how can we identify an informal « Via clustering

knowledge process?
",
« Is there a bottleneck in the process?

o wamp | EVENt
Problem statement : meeting

intranet
researcher

*We need to solve the following:
« Context discovery e,
« Action discovery . maly._
« Process discovery —

» Example - same process in different contexts: Process Mining

« Discover the dynamics of the knowledge process
m R ———
P -

Business Trayel
= (Madrid)
320051500
he

Taveito i
Bt Secretary e Travel
olanda ¥ ey
g sano 11 on TP 1042000, 000 ALIT]

Business Travel
(Aachen)
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The concept of agents is quite frequently usedimputer science. Agents can be employed in a yariet
of applications and can be used to solve compl@blpms. This seemingly universal usability has
brought the field of agents to a rapid growth. Tilmest promising area of research that arrised irasie
few years is human behavior modeling. The ultintdigctive that researchers are trying to achiewue is
make agents as capable and intuitive as humans are.

Before we start to address this problem, we hawefine what an agent or an intelligent agent isfold
tunately, there is no universally accepted definitof the term agent. However, most researcherddwou
agree with the definition that was provided by Rilisand Norvig [1]. An intelligent agent can be per
ceived as a computational entity that is able tsseand autonomously act upon its environment.€erher
can be only one agent in the environment tryingdlve some problem. Using only one agent may be
suitable for some limited domains where there inaeed for collaboration; however, such domains are
rare in real life problems. Usually entities inigrand collaborate with each other in order toimtter-

tain objectives. In order to better collaboratehwather agents in the environment, we need to know
something about the other agents.

Learning about other entities in the environmenteisy helpful. In this way we can make good guesdes
their expected behavior and act accordingly. A $engxample could involve a computer program that is
able to model the behavior, preferences and habitge user and would be able to adjust itselfroheo to
facilitate its use. Another example of the usefatnef behavior modeling is computer guided characte
(bots) in video games that is able to learn frolmeotplayers and imitate their behavior [2]. In tiihe
would provide a much greater challenge to the huptayer, since it would be able to adapt and exploi
the player’s shortcomings.

Modeling a single agent or human is very usefulsome domains, but a much greater challenge
represents modeling a group of agents where conipiesactions between entities have to be consitlere
Behavior modeling of crowds would allow the devetamt of highly realistic and reusable models of
human behavior that can be used for various t&sksexample, police officers would be able to sibeil

in a virtual environment various tactics that coblemployed during riots or demonstrations andldvou
result in a peaceful resolution of conflict.

The Multi-agent strategy discovering algorithm (M3&) [3, 4] is able discover common agent strategy
by tracking low-level behavior of a group of ageatsl using only basic domain knowledge. MASDA

could be improved to generate behavior models ftarger group of interacting agents, where also the
cognitive aspects of human decisions would hav®toonsidered.
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INTELLIGENT AGENTS
An intelligent agent can be perceived as a computational its use to the user. Computer guided characters (bots) in video
entity, for example, a robot or software program, that is games would pose a much grater challenge to a human player
able to perceive and autonomously act upon its if they were able to learn from other players and imitate their
environment. behavior.

As mentioned an agent exists and operates in some
environment, which is both computational and physical

and may or may not contain other agents. CROWDS

In a single-agent system only one agent is used to solve

problems. Crowd behavior modelling involves modelling the behavior of
Using only one agent may be suitable for some limited a large group of people, such as crowds in a range from civilian

to hostile.

Behavior modelling would allow the development of highly
realistic and reusable models of human behavior that can be
used for various tasks (e.g. simulations, analysis, etc.)

domains where there is no need for collaboration,
however, such domains are rare in real life problems.
Usually entities interact and collaborate with each other
in order to attain certain objectives. A single agent may
not be capable enough or does not have the knowledge

required to perform the task. Moreover, it may take too l results
much time for a single agent to complete the assigned quaitatye ‘
task. In such cases a multi-agent system is used. evaluation t

serious

Game W
/nﬁsraf{fans
. s Training ‘
ﬁodel\mg'/\

) o afes
[ modefs Leammg resuits

BEHAVIOR MODELLING

Learning about other agents in the environment is very
helpful, this way we can make good guesses of their

expected behavior and act accordingly (cooperate more \'/\.\ ﬁ%};mg
effectively, for example). Imagine a computer program that lemetens | 8 - Fﬂ
would be able to model the preferences and habits of the guantatie ‘ B §j
user and would be able to adjust itself in order to facilitate . resufts

MULTI-AGENT STRATEGY DISCOVERING ALGORITHM

MASDA is able discover common agent strategy by * Observe elementary actions
tracking low-level behavior of a group of agents and * Merge elementary actions into
using only basic domain knowledge. ¢ Find similar actions occuring repeatedly

e Extract strategy from repeated actions, describe with rules and
present them in a graphical and symbolic way

1.2,1.3 .1 1.2 1.3 .1, 1.2, 1.3

Numeric data Symbolic data Action graph Abstract action Strategic action Strategic concepts
(~3.000.000) (~150.000) (~6.500) graph descriptions (~10)
(~1000) (~100)

Increasing abstraction
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Nanocevke na osnovi plastovitih titanatov, sintedize s hidrotermalno obdelavo TLi®@matno alkalnem
okolju, imajo plastovito, lamelarno strukturo inaitno odprto, mezoporozno morfologijo, ki omago
prenos ionov na povrSino nanocevk in med plastenah véplastnih nanocevk. Nadalje je thamoz-
nost ionske izmenjave nanocevk uporabiti za najegaanodelcev razihih materialov (polprevodniski
ali kovinski nanodelci) na negativno nabito poveSmanocevk. Za takSno uporabo mora biti prekuraor z
nanodelce v kationski obliki ali pa mora izkazovatocno afiniteto do titanatnih nanocevk. Primerni
prekurzorji so kationi Zlahtnih kovin in kationigirodnih kovin. Glede na Ze raziskane in znane &itok
litske lastnosti TiQ je v zadnjih letih veliko raziskav usmerjenih tudstudij in prilagajanje lastnosti
titanatnih nanocevk za uporabo v fotokatalitskibgasih. Vgrajevanje razhih specij (kationi alkalij-
skih, zemljoalkalijskih in prehodnih kovin, koviriskanodelci) na povrsino nanocevk in v nanocevke
omogaajo prilagajanje lastnosti titanatnih nanocevk aslpdéno njihovo morebitno uporabo v procesih
fotokatalize, pri fotorazgradnji vode ter za shesainje in detekcijo vodika.

Hidrotermalno pripravijene nanocevke na osnovitphash titanatov sem uporabila kot osnovni materia
(templat) za nadaljnjo ionsko izmenjavo s srebrd@mizvedbo ionske izmenjave sem nanocevke v priso-
tnosti raztopine srebrovih kationov izpostavildrbtermalnim pogojem ter nato katione srebra redlei

do nastanka kovinskih srebrovih nanodelcev. Mogijn sestavo in kristalno strukturo hidrotermalno
pripravljenih produktov sem dalda z uporabo rentgenske prasSkovne difrakcije imie elektronske
presevne mikroskopije. Za ddltev speciftne povrSine nanocevk sem uporateunauer, Emmett,
Teller (BET) metodo.
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Nanocevke na osnovi
plastovitih titanatov,
sintetizirane s hidrotermalno
obdelavo TiO , v mo€no
alkalnem okolju. - —

' Nanocevke imajo
: : plastovito, lamelarno
Hidrotermalna sinteza : . ..

= strukturo in zna €ilno

TiO,, premer .., ~5nm
10M NaOH premer ,,, ~ 10 nm b Odpl’tO, mezoporozno

165°C, 72 h dolZina ve € 100 nm : = morfologijo.

visoka spec. povrsina

Narava nanocevk omogo €a prenos
ionov na povrsino nanocevk in med
plasti v stenah ve €plastnih nanocevk.

Hidrotermalna
ionska izmenjava
AgNO,
100, 12h

prekurzor za nanodelce
v kationski obliki

izkazujejo dobro zmoZznost ionske izmenjave in imajo visoko
specifi €no povrsino.

«*Priprava kompozita med titanatnimi nanocevkami  in  nanodelc I srebra
omogo €a izboljSanje fotokatalitske akvtinosti nanocevk v
vidnem obmo ¢&ju son €énega spektra.

«»Fotokatalitsko aktivnost kompozita je mo € uporabiti v procesih  €iS€enja
odpadnih voda.




IPSSC, 27. maj 2010, Ljubljana, Slovenija

Uporaba in funkcionalizacija magnetnih
nanodelcev

Kristina Elersi ¢*2

! Odsek za analizo povrsin in optoelektroniko, In§tioZef Stefan, Ljubljana, Slovenija
2Mednarodna podiplomska $ola JoZefa Stefana (snagrodhanosti in nanotehnologije,
2. letnik)

kristina.elersic@js.si

Z razvojem nanoznanosti in nanotehnologij, sodulkriti tudi superparamagnetni nanodelci. Ti dslzi
pogosto iz Zelezovih oksidov in imajo posebne lastin Ob izpostavitvi zunanjemu magnetnemu polju,
kaZejo magnetne lastnosti, ko pa magnetno poljeknerao, se delci ponovno porazdelijo po t&kd
Torej so njihove magnetne lastnosti izraZzene |gdotnosti magnetnega polja. Magnetni nanodelci so
obicajno reda velikosti 10 nm in njihovo obna3anje wymetnem polju je enako kot obnaSanje pri para-
magnetnih z ogromnim magnetnim momentom. Pogosiava pri magnetnih nanodelcih je aglomeraci-
ja. Da se temu problemu izognemo, magnetne nac®deigosto opl&mo. Oplagimo jih lahko na
razlicne nd&ine; povrsino nabijemo, ali opkigno s polimeri, fosfolipid, silicijem dioksidom... &ko so
delci bolje razporejeni, imajo ¥@ aktivno povrsino in kaZzejo superparamagnetnindesti. Oplagen
nanodelc je tako stabilen in odporen na oksidadigkSne je nato nofunkcionalizirati. Pri tem lahko
kemijsko ali z adsorbcijo veZemo na povrSine delalicne molekule ali funkcionalne skupine. Z veza-
vo protiteles na tak3ne delce lahk&itoo proteine iz kompliciranih suspenzij, kot je pamer krvna
plazma. Uporaba nanodelcev v biomedicini je ndaedtlik korak k laZji separaciji in detekcijiddos-

kih materialov. Poleg tega je zniZzala mejo konaife, ki je potrebna za detekcijo dédmega proteina,
saj ga magnetni nanodelci lahko poberejo pfjera volumnu in koncentrirajo na man;jSi volumen. Ban
delci se uporabljajo v medicini tudi za zdravljengkavih bolezni (s pongfo hiperterije-lokalno segre-
vanje delcev ob izpostavitvi magnetnemu polju), kontrastno sredstvo pri magnetni resonanci ali kot
transporterji zdravil v celice.

Reference:

[1] What is nanomedicine? Jr, Robert A. Freitas. 2-9, California : NanomedicitNanotechnology, Biology and
Medicine, 2005, Zv. 1.

[2] Synthesis and surface engineering of iron oxide nanoparticles for biomedical applications. Ajay Kumar Gupta,
Mona Gupta. Scotland : Biomaterials, 2005, 1zv.28895-4021.

[3] Medical application of functionalized magnetic nanoparticles. Akira Ito, Masashige Shinkai, Hiroyuka Honda,
and Takeshi Kobayashi. Nagoyo : Journal of Bios@ertd Bioengeenering, 2005, Izv. 100, 1-11.

[4] Recent advances with liposomes as pharmaceutical carriers. Torchilin, Vladimir P. 2005, Nature Reviews, str.
145-160. 10.1038/nrd1632

[5] Biotechnology of Magnet-Driven Liposome Preparations. G. K. Ismailova, V. I. Efremenko and A. G. Kuregyan
7 10.1007/s11094-005-0162-4, s.l. : Pharmaceufibaimistry Journal, 2005, Zv. 39, str. 385-387.

[6] Liposomesin drug delivery: Progress and limitations. Amarnath Sharma, Uma S. Sharma. 2, s.I. : Internati
Journal of Pharmaceutics, 1997, Zv. 154, str. 143-1d0i:10.1016/S0378-5173(97)00135-X

[7] Magnetic targeting of magnetoliposomes to solid tumors with MR imaging monitoring in mice: feasibility. Fortin-
Ripoche JP, Martina MS, Gazeau F, Ménager C, Will@|Bacri JC, Lesieur S, Clément O. 2, s.l. : Radiology,
2006, Zv. 239, str. 415-424. PMID: 16549622

46



MEDNARODNA JOZEF STEFAN !

PODIPLOMSKA SOLA INTERNATIONAL
JOZEFA STEFANA POSTGRADUATE SCHOOL"

Uporaba in funkcionalizac

UNIV. DIPL. KEM.
STUDITSKI PROGRAM: NANOZNA OSTL IN NANOTEHNOLOGITE
MEDNARODNA PODIPLOMSKA UZ‘EFA STEFANA
MENTOR: DOC. DR. MIRAg o G
SOMENTOR: DOC. DR;
INSTITUT JOZEF STEFAN,. T
JAMOVA CESTA 39,
1000 LIUBLTANA  — 0.

st nal

TEORET

Magnetni nanodelci so delci reda velikosti okoli deset nm in njihovo
obnasanje v magnetnem polju je enako kot obnaSanje paramagnetov_z
ogromnim maghetnim momentom. Izven magnetnega polja T
ne kazejo magnetnih lastnosti, zato jih imenujemo
superparamagnetni delci. Fe,O3 nanodelci so primer
delcev katere lahko usmerjamo z mag. poljem.

Nanje lahko veZemo razli¢ne komponente .

Funkcionalizirane magnetne

nanodelce pripravljamo za

detekcijo prionov v ELISA ]

testih. Funkcionalizacija E |

poteka preko .

. Vvezave s‘rr‘ep‘rawdma A

! - na povrsino nanodelca,
RS ki nato omogocu

H pripenjanje

- biotiniziranega

protitelesa. [

==
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~_ SEM slika: nano delci oplaséeni s polimerq

Iz raztopin z magnetom
izvleCemo strupene snovi
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CaCuyTi4Oq, possesses one of the largest values of the efiedielectric permittivity in a large fre-
guency and temperature range ever reported foraanie material, and is thus a very promising materi
for various electronic and electromechanical appiins. The origin of such high permittivity hasehe
attributed to ‘electrical’ heterogeneities in therastructure [1-3]. By Chemical Solution Depositjave
have prepared CaglLi,O;, ceramic thin films under different conditions,itrg to establish the influence
of microstructure on their dielectric properties.

Dielectric permittivity of 2000 — 3000 at room teempture at frequencies lower than 1 kHz that drops
rapidly for an order of amplitude at higher freqcies has been observed in developed GaQD;, thin
films. In order to shed some light on the natureswth dielectric behaviour, the dielectric respomnae
been studied by high-resolution measurements irtehmerature range of 100 K — 410 K and the fre-
guency range of 1 Hz — 3 MHz on thin films withdkmesses in the range of 200 — 600 nm.

Experimental results and the analysis in term$iefequivalent circuit [3,4] revealed that eachhef two
constituents determines the dielectric behaviouthef thin film for different frequencies — insutai
grain boundaries at lower and semiconducting btding at higher frequencies. Consequently, thediel
tric permittivity drop and its maximum value at swan temperature depend on the properties of grain
boundaries and grains themselves. Thus the madimemfe on dielectric properties are the conditions
under which the thin film was created — it dropsiddwer temperature and has a higher maximum value
for thicker films or films post-annealed at a lovestygen partial pressure.

We suggest that such dielectric behaviour arisestaalifferent distributions of Cltand C@" ions (these

have been shown to strongly influence the eledtpoaperties of ACuTi4,O,, systems [5]) within grains
and grain boundaries after different annealing @doces. Ultimately, manipulating the conditions emnd
which CCTO ceramic thin films are prepared enabke$o control dielectric properties of these aplic
tory compelling materials.
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Materials preparation

Method of preparation: Chemical

% Measurements of the dielectric response of various 5 gep
Solution Deposition

CaCu,Ti,0,, (CCTO) ceramic thin films. CCTO namely

possesses one of the largest values of the effective Conditions: 750°C, 15 min, air, RTA.

dielectric permittivity ever reported for a ceramic material fgmgé"%s CO”S('jSt of 6 (dzf’o nm) 02

in a large frequency and temperature range, and is thus a (540 nm) deposited layers and
Fan ¥ 4 f were post-annealed (750°C, 15 min)

very promising material for various electronic and

: a3 in nitrogen, air, or oxygen (low, é.bz -
electromechanical applications. medium, or high oxygen partial e o ==
% Separation of different dielectric contributions (bulk, pressure, respectively). Fig.1: 12-layer sample.
grain boundaries, etc.).

% Investigations of the influence of processing conditions requency scans
on dielectric properties of films.
T (K)
—e— 4017
Equivalent circuit model: —o— 3822
. Temperature scans % leaky capacitor - insulating ot
The main €’ ‘plateau’ values and the temperature of grain boundaries - 3235
their drop are strongly dependent on oxygen partial % intrinsic response of 1000 T
pressure in atmosphere during the post-annealing Sem'FondUCt'ng Geliss s = . i‘gi
process. - high frequency dielectric e ss
: S constant, B e 2005
. . SOUNDARIES (e - frequency Eg o - —e— 187,0
3000+ nitrogen v (kHz) | dependent AC g 10° o }2;::
o000l Gipn conductivity o 7 —e— 1281
—®—0.003 s 7774 (UDR) and = 107 —o— 1084
2000 —®—0.01 \_,i;i - - DC conductivity.  © o
~ o L 10T 107 107 107 10°
w —e—0.1 v (Hz)
1000 °
(1)'3 Fig.3: 12-layer sample (nitrogen).
0 | e 10 The origin of high dielectric permittivity in CCTO ceramic thin films lies in
2000 e 30 ‘electrical’ heterogeneities in the microstructure [1-3]. We suggest that
—e— 100 this is due to different distributions of Cu* and Cu?* ions within grains and
1500 { —®—300 grain boundaries.
—e— 1000
w 1000 Analysis of results
300 Analysis in terms of equivalent circuit [3,4]
0 reveals that post-annealing in lower oxygen
2000 partial pressure increases the conductance _
7 of both grains and grain boundaries. E
1500 o
o
— 1000 In thin films it seems logical for variable range
@ hopping to appear across the direction of space
500 L OXY9en that represents the sample thickness. Variable
range hopping model for 1D fully describes the v (H2) o050t a7 ois
0 — charge transport behaviour in CCTO thin films. . » T
100 150 200 250 300 350 400 Fig.4: Analysis in terms of equivalent circuit.
T (K :
Fig2: 12-1 ) 0 References: [3] P. Lunkenheimer et.al., Phys. Rev. B 70, 172102 (2004).
18.2: 1=-layer samples. i ) [1] M. A. Subramanian et.al., J. Solid State Chem. 51 (2000).  [4] V. Bobnar et.al., Phys. Rev. B 65, 184403 (2002).
In 6-layer samples (see inset) the influence of surface layers is much [2] T. B. Adams et.al., Phys. Rev. B 73, 094124 (2006). [5]J. Li et.al., Chem. Mater. 16, (2004).
more pronounced. - -
Experimental results and the analysis in terms of the equivalent circuit reveal that each of the two constituents determines the
dielectric behaviour of the CCTO thin film for different frequencies - insulating grain boundaries at lower and semiconducting grains
at higher frequencies. The main influence on dielectric properties are the conditions under which the CCTO thin film was created.
We suggest that such dielectric behaviour arises due to different distributions of Cu*/Cu?* ions (these have been shown to strongly
influence electrical properties of ACu;Ti,0O,, systems [5]) within grains and grain boundaries after different annealing procedures.
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Modern wireless communication systems are basedhicrowave technologies. Ferroelectric devices
with the electric field dependent dielectric praper and low dielectric losses at microwave fregiesn
are very promising. Capacitance tunability defined as the ratio of the capacitance at zpplied bias
voltage to the capacitance at some desired apptittdge, is the key functional property of ferragie
materials. In order to avoid losses arising fromdlbmain wall motion, these materials are maingdus
their paraelectric phase. [1]

Device electronics and thin film technology havdast years triggered intensive research activitighe
field. Thin films enable usage of low bias voltagesl therefore low energy consumption, miniatuidzat
of microwave components, and integration into etedt circuits. Requirements for thin film varactor
(variable capacitors) are: low dielectric lost®, high tunabilityn,, and the possibility of deposition on
low-cost substrates. If all the requirements atfillad, ferroelectric thin films can be efficiegtlused as
phase shifters, i.e. the active elements in eladatly controlled antennas which are suitable dero-
nautic applications. [2]

The ferroelectric — paraelectric phase transit@ngerature of the K(Ta, Nb}@olid solution varies from

0 to 708 K, depending on the Ta / Nb ratio. In tieispect it is analogous to the best known micr@wvav
ferroelectric material (Ba, Sr)T¥OHowever, literature reports on preparation aredediric properties of
this material in thin film form are scarce due tgHhy reactive reagents and demanding processing.

K(Ta, Nb)G; thin films on polycrystalline alumina were prepadgy chemical solution deposition from
potassium acetate and transition metal alkoxid@srimethoxyethanol. The influence of the reflux tiore
microstructure and tunability of Kpa\b, 405 films after heating at 900 °C was studied. Thedil pre-
pared from the 24-h refluxed solutions, have a hgeneous microstructure and the tunability, measured
at room temperature and 1 MHz, equal to 2.6. Tinesfi prepared from the 1 h-refluxed solutions, have
heterogeneous microstructure and a lower tunahiéitye, i.e. 1.9. [3]

Further more, the influence of the Ta / Nb ratiodielectric properties of the K(Ta, Nb)&hin films,
prepared from the 24 h refluxed solutions and tlikate900 °C, was studied. The tunability, measated
room temperature and 1 MHz, decreases with thed@sing Ta / Nb ratio from 2.6 for the Kigalbg 403
films to only 1.01 for the KTagfilms. On the other hand, dielectric losses at@GHz of KTg ¢Nbg 403
and KTaQ decrease from 0.38 to 0.017, respectively.
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Technology Backaround

x Microwave technologies are the basis of modern wireless Application: phase shifters in electronically steerable
communication systems. antennas*

x Ferroelectrics are attractive for microwave devices due to: Planar capacitor
Cr / Au electrodes —

* strong electric field dependence of dielectric Ferroelectric thin m““/"‘
permittivity e Alumina substrate [

¢ low microwave dielectric losses tanés w =750 pm A
1=1.5mm S )
s=(2-3) um £ 0.25 pm

x Ferroelectric thin films technology offers advantages such | pjanar capacitor based on ferroelectric Phase shifter connected to the
as: thin film which is used as a phase electronic circuit and mounted

o o . shifter. into metal housing.
¢ miniaturization of microwave components

* low operating voltages
* integration into electronic circuits

Key functional property
1D phased array based on

— C(9) . 3 ferroelectric phase shifters
C(Emax) K )

Nc

x Because of the geometry these

nc...capacitance tunability g ! antennas are convenient for
C(0)...capacitance at zero applied electric field

C(E,,..)- ..capacitance at selected electric field - — aeronautical aPPIiCation&
*Developed in collaboration with Thales (France), EPFL (Switzerland), and HYB (Slovenia), RETINA (EC 6FP).

Research Activities

Fast development of the communication systems stimulates the research of alternative materials. K(Ta, Nb)O; solid solution is a
promising candidate, however, scarce literature data on preparation and dielectric properties exist.

% Homogeneous microstructure and strongly enhanced

Chemical Solution D ition of the Fil
tunability (n.) were obtained by prolonged reflux time. cricat Sotution LUeposition o the Hims

e p
KOAC, Ta(OEt)s, and Nb(OEt); were
dissolved in 2-methoxyethanol.

) l
(R i f d with
1 h reflux 24 h reflux eactions were performed wit

n.=26 different reflux times; by-products
| Were removed by a distillation.
B%)
KTa,;Nb, O, < |
40 0 10 ' ; (
um 0.4 M sols were deposited on the
alumina substrates by spin-coating.
L
€ ne € l
(1MHz) | (1MHz) | (~9.7GHz) | (~9.7 GHz)
KTagsNbo4Os3 2200 26 675 038 App. 200 nm thick perovskite films were
KTagsNbg,05 375 1.25 690 0.033 obtained after four sol depositions and heating
KTaO, 190 101 220 0017 at 900 °C for 15 min in an RTA furnace.

i
A

Films prepared from the 24 h-refluxed sols.

Composition

x Dielectric properties are tuned through the Ta/ Nb ratio.

Research was supported by the Slovenian Research Agency (1000-07-310068, P2-0105)
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TiO, je n-tip polprevodnika z energijsko vrzeljo 3,2 erimeru anataza oz. 3,0 eV v primeru rutila. Ker
so najman;jSi kristali rutila vedno &je od najmanjSih kristalov anataza, je rutil kljubanjSi energijski
vrzeli slabsi fotokatalizator.

Fotokataliza na anatazni modifikaciji Ti@ote&e po vzbuditvi elektronov iz valénega v prevodni pas s
fotoni valovne dolzine 387,5 nm ali manj, ko postanO, katalizator.

Izkazalo se je, da dodatek rutila anatazu, v ustnezrazmerju, pova fotokatalitski dinek. Najbolj
optimalno mesSanico modifikacij predstavlja prah P&Br rutil omoga@i vzbujenim elektronom anataza
kasnejSo rekombinacijo z vrzelmi.

Eden izmed moznih &mov ugotavljanja fotokataliénosti materiala je uporaba organskih barvil, ki jih
fotoaktiven TiQ razgradi v drugo snov, ki je tudi druge barve.d gke moder resazurin v moder resoru-
fin.

Fotoaktiven TiQ je aktivha snov v filtrih za&iS¢enje zraka v vinskih kleteh ter z#&c¢enje odpadnih
voda. Uporablja se ga tudi za satistiine povrSine kot so okna, streSniki, fasada iiddzna uporaba
fotoaktivnega TiQ je tudi v tekstilni industriji za razgradnjo disto¢ na oblilih kot so npr. madezi
trave, zemlje, krvi kot tudi za pregevanje vonja znoja.

Tkanino smo namakali v suspenziji P25 rasticase, del pustili neinfiltriran s P25 za refererjogqyosu-
Sili, del obsevali 1 h na 20 °C zjo s soevim spektrom brez UVC, del hranili v temi, tkanisrali in
nanjo kanili kapljico barvila resazurin. Poloviceorcev smo dali v temo, drugo polovico pa obsesali
za 12 h.
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FOTOKATALIZA in TiO,

TiO, je n-tip polprevodnika z energijsko vrzeljo 3.2 eV
v primeru anataza oz. 3.0 eV v primeru rutila.

prevodni pas

energijska vrzel

valenéni pas

Najmanjsi kristali rutila so vedno vecji od najmanjsih
kristalov anataza, zaradi Cesar ima anataz vecjo
specificno povrsino. Posledicno je rutil kljub manjsi
energijski vrzeli slabsi fotokatalizator.

qnp afaihz

Fotokataliza na anatazni modifikaciji TiO, potece po
vzbuditvi elektronov iz valencnega v prevodni pas s
fotoni valovne dolZine 387.5 nm ali manj, ko postane
TiO, fotokatalizator.

hv
TL e~ prevodni pas

]

( h* | valencni pas

Izkazalo se je, da dodatek ustrezne koliCine rutila
anatazu, poveca fotokatalitski ucinek. Najbolj optimalno
meSanico modifikacij predstavlja prah P25, kjer rutil

omogoéi  vzbujenim elektronom anataza kasnejSo
rekombinacijo z vrzelmi.
Eden izmed moznih nacinov ugotavljanja

fotokataliticnosti materiala je uporaba organskih barvil,
ki jih fotoaktiven TiO, razgradi, kar povzroci
spremembo barve. Tako moder resazurin preide v roza
resorufin. —

Fotokataliza

- soncev spekter brez uve spek‘rra
- Gaussov spekter z vrhom pri 380 nm.
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Fotoaktiven TiO, je aktivna snov v filtrih za CiScenje
zraka v vinskih kleteh ter za ciSéenje odpadnih voda.
Uporablja se tudi v obliki tankih plasti za samodistilne

povrSine kot so okna, stresniki, fasada ipd.

MoZna je tudi uporaba fotoaktivnega TiO, je v tekstilni
industriji za razgradnjo necisto¢ na oblacilih kot so npr.
madeZi trave, zemlje, krvi in za preprecevanje vonja po
znoju.

ALT IMA TiO, POTENCIAL V TEKSTILSTV

Tkanine smo razlicno dolgo namakali v suspenziji P25, jih
posusili, del obsevali z lucjo s soncevim spektrom 1 h na
20 °C, del hranili v temi, vse tkanine sprali in nanje
kapnili kapljice barvila resazurin. Polovico vzorcev smo
dali v temo, drugo polovico pa obsevali Se 12 h.

Na robovih Siroce se kapljice resazurina, kjer
Jje bila koncentracija barvila najmanjSa, se je
v trenutku videla fotokatalitska reakcija.

Zacdetek reakcije.

Konec reakcije.

Vzorca 3A in 3B sta brez dodatka TiO,. Ostali vzorci
so bili razliéno dolgo v suspenziji prahu. Vzorci v
stolpcih B in D so bili pr‘edhodno 1 uro izpostavljeni UV

svetlobi, vzorci v cfnlnrlh A in C pa ne.

Eksperimentalno smo prikazali, da je moZna ucinkovita
uporaba fotokatalitiénih prahov v tekstilstvu ter da z
uporabo organskega barvila lahko kvalitativno doloéimo
fotokataliticen efekt na tekstilu. V kombinaciji z UV/Vis
spektrofotometrom bi bilo mo¢ fotokatalitski efekt tudi
kvantificirati.
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Microanalytical Centre at the Reactor center Brisjbosting a 2MV (mega volt) ion accelerator luf t
type Tandetron. With a few MV ion beam, variouslgtigal techniques can be practiced, all covered in
the term "lon Beam Analysis (IBA)". At the exterda¢amline, there is a continuity of using PIXE and
PIGE analysis methods (proton induced X-ray andrgafmay emission). RBS (Rutherford back scatter-
ing) method was added recently [1]. The RBS methavides complementary information about the
depth profile of a target. Layers of heavy (highefgments on the light substrate can easily bectzte
and their thicknesses determined. For all IBA mdghthe amount of protons hitting the target (proton
dose) is a key parameter, since normalizationé@tioton dose is obligatory for quantitative resulwo
possibilities of measuring proton dose are avatlablchopper intersecting the proton beam and al met
wire charge collecting device. Both of them haverbadded in the last year. With these upgrades at
external beamline at MIC accuracy of the measunésnieas been improved and additional information
about sample structure is now available. Latestareh includes measuring of textile fibres for faie
applications[2], measuring of meteorite, fallenMazakla in April 2009, and analysis of Roman sword,
found in the river Ljubljanica.

References:

[1] D. JezerSek, Z. Smit, P. Pelicon, External beandiztap for plated target investigation, Nucl. Inatrd Meth. B,
[Print ed.], 2010, vol. 268, no. 11/12, pp. 200®20

[2] D. Jezersek, S. Jakomin, Z. Smit, Analysis of textbers by in-air PIXE. Surf. interface anal.,12) vol. 42, no.
5, pp. 423-428.
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2 MeV Tandetron

s

Mentor: prof. dr. Ziga Smit Ny Sarcbaan
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Faculty of Mathematics and Physics, Univ. of Ljubljana,
Jadranska cesta 19, 1000 Ljubljana, Slovenia Schematics of Tandetron, 2MV ion accelerator at MIC
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PIGE

Proton Induced Gamma-ray Emission

Detection of light elements through
production of gamma rays in
a proton induced nuclear reaction.

elements detectable
by PIGE method

elements detectable
by PIXE method

lon
beam
analysis

("IBA") is an important family of modern
analytical techniques involving the use of MeV ion
beams to probe the composition and obtain elemental depth
profiles in the near-surface layer of solids. All IBA methods are
highly sensitive and allow the detection of elements in the
sub-monolayer range. Atomic depth resolution can be
achieved, but requires special equipment. The analyzed depth ranges
from a few ten nanometers to a few ten micrometers. IBA methods are
always quantitative with an accuracy of a few percent. Channeling
allows to determine the depth profile of damage in single crystals.
(source: Wikipedia)

Ensrgy (o)

RBS

Rutherford Back Scattering

PIXE

Proton Induced X-ray Emission

PIXE is an ion-beam based analysis method
capable of measuring concentration of multiple
elements heavier than Al simultaneously. Detection
limit for most elements is around 10ppm and detection
depth is around 100um.

AQV £n,0; 4,
Y=V N
Ar M, cosa

Normalization (measuring N,)
Basic parameter for obtaining quantitative results is a
number of ions (protons) which hit the target (Np). There
were two possibilities for measuring the proton dose added
recently at the external beamline at MIC, wire mesh
and chopper.
Platinum wire mesh (Pt90Rh10) intersects the ion -
beam and collects charge which is proportional to the - /
charge (number of protons) deposited on the target'. i

Simple system for RBS measurements
in He atmosphere was made at MIC.
Resulting spectra are of comparable
quality with spectra collected in vacuum'.

RBS detector: Canberra PIPS
PD100-13-100AM

Depth resolution

With an RBS method we can
easily detect layers of heavier
elements on the substrate of
lighter elements and determine E
its thickness. . =

RBS spectrum of gilded medal of bravery from
I world war. Thickness of gold layer is 0.4 pm.

E T Chopper is a gold plated piece
of carbon, which intersects a
proton beam periodically. Some
protons are recoiled into the RBS
detector. Surface of Au peak is
proportional to the proton dose
on the target.

M icroanalytical Centre http://www.rcp.ijs.si/mic ..
o0

lon Accelerator: HV 2MV Tandetron

Department for Low and Medium Energy Physics

at Reactor Centre Podgorica . .
Jozef Stefan institute.

External beamline

- in-air proton beam,
- measurements of samples not suitable for vacuum
(e.g. liquids, big, delicate objects)
- use for analysis of samples for:
- Archaeology (metal and glass artefacts, pottery, wood...)
- Art (paintings, glass work, ...)
- Forensics (measurement of fibres®)

REFERENCES:
[1] D. Jezersek et al. External beamline setup for plated target investigation, Nucl. Instr. and Meth. B (2010), doi: 10.1016/j.nimb.2010.02.118
[2] D. Jezersek et al. Analysis of textile fibers by in-air PIXE, Surface and Interface Analysis (2010), Vol 42, Issue 5, pp. 358-362.
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Piezoelektriki so materiali s sposobnostjo preteomiehanske energije v elektrdo in obratno. Ta last-
nost jim omogoa Siroko uporabo v razhih senzorjih, aktuatorjih, pretvornikih, visokofreninih
zakasnitvenih linijah v kanalniski tehniki, sistemih za vbrizg goriva, piefktricnih motorjih, piezoe-
lektri¢nih tiskalnikih, mikromanipulatorjih, sistemih zaedticinsko diagnostiko in drugih [1].

Veliko skupino piezoelektrikov predstavljajo sp@iali trdne raztopine na osnovi siévih perovskitov.
Njihove dobre piezoelektfine lastnosti so pogojene z velikim masnim delezenta, okoli 60 %, ki kot
tezka kovina predstavlja resen ekoloski problento @edvsem v zadnjetfasu veliko pozornosti posve-
¢amo iskanju in razvoju alternativnih materialov, dri@terimi so zelo obetavni kerami materiali na
osnovi niobatov alkalijskih elementov, kot na primgdna raztopina IKsNaysNbO; (KNN) ali
(Ko.4dNag 521 0,09 (Nbg 86T 30,165k.09 O3 [2]. Keramika na osnovi KNN ima dobre piezoelektid lastnosti,
zaradi biokompatibilnosti [3] pa je primerna tudi mporabo v medicini. Kljub Stevilnim raziskavam
piezoelektriki brez svinca na osnovi alkalijskitolpatov Se niso komercialno dostopni, saj glavndpro
leme predstavljajo reaktivnost alkalijskih reagemteinteza keraminih prahov, sintranje do velikih
gostot, doseganje kemijske homogenosti in pojaursgkrnih faz, ki so wenoma olgutljive na zr&no
vliago [4].

Da bi bolje razumeli proces sintranja trdne raziedNN, smo se od#ili raziskati eno od mejnih spojin
tega sistema - natrijev niobat (NaNH®IN). NN smo pripravili s sintezo v trdnem stamjuizhodnih
prahov NhOs in mehanokemijsko aktiviranega 0. Sintetizirani prah NN smo nadalje stisnili v
tablete in sintrali na zraku pri temperaturah m28aL°C in 1350 °C in razinih ¢asih. Sintranim vzor-
cem smo izmerili gostoto, velikost in porazdelitvdikosti zrn ter natatmo opazovali razvoj mikrostruk-
turnih elementov. Relativha gostota vzorcev po Butah sintranja pri temperaturi 1350 °C je bilaloko
93 %, povprena izmerjena velikost zrn pa okoli 2u#. Ugotovili smo, da se s patemjeméasa sintran-
ja gostota in povpima velikost zrn povaijeta do toke nastenja, ki je doseZena po priblizno 15 minutah
sintranja pri temperaturi 1350 °C. Relativna gastath vzorcev je bila okoli 97 %, velikost posanibzn
zrn pa je celo presegla 1@, kar je posledica izjemno hitre rasti zrn v rielad ozkem¢asovnem inter-
valu. Ve&ina por je bila ujetih znotraj velikih zrn. Z naplgim poveievanjeméasa sintranja nismo dose-
gli bistvene spremembe mikrostrukture, relativhatgta vzorcev pa je bila celo nekoliko niZja (okadi
%).

Reference:

[1] J. Rodel, W. Jo, K. T. P. Seifart, E.-M. Anton, TraGzow and D. Damjanovic. Perspective on the D@ratmnt
of Lead-free Piezoceramic¥®urnal of the American Ceramic Society, 92(6): 1153-1177, 2009.

[2] Y. Saito, H. Takao, T. Tani, T. Nonoyama, K. Takgtd. Homma, T. Nagaya and M. Nakamura. Lead-free
piezoceramicdNature, 432: 84-87, 2004.

[3] K. Nilsson, J. Lidman, K. Ljungstrém and C. KjellmaBiocompatible material for implants. WO Patent
99/54266, 1999.

[4] B. Mali¢, A. Bertan, T. Rojac and M. Kosec. Lead-free PiezoelecBi@sed on Alkaline Niobates: Synthesis,
Sintering and Microstructurécta Chimica Sovenica, 55: 719-726, 2008.
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uporabe

Uvod
Piezoelektriki so materiali s sposobnostjo pretvorbe mehanske energije v elektri¢no in obratno,
Medicinska diagnostika - ultrazvo¢ni
pretvorniki za slikanje z visoko locljivostjo

kar jim omogoca uporabo v senzorjih, aktuatorjih, pretvornikih in Stevilnih drugih aplikacijah.

Veliko skupino piezoelektrikov predstavljajo kompleksni svin¢evi perovskiti, v katerih velik masni
delez svinca, okoli 60 %, predstavlja resen ekoloski problem. Zato veliko pozornosti posve¢amo
iskanju in razvoju alternativnih materialov, med katerimi so zelo obetavni alkalijski niobati, kot
na primer trdna raztopina K, sNa, sNbO3 (KNN). Ta ima dobre piezoelektri¢ne lastnosti, zaradi
biokompatibilnosti pa je primerna tudi za uporabo v medicini.
Dielektri¢nost Piezoelektricni Gostota
koeficient
Primerjava lastnosti piezokeramike

p
400
l - na osnovi svinca (vijolicna) in
piezokeramike na osnovi
“ Piezoelektri¢ni senzorji

(Lethiecq et al. Inform. MIDEM, 35 [4] 177 (2005) )

alkalijskih niobatov (zelena).

MERJEN
TLAK

Membrana

A\ AN\

AN\

e REFERENCNI
TLAK

+ biokompatibilnost + ekoloska sprejelmjivost

Piezoelekiricna plast

Preizkusi sintranja

Sintranje do velikih gostot in kontrola mikrostrukture sta med klju¢nimi problemi priprave alkalijskih nio-
(M. Santo Zarnik, D. Belavic.

Int. J. Appl. Ceram. Technol., 6 [1] 9 (2009))

batov. Da bi bolje razumeli proces sintranja KNN, smo se odlocili raziskati eno od mejnih spojin tega
sistema - NaNbO3 (NN). NN smo pripravili s sintezo v trdnem stanju iz prahov Nb,05 in mehanokemijsko
aktiviranega Na,COs. Prah NN smo nadalje stisnili v tablete in sintrali na zraku pri temperaturah med
1250 °Cin 1350 °C in razli¢nih casih.
S .
S S S S
S $ 5 & & © Merilci pretoka
oF 1350°C oV O N g R P
1350°C wl 27 2.
2z
NG
BN
1300 °C i
(www.piceramic.com)
1250°C
< . f . m
= Mikro- in nano-manipulatorji
o
& x
\,:‘)3':\
d=2.53+1.1um

(#ofgrains=623) d=2.70%1.2um
(#ofgrains~ 1410) d=2.82=17um
(#of grains = 1066) d=2.83+1.9um
(#ofgrains =623) d=43.4+333um
(#ofgrains=198) d=56.8+322pm
(# of grains = 327)
(www.physikinstrumente.com)

Piezoelektri¢ni motorji

Vpliv temperature (levo zgoraj) in ¢asa sintranja (desno zgoraj)
na razvoj mikrostrukture. Slike predstavljajo SEM posnetke pre-
lomnih (¢rna obroba) in temi¢no jedkanih povrsin (zelena
obroba).

Diagram na levi predstavlja dosezene relativne gostote vzorcev

v odvisnosti od casa sintranja pri 1350 °C.
(www.newscaletech.com)

Relativna gostota vzorcev po 5 min sintranja pri temperaturi 1350 °C je bila okoli 93 % (povpre¢na velikost zrn d ~ 2,7 pm). Ugotovili smo, da se s
povecanjem casa sintranja relativna gostota in povprecna velikost zrn povecujeta do tocke nasicenja, ki je dosezena po priblizno 15 min sintranja pri
temperaturi 1350 °C. Relativna gostota teh vzorcev je bila okoli 97 %, velikost posameznih zrn pa je celo presegla 100 pm, kar je nedvomno posledica

izjemno hitre rasti zrn v relativno ozkem ¢asovnem intervalu. Vecina por je bila ujetih znotraj velikih zrn. Z nadaljnim povecevanjem ¢asa sintranja

nismo dosegli bistvene spremembe mikrostrukture, relativna gostota pa se je celo nekoliko znizala.

Delo je podprla Javna agencija za raziskovalno dejavnost Republike Slovenije (program mladi raziskovalci, $t. pogodbe 1000-08-310121; program P2-0105).
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Perovskitni materiali na osnovi spojin iy sTiO3 (KBT) so zaradi zanimivih in potencialno uporabnih
feroelektrénih lastnosti v zadnjerasu predmet Stevilnih raziskav. Z dodajanjem KB3p&jinam kot sta
na primer NgsBipsTiO3 [1] in Ko sNaysNbO; [2] nastajajo trdne raztopine, pri katerih se Vodenem
razmerju kationov pojavi morfotropna fazna meja.j@soobstoj dveh razhih struktur, ki omogeata
ve¢ smeri polarizacije in s tem poiano elektromehansko sklopitev ter izboljSane piktdeacne lastno-
sti.

Zaradi kljwtnega pomena strukture pri razumevanju el&kitni lastnosti keramik z vsebnostjo KBT sem
se osredoffila na raziskave strukturnih lastnosti KBT kot ém@ed komponent v sistemih trdnih razto-
pin. KBT keramiko sem sintetizirala z reakcijo driem. Z rentgensko praskovno difrakcijo (RTG) sem
potrdila, da KBT kristalizira v tetragonal®4mm strukturi, ki je polarna in zgdna za feroelekttine
materiale. Z ohlajanjem keramike s temperatureaija (1030°C) se tvorijo feroelektrie domene, ki so
posledica faznega prehoda iz kir® Pm3m strukture v niZje simetrijsko tetragonalno struktpri tem-
peraturi prehoda ke = 380°C). Z visoko temperaturnim RTG sem ugotowia prehod poteka posto-
poma v SirSem temperaturnem intervalu in ng&spno po celotnem volumnu keramike pgi T

Za natatinejSi vpogled v spremembe kristalne in domenskekitre KBT keramike na lokalni ravni sem
vzorec analizirala s presevnim elektronskim mikogpskm in z elektronsko difrakcijo izbranega polja.
Zrna kazejo lamelno domensko zgradbo, kjer vsakaela predstavlja domeno z enako usmerjenimi
dipolnimi momenti, pricemer so dipoli ene domene glede na drugo oriemtia&o, da tvorijo kot pribli-
Zno 90°. Taksno orientacijo domen imenujemo 90° elwen Le-te so medsebojnaiéme z domenskimi
stenami, ki kristalografsko ustrezajo dsiopim ravninam (011) ali (101), z&i#nim za tetragonalne
perovskite (npr. BaTig) [3]. Na podlagi vzorcev uklonov elektronske diftge z zajemom veposame-
znih domen sem lahko identificirala 90° domenesekkazejo kot cepitve uklonov vzdolZ karaktetisth
kristalografskih smeri. Domene lahko opiSemo kdacigske dvofke, kjer je simetrijska operacija, ki
podaja relacijo med matno domeno in dvékom, dvoStevna dvojcna os (180° rotacija) pravokotna
glede na dvaji¢no ravnino.

Reference:

[1] M. Otoniar, S. D. Skapin, M. Spreitzer and D. Suvorov. Cositiomal range and electrical properties of the
morphotropic phase boundary in theyNBi sTiOz—K sBigsTiO5 system.Journal of the European Ceramic So-
ciety, 30(4):971-979, 2010.

[2] R. Zuo, X. Fang and C. Ye. Phase Transitional Behaaod Piezoelectric Properties of Lead-Free
(Nag sKo.5)NbOs-(Big 5K 5) TiO3 CeramicsJournal of the American Ceramic Society, 90(8):2424-2428, 2007.

[3] S. Y. Cheng, N. J. Ho and H. Y. Lu. Transformatiadticed Twinning: The 90° and 180° Ferroelectric o
in Tetragonal Barium Titanat@ournal of the American Ceramic Society, 89(7):2177-2187, 2006.
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Ko 5Big s TiO4 keramika ima domensko zgradbo,

ki kompenzira deformacije osnovnih celic
zaradi spontane polarizacije materiala

y___

\

V tetragonalni strukturi nastanejo domene v obliki lamel; @y
kot med dipolnimi momenti posameznih lamel je 90°

) l )
4%” [-100), 90° domene ‘z:[oon 11 {010},

022, —
: lsmer gledanja [001]

Pl

smer gledanja [100]
90°a-a domene

\‘ : 90°a-c domene ool °
B4t o
* o W’ " - 100 o

LI e
> (011) : ; ;

4
—~=<

<
®

Zrna s podrogiji razli¢éno usmerjenih domen in vzorci elektronske difrakcije z ve¢kratno cepitvijo uklonov: ‘

v

@ domena 1

—

® domena 2 (90°a-c)

C domena 3 (90°g-a)

: domena 4 (90°a<)

. MozZnost uporabe:
\ = ' Kot piezoelektricni material, pri katerem pod
ZAKLJU CKI vplivom elektriénega polja pride do mehanske
deformacije materiala (motor) ali v primeru
> 90°domene: Z =[100] ali [010] — cepitev uklon ov vzdolz [011] ali [101] mehanske  obremenitve  do  generacije
Z =[001] = cepitev uklonov vzdolz [010] ali [100] elektricnega naboja (generator).
> dvojci¢ne ravnine (011) ali (101)
> rotacijski dvoj¢ki: 180° rotacija okoli dvoStevne dvojci¢ne osi
> smer polarizacije dvoj¢ka pod kotom = 90°glede na smer polarizacije matri éne domene ‘
L> FEROELEKTRICNE + FEROELASTICNE DOMENE
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Barium hexaferrite (BaHF) with the chemical form&laFeg,0,4is a hard magnetic material and has high
magnetic anisotropy field (MAF), 17 kOe. The eadgction of magnetization corresponds to the ctysta
lographic c-axis and BaHF particles orient in tHisection when are exposed to an external magnetic
field. Because of the high MAF, a ferromagnetisomant frequency appears from 45 to 50 GHz. For
these reasons, BaHF can be used for electromagietarbers (above 40 GHz) or for millimetre-wave
non-reciprocal devices (i.e. circulators, isolatofday, most of hexaferrites for microwave andimi
metre-wave electronic components are prepared usirgmic technologies. To minimize the size of the
electronic components, new techniques for thiak-fdeposition were developed. One of the simplest
techniques is electrophoretic deposition (EPD)th@ EPD process, the individually charged particles
dispersed in a solvent are transported to therelgetof an opposite charge, where they agglomerade
form the deposit. The dispersed particles are drieeomost important conditions for the preparatidén
homogeneous, dense and oriented deposits.

The stable magnetic suspensions of BaHF plateddsticles with diameter from 5-20 nm and 10-250
nm were prepared with surfactant dodecylbenzensuiptacid in 1-butanol. The suspensions were depo-
sited on the cathode (&D; coated with gold or platinum) by EPD. Differentsit@ons of electrodes were
used. The randomly oriented deposits with thickrefs$3 um were prepared from small BaHF plate
particles with vertical position of electrodes. prepare the oriented deposits from small partidies,
magnetic field was applied parallel to the eleclietd. With applying magnetic field @m oriented thick
films were prepared. In addition, the deposits wgtlkferential orientation of the larger particlesrav
prepared by using the horizontal position of eleddts, where the electric and the gravity fieldsewer
parallel to each other. Here, the 1% thick oriented deposits were formed due to thepehanisotropy.
The deposits were sintered at 950 °C for 10 houeg @300 °C for 3 hours to prepare films. The nedgn

ic properties of the films were obtained with areifion-sample magnetometer and the orientation was
calculated from the XRD pattern. The high-frequepoyperties of the BaHF films were measured with a
vector-network analyzer. Significant differences time magnetic properties between the randomly
oriented and magnetically-oriented films were sholrcase of magnetically-oriented films the renrdne
magnetization was higher when the magnetic field agplied perpendicular to the film plane. Themrie
tation of particles in the deposit was also obs#imehe XRD pattern. The intensities of (00l) pealere
enlarged in the oriented film, because the easgction of magnetization coincides with the crystall
graphic c-axis. We can conclude that the randormignted films of hard magnetic BaHF can be formed
during EPD and that the oriented films can be mexpavith or without an external magnetic field. The
films show increased magnetic losses at 45-50 @Hizh makes this material interesting for microwave
applications.
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Introduction

1. Barium hexaferrite (BaHF) is a hard magnetic material with chemical . ) .
formula BaFe,,0,o 1. BaHF has high a magneto anisotropy field and can

be used as a permanent magnet.

Application R

2. BaHF has high magnetic anisotropy field (17 kOe) and an easy direction L
of magnetization along (00I) crystallographic axis. 2. Thick films of BaHF can be used for absorbers at = >
3. Dispersed BaHF hard magnetic particles in suspension can be oriented high-frequency (above 40 GHz). T e e

with a gravity field or an external magnetic field. ) ) . "
3. Oriented films of BaHF can be used for millimetre- ===
4. Electrophoretic deposition (EPD) is a process where charged particles wave non-reciprocal device, i.e. circulators, =
from suspension are transported to the conductive substrate, where they isolators or gyrators. —

agglomerate and deposit. e

Experimental

1. Stabile magnetic suspensions from 5-20 nm and 10-250 nm BaHF plates L L .
were prepared with dodecylbenzensulphonic acid in 1-butanol. 3. Electric field 71 V/em and deposition time 15 min

4. The films were prepared by sintering at 950 C for 10 h or 1300 for 3 h.

2. Different positions of electrodes and external magnetic field were used.

Results
Orientation of particles | Randomly oriented Oriented with gravity field Oriented with magnetic field
Figure of EPD | 4@ :Z & Particles size: 5-20 nm =", Particles size: 10 — 250 nm | _.-2leas ) Particles size: 5 - 0 nm_
SEM image "j ) > :
N4
%4 4—.-‘
X Nt -
-~ Grain size: Grain size:
< Elctophurei e — 1.6 +0.6 pm
. i > Magnetic moment Grain size:
Film properties 950 T for 10h § 0.25+0.1 pm 1300 T for 3h 950 C for 10h
Thickness: 13 um 15 um 2 pm
XRD pattern: - — = -
s orient =0% s e ALt E Mg Ky Particles
o Ee?natite © orient =96% ¢ Orientation orient =90% E?—itr?:sgnh
z I00| Z I ool |3 . r9 increases |3 § :
| - |0 : W 2 Non- 13 - 2 2 with 5 [ g . 1
orient = z hkl Z hkl g - 'H ™ ~ identified z CRCN & sintering ] z E Enhanced
- £ SIS w T o| peaks— | § + temperature | £ ;1 ° P
Z I C%8g = T8 & gl fo) E orient =44% - i . E) [ sintering
1_ZI° g (J Jm‘z\sg (Y . o [[F o A N 1 - g Process
ki I X\ IJU L”M j S - | ‘33332 s S
o VA IR ) Suskse L. LELIS
T T T T T T T T — T T T T T T T T
220 25 30 3% 40 45 50 55 60 65 20 25 30 35 40 45 50 55 60 65 R L R R R L
2Theta 950 T for 10h 2Theta 2Theta 950 T for 10h
Magnetic measur;r:]ents. p — - Single
domain
~ Pe 40 Q=074 !
Mag! 5 saose p Par 50=0.33 Multi _ P grains
g S _ domain |
& 0% of 3 M par T £ _
é / orientation| < ) grains 5 - High He
g g g
& He par = per 3 Low He 2 - High Mg
= §2° -Low Mg | £ SQ=050
/ Q=059 = SQ=0.15 Poor total
M ; -40 orientation
0="r
M S T T 60 T T T T
. " 10000 5000 0 5000 10000 -10000 -5000 5000 10000 -5000 5000 10000
Ideal oriented film SQpe =1 Megnetceld (09 950°C for 10n| Meonetfeld (00 1300 °C for 3 egpetfeld (00 950 °C for 10h
Microwave .
measurements: ont Conclusion
- orient = . . . . . . .
F) 16% 1. Higher density of oriented films, due to anisotropic grain growth.
The ferromagnetic resonance 2 . . . . .
(FMR) = Shif{ of imaginary 1 Partly 2. The intensities of (00l) peaks in oriented films were enlarged.
bili i to a high g oriented film A . . . ) .
?,Z;muZ:C;tgyT,{caf'emai:d Zierfale' 5|, , | with 3. For oriented films the magnetic properties were different with
magpnetic field g (A thickness of measuring them parallel than perpendicular to the film plane.
5pum X ) )
. ) 4. The natural FMR for partly oriented film appears at 48GHz, which
Natural ferromagnetic resonance PN A R makes this material interesting for microwave applications.
(0 Oe) =48 Gz Frequency (GHz)
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The available literature data suggest that theedifices in the elastic moduli between zirconia det
tine result in stresses at their interface thatgase the possibility of a marginal seal failure.aAconse-
guence, this can lead to the development of secgmadaies and/or periodontal disease.

Objective: In the present work we report on theali@ggment of moderately porous Y-TZP ceramics with
a reduced elastic modulus (E), while preservingsisful flexural strengtioy.

Methods: The so-called core-shell concept was adbfur the preparation of the starting materialsisT
concept exploits homo-aggregation, which resuls imiform distribution of nanosized particles eltizd

to the surface of the submicron-sized particleghénslurry. After the slip casting, the green gdsleere

biscuit-sintered at various temperatures in theiantkair in order to obtain moderately porous ziieo
samples.

Results: In the temperature region from 1000°C460EC the nanostructured ceramic exhibits a lower
densification rate in comparison with the dry-pegssub-micron sized Y-TZP powders. In contrast, the
flexural strength of the biscuit-sintered nanoginted material rapidly increases with the fracticohen-

sity, starting from 80MPa at 55% of TD and reachinplateau of 670MPa at 70% of TD. The highest
increase, from 200MPa to 450MPa, was observed foinanal increase in densification from 58% TD to
60% TD. The calculated dependence of E on theivelatensity shows that at 70% of TD the value is
reduced from an initial 210GPa at >99% of TD t&P&. The empirical equations used are a reasonably
good fit with the measured values.

Conclusion: We believe that the remarkable incréasdrength is related to the larger area of tiert
particle contacts. The addition of the nanoparicenhances the formation of necks between the
nanosized and/or the submicron-sized particles AD of 70% the flexural strength almost doublethwi
respect to the conventionally used dry-pressed submsized Y-TZP powder.
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Introduction: "
Yttria-stabilized tetragonal zirconia (Y-TZP) has become increasingly popular as an alternative high-toughness core F

material in dental restorations because of its biocompatibility, attractive mechanical properties and its superior natural
appearance compared with metal - ceramic restorations. The available literature data suggest that the differences in the
elastic moduli (E) between zirconia and dentine result in stresses at their interface that increase the possibility of a |
marginal seal failure.! As a consequence, this can lead to the development of secondary caries and/or periodontal disease.
For such applications, novel dental materials exhibiting lower elastic modulus than currently available are being dev&loped.

Objectives:
* o reduce elastic modulus of Y-TZP ceramic while preserving its useful flexural strength (o)

* to evaluate mechanical properties of biscuit sintered nanostructured Y-TZP ceramics E )
. T — L

())Methods:

The so-called core-shell concept was adopted for the preparation of the starting

materials.2. 3 This concept exploits homo-aggregation, which results in a uniform

% & | |distribution of nanosized particles attached fo the surface of the submicron-sized
" 1 particles in the slurry. After the slip casting, the green pellets were biscuit-sintered at
* various temperatures in the ambient air in order to obtain moderately porous zirconia

samples.

% Figure 2: TEM micrograph of a single
TZ-3Y core-particle coated with nano-
sized zirconia particles.

*materials:

Y.0,mal%

BET,mlg  aystllitesze PH solidscontent

(om) (wi%%)

T23Y (CA) centriuged

nanosized v TZP

TZ:3v* (Tosch) 3 154 £ ! i

3 7 n 32 22
TZP suspensions and b) for the combination of the surface-modified micron-sized Y-TZP and
unchanged nano-sized Y-TZP suspensions. The vertical line indicates the pH at which the core-shell
material was prepared.

R H. . i 2 of the slip casted pellet shows homogeneous
esulTs: digtr’ibuﬁnn of shell particles through the whole
+ densification and mechanical properties of biscuit-sintered nanostructured ceramics: e =

- %1
£ "
B

A Figure 4: FEG-SEM analysis of fracture
surface of the sample a) sintered at 1100°C | [
1 and b) sintered at 1300°C. .

characterization:
v'zetapotential analysis
v'fractional density
vbiaxial flexural strength
v TEM and SEM analyses

e 00 & = =
Relative density (%)

vz nanostrucuredcenmic —123v07]

Figure 5: Calculated dependence of E vs. relative Figure 6: Dependence of relative density vs.
density. temperature.

Figure 7: Biaxial flexural strength vs. theoretical density
for nanostructured ceramics along with comparison curve
of biscuit-sintered TZ-3Y powder.

{£}Conclusions:
The remarkable increase in strength is related to the larger area of the interparticle contacts.# The addition of the hanoparticles |

enhances the formation of necks between the nanosized and/or the submicron-sized particles. At a TD of 70% the flexural
strength almost doubles with respect to the conventionally used dry-pressed submicron-sized Y-TZP powder.>
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Thermoelectrics are solid state devices with twsiddanodes of operation. The first mode, based en th
Peltier Effect, involves the application of curréimtough the module, absorbing heat from one sidbeo
device and emitting it from the other side. Theagation of cold and hot faces of the plate makdtePe
devices ideal for heating and cooling applicatid®snversely, the Seebeck Effect, second mode obepe
tion, can be used for power generation purposesenihtemperature gradient is applied across a TE
module an electric current is produced [1].

The efficiency of a thermoelectric material depeadgwo conditions. The first is the Carnot effioigy
(sets the limiting value on the fraction of the thedaich can be used), which for all heat enginamoa
be exceed. The second condition depends on thedledectric properties, Seebeck coefficient (S)¢ele
trical resistivity p) and thermal conductivitykj. All these properties of material together amduded in

a dimensionless description of thermoelectric prige called Thermoelectric Figure of Merit (ZT)orF
small temperature difference this efficiency isegivoy ZT = &T/ pk [1].

Therefore the achievement of the highest possitdentoelectrical efficiency is a challenge owinghe
conflicting combination of material traits that aegjuired.Good thermoelectrics are therefore crystalline
materials that manage to scatter phonons for redtimrmal conductivity without significantly disrap
ing the electrical conductivity. Thermoelectricetsfore require a rather unusual, so called a fion
glass electron-crystal, (PGEC), type of materia3R

Recently a new class of thermoelectric materials iwaoduced based on a metal oxide such a€odi,,
CaMnQ;, (ZnO)(InOs), ZNO and CuAl@. The listed oxide thermoelectric materials apg@amising,
since they are chemically stable at high tempeeatand they have high oxidation resistance. They ar
also nontoxic [4]. Beside ZnO which is an outstagtii promising oxide n-type material as a high-
temperature thermoelectric material above 973K, skall also study p-type conductors ,8a0,,
CaCo,04 and their related systems, which exhibit thermetele anisotropy and fairly high thermoelec-
tric performance due to the layered structure. Vilestudy the synthesis of those thermoelectricenat
rials and tailoring of their thermoelectric charaidtics for the best thermoelectric efficiency stauc-
ture, microstructure and phase optimization, anth widition of various dopants. Finally, by constru
ing a new measuring system for thermoelectric atariation, we will be able to fully assess therth
moelectric properties of prepared materials in réda their composition, structural and microstruat
characteristics.

References:
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Thermoelectric materials DIRECTLY CONVERT HEAT
INTO ELECTRICITY and vice versa.

Efficiency of thermoelectric materials

Tha efficiency of thermoelectric materials for both power
generation and cooling is determined by its
Thermoelectric Figure of Merit (ZT)

ZT=S?T/pK

Max. ZT depends on: HIGH Seebeck coefficient (S),
temperature (T), LOW electrical resistivity (p), and LOW
thermal conductivity (k).

Optimization of
GOOD thermoelectric material confhcn_ng
properties
Electrons free to
transport charge and «
heat

_ Phonons disrupted
from transporting
heat

Phonon-Glass Electron-Crystal material
(PGEC)

Thermoelectric devices

Schematical presentation of
typical thermoelectric
applications (devices):

a) power generation, and

b) refrigeration device
comprising of p-type and n-
type semiconducting material.
c) State of the art
thermoelectric device
containing several
thermocouples.

Heat input

Oxide thermoelectrics

P-type: Na,Co0,, CazCo,0,, etc.

N-type: (ZnO)(In,0;), SrTiO;, Al doped ZnO, etc.

Advantages: - High durability against high temperature
and oxidation

- Chemical stability

- Nontoxic

- Light weight

- Small thermal expansion

Applications
Thermoelectric

modules Thermoelectic cooling solutions for

electronic teldgommunication enclosures,
computer cabikets, mini-fridges, and in
other enclosedspaces that require
specialized climgte control.

NASA's Cassini
Probe to Saturn
and Jupiter

A radioisotope
thermoelectric

generator . .
- Prototype projectors ;

concepts:
compactness,
reduction of fans,
and

low noise.

State of the art thermoelectric materials

Conventional materials: Bi,Te;, Sb,Te;, GeTe, BiSb, PbTe
alloy, Zn;Sh,, etc.
Limitations: - Poor chemical stability

- Brittle nature

- Toxic element

- Rare element

- Oxidation

Our work
* Synthesis of thermoelectric material (Na,Co0O,,
Ca;Co,0, and related systems, ceramics in ZnO -
In,O, system doped with various dopants)

* Tailoring of thermoelectric characteristics for the
best thermoelectric efficiency via:

- structure

- microstructure

- phase optimization

- with addition of various dopants

(8 )
el

‘Q‘/ny'/‘
N WYY

Structure of the Ca;Co,0q
phase and SEM image of
the microstructure.

SEM image of the
microstructure of
Zn0-In,0; phase .

 Constructing a new
measuring system
for thermoelectric
characterization
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Electrocaloric effect (ECE) is a change in the terafure of electrocaloric material due to the agapli
electrical field under adiabatic conditions, andénerates great interest due its application i gen-
eration cooling or heating devices, which wouldtndlier for environment.

Recent predictions of the existence of the gianEECinorganic ferroelectrics are based solely o t
indirect measurements of the electrical polarizatiad not on direct measurements of the ECE ifsglf

In our case, this effect was measured directly tapdobserved magnitude of ECE is consistent with re
cent predictions. We show direct measurements & BAPMN, PMN-30 PT, PMN-35 PT and in PLZT
8/65/35 ceramics [2]. Both bulk and thin films weneasured.

The temperature dependence of ECE shows that tkisnmman ECE is achieved at the ferroelectric phase
transition and the magnitude of ECE indicates thatgiant ECE can be easily found in different dgs
of ferroelectric relaxors.

As we mentioned above, the ECE is very attracthenpmenon in a broad range of applications like

actuators, sensors and also in heating and codéwiges, i.e. electrical refrigerator. Novel cogliele-
ments could be made without moving parts and theatty simplifying the device configuration [2].

Reference:

[1] A. S. Mischenko, Q. Zhang, J. F. Scott, R. W. Whaembl. D. Mathur. Giant Electrocaloric Effect inifikFilm
PbZr o5Tig o<05. Science, 311: 1270-1271, 2006.

[2] B. Rozk, Sheng-Guo Lu, Z. Kutnjak, B. M&JiH. Ursg, J. Holc, M. Kosec, R. Pirc, R. Blinc, B. Neese, Mimre
Lin, E. Furman, Q. M. Zhang, poslano v objavo, 2010
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Electrocaloric effect (ECE) is a change in the temperature of material due to electric field under adiabatic conditions, and it generates great interest due to its application, for
example in electrical refrigeration. A giant electrocaloric effect was observed in inorganic ferroelectrics [1]. These observations were based on the indirect measurements of
the electrical polarization. We show direct measurements of ECE in PMN, PMN-30 PT, PMN-35 PT and in PLZT 8/65/35 ceramics. Both bulk samples and thin films were
measured. The temperature dependence reveals that the maximum of ECE is obtained at the ferroelectric phase transition. The magnitude of ECE shows that the giant ECE
can be easly found in different classes of relaxor ferroelectrics.

Electrocaloric “Compressor”
cooling cycle cooling cycle
T
‘ 5 q q . .
GIANT ELECTROCALORIC EFFECT & ~—— sdabaticproces —— ] [Electrocaloric cooling cycle is comparable with a
TeaT L ||[| corresponding cooling cycle of a classic compressor

@ 'where pressure p of the gas is changing.
application cooling/heating devices T
) TC-elements

N %
v N~ = AN
) ) o 1
oz dllgn * more energy efficient ' - The electrocaloric device: _
O 1O il [PEvE) « friendlier for environment : i

N heat conduttors. heat
cooling heat switchers exchanger
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Exprimental method SAMPLES
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L)
L]
. . g
. bulk PMN-30PT ceramics bulk PMN ceramics
L]
0 E[kv/cm]  bulk PMN-30PT ceramics v
QLo ccccccscccce P | THICK FILMS | 250 —y—2 / 25| — bulk PMN ceramics ____y—v—
—v—5
v v —v— 84
201 ,:,;65 20 —y—255
60 —v—526
THIN FILMS grer o - gior T
= _ I —y—— v
* S ol - S0l v/v~v/'/
/v/-/ e
—
05 ,/'/ v— — v,
— — 05 [ y—v—"—vy—v— _—
—
. . ol S e i A S
thin films of PLZT ceramics . ; . . . . 0ol = v
320 340 360 380 400 420 L L L L . L L
TIK] 200 240 260 280 300 320 340
8/65/35 PLZT thin film TIKI
40F at318K
Conclusion
30+ -
= We can conclude that direct measurements confirm — ® PMN ceramics
< existence of the giant electrocaloric effect in different ' e A PLZT 8/65/35
L - R N S —~
S20 classes of relaxor ferroelectrics. The largest electrocaloric s / S &42
. . . =4
effect is observable in thin PLZT films. £ 20x10"F L) =]
X , =
10 )
w ° £
= ; ! * 48
S 1ox107- ), i*- E
o . . . ; ; e ol S
1l @ critical
0 500 e (kV/cm)moo 1500 2a0ks S o aopt g
1107 ceramics
AT/E as a function of the maximum of the amplitude 00 oK oY
of the electric-field pulses (in units of Ecr) in bulk 0 4 8 12 16
PMN, 8/65/35 PLZT and PMN-30PT ceramics (inset z z : z
References with same axis labels). Solid red line represents results 00 05 1'OE/ECPL‘F’ A &
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Sodium bismuth titanate, Na0.5Bi0.5TiO3 (NBT), is@mplex perovskite extensively studied over past
years due to its interesting piezoelectric andofdgctric properties. The relaxor ferroelectric dgbr of

the NBT material opens up the possibility for apglion as a voltage-tunable capacitor. The aimarkw
was preparation of nano-sized crystalline NBT pleti which would be subsequently employed in the
form of a thin film. In contrast to other more cemtional techniques, the hydrothermal synthesis at-
tracted considerable attention because it enalbteiiption of nanosized highly crystalline powdersi

a variety of inexpensive precursors under moddestgerature conditions.

Several papers reported the hydrothermal preparatidNBT. In addition, Lencka et al. [1] performed
thermodynamic modelling, predicting the region tabdity for pure NBT phase. Syntheses were based
on proposed model and supporting experimental figeli

The hydrothermal synthesis of the NBT powder wafopeed in a strong alkaline medium. TiO2 (ana-

tase) and Bi(NO3)3-5H20 were used as the titanindh lismuth precursors and NaOH served as a
source of sodium cations and to provide a highlsidoanvironment. The influences of various alkaline

conditions, the concentration of precursors, tleetien temperature and time on the formation of NBT

were studied. The obtained powders were charaetetiy X-ray diffraction analysis and transmission

electron microscopy.

Experimental results revealed that several parahel consecutive reactions are proceeding in the-re
tion system, resulting in the formation of NBT aowith secondary sodium titanate phases at thenbegi
ning of the reaction. Secondary phases arised al$ower alkali concentrations and mild temperature
conditions. Both parameters significantly influertbe solubility of precursors and the stabilityNBT
phase and therefore define the final phase composibtained under chosen hydrothermal conditions.
Secondary phase free composition was attained Ipjogment of higher temperatures and stronger alka-
line conditions. In addition, an excess of bismeations promoted the formation of phase pure prboduc
Our experimental results led us to the concludia alkaline conditions ultimately define the cajtta-

tion process of NBT phase under hydrothermal treatpmainly due to the significant contributiontbe
dissolution of precursors that enabled furtherystedlization.

References:

[1] M. Lencka, M. Oledzka, and R.E. Riman, Hydrother@whthesis of Sodium and Potassium Bismuth Titanates,
Chem. Mater., 2000, 12 (5), 1323-1330
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Na, ;Bi, s TiO, - acomplex perovskite, interesting piezoelectric and ferroelectric properties
Hydrothermal synthesis - enables production of nanosized highly crystalline powders from a variety of inexpensive
precursors under moderate temperature conditions
Aim - study of reaction mechanisms
- acquirement of the correlations between the chemical-thermodynamic parameters applied and the formation of
NBT and secondary phases
Experimental Characterization
DI-H0 | mixing Hydrothermal synthesis washing e
NaOH ! 3 . . _
To?-anatase | = Temperature : 120 - 240 T 4 Powder X-ray diffraction - XRD
Bi(NO3);5H20 | 30 % filling drying powaer Transmission electron microscopy - TEM
& / Time: 0.5-96h
Results
NaOH concentration Temperature Reaction time

Na-Ti-O (NT)
_ 0.2 pm
poorly crystallized NBT
phase, secondary
phases
G
24h ”
¢ (Bi**)= 0.1 M, T =200 °C, 12 M NaOH
5 100 nm

¢ (Bi**)= 0.1 M, T=200 T, 12 M NaOH

Bi/Ti ratio

Bi/Ti= 0.6

c(Bi**) = 0.05M, T =200 T, 12 M NaOH, 48 h

Summary

Control over the crystallization process and thus the final phase composition can be attained by managing parameters that
ultimately define the solubility of chosen precursors and the stability of NBT phase under applied conditions.

Future work Final product Applications
—» synthesis of NBT-based solid —> lead-free piezoelectric powder —» piezoelectric components
solution materials
sensors, resonators, transducers, actuators,...
—» employment of NBT/NBT-based —» NBT thin films, composite thin films, —» voltage-tunable capacitors, phase
ceramic particles in thin films multicomponent systems shifters, electronic components

through polymer-assisted assembly
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Condensation energy can be thought as the differenground state energy between the normal state
and the superconducting state in a superconduttom way to understand and prove theory for
superconducting transition, an accurate measureaighte condensation energy is needed [1]. The most
common method for determination of condensationgnis by measuring the thermodynamical critical
field and alternatively, condensation energy cafolb@d by integrating the difference in specifiatsein

the normal and superconducting states frbn+ O to the superconducting transition temperatdge
[2,3]. With the use of femtosecond laser spectrpgape can measure the absorbed light energy needed
to destroy the superconducting condensate. Theautetties on accurate measurement of the enekrgy

needed to transform the superconducting statetir@onormal state (i.e. vaporize the condensate). By
changing the laser pulse intensity, the supercdimycstate is destroyed, and the characteristic
superconducting signal saturates, which can berdated very accurately. The accuracy of the depdsit

energy is thus limited only by the geometric fastoelated to the laser beam profile and optical

absorption Iengtblop. Recently, it was shown that the reflectivity epsrconductingLa,_, S, CuO,

(X=0.1, x= 015) changes significantly when ultrashort intenselgsulses cause a transition from
the superconducting state to a normal state [4f fitst measurements ita,_,S,CuO, gave a

vaporization energyJ, which was significantly higher than the condensatimergyU . determined
from the specific heat measurements. Here we raportystematic measurements of the vaporization
energy in a two different cuprate¥Ba,Cu,O,_; and La,_, S,CuQ, ranging from the underdoped to

the overdoped region. It was found that the conatensaporization energy) , increases as a square

power of T, and it is approximately 16-18 times greater thandensation energy extracted from

specific heat measurements, implying a signifideadt capacity of the 'bosonic glue' responsiblatfor
formation.

[1] E. Demler and S. Zhang, Nature 396, 733-739§)9

[2] 3. W. Loram, J. L. Tallon and W. Y. Liang, Phy&ev. B 69, 060502 (2004).

[3] M. Roulin, A. Junod and E. Walker, Physica C 2887-152 (1998).

[4] P. Kusar, V. V. Kabanov, J. Demsar, T. Mert8lj,Sugai and D. Mihailovic, Phys. Rev. Lett. 1047@01 (2008).
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Our goal was determination of the energy needed to transform the superconducting state into the normal state (i. e. vaporizate the condensate)

and comﬁare with calculated condensation enerﬁi inYBﬁCuiOiI

-
Physical properties of YBa,Cu30.5

Sample preparation

YBa,Cuz0;5 (YBCO) is high-T, [ We annealed YBCO crystals in flowing oxygen at high
supercinducting  cuprate  with  layered ® cuwcu temperatures from 400 to 900 °C for certain time and
perovskite and highly anisotropic structure.An LA then quenching them by rapidly taking away from the
essential structural element is one or more o owen. In this way we prepared samples with critical
copper oxide plane (CuO,), which is thought temperatures ranging from 60 to 90 K. Critical
to contribute to the superconducting @5 temperature was determined from magnetization
properties. Changing the oxygen . 3 measurements. At the end the surface was cleaved
stoichometry in charge reservoirs planes y and all laser measurements have been performed on
(located above and below CuO, planes), g [ 0872 A [a,b] plane.

leads to change in electronic properties LT T

(change in T).

i ) ) Measurements and results
Schematic structure of YBa,Cu;0, 5. Unit cell consists of two CuO,

planes with Y ion in between. ICha\rge reservoirs planes are CuO B By using
planes. BT TASK, e o e mathematical model
s1 oy e e s 5] we fit AR/R=F(F) and

How we can determine vaporization energy? T ﬁ, ? et - udr J 25 determine fluence

T ——————————— Z 17 threshold. Taking into
For studying quasiparticle relaxation dynamics E [+° t¥imy)  account geometric
we used femtosecond time-resolved pump-probe = Treee«  factors related to the
technique. The wavelength of the laser pulses € 0 laser beam profile
was A=800 nm (~1.5 eV) and their pulselength 3" and optical
was ~ 50 ps. The intensity ration of pump and T o] fy e absorption length, we
probe beams was typically 100. To avoid any S 1, liiﬂ: S el E
possible coherent effects, these two beams were T ohd REmn vaporization energy

Schematic of pump-probe perpendiculary polarized. z o 2 4 5 & U,

technique. With the first beam - Time delay [ps]

pump we excite the sample and
with the second beam we probe 5 .
the changes in reﬂemiv'i)ly YBagCu3z07  kz=0.0 First measurements in La,_ )
(transmission) as a function of o Representation for the Sr,CuO, showed that as we &
time delay after the first pulse. L Y‘(;nercgy gand st[;uctu_re i_n increase laser fluence, the o
] / 4 a,Cu;0,.4 and excitation B ; !
1. Excitation / \ ‘ and relaxation processes. ‘amplltude of the signal first
of e-h pairs o E = = increases and then starts to %
mm— SRS saturate for certain value of = We observed fluence
.,,L - W T e EmeR ;5 saturation also in
fISS ws - ' 13 YBRCuOm
» RIS e IR\ i
il V= A — T e T e
N Nt T —— Daiay () Dslay ()
N TN\
- S q 1 16
2 'c”a‘;?:;’;‘; T N2 N\ Conclusions Ty —
ook ) 5 — vy, -
thermalization with T X S Y T o 1 "
optic phonons Material T U y Uy T
7~10— 40 fs ) ’ c T 5w} Vo000 A4 capcus, ¢
30 2+0.8 K/Cu 0.12K/Cu 16.7 s v “' o o8 ;’.,
. : 6+ .. X > La, Sr.Cu0,
By comparing measured 38 | 26 Ky 9.3 KCu 85 > s o
val 0r|zat|on enert and 92 15.9+1.9 K/Cu 1.5K/Cu 10.6 Y8a,Cu0, o4
p . R gy 63 7.50.7 K/ICu 0.77K/Cu 9.7 . .
therdmi)dlngmlgally 60 | 64:02K/Cu 0.62K/Cu 103 cﬁ;‘:';eivga fuci’tre i
etermine ° ‘ %
" ot h o w0 e oo
condensation energy, aSed SUDTCONGigtors | oo ossdoy | me large °°r}’1‘pa’ed 0
we found that certain Phictides) SmFeASO, oFo, 495 1.8 KIFe 1.7KIFe —1 supets:g; d?.lrctors
amount of energy is ductors { Bl J 0 0-24 KIND O-L4KIND 1 and CDWs!  Vaporization vs condensation energy as a function
stored by the glue Conventional SUperce [ woe, | [es 52KITb 40.6K/Th 13 of T2 for various doping level of YBa,Cu,0,_4. Both,
boson [ (ase)l [ [2e0 | 722sa2Kma | 165:7.220ma | 1 vaporization and condensation energy appear to
: aves systems [ KoMoo, J 180 4.2 KIMo 4.7K/Mo -1 follow square power law dependence on T..

Charge-density W
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Development of nanotechnology during last few desaglve significant contribution to different areas
of research especially in biomedical sciences amaved characteristics of many biomaterials alimi
their commercial application [1,2]. One of the eg@ntative examples is the development of nanomedi-
cine, a new field of medical research which opethedpossibility for interactions between nanomatsri
and pathogens at the same scale of size [3]. Tgpsoach allowed development of nano-therapeutics,
biosensors and point-of-care molecular diagnostigags resulting in target, localized and moreceadfit
medication [4]. So far, different techniques arglea for formation of these materials. Among them,
sonochemical synthesis can be separated as a madised on the high temperature and pressure com-
bined with intensive mixing induced by acoustic itation and micro jets. This method enables control
over size, morphology and nano-/micro-structurenaterials that are often unavailable by conventiona
methods [5].

The main goal of our work is application of the golmemical synthesis method for preparation of nano-
sized particles of silver and silver composite witldroxyapatite, as well-known bioactive and ostenc
ductive bioceramics for potential application iminedicine as bone-defects filler with preventivéi-an
inflammatory properties. Urea, known as a homogeseurecipitation agent, was applied as capping
agent of silver which allowed formation of silvesraplex able to be decomposed at q@&nd to form
nanosized silver particles up to 20 nm in sizeéhlncase of co-precipitation of silver with hydrapgatite
particles, after thermal decomposition of silvemgdex, hydroxyapatite/silver composite was obtained
At such conditions, uniform distribution of nanasilzsilver particles, with the size up to 10 nmated
onto the surface of hydroxyapatite submicrometzedirod-like particles, was obtained. These changes
of the morphological properties of nano-silver, d@tsddistribution, suggested a possible influente o
hydroxyapatite surface on the mechanism of sihgtiges’ growth. From the side of applicabilityn-
portance of obtained HAp/Ag composite morphologyn t& addressed to the well-known size-related
dependence of antibacterial activity of metallivesi particles which showed significant improvemeht
this property of silver particle with the size imetrange between 1 and 10 nm. This can be cowmeiate
its possible application in orthopedics and demtist

References:

[1] M. Veerapandian, K. Yun. The state of the art iontmterials as nanobiopharmaceutic@lfgest Journal of
Nanomaterials and Biostructures, 4(2): 243-262, 2009

[2] E. J. Harvey, J. E. Henderson. Nanotechnology ame ihealingJournal of Orthopaedic Trauma, 24(S): 25-30,
2010.

[3] A. Surendiran, S. Sandihiya, S. C. Pradhan, C. Aditheovel applications of nanotechnology in mediciime
dian Journal of Medical Research, 130(6): 689-701, 2009

[4] G. E. Marchant. Small is beautiful: What can naobt®logy do for personalized medicin@@rrent Pharmaco-
genomics and Personalized Medicine, 7(4): 231-237, 2009

[5] J. H. Bang, K. S. Suslick. Application of ultrasoundhe synthesis of nanostructured materiatvanced Mate-
rials, 22(10): 1039-1059, 2010
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Sonochemical synthesis

Physical & Chemical
Effects of ultrasound
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Noble metals and hydroxyapatite properties

B siver3c

Fig. 1:

" SEM, TEM
and XRD
of Ag
particles.

B Hydroxyapatite
W Siver 3¢

Fig. 2:

i SEM, TEM
and XRD
of Ag/HAp
particles.

Discussion & Conclusions

§ Nanosized silver is well-known antibacterial agent.

§ Hydroxyapatite is bioactive and osteoconductive bioceramics.

The main goal of our work is:

« Application of sonochemical synthesis method for preparation
of nanosized silver particles and silver/hydroxyapatite composite
for potential biomedical application.

Obtained result show that:

§ Monophase Ag with the structure of cubic silver (Ag 3C) and
sphere-like morphology with particles up to 30 nm in size forms.

§ In the case of HAp/Ag composite, Ag with the structure of cubic (3C) and
hexagonal (6H) silver and sphere-like morphology with particles up to 10
nm in size attached to the surface of HAp rods was obtained.

Morphology and structure of Ag particles within HAp/Ag composite can

be influenced by the contribution of HAp surface to Ag particles growth.

Applications & Perspectives

‘APPLICATION OF MATERIALS WITH ANTIBACTERIAL PROPERTIES ‘

Implant fabrication
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Therapeutics
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Treatment
of
orthopedic
infections
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It is known that TiQ exhibits good photocatalytic properties which cblbé used in various commercial
applications such as water and air purificatioplooto-induced biodegradation of microbes. J®curs

in nature in the form of three crystal polymorpasatase, brookite and rutile. For photocatalytioliap-

tions only anatase and rutile are of interest, h@veanatase shows greater photocatalytic actiVihe
ability to carry out photocatalytic reactions asis§eom TiO, band gap. When Tigs irradiated with light

of energy equal or higher to its band gap energyelactron is promoted from the valence band to the
conduction band leaving behind a positive hole.sEhghotogenerated charge carriers can be trapped by
surface adsorbed molecules, form strong radicalsoaidize organic compounds. However, a drawback
in TiO, photocatalysis is that it absorbs mainly ultragidight. Therefore many efforts are made to pre-
pare visible light-active Ti@

Photocatalytic activity of titania (T depends on its crystal phase, crystallinity, ipkrtsize and/or
specific surface area. High crystalline Fi€hibits higher photocatalytic activity due toddmilk defects,
which represent recombination centers for photogged charge carriers. On the other hand, high crys
talline particles are usually large and the photegated electrons and holes undergo volume rec@mbin
tion before they can be trapped by surface adsomm@dcules and form radicals which are very impor-
tant for photocatalytic activity. Powders consigtiof small particles exhibit high specific surfamea
and offer more active sites for photocatalytic tisnrs [1], [2].

According to literature data, anatase with highctffzesurface area can be prepared by block copetym
templating sol-gel process. In order to achievenldgystalline anatase thermal treatment at higher-t
perature (300°-600°C) must be performed which leadbke collapse of organic templated structure sup
porting the TiQ framework and causes decrease of specific suaisae Thermal stability of Tixcan be
improved by using phosphoric acid as a catalyse iFfltorporation of phosphorus can stabilize ;TiO
framework by inhibiting particle growth and increabe specific surface area [3], [4].

It was reported that crystalline anatase can bpapeel at low temperatures (90°C) by hydrothermat sy
thesis. At elevated temperature and pressure tineecsion of amorphous Tidnto crystalline TiQ oc-
curs [5].

Anatase powders with high crystallinity and higleafic surface area were prepared by combined sbl-g
and solvothermal synthesis followed by thermalttresmt. Triblock copolymer P123 was used as a tem-
plate and phosphoric acid {PIO;) as a framework stabilizer. We can conclude thatuse of P123 and
HsPQ, during the applied synthesis route leads to foionabf crystalline anatase with high specific sur-
face area (up to 2962g) even after thermal treatment at high tempeest(at 500°C, up to 176%yg

and at 600°C, up to 136°y).

References:

[1] Z. Zhang, C.-C. Wang, R. Zakaria, J.Y. Ying, The Jauaf Physical Chemistry B 102 (1998) 10871-10878
[2] V. Puddu, H. Choi, D.D. Dionysiou, G. Li Puma, Ajgal Catalysis B: Environmental 94 (2010) 211-218

[3] P. Yang, D. Zhao, D.I. Margolese, B.F. Chmelka, GSiucky, Chemistry of Materials 11 (1999) 2813-2826
[4] J.C. Yu, L. Zhang, Z. Zheng, J. Zhao, Chemistry atdfials 15 (2003) 2280-2286

[5] D.S. Kim, S.-Y. Kwak, Applied Catalysis A: Gener@33(2007) 110-118
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Applications of TiO, photocatalysis: P o 1ySis

Tio,

v disinfection of surfaces and water from pathogenic organisms Organic compound + O, = CO, + H,0

(bacteria, fungi, protozoa, algae)

0> | mmmm) [HO", HO,, OH]

v removal of organic and inorganic pollutants from waste water UGl hv (UV) l

v air purification \ y o,

m \ HZO
- 8 A )

vV TiO, absorbs mainly ultraviolet (UV) light

Problem:

Organic compound =smp Minerals formed or biomass destroyed
L T

| That is why most researches are oriented to: By .
B HICSign of visiblé light roNEREEE ; A Photocatalytic activity of TiO, depends on:

and L vV crystal phase (anatase or a mixture of anatase and rutile)
V increase of photoreactivity of TiO, in the near UV h v crystallinity

and visible region "™ \/ particle size and/or specific surface area

Among the TiO, polymorphs (brookite, anatase, rutile) anatase is considered as the most photocatalytic active crystal phase and can be
prepared by sol-gel synthesis followed by thermal treatment up to 300°C. Thermal treatment leads to particles growth and causes
decrease of specific surface area. In sol gel synthesis amphiphilic copolymers can be used as templates supporting the 3D TiO,
framework. The collapse of organic templated structure during thermal treatment can be prevent by phosphorous (P) incorporation as a

TiO, framework stabilizer. On the other hand, high crystalline anatase with high specific surface area can be prepared by solvothermal
synthesis at low temperatures.

|High crystallinity High specific surface area and small particle size

|1

Combin;’ition of sol-gel and solvothermal Use of amphiphilic triblock copolymer P123 as a TiO, framework template
synthesis ’ _ ~and . o
followed by thermal treatment (500°-700°C) incorporation of P from phosphoric acid (H;PO,) as a TiO, framework stabilizer

u

LN - | T0: control sample
T1: P123 + H;PO,

* *

Figure 1: Crystal phases of the as prepared samples A igu?e@:'a) specifie'surface area of the as prepare‘ sal
b) particle size of the as prepared samplgg‘a&
.
Anatase powders with high specific surface area and high crystallinity were prepared by the combination of sol-gel and solvothermal
synthesis.
Using triblock copolymer P123 as a TiO, framework template and phosphorous as a TiO, framework stabilizer it is possible to synthesize
anatase powders with a high specific surface area (up to 296 m?/g) even after thermal treatment at high temperatures (at 500°C up to 176

m2/g and at 600°C up to 136 m#/g).
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Development of materials for industrial applicagols associated with permanent increase in demands
for: performance, effectiveness, toxicological ambnomical outcome of the final products. Therefore
our main goal is to improve the properties of irtdaBly applicable materials with respect to: (Btter
understanding of the basic processes and phenowt@nh occur in the matter, (ii) synthesis and proc-
essing of new materials and (iii) improvement af thaterials’ properties. Within that scope, threemm
groups of materials are being investigated: eleetramics, photocatalytic and biomedically applieabl
materials.

Photocatalytic properties of titanium dioxide (F)Qould be taken as advantage in manufacturing of
antibacterial coatings of the white goods. Among THO, polymorphs, anatase exhibits the highest
photocatalytic activity, mainly under ultravioletadiation. Photocatalytic efficiency of anataspeatels

on crystallinity, specific surface area and pagtisize. Therefore, our attempt was to improve tipesp-
erties and to design a visible light responsive ,Ti@anocrystalline anatase with high specific swefac
area (up to 335 ffg) and small particle size (down to 5 nm) wereppred by the combination of sol-gel
and solvothermal synthesis. Future research ischtmachieve visible light activity of anatase ppthg

its’ structure with small quantities of elementd\RP S and F.

Titanate-based nanotubes synthesized by the atkhlidrothermal treatment of Ti@re characterized as
a layered, lamellar structure with mesoporous molgady. In our research, the ability of ion-excharmde
hydrothermally synthesized titanate nanotubes bas htilized for the formation of Ag-titanate naurtwd
composite via incorporation of silver nanoparticbego the surface of nanotubes. Intercalation loEsi
nanoparticles enables modification of titanate mapes resulting in an enhanced photocatalytic egtiv
at visible wavelengths and makes such compositelicaple in photocatalysis and photodecomposition
of water.

Research on piezoelectric materials was focusegiNesnK,)osBigsTiOs (NBT-KBT) solid solutions and
on the influence of their structure on the eleelriproperties. Upon cooling of sintered ceramibg t
structure transforms from cubic to rhombohedral TNih) and tetragonal (KBT-rich) structure. At a
Na/K = 4:1 in the NBT-KBT, a morphotropic phase hdary is formed, where the tetragonal and the
rhombohedral phases coexist. In this region theesbf the dielectric constant, the remanent dari
tion and the piezoelectric coefficient are enharinembmparison with the NBT and KBT end members.

Relaxor ferroelectric behavior of sodium bismuthriate (NBT) opens a possibility for applicationaas
voltage-tunable capacitor. Hydrothermal technigues wwmployed for the preparation of NBT powder.
Nanosized crystalline particles were prepared finexpensive precursors under moderate temperature
conditions. Subsequent employment of NBT partiakethe form of thin film will enable preparation of
composite thin films with desirable properties.

Sonochemical synthesis method is applied for tmthegis of silver and hydroxyapatite/silver compmsi
particles. Using this approach resulted in the fdfom of nanometer-sized patrticles of silver whigdre
attached onto the surface of rod-like, submicromgied hydroxyapatite particles. Due to the depelo
ment of the pathogens in implant’s surroundingsipgrcent of immune system rejections of biomate-
rials for bone replacement appears. Formation op#g coatings on the surface of bone implantsor it
local usage as bone filler is a possible induségdlication of this material.
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