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4 UM FAKULTETA ZA KEMIJO IN KEMIJSKO TEHNOLOGIJO



VIZIJA

Fakulteta za kemijo in kemijsko tehnologijo Univerze v Mariboru je institucija s kvalitetnimi

studijskimi programi, ki diplomantom nudijo zaposljivost v evropskem okolju.

Evropa naj bi do leta 2010 postala tehnolosko najsodobnej§a regija v svetu. To pomeni, da
morajo nasi Studentje pridobiti znanja, ki jim bodo omogodcila vklju¢evanje v trg dela in znanja v tem

delu Evrope.

Fakulteta za kemijo in kemijsko tehnologijo Univerze v Mariboru zagotavlja kreditni sistem studija
in mednarodno izmenjavo Studentov. Zato lahko Studenti nase fakultete v okviru programov, kot so
ERASMUS, CEEPUS in drugi, opravijo del Studijskih obveznosti v fujini in si tako pridobijo izkusnje na
priznanih univerzah. ECTS sistem (European Credit Transfer System) Studentom omogoca, da se jim
Studijske obveznosti, opravljene v tujini, priznajo na domaci fakulteti.

Univerzitetni uCitelji in raziskovalci delujejo v mednarodnem izobrazevalnem in raziskovalnem
prostoru. Fakulteta za kemijo in kemijsko tehnologijo je podpisala Stevilne sporazume z mnogimi
univerzami v svetu. Profesorji sodelujejo v Stevilnih evropskih projektih, projektih za industrijo in opravijajo
raziskave, financirane s strani Javne agencije za raziskovalno dejavnost in Ministrstva za visoko Solstvo,
znanost in tehnologijo. Visok nivo pedagoskega in znanstveno-raziskovalnega dela dosegamo z

vkljuCevanjem tujih uciteljev in raziskovalcev v izobrazevalne in raziskovalne procese na fakulteti. Tako

nasim Studentom posredujemo znanja, ki jih potrebujejo za delo v svojih okoljih.

Na fakulteti bomo izvajali tri prvostopenjske bolonjske Studijske programe:

e za pridobitev univerzitetne izobrazbe kemijske tehnologije,



e za pridobitev univerzitetne izobrazbe kemije,

e za pridobitev visoke strokovne izobrazbe kemijske tehnologije;

drugostopenijska bolonjska studijska programa:

e za pridobitev magisterija s podrocja kemijske tehnike,

e za pridobitev magisterija s podrocja kemije;

in tretjestopeniski bolonjski Studijski program:

e za pridobitev doktorata s podrocja kemije in kemijske tehnike.

V Studijskem letu 2009/2010 bomo prvic izvedli redni Studij prvostopenjskih bolonjskin programov in
izredni Studij drugostopenijskih bolonjskih programov kemijske tehnike oz. kemije. Izvajali bomo tudi

bolonjski doktorski Studij.

Ponosni smo na nase diplomante, magistre in doktorje znanosti, ki so zakljucili svoj studij na nasi

fakulteti. Mnogi med njimi uspesno delujejo v Stevilnih domacih in evropskih gospodarskih druzbah,

izobrazevalnin in raziskovalnih institucijah.

Zavedamo se, da je osnova za kvalitetno sodobno izobrazevanje, kvalitetno raziskovalno delo.
Visok nivo raziskovalnega dela izkazujemo z objavami v vrhunski znanstveni periodiki, s citiranosfjo del, s
patenti, s sodelovanjem na stevilnih mednarodnih projekfih itd., kar omogoca uspesne povezave med

gospodarstvom in fakulteto.

Menim, da je Fakulteta za kemijo in kemijsko tehnologijo Univerze v Mariboru tako na raziskovalnem

kot tudi na pedagoskem podroc¢ju mednarodno primerljiva in uveljavljena ustanova.

Dekan

prof. dr. Zeliko Knez



VISION

The faculty of chemistry and chemical engineering is an institution with quality study

programmes, which offer our graduates employment in Europe.

By 2010 Europe is likely to become the technologically most modern region in the world. Thus,
our students must acquire knowledge, which will enable their incorporation in the work and knowledge

market in this part of Europe.

The faculty of chemistry and chemical enginnering at University of Maribor ensures the credit
fransfer system of study and international student exchange programs. In the frame of SOCRATES
ERASMUS, CEPUS and other programmes, our students may realise part of their study-related obligations
abroad and obtain experience at acknowledged universities. The European Credit Transfer System

(ECTS) guarantees academic recognition of studies abroad.

The teaching staff and researchers are involved in infernational education and research
spheres. The faculty of chemistry and chemical engineering has a large number of agreements with
universities worldwide. Our professors are involved in numerous european and industrial projects, as well
as in research, which is financed by Slovenian Research Agency and Ministry of Higher Education,
Science and Technology. The high level of pedagogic and scientific research work is ensured by the
incorporation of our teaching and research staff into educational and research processes at the
faculty. In such manner, our studentfs acquire the knowledge, which they need for work in their

environment.



Our faculty will perform three Bologna undergraduate study programmes for obtaining:

e university degree in chemical engineering,
e university degree in chemistry, and

e professional degree,

and post-graduate study programmes for obtaining:

e master degree in chemical engineering and chemisfry, and

e doctoral degree in chemistry and chemical engineering.

In study year 2009/2010 we will perform Bologna study programme of second degree for part-time

study in the field of chemical engineering and chemistry.

We are proud on masters and doctors of science, which have studied at our faculty. A great number

of them are sucessfull in different european business sectors, educational and research institutions.

We are aware that quality research work is the basics for quality modern education. High level of
research work is proven by publications in topmost scientific periodicals, citations of publications,
patents, cooperation in numerous international projects etc., which enables effective connections

between economy and faculty.

| believe, that the faculty of chemistry and chemical engineering at University of Maribor is an

internationally comparable and recognized institution in research as well as pedagogical spheres.

Dean

prof. dr. Zeliko Knez



IZOBRAZEVALNA DEJAVNOST

Na FKKT frenutno izvajamo §firi Studijske programe:

e univerzitetni dodiplomski Studijski program Kemijske tehnologije z univerzitetnima dodiplomskima
Studijskima smerema:
Kemijska tehnologija
Biokemijska tehnika
e Studijski program Kemijske tfehnologije za pridobitev visokoSolske strokovne izobrazbe
e podiplomski magistrski program Kemija in kemijska tehnika

e doktorski program Kemija in kemijska tehnika

V letu 2008 smo uspesno zakljucili prenovo studijskin programov po bolonjskih kriterijinh na vseh treh
bolonjskih stopnjah. Z iziemo doktorskega programa na 3. stopnji, ki je Se v postopku akreditacije, so vsi
ostali programi ze akreditirani s strani Sveta za visoko Solstvo in jih bomo prvi¢ razpisali in izvajali v
Studijskem letu 2009/2010. Poleg prenovljenih treh obstojeCih programov smo izdelali tudi dva nova
programa, univerzitetni program Kemija (1. stopnja) in magistrski program Kemija (2. stopnja). V

Studijskem letu 2008/2009 bomo tako prvic izvajali 6 Studijskin programov:

I. stopnja
e univerzitetni program Kemijska tehnologija
e univerzitetni program Kemija

e visokosolski strokovni program Kemijska tehnologija

1. stopnja
e magistrski program Kemijska tehnika

e magistrski program Kemija



lll. stopnja

e doktorski program Kemija in kemijska tehnika

PREDSTAVITEV NOVIH BOLONJSKIH PROGRAMOV
Univerzitetni studijski program I. stopnje Kemijska tehnologija

Program traja 3 leta in obsega 180 tock ECTS. Diplomantom omogoca zaposlitev ali nadaljnji studij
na magistrskin programih. Za program je znacilna interdisciplinarnost, saj zdruzuje kemijsko-tehniske in

kemijske vsebine. Diplomanti dobijo naziv diplomirani/a inzenir/ka kemijske tehnologije (UN).

Univerzitetni Studijski program I. stopnje Kemija

Program fraja 3 leta in obsega 180 tock ECTS. Diplomantom zagotavlja kvalitetno temeljno
naravoslovno znanje s poudarkom na tradicionalnin podrocijih kemije in na sodobnih podrocjih, kot so
analizna kemija, nanokemija, biokemija in materiali. Program je osnova za nadaljinji Studij na

magistrskem programu. Diplomanti dobijo naziv diplomirani/a kemik/kemicarka (UN).

Visokosolski strokovni Studijski program I. stopnje Kemijska tehnologija

Program traja 3 lefa in obsega 180 toCk ECTS. Predmetnik vkljuCuje tehnicno (uporabno) kemijo in
kemijsko tehnologijo z dodatnimi vsebinami ekonomije, podjetnistva in varnosti. Program je prakticno
usmerjen in s pridoblienimi aplikativnimi znanji omogoca diplomantom takojSnjo zaposlitev. S kvalitetnimi
temeljnimi znanji omogoca dobrim diplomantom vkljucitev v magistrske Studijske programe. Diplomanti

dobijo naziv diplomirani/a inzenir/ka kemijske tehnologije (VS).

Magistrski Studijski program II. stopnje Kemijska tehnika

Program fraja 2 lefi in obsega 120 to¢k ECTS. Studentom sta na volio dve smeri $tudija: kemijska
tehnika in biokemijska tehnika. Z izbiranjem modulov izbimih predmetov se lahko Studentje usmerijo v
oZje strokovne usmeritve. Smer kemijska fehnika ponuja tri module: kemijska tehnika, okoljska tehnika in
tehnologija premazov. Smer biokemijska tehnika ima dva modula: biokemijska tehnika in farmacevitska
tehnika. Diplomanti dobijo naziv magister inZenir kemijske tehnike oz. magistrica inZenirka kemijske

tehnike.

Magistrski Studijski program II. stopnje Kemija

Program fraja 2 leti in obsega 120 tock ECTS. Studentom ponuja poglobliena temelina in specialna
znanja Ciste kemije ter irjenje znanja na sodobna podro&ja uporabe kemije. Studentom so na voljo frije
izbirni moduli: analizna kemija, okoljska kemija in materiali. Diplomanti dobijo naziv magister/magistrica

kemije.



Doktorski program lll. stopnje Kemija in kemijska tehnika

Studentje, ki so zakljucili drugostopenjske studijske programe, lahko nadaljujejo $tudij po programu za
pridobitev doktorata znanosti. Program fraja 3 leta. Organizirani del pouka z izpiti obsega 60 tock ECTS,

120 tock ECTS je namenjenih individualnemu raziskovalnemu delu za doktorsko disertacijo.

Studij je izbirnega znac&aja in ponuja dve smeri: kemija in kemijska tehnika. Na smeri kemija lahko
Studentje izbirgjo med podroCjema kemija in kemometrija ter kemija materialov. Na smeri kemijska
fehnika so ozja studijska oz. raziskovalna podrocja kemijska tehnika, biokemijska tehnika ter kemijska
okoljska fehnika in trajnostni razvoj. Vsako podrocje ponuja pester nabor izbirnih predmetov. Temu se
pridruzuje sklop temeljnih izbimih predmetov. Studentje soglasno z mentoriem oblikujejo predmetnik
svojega Studija tako, da zberejo vsaj 30 tock ECTS iz sklopa temeljnih predmetov, 30 tock ECTS pa iz
predmetov izbirnih podrocij. Do polovice toCk lahko zberejo na drugih fakultetah doma in v tujini. Pred
zagovorom doktforske disertacije morajo objaviti Clanek v eni izmed revij s seznama Science Citation
Index (SCI). Drugi &lanek mora biti poslan v objavo pred promocijo. Studentje, ki kon&ajo doktorski studij,

dobijo naziv doktor/doktorica znanosti.

V pripravi sta tudi 2 nova medfakultetna Studijska programa:

e univerzitetni Studijski program na 1. bolonjski stopnji Biokemija in biomedicinska laboratorijska
diagnostika, ki ga FKKT pripravija v sodelovanju z Fakulteto za zdravstvene vede in Medicinsko
fakulteto UM,

e magistrski Studijski program na 2. bolonjski stopnji Biokemija in molekularna biologija.

STEVILO VPISANIH STUDENTOV V STUDIJSKIH LETIH 2007/2008 IN 2008/2009

Stevilo redno vpisanih studentov v 3tudijskih letih 2007/2008 in 2008/2009 je podano v preglednici 1,

izrednih Studentov in podiplomceyv v preglednici 2 in raz&lenitev izrednih studentov v preglednici 3.

Vir: A. GorSek, M. Krajnc, M. Kristl, A. Petek, U. PotoCnik, D. Levart, S. Roj; PoroCilo o kakovosti FKKT za
Studijsko leto 2007/2008, Maribor, januar 2009.

Preglednica 1 : Stevilo redno vpisanih studentov v studijskih letih 2007/2008 in 2008/2009.

Stud. 1. letnik 2. letnik 3. letnik 4. letnik .

leto VS UNI VS UNI VS UNI UNI Skupaj
Vi V2 VI V2 VI V2 V1 V2 Vi V2 Vi V2 VI V2

07/08 | 96 31 84 7 16 7 54 3 22 1 33 4 39 4 401

08/09 101 26 67 20 19 6 43 18 17 1 41 3 38 ¢ 401




Preglednica 2 : Vpis izredno vpisanih Studentov in podiplomceyv v $tudijskih letih 2007/2008 in 2008/2009.

Stud. Izredni Studij Podiplomski Studij
leto 1. letnik (V1) skupaqj 1. letnik (V1) skupqj
07/08 12 70 17 54
08/09 9 49 24 56

Preglednica 3 : Stevilo izrednih studentov, prvi vpis (V1), drugi vpis (V2)
in evidencni vpis (EV), v Studijskih letih 2007/2008 in 2008/2009.

4,
Stud. 1. letnik 2. letnik 3. letnik 3. letnik letnik skupaj
leto (VS) (UNI) (UNI)
Vi V2 EV. VI V2 EV. VI V2 EV. VI V2 V1 V2
07/08 12 11 - 7 18 - 8 12 - - - - 1 69

08/09 9 5 - 7 5 - 15 8 - - - - - 49




DIPLOME, MAGISTERIJI IN DOKTORATI V LETU 2008

DIPLOME

UNIVERZITETNI STUDLJ

BELSAK NATASA
Mentorica : izr. prof. dr. HABULIN MAJA
Datum zagovora : 30.09.20008

BIZJAK LIDUA
Mentor : doc. dr. KOLAR MITJA
Datum zagovora: 23.04.200808

BOZICEK MARKO
Mentor: izr. prof. dr. STROPNIK CRTOMIR
Datum zagovora: 18.06.2008

BUKSEK HERMINA
Mentorica: izr. prof. dr. BRODNJAK-VONCINA DARINKA
Datum zagovora: 17.12.2008

CUCEK LIDIJA
Mentor: red. prof. dr. KRAVANJA ZDRAVKO
Datum zagovora: 10.09.2008



DUSKOV TINA
Mentorica: doc. dr. BAN IRENA
Datum zagovora: 02.07.2008

FRAS DANIJELA
Mentorica: doc. dr. KRAIJNC MAJDA
Datum zagovora: 02.07.2008

GRABANT KARMEN
Mentor: red. prof. dr. KROPE JURIJ
Daftum zagovora: 20.05.2008

GREIFONER ROMANA
Mentor: red. prof. dr. KROPE JURIJ
Datum zagovora: 15.10.2008

GUMZEJ JERNEJA
Mentor: izr. prof. dr. KRAJNC PETER
Datum zagovora: 17.09.2008

HRASTELJ PLOJ DAMIJANA
Mentor: red. prof. dr. KROPE JURIJ
Datum zagovora: 18.06.2008

KAVCIC SABINA
Mentorica: izr. prof. dr. HABULIN MAJA
Datum zagovora: 10.09.2008

KNEZ MASA
Mentorica: izr. prof. dr. SKERGET MOJCA
Datum zagovora: 22.01.2008

KOVAC KLAVDUJA
Mentorica: doc. dr. SIMONIC MARJANA
Datum zagovora: 23.04.2008

MALENSEK MARJETA
Mentor: zasl. prof. dr. CEH MIROSLAV
Datum zagovora: 18.06.2008



MEZA DAMIJANA
Mentor: red. prof. dr. KROPE JURIJ
Daftum zagovora: 20.05.2008

MITROVIC MITJA
Mentor: doc. dr. POTOCNIK UROS
Datum zagovora: 23.04.2008

RAZGORSEK JASMINA
Mentorica: doc. dr. SIMONIC MARJANA
Datum zagovora: 30.09.2008

STANKOVIC DALIBORKA
Mentor: red. prof. dr. KNEZ ZELJKO
Datum zagovora: 02.07.2008

SVETEC SERGEJA
Mentorica: izr. prof. dr. SKERGET MOJCA
Datum zagovora: 22.10.2008

VIZJAK NATASA
Mentor: red. prof. dr. KROPE JURIJ
Datum zagovora: 20.05.2008

ZAJKO SPELA
Mentorica: izr. prof. dr. HABULIN MAJA
Datum zagovora: 19.03.2008

ZELENIK ANDREJA
Mentorica: izr. prof. dr. GORSEK ANDREJA
Datum zagovora: 03.09.2008

ZERDIN JOZEF
Mentor: red. prof. dr. KNEZ ZELJKO
Datum zagovora: 30.09.2008

VISOKOSOLSKI STROKOVNI STUDIJ

AMERSEK BETKA

Mentorica: izr. prof. dr. SKERGET MOJCA
Datum zagovora: 17.09.2008



BREZNIK BARBARA
Mentorica: doc. dr. BAN IRENA
Datum zagovora: 20.05.2008

CEPON TROBEC NATASA
Mentorica: izr. prof. dr. BRODNJAK-VONCINA DARINKA
Datum zagovora: 18.06.2008

DROBNAK ERIKA
Mentorica: doc. dr. KOVAC KRALJ ANITA
Daftum zagovora: 22.01.2008

FRESER MARIJA
Mentorica: doc. dr. KOLAR MITJA
Datum zagovora: 17.12.2008

GOISNIKER IVAN
Mentorica: doc. dr. PETEK ALJANA
Datum zagovora: 22.10.2008

GREGORINCIC ROMAN
Mentorica: red. prof. dr. KROPE JURIJ
Datum zagovora: 22.10.2008

HOHNEC HRUP LIDIJA
Mentorica: doc. dr. SIMONIC MARJANA
Datum zagovora: 20.05.2008

HOJNIK NUSA
Mentorica: izr. prof. dr. GORSEK ANDREJA
Datum zagovora: 17.09.2008

HROVAT KARLA
Mentorica: izr. prof. dr. BRODNJAK-VONCINA DARINKA
Datum zagovora: 20.05.2008

IRSIC IRENA
Mentor: izr. prof. dr. STROPNIK CRTOMIR
Datum zagovora: 17.12.2008



JURKOVIC MAJA
Mentorica: izr. prof. dr. SKERGET MOJCA

Datum zagovora: 17.12.08

KOLAR MOJCA
Mentor: doc. dr. KOLAR MITJA
Datum zagovora: 17.12.2008

KOVACIC BOJANA
Mentorica: doc. dr. SIMONIC MARJANA
Daftum zagovora: 19.11.2008

KOZLAR NATASA
Mentorica: doc. dr. SIMONIC MARJANA
Datum zagovora: 23.04.2008

LUKSIC MARKO
Mentorica: izr. prof. dr. BRODNJAK-VONCINA DARINKA
Datum zagovora: 20.05.2008

MRAKIC BRIGITA
Mentorica: izr. prof. dr. BRODNJAK-VONCINA DARINKA
Datum zagovora: 19.03.20

POHLEVEN JANEZ
Mentor: red. prof. dr. MUSIL VOJKO
Datum zagovora: 19.03.2008

PSAJD MAJA
Mentorica: doc. dr. KOVAC KRALJ ANITA
Datum zagovora: 19.03.2008

PUREBER MANCA
Mentorica: izr. prof. dr. SKERGET MOJCA
Datum zagovora: 30.09.2008

SILAK TAMARA
Mentorica: doc. dr. KOVAC KRALJ ANITA
Datum zagovora: 30.09.2008



SPARAKL ANDREJ
Mentor: doc. dr. PETEK JANEZ
Datum zagovora: 23.04.2008

STRAMCAR ALENKA
Mentorica: doc. dr. SIMONIC MARJANA
Datum zagovora: 17.09.2008

STURM KARMEN
Mentorica: izr. prof. dr. SKERGET MOJCA
Daftum zagovora: 22.10.2008

TURALIC ENISA
Mentorica: izr. prof. dr. SKERGET MOJCA
Datum zagovora: 02.07.2008

TURICNIK MAJA
Mentorica: izr. prof. dr. SKERGET MOJCA
Datum zagovora: 22.10.2008

VARZIC SIMONA
Mentorica: doc. dr. KOKALJ - VOKAC NADJA
Datum zagovora: 22.01.2008

ZIDARIC SIMONA
Mentorica: doc. dr. SIMONIC MARJANA
Datum zagovora: 19.11.2008

MAGISTERUJI

BERGLEZ MATAVZ EDITA

Mentor: red. prof. dr. KROPE JURIJ
Somentor: doc. dr. GORICANEC DARKO
Datum zagovora: 02.07.2008

ZORKO JERNEJA

Mentor: red. prof. dr. KROPE JURIJ
Somentor: doc. dr. GORICANEC DARKO
Datum zagovora: 02.07.2008



DOKTORATI

CAR ANJA

Mentor: izr. prof. dr. STROPNIK CRTOMIR
Somentor: EINEMANN KLAUS-VIKTOR
Datum zagovora: 09.04.2008

ISLAMCEVIC RAZBORSEK MASA

Mentorica: izr. prof. dr. BRODNJAK-VONCINA DARINKA
Somentor: zasl. prof. dr. DOLECEK VALTER

Datum zagovora: 25.04.2008

RIZNAR KLAVDIJA

Mentorica: izr. prof. dr. SKERGET MOJCA
Somentor: red. prof. dr. KNEZ ZELJKO
Datum zagovora: 02.09.2008

SABEDER SASA

Mentorica: izr. prof. dr. HABULIN MAJA
Somentor: red. prof. dr. KNEZ ZELJKO
Datum zagovora: 08.04.2008

TRAMSEK MARKO

Mentorica: izr. prof. dr. GORSEK ANDREJA
Somentorica: red. prof. dr. VASIC RACKI BURDA
Datum zagovora: 24.11.2008



SKUPNA DEJAVNOST FAKULTETE

KNJIZNJICA TEHNISKIH FAKULTET
skrbi za izposojo, nabavo in katalogizacijo strokovne literature. VnaSa biografske in

bibliografske podatke delavceyv in sodelavcev fakultete v sistem COBISS.

DEKANAT - TAJNISTVO FAKULTETE
Sestavljajo sluzbe:
dekanat
racunovodsko financna sluzba
Studentski referat
kadrovska sluzba

tehni¢no vzdrzevanje

Sluzbe vodijo strokovno - administrativna opravila s podrocja gospodarsko - financénega
poslovanja, Studija, znanstveno - raziskovalne in izobrazevalne dejavnosti ter skrbijo za

vzdrzevanje stavbe in opreme fakultete.



ZNANSTVENO RAZISKOVALNA DEJAVNOST

V OKVIRU FAKULTETE RAZISKOVALNO DELUJE DEVET LABORATORIJEV IN RAZISKOVALNA SKUPINA

e Laboratorij za separacijske procese in produktno tehniko

e Laboratorij za procesno sistemsko tehniko in frajnostni razvoj
e Laboratorij za anorgansko kemijo

e Laboratorij za fizikalno kemijo in kemijsko termodinamiko

e Laboratorij za analizno kemijo in industrijsko analizo

e Laboratorij za organsko ter polimerno kemijo in fehnologijo
e Laboratorij za tehnologijo vod

e Laboratorij za termoenergetiko

e Laboratorij za biokemijo, molekularno biologijo in genomiko

e Skupina za eksperimentalno fiziko

NA FAKULTETI JE SEDEZ TREH PROGRAMSKIH SKUPIN

e  P2-0006: Fizikalno kemijski pojavi na povrsinskih plasteh in sinteza ter uporaba nanodelcev
e P2-0032: Procesna sistemska tehnika in trajnostni razvoj

e P2-0046: Separacijski procesi

Poleg tega zaposleni na FKKT sodelujejo e v programih

e P2-0089: Sodobni anorganski magnetni in polprevodni materiali
e  P2-0109: Modeliranje v tehniki in medicini

e  P1-0135: Eksperimentalna fizika osnovnih delcev


http://sicris.izum.si/search/grp.aspx?lang=slv&id=2054
http://sicris.izum.si/search/grp.aspx?lang=slv&id=2059
http://sicris.izum.si/search/grp.aspx?lang=slv&id=2056
http://sicris.izum.si/search/grp.aspx?lang=slv&id=2055
http://sicris.izum.si/search/grp.aspx?lang=slv&id=2053
http://sicris.izum.si/search/grp.aspx?lang=slv&id=2057
http://sicris.izum.si/search/grp.aspx?lang=slv&id=2060

ORGANIZACIJA MEDNARODNIH SRECANJ /ORGANIZATION OF INTERNATIONAL SCIENTIFIC CONFERENCES

Fakulteta za kemijo in kemijsko tehnologijo vsako leto organizira simpozij SLOVENSKi KEMIJSKI DNEVI, ki

potekajo v mesecu septembru. V letu 2008 je simpozij potekal 25. in 26. septembra. Simpozij gosti okoli

dvesto udelezenceyv iz Slovenije in tujine, ki prihajajo iz vrst izobrazevalnih in raziskovalnin ustanov ter

industrije.

MEDNARODNO SODELOVANUJE FKKT /INTERNATIONAL COLABORATION

Podatki, navedeni v preglednicah 4 do 8 se nanasajo na mednarodne projekte, mednarodne

projekte z industrijo, bilateralne projekte, sklenjene meduniverzitetne sporazume in Clanstva.

Vir: A. GorSek, M. Krajnc, M. Kristl, A. Petek, U. Pofocnik, D. Levart, S. Roj; PoroCilo o kakovosti FKKT za
Studijsko leto 2007 /2008, Maribor, januar 2009.

Preglednica 4. Mednarodni projekti v letu 2008 /International Projects in 2008.

Drzave EU / EU States
$t./ . . . Nosilec projekta /Principal Trajanje
No. Naslov projekta /Project title " /Duration
Seventh Framework Programme: Super Methanol -
Reforming of Crude Glycerine in Supercritical 5 01/2008 -
I Water to Produce Methanol for Re-Use in Biodiesel red. prof. dr. Zeljko Knez 20/2011
Plants
Improving the application and durability of surface s }
2 functionalization on textile fabrics — APTEX dr. Irena Pefrinic 2008-2009
3 High temperature heat pump for exploitation of doc. dr. Darko Goricanec 2008-2009
low temperature geothermal sources — HTP PUMP
Marie Curie Conferences and Training Courses: 06/2006 -
4, Postgraduate School of Industrial Ecology - | red. prof. dr. Peter Glavic
. 05/2009
Structuring the ERA
3 Razvoj biopolimerov iz odpadne lesne mase red. prof. dr. Peter Glavi& 2006-2008
(BIOPUR)
Towards Sustainable Sugar Industry in Europe . 05/2006 -
6. TOSSIE" red. prof. dr. Peter Glavic 04/2008
Marie Curie Early Stage Training Site: Sub Clean 3
7. Probiomat: Green/clean processing of bioactive | red. prof. dr. Zeljko Knez 2005-2008
materials




Preglednica 6. Bilateralni projekti v letu 2008 /Bilateral Projects in 2008.

Drzave EU /EU States

§t. . . . Nosilec projekta /Principal | Trajanje
INo. Naslov projekta /Project Title Researcher /Duration
Chemometric characterization of envoronmental | izr. prof. dr. Darinka
1. . " 2008-2009
and food analyses data Brodnjak Voncina
5. Raziskave poroznosti PolyHIPE nosilcev z ISEC izr. prof. dr. Peter Krajnc 2008-2009
metodo
3 Orgonslg katalizatorji imobilizircani na porozninh izr. prof. dr. Peter Krajnc 2008
polimerih
S - P . . L& 01/2008 -
4. Seporocuo n kOhCGI’]TI’II’OﬂJe naravnih ucinkovin izr. prof. ar. MOJCQ Skerge‘[ 12/2009
5 Kemometricna karakterizacija meritev v okolju in | izr. prof. dr. Darinka 01/2008 -
’ prehrani Brodnjak Voncina 12/2009
. . " . " . . 01/2007 -
Encimske esterifikacije v nzelenih« topilih
6. ] P red. prof. dr. Zeliko Knez 12/2008
7 Polimerni delci on monoliti za loCevanje i1 orof. dr. Peter Kraine 01/2007 -
* | katalizatorjev metateze - prot.ar. ) 12/2008
. . . L red. prof. dr. Zdravko 03/2006 -
8. | Sinteza frajnostnih procesov z optimiranjem MINLP Kravanja 03/2008
Opftimizacija morfoloskih lastnosti novih sfericnih in 01/2006 —
9. monolitnih  funkcionalnih polimerov z uporabo | izr. prof. dr. Peter Krajnc
. e L - 12/2008
inverzne stericno izkljucitvene kromatografije
Ostale drzave /Other States
Validacija in  merina negotovost dolocanja | . . B
10. | vsebnosti tezkih kovin z AAS iz pesCenega vzorca 2T prqf. ar. qu.mko 0172008
A . e Brodnjak Voncina 12/2009
po streljanju z malokalibrsko municijo
Zagotavljanje kakovosti meritev in razvoj analiznih | izr. prof. dr. Darinka
1. s ; : o 2008-2009
postopkov okoljskih vzorcev in vzorcev prehrane Brodnjak Voncina
12 Vpliv sufarktantov na inhibicijo erozivhe korozije | doc. dr. Regina Fuchs 01/2008 -
" | pod vplivom delovanja eno in dvofaznega fluida Godec 12/2009
C . s 5 01/2008 -
13. | Antioksidativna aktivnost rastlinskin ekstratov red. prof. dr. Zeljko Knez 12/2009
14. | Sinteza frajnostnih procesov z optimiranjem MINLP red. prof. dr. Zdravko 03/2006 -

Kravanja

03/2008




Preglednica 7. Sklenjeni meduniverzitetni sporazumi /Agreements between Universities.

Drzave EU /EU States

?It\'lo Univerza /University Program IProgramme

1. Karl-Franzens-Universitat Graz, Avstrija CE.EPUS ' E.RASM.US’ skupne
raziskave, izmenjave

o Slovak University of Technology in Bratislava, Faculty of CEEPUS

) Chemical and Food Technology, Republika Slovaska
3 Unlvgrsﬂy of Split, Faculty of Chemical Technology, Republika CEEPUS
Hrvaska
4 ijyermy of Pgrdublce, Faculty of Chemical Technology, CEEPUS
Ceska Republika

5. Ruhr-Universitét Bochum, Nemcija .ERASMUS’ skupne raziskave,
izmenjave

6. Universite de Pau et des Pays del’ Adour, Francija .ERASMUS’ skupne raziskave,
izmenjave

7. Friedrich-Alexander-Universitat Erlangen NUrnberg, Nemcija .ERASMUS’ skupne raziskave,
izmenjave

8. University of Ss. Cyril and Methodius in Trnava, Slovaska .CEEPQS’ skupne raziskave,
izmenjave

9. University of Trieste, Italija §kupn_e raziskave,
izmenjave

10. | University of Valadolid skupne raziskave,
izmenjave

11. | Universite Montpelier, Francija ;kupng raziskave,
izmenjave

12. | Vilnius Gediminas Technical University, Litva .SkUpn.e raziskave,
izmenjave

13. | University of Mining and Metallurga WIMIC, Poljska _skupqe raziskave,
izmenjave

14. | Technical University of Budapest, Madzarska §kupn¢ raziskave,
izmenjave

Ostale drzave /Other Countries

15. | Univerzitet u Tuzli, Bosna in Hercegovina _skupn_e raziskave,
izmenjave

16. | Sveuciliste u Rijeci, Hrvaska _skupn_e raziskave,
izmenjave

17. | Sveuciliste u Zagrebu, Hrvaska ;kupng raziskave,
izmenjave

18. | University De Oriente, Kuba ;kupng raziskave,
izmenjave

19. | University of Nottingham, Velika Britanija _skupqe raziskave,
izmenjave

20. | Carnegie Mellon University, ZDA §kupn¢ raziskave,
izmenjave

21. | Univerzitet u Beogradu, Srbija skupne raziskave,

izmenjave




Preglednica 8. Clanstva /Memberships.

Drzave EU /EU States

§t./

No Mednarodno zdruzenje /International Associations Delegat /Member
1 European Federatfion of National Engineering Associations - | zasl. prof. dr. Valter
" | FEANI (National Monitoring Committee) DolecCek
5 European Federation of Chemical Engineering — EFCE (Executive | red. prof. dr. Zeliko Knez
: Board & WP High Pressure Technologies)
3 European Federation of Chemical Engineering — EFCE red. prof. dr. Zeliko Knez
' (President on WP High Pressure Technologies)
European Federation of Chemical Engineering — EFCE .
4, l. f. dr. Pet |
(WP CAPE) zasl. prof. dr. Peter Glavic
5 European Federation of Chemical Engineering — EFCE red. prof. dr. Zdravko
" | (WP CAPE, WP E) Kravanja
6. Preventive Environmental Protection Approaches in Europe - red. prof. dr. Peter Glavic
PREPARE
World Scientific and Engineering Academy and Society
7. | (WP on Energy, Environment, Ecosystems, Sustainable | red. prof. dr. Jurij Krope
Development)
8 European Federation of Chemical Engineering — EFCE doc. dr. Zorka Novak-
" | (WP Loss Prevention and Safety Promotion) Pintari¢
9. | Society of Chemical Industry — SCI izr. prof. dr. Maja Habulin
10 EURECHA - European Committee for Use of Computers in | red. prof. dr. Zdravko

Chemical Engineering Education (predsednik/ chairman)

Kravanja
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POROCILO O IZOBRAZEVALNI IN RAZISKOVALNI DEJAVNOSTI V LETU 2008

PROGRAMSKE SKUPINE

: jlz@LNO_ﬁE_I\AiJSKI POJAVI NA POVRSINSKIH PLASTEH IN SINTEZA TER UPORABA NANODELCEV
e

PHYSICO — CHEMICAL PROCESSES ON THE SURFACE LAYERS AND SYNTHESIS AND APPLICATIONS OF
NANOPARTICLES

PROGRAMSKA SKUPINA /RESEARCH PROGRAMME GROUP
P2 - 0006

VODJA PROGRAMSKE SKUPINE /PRINCIPAL RESEARCHER

Izr. prof. dr. Darinka Brodnjak — Voncina

SODELAVCI PROGRAMSKE SKUPINE /RESEARCH PROGRAMME STAFF

Raziskovalci /Researches
Izr. prof. dr. Crtomir Stropnik
Izr. prof. dr. Peter Krajnc
Doc. dr. Aljana Petek
Doc. dr. Regina Fuchs - Godec
Doc. dr. Mojca Slemnik
Dr. Darja PecCar

Doc. dr. Matjaz Denac

Mladi raziskovalci /Joung Researches
Katja Snuder

Dr. Masa Islamcevi¢ Razborsek

Tehni¢ni sodelavec /Technician

Pohleven Janez

UM FAKULTETA ZA KEMIJO IN KEMIJSKO TEHNOLOGIJO



Upokojeni /Retired

Zasl. prof. dr. Valter Dolecek

POROCILO O REALIZACIJI PROGRAMA / 2004 - 2008

CILJI PROGRAMA

Raziskovalna vsebina predlozenega programa je razdeliena v 4 sklope, ki se vsebinsko
dopolnjujejo in so med seboj povezani.

Program je multidisciplinaren in obravnava studij pojavov na kovinskih povrsinah, s poudarkom
na elekirokemijskin procesih in fizikalno kemijskin lastnostih, razvoj novih analiznih metod, vrednotenje
rezultatov analiz ter uporabo kemometricnih metod, raziskave na podrocju ugotavljanja mehanizma
formiranja asimetricnin poroznih membran, modifikaciji njihove povriine ter sintezi novih monolitnih
poroznih polimernih materialov.

O rezultatih dela smo porocali v 60 izvirnih znanstvenih clankih, 2 kratkih znanstvenih prispevkinh

in 47 znanstvenih prispevkih na konferencah.

INANSTVENI DOSEZKI

I. SKLOP

Namen raziskav je nadaljevanje proucevanja kinetike in mehanizmov reakcij na korodirajocin

kovinah, kar nam je omogocilo vpogled v kemijske reakcije na kovinskih povrsinah. Z znanjem in
obvladovanjem teh mehanizmov lahko konfroliramo hitrost s katero material korodira.
Pri Studiji korozije materialov, zasCitenih s protikorozijskimi premazi smo razvili alternativni model
nadomestnega vezja na osnovi eksperimentalnin podatkov, pridoblienih z impedan&nimi meritvami.
Vpeljali smo Warburgovo impedanco, ki je posledica difuzije ionov skozi mikro pore v zascitni
protikorozijski plasti. Elektrokemijsko ozadje elementov v nadomestnem vezju nam omogoca vpogled v
mehanizem propadanja zasCitne plasti (izguba vode, difuzija in elekiricno prevajanje skozi premaz),
kadar je ta izpostavijen korodirgjoci okolici. Podatki, pridoblieni z elekirokemijsko metodo EIS, nam
omogocajo vpogled v kinetiko procesov v stadiju, kjer Se ni vidnih razlik med vzorci. Na ta nacin smo
razvili sistem za preliminarno ugotavljanje lastnosti premazov, kar nadalje vpliva na njihovo razvijanje
(debelina nanosa, uporaba proftikorozijskin aktivnih pigmentov) in preizkuSanje kvalitete.

Elektrokemijske lastnosti AlSI 304 in ortopedskega nerjavnega jekla smo proucCevali v Ringerjevi
fizioloSki raztopini z dodatkom EDTA in citronske kisline. Na osnovi elektrokemijskih merjenj smo ugotovili,
da ima dodatek molibdena mocan vpliv na korozijsko odpornost jekel v fizioloskih pogojin. Na povrsini
nastajajo kompleksi, ki poveclajo raztapljanje kovine, kar upocasni nastajanje zascitne pasivne plasti in
posledicno vodi v znizanje korozijske upornosti. Vpogled v kinetiko korozije na povrsini kovine nam tako

omogoca pravilno izbiro materiala, uporabnega za transplantate v medicini.
S klasicno potenciodinamsko metodo smo proucevali vpliv povrsinsko aktivnin snovi kot inhibitorjev

korozijskih procesov. Izbrali smo anionske, kationske in neionske surfaktante v modelnem mediju zveplove

(V1) kisline. Vpliv anionskega surfaktanta SDS smo proucevali na sistemu baker v 0,5 M H2SO4. Nadalje smo



proucevali inhibitorski vpliv kationskih surfaktantov z razlicno dolzino alkilne verige in razli¢nim profionom
ter neionskih surfalktantov na feritnem nerjavnem jeklu v 2 M H2SOu. kislini. Na podlagi karakteristicnih
korozijskin parametrov smo dolocili tip adsorpcijske izoterme. Za izbrane anionske in katinske surfaktante
velja Langmuirjeva izoterma, Flory-Huggins-ova adsorpcijska izoterma pa za neionske. Izbrani inhibitorji
delujejo zaviralno na katodne in anodne reakcije, kar pomeni, da so inhibitorji z dvojnim delovanjem.
Raziskave so pokazale, da je ucinkovitost inhibicije odvisna od potenciala na elekirodi, dolzine alkilne

verige, ter vrste pripadajoCega protiiona. Izracunane vrednosti za AG,,, kaZejo na fizikalno adsorpcijo za

anionski surfaktant, medtem ko za kationske in neionske kazejo na kemisorpcijo. Dokazali smo, da je moc
na podlagi karakteristicnih korozijskin parametrov dolociti kriticno miceljno koncentracijo surfaktantov, ki
je kljucni pokazatelj za ovrednotenje inhibicijskih lastnosti.

S pomocjo gostotomera z nihajoco U-cevko smo izmerili gostote etanola in vodnih raztopin
etanola pri povisanin temperaturah in tlakin. 1z doblienih gostot smo izracunali parcialne molske
prostornine, izotermne stisljivosti, prostorninske razteznostne koeficiente in notranji tlak. Nadalje smo
korelirali dobljene gostote z uporabo empiricnega modela.

Na podrocju pridobivanja termodinamskih podatkov pri povisanih temperaturah in tlakih je bil
nas namen prilagoditi aparaturo za merjenje gostote tako, da bi bilo mozno merjenje gostot
superkriticnih fluidov in njihovih mesanic z drugimi substancami. Za nacrtovanje in razvoj superkriticnih
procesov so pofrebni podatki o fermodinamskih lastnostin. V tem delu smo se osredotocili na
pridobivanje termodinamskih lastnosti koencima Qio, alfa tokoferola in beta-karotena v superkriticnem

ogliikovem dioksidu in s tem dobili delni vpogled v intermolekularne interakcije teh raztopin.

Il. SKLOP

Namen raziskav je razvoj analizninh metod in vrednotenje rezultatov meritev. Sodobne analizne
metode se uporabljgjo za kvanfifikacijo in karakterizacijo razli¢ninh analitov v okolju, industriji, klinicni
kemiji itd.

Osredotocili smo se na razvoj analiznih metod in vrednotenje le teh ob upostevanju vseh

kriterijev za zagotovitev kvalitete analitskega dela in rezultatov meritev v skladu z mednarodnimi
predpisi. Delo je obsegalo optimizacijo in validacijo novih analiznih metod, ovrednotenje validacijskih
paramefrov, statisticno ovrednotenje rezultatov in ovrednotenje meriine negotovosti rezultatov
merjenja. Razvili smo novo metodo za doloCevanje terpenskih in fenolnih spojin v rastlinskin ekstraktin s
plinsko kromatografijo in masno spekirometrijo. Razvili smo tudi novo, enostopenjsko ekstrakcijsko
metodo za doloCevanje organoklornih pesticidov, piretroidnin pesticidov in polikloriranih bifenilov v
mascobnih prehrambenih vzorcih rastlinskega ali Zivalskega izvora. DoloCali smo vsebnost izredno
toksi¢nih polikloriranih dibenzo dioksinov in dibenzo furanov v disperznih tekstilnin barvilih s plinsko
kromatografijo v povezavi z masno spekirometrijo visoke locljivosti.
Kemometrijske metode smo uporabili za modeliranje in optimizacijo analiznih metod, za ugotavljanje
podobnosti lastnosti posameznih merjenceyv, za iskanje podobnosti med razli¢nimi prehrambenimi vzorci
ali med okoljskimi vzorci in za oceno kvalitete merjenih rezultatov. Uvedli smo kemometrijske metode za
hitro in ucinkovito klasifikacijo vzorcev jedilnih olj s pomocjo rutinskin analiz izvedenih v laboratorijin za
kontrolo prehrane.

S kemometrijskimi metodami smo poiskali podobnosti med vzorci podzemnih vod iz razli¢nih

merilnih mest na osnovi merjenih parametrov, ki so podlaga za oceno kemijskega stanja podzemnih



vod. Monitoring sploSnega onesnazenja podzemnih vod ter sledenje posameznin parametrov, ki
presegajo dovoliene meje, lahko uporabimo za iskanje vzrokov onesnazenja in za nacrtovanje

preventivnih ukrepov za zascito pred onesnazenjem.

lll. SKLOP

Visoko porozni zamrezeni polimeri so uporabni na stevilnin podrocjih. V sintezni kemiji so lahko
nosilci katalizatorjev ali reagentov, pri separacijah makromolekul lahko tvorijo stacionarno fazo, znane
pa so fudi Stevilne biomedicinske aplikacije. Visoko porozni polimeri, ki lahko tvorijo frodimenzionalno
povezano odprto strukiuro, so dober kandidat za podporne materiale v tkivnem inzenirstvu.

V obdobju 2004-2008 smo poleg nasega tradicionalnega raziskovanja na podrocju studija mehanizmov
formiranja polimernih asimetricnih poroznih membran po mokrem postopku fazne inverzije priceli tudi
raziskave na podrocju separacije plinov s pomocjo polimerninh membran.

Osrednje raziskave mehanizmov formiranja polimernih asimetricnih poroznih membran so bile
izvedene na ternarnem sistemu polisulfon (PSf)-N,N-dimetil acetamid (DMA)-voda. Pokazali smo
korelacijo med najvecCjo motnostjo membranotvornega sistema v casu formiranja PSf membrane in
gostoto celic v celularni strukturi preseka PSf membrane. Raztopine z 21 ut% PSf-a, ne glede na debelino
nanosa, imajo najvecjo motnost in najvecjo gostoto celic na enofo povriine preseka. Na raztopinah z
nizio vsebnostjo PSf (od 5 do 7 ut% polimera) smo pokazali, da v obravnavanem ternarnem sistemu
potekajo vsi frije nacini fazne inverzije (obe nukleaciji z rastjo fer spinodalni) in da celo pride do mesanja
teh nacinov: po spinodalnem lahko na povrsini pravkar striene s polimerom bogate faze ponovno
heterogeno nukleira s polimerom bogata faza. Nastane struktura, ko so v zvezno matrico polimera
vsajene mikronske kroglice polimera. Zelo dobri rezultati raziskav so nastali na podrocCju priprave
polimernih membran za separacijo oglikovega dioksida, kjer smo v sodelovanju z GKSS iz Gesthacht-a v
ZR Nemciji pripravili polimerne membrane, ki imajo najvecjo doslej v literaturi opisano permeabilnost za
ogljikov dioksid in selektivhost za CO2/Hz2. Polimerne membrane temeljijjo na blok kopolimerih z etilen
oksidom ter na dodatnem vmesavanju nizkomolekularnega PEG oziroma njegovega dimetilnega
derivata.

Pripravijali smo porozne polimerne materiale s pomocgjo heterogenin medijev, emulzij in
suspentzij ter dodatki porogenih topil. Polimerizirali smo vinilbenzil klorid, stiren, divinilbenzen ter razlicne
akrilate ter tako pripravili reaktivne porozne polimere in kopolimere. Nastale materiale v obliki monolitov
in membran smo karakterizirali z metodami Zivosrebrne porozimetrije, adsorpcije dusika, vrsticno
elektronsko mikroskopijo ter infrardeco spektroskopijo. Porozno strukturo in morfologijo smo prilagajali z
izbiro ustreznih polimerizacijskin pogojev in dodajanjem porogenov. Na tak nacin je mogoce prilagajati
morfologijo (predvsem makro poroznost) materiala glede na Zeleno uporabnost. Za pridobitev ustrezne
poroznosti smo uporabljali fudi emulzije z visokim delezem notranje faze, kjer lahko dobimo materiale z
dobrimi mehanskimi lastnostmi in visoko poroznostjo, do 90%. Zaradi termodinamske nestabilnosti takih
emulzij je bistvenega pomena izbira ustreznega surfaktanta. Nastale visoko porozne materiale smo
kemijsko funkcionalizirali z nukleofilnimi reagenti in jih uporabili kot nosilce za organsko sintezo v

pretocnih tehnikah.



IV. SKLOP

Sklop raziskav »Modifikacija vecfaznih polimernih materialovk smo posvetili Studiju binarnih in
fernarnih mikro- in nanokompozitov ter mesanic polimerov na podlagi izotaktiCnega polipropilena (iPP)
kot polimerne matrike. V obseznem eksperimentalnem delu smo preucevali:

e inferaktivnost in fazno morfologijo ternarnega kompozithega sistema iPP/wollastonit/EPDM;

e inferaktivnost, strukturo, fazno morfologijo in mehanske lastnosti neocbsevanih in z ionizirajocim
obsevanjem modificiranih kompozitnih sistemov iPP/talk/stirenski blokkopolimer;

e strukturne in morfoloSke spremembe, dogajanja na faznih mejah in interaktivnost v korelaciji z
mehanskimi lastnostmi \Y% polimerninh sistemih iPP/wollastonif, iPP/elastomer  in
iPP/wollastonit/elastomer v odvisnosti od vsebnosti, povriinske obdelanosti in velikosti delcev
polnila ter vrste, fipa in vsebnosti elastomernega modifikatorja;

e mehanske lastnosti (natezne lastnosti in zarezno udarno Zzlavost) iPP/CaCO3 mikro- in
nanokompozitov v odvisnosti od obdelanosti in  velikosti delcev polnila fer fehnoloskih
pogojevV priprave vzorcev;

e morfologijo in mehanske lastnosti iPP/silika mikro- in nanokompozitov v odvisnosti od povrsinske
obdelave in velikosti delcev polnila (preliminarne raziskave).

Opravijene raziskave predstavijajo pomemben teoretiCni prispevek k razvoju novih polimernih

materialov s specifiCnimi lastnostmi, nova spoznanja pa smo predstavili v tujih znanstvenih revijah z
visokim faktorjem vpliva. Pridobliena znanja so pomembna tudi za proizvajalce — kompavnderje in

predelovalce polimernih materialov pri nas ter imajo neposreden prakticen pomen.

V. SKLOP

Glavni namen nasih raziskav v omenjenem obdobiju je bil razvoj sonokemijskin metod za sintezo
feritnin materialov. V preteklih lefih smo v nasem laboratoriju Ze uspesno uporabili sonokemijsko metodo
za sintezo nanodelcev kovinskih halkogenidov. V literaturi je le malo objav o sonokemijskih sintfezah
feritnin materialov, vecina avtorjev je pri tem uporabljala drage in strupene kovinske karbonile in
organska topila. Nas cilj je bil razvoj sonokemijske metode za sintezo nanokristaliniCnin feritov tipa
MFe204 v vodnem mediju, z uporabo cenej§in in manj foksicnih reaktantov. Kot alternativo smo
raziskovali tudi hidrotermalno metodo za sintezo feritov.

Z uporabo sonokemijske metode smo uspesno pripravili nanodelce maghemita, dopiranega z
bakrom in s cinkom. Tovrstni materiali so zanimivi predvsem zaradi svojih magnetnih lastnosti, ki se glede
na delez dopiranja lahko bistveno spreminjajo. Na podrocju hidrotermalnin sintez smo sintetizirali

nanodelce barijevega heksaferita in metodo podrobno preucili.

/RESEARCH PROGRAMME REPORT

PROGRAMME GOALS

The research content of the programme presented was divided into 5 sectors. They are
interconnected and supplement each other.
The programme is multidisciplinary and deals with the study of physico-chemical processes on

surface layers with emphasis on electrochemical processes and physico chemical properties,



development of analytical methods and use of chemometric methods, studies of formation
mechanisms of asymmetric porous membranes, the modification of there surface, the synthesis of new
porous monolithic polymeric materials, and the modification of multiphase polymeric materials.

The results of the research work were presented in 60 scientific papers, 2 short scientific papers

and 47 scientific conference contribution.

SCIENTIFIC ACHIEVEMENTS

. COMPLEX

The aim of our work will be the continuation of our previous work in which we had studied the
kinetics and reaction mechanisms of corroded metal surfaces, which gave us the insight info chemical
reactions on the metal surface. Knowing those mechanisms we can try to master the corrosion rate. At
the corrosion of material's study which is protected by the epoxy coatings, we have developed an
alternative model of equivalent circuit based on the experimental data gained by impedance
measurements. The Warburg impedance element was infroduced and was the result of ion diffusion
through micro pores in the coating. A proper electrochemical background of the equivalent circuit
elements enables observation of the main degrading mechanism’s development (water uptake,
diffusion and electrical conductivity through the coating), after various stages of exposures to the
corroding surroundings. EIS data show significant differences between samples, even in earlier stages of
the exposures, when there was no visual difference between samples. The system for preliminary
evaluation of coating’s properties was suggested, which influenced to the development in their quality
festing.

The elecfrochemical behaviour of AlSI 304 and orthopaedic stainless steels differing in
molybdenum content was investigated in a Ringer physiological solution with and without the addition
of complexion agents. On the base of electrochemical measurements the conclusion was made, that
the addition of Mo has a pronounced effect on the corrosion resistance of stainless steels under
physiological conditions. On the metal surface the complexes were formatted which caused an
increased dissolution of the metal components, thereby delaying the completion of the passive film
formation and, consequently, leading to decreased corrosion resistance. The inside into the corrosion
kinetics on the metal surface, enables the right selection of the materials used in transplantation
medicine.

Electrochemical measurements were performed to investigate the effectiveness of the surface
active agents as inhibitors of corrosion processes. The inhibition properties in aqueous solutions of H2SO4
were studied using three different types of surfactants i.e. cationic, anionic and nonionic. The effect of
anionic surfactant SDS has been studied on the copper corrosion in 0.5 M H2SO4. The effectiveness of
the cationic surfactants with different counter ions and different chain length, and the nonionic
surfactants was studied on ferritic stainless steel in 2M H2SO4. The chosen cationic surfactants were of the
fype of N-alkyl quaternary ammonium salts and the non-ionic surfactant of type TRITON-X series.

On the basis of the corrosion kinetic parameters, the type of adsorption isotherm was
determined. The adsorption of chosen anionic and cationic surfactants can be fitted to the Langmuir
isotherm, while the selected non-ionic surfactants agreed more closely with Flory-Huggins adsorption

isotherm. These surfactants hinder both anodic and cathodic processes, act as mixed-type inhibitors. It



was shown that the inhibition efficiency of these inhibifors depended on the elecfrode potential, chain

length and the type of counter ion. The calculated values of the AG,, suggest physisorption for SDS and

chemisorption for other two types of surfactants. It was proved, that the critical micelle concentrations
of surfactants could be determined via kinetic parameters measured in corrosion processes, which is a
key indicator in determining the effectiveness of a surfactant as a corrosion inhibitor.

The densities of ethanol and ethanol-water mixtures were measured with a vibrating tube
densimeter at elevated temperatures and pressures. Partial molar volumes, isothermal compressibilities,
isobaric expansibilities and internal pressures were calculated from obtained densities. The densities
were correlated with the use of empirical model.

For the production of exfracts, with antioxidative, antibacterial and pharmacological effects,
alternatively clean methods with use of supercritical fluids are applied. For the design and development
of supercritical processes thermodynamic data are needed. For that reason we have investigated the
properties of coenzyme Qio, alfa-tocopherol and beta-carotene in supercritical carbon dioxide.
Thermodynamic properties like partial molar volumes, excess molar volumes, isothermal compressibilities,

isobaric thermal expansivities and internal pressures were calculated from densities.

Il. COMPLEX

The goal of the research is development of analytical methods and evaluation of
measurement results. Modern analytical methods in environment, industry, clinical chemistry etc., are
used for characterization and quantification of different analytes. Research was devoted on
development of analyfical methods and evaluation of results considering all criteria for quality
assurance of analytical work and results of measurements in accordance with international legislation.
Research includes opfimization and validation of new analytical procedures, evaluation of validation
parameters and measurement uncertainty of resulfs.

New method was developed for determination of terpenic and phenolic compounds in plant
extracts by gas chromatography and mass spectrometry. A new, single-step extraction and purification
method was developed for the separation of organochlorine pesticides, pyrethroid pesticides, and
polychlorinated biphenyls from fatty foods of either animal or vegetable origin. Considerable levels of
highly toxic polychlorinated dibenzo-p-dioxins and polychlorinated dibenzofurans were determined in
disperse textile dyes by gas chromatography and high resolution mass specfrometry.

Chemometric methods were employed for modeling and optimization of analytical methods,
for searching similarity between individual measurand properties, for seeking similarities between food
samples or between environmental samples and for quality evaluation of results, as well. Chemometric
methods for fast and efficient determination of classes of edible oil samples in routine analyses
performed in food control laboratories were accomplished. Similarities between ground waters from
different sample sites were searched using chemometric methods on the base of measuring
parameters significant for water quality assessment. Monitoring of general pollution of ground waters
and following measuring can be used to search the pollution source, to plan prevention measures and

fo protect from pollution, as well.



. COMPLEX

Highly porous crosslinked polymers are applicable in various fields. In the field of synthetic
chemistry, reagents and catalysts can be immobilised onto polymer supports. Stationary phases for the
separation of macromolecules can be constructed from them and also many biomedical applications
are known. Highly porous polymers, forming a three dimendional open cellular network, are good
candidates for tissue engineering scaffolds. In the period from 2004-2008 we have beside our
fraditionally research in the field of study of mechanisms of polymeric asymmetric porous membranes
formation by wet phase inversion begun a research in the field of gas separation by polymeric
membranes.

Most of our research in the field of mechanisms of polymeric asymmetric porous membranes
formation was done on the polysulfon (PSf)-N,N-dimethyl acetamide (DMA-water ternary system. We
showed correlation between the greatest turbidity of the membrane-forming system during the PSf
membrane formation and the density of the cells in the cellular structure in the PSf membrane's cross
section. Solutions with 21 wt% of PSf have, regardless the cast thickness, the greatest turbidity and the
greatest cells density on unit surface of the cross section. On the solutions with lower PSf content (from 5
fo 7 wt% of polymer) we showed that in the treated ternary system all three modes of phase inversion
fook place (both modes of nucleation and growth and spinodal mode) and that even mixed mode
fook place: after spinodal mode on the surface of the just solidified polymer rich phase again polymer
rich phase is heterogeneously nucleated. Formed polymeric structure contains continuous polymer
matrix with embedded micronics polymer balls. Good results were acquired in the field of the
membranes preparation for carbon dioxide separation where in the cooperation with the GKSS from
Gesthacht in federal Republic of Germany we prepared polymeric membranes which have to the best
of our knowledge the highest permeability and selectivity for CO2/H2 ever published. Membranes are
prepared from block co-polymers blended with the low molecular PEG or with its methyl derivate

Porous polymeric materials were prepared using heterogenuous media such as emulsions and
suspensions and by adding porogenic solvents. Vynilbenzyl chloride, styrene, divynilbenzene and
various acrylates were polymerised and thus reactive porous polymers and copolymers were
synthesised. Polymers in the forms of monoliths and membranes were characterised by methods of
mercury porosimetry, adsorption of nitrogen, scanning electron microscopy and infrared spectroscopy.
Porous structure and morphology were tuned by the reaction conditions and addifions of porogens.
Thus the morphology and pore distribution can be adopted fo the desired application. High internal
phase emulsivons were also applied for porosity template, yielding highly porous polymers with good
mechanical properties. Due to thermodinamical instability the choice of the surfactant is crucial.
Yielding porous polymers were chemically momdified with nucleophilic reagents and applied as

supports for organic synthesis in flow through techniques.

IV. COMPLEX

In the part of research “Modification of multiphase polymeric materials” we studied binary and
ternary micro- and nanocomposites as well as polymer blends, based on isotactic polypropylene (iPP)
as a polymer matrix. In widely experimental part we studied:

e interactivity and phase morphology of ternary composites iPP/wollastonite /[EPDM;



e interactivity, structure, phase morphology and mechanical properties of unirradiated and with
ionizing radiation modified composite systems iPP/talc/styrene-rubber-block-copolymer;

e structural and morphological changes, activities on phase boundaries and interactivity in
correlation with mechanical properties of polymer systems iPP/wollastonite, iPP/elastomer and
iPP/wollastonite /elastomer. Structure-properties relationships were studied in dependence on
filler content, surface treatment and particle size, as well as elastomer sort, type and content;

e mechanical properties (tensile properties and notched impact strength) of iPP/CaCO3s micro-
and nanocomposites in dependence on filler surface treatment and particle size, as well as
technological conditions during sample preparation;

e morphology and mechanical properties of iPP/silica micro- and nanocomposites in dependence
on filler surface treatment and particle size (preliminary researches).

Performed research represents important contribution to theory in development of new polymeric

materials with specific properties, while new findings were presented abroad in scientific literature with
high impact factors. New knowledge is also important for producers- compaunders and processors of

polymeric materials in our country and it has a direct practical importance.

V. COMPLEX

The main aim of our research was to develope sonochemical methods for the synthesis of ferrite
materials. In recent years, our group sucessfully used the sonochemical method for the synthesis of
nanostructured metal chalcogenides. There are few papers reporting on sonochemical syntheses of
ferrite materials, most of them by using expensive and highly toxic metal carbonyls and organic
solvents. Our main aim was to develope a sonochemical method for the synthesis of nanostructured
ferites of the type MFe204 in aqueous media, using cheaper and less toxic precursors. As an alternative,
hydrothermal methods for the synthesis of ferrites were also investigated.

Using the sonochemical method, we managed fo prepare copper- and zinc-doped
maghemite particles, which are of particular inferest due to their magnetic properties. In the field of
hydrothemal syntheses, barium hexaferite nanoparticles were synthesized and the process studied in
detail.
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POROCILO O REALIZACIJI PROGRAMA / 2004 - 2008

CILJI PROGRAMA

Programska skupina je v zadnjih petih lefih svoje raziskave na podrocju procesne sistemske tehnike
in frajnostnega razvoja namenila gospodarskim in druzbenim razvojnim ciliem. Program smo uskladili s
strateskim in akcijskim nacrtom Evropske tehnoloske platforme SusChem (Trajnostna kemija), zlasti na
podrocjih industrijske biotehnologije, okoljske tehnike (podnebne spremembe, energija in surovine) in
horizontalnih aktivnosti (izobrazevanje in inovacije). Z rezultati smo prispevali k dvigu gospodarske
razvitosti in kakovosti Zivlienja v Sloveniji. Clani programske skupine so izvajali razliéne sklope raziskav, ki

so opisani v nadaljevanju.

INANSTVENI DOSEZKI

Za sistematic¢no merjenje in doseganje trajnostnega razvoja je bilo do danes predlaganih le malo
metodologij. V skupini smo razvili posebno metodo za spremljanje trajnostnega razvoja podjetij kemijske
in procesnih industrij ter jo preizkusili na prakti¢nih primerih. Rezultat raziskav je bil v prvi fazi niz kazalcey,
ki je primeren za vecino podijetij te vrste industrije. Razvili smo matemati¢ni model za izracun
sestavljenega kazalca tfrajnostnega razvoja podijetij, ki zdruzuje njihovo delovanje na treh dimenzijah
trajnosti (Krajnc D. in Glavi¢, 2005a, COBISS.SI-ID 2339158, 2005b, COBISS.SI-ID 2900054). Nadalje smo se
usmerili k problemu primerjalnega ocenjevanja industrijskin obratov glede na standarde najboljsin
razpolozljivin tehnik (BAT), definiranih v skladu s smernico o celovitem preprecevanju in obviadovanju
onesnazevanja (IPPC). Razvili smo dva modela: poenostavljeni model (Krajnc D. idr., 2006, COBISS.SI-ID
10977814) in natancnejsi, mehko-logicni model (Krajnc D. idr., 2007a, COBISS.SI-ID 11541014) za
najbolj§in razpolozljivih tehnikah (BREF). UcCinkovitost obeh modelov smo preizkusili v Studiji primera, v
kateri smo primerjalno ocenili tri tovarne sladkorja glede na BAT. V tem sklopu raziskav smo razvili $e
metodologijo za doseganje proizvodnje brez odpadkov, ki smo jo preizkusili v studiji procesa proizvodnje
sladkorja, kjer smo z matematicnim modeliranjem ekonomsko in okoljsko optimirali soproizvodnjo
sladkorja in bioetanola (Krajnc D. idr., 2007b, COBISS.SI-ID 10963734).

Razvoj novih oz. izboljiSanje obstojecih proizvodnih procesov v skladu s konceptom trajnostnega
razvoja med drugim zahteva inovativno modeliranje in nacrtovanje bioloskih sistemov CisCenja
industrijskih odpadnih voda. V ta namen smo razvili metodologijo dolo¢anja kinetike anaerobnega
CisCenja odpadne vode v laboratorijskem reaktorju (Tramsek idr., 2007, COBISS SI-ID 11281174) ter
dolocili najprimernejsi biokineticni model razgradnje kostanjevih taninov v industrijski odpadni vodi, pri
cemer smo upostevali inhibicijske in toksiCne efekte, ki jih povzrocajo tanini (Tramsek idr., 2006, COBISS
SI-ID 10686742). 7 uporabo kriterja minimalnega bivalnega casa smo aplikativno nacrtovali dvo-
stopenjski aerobni pretoCno mesalni bioreakcijski sistem za razgradnjo taninov v odpadni vodi (Tram3ek
in Gorsek, 2008, COBISS SI-ID 12158486). UCinkovito eksperimentalno optimiranje ter modeliranje je eden
od klju¢nih temeljev industrijskega nacrtovanja novih, bolj§ih in fleksibilnejSih bioreaktorskin sistemov v

proizvodniji kvalitetnin ter cenovno dostopnih produktov po meri potrosnika. Tako smo v tem sklopu
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raziskav s Taguchijevo metodo preucevali vpliv razli¢nih procesnih parametrov na snovni prenos kisika v
bioprocesin (Tramsek in GorSek, 2007, COBISS SI-ID 11991574) ter optimirali proizvodnjo kefirnih zrn
(Gorsek in Tramsek, 2007, COBISS SI-ID 11728150). Razvili smo tudi posebno eksperimentalno metodo
minimiranja absolutnega odstopanja dinamicnih profilov pH, s katero lahko dolocimo minimalni ¢as
aktivacije oz. zasledujemo aktivnost kefirnih zrn (Tramsek in GorSek, 2007, COBISS SI-ID 11991062). Prav
tfako smo primerjali razlicne primarne napovedne modele rasti kefimih zrn in izbrali statisticno
najustreznejSega (Tramsek in Gorsek, 2007, COBISS SI-ID 11679254).

Ukvarjali smo se tudi z energijsko zahtevnimi procesi, ki v praksi obratujejo z neoptimalno porabo
energije fer z neizkorisCenimi razpolozlivimi  kapacitetami. lzvedba najboljse posodobitve oz.
rekonstrukcije kompleksnih procesov zahteva simultano optimiranje, ki hkrafi optimira strukturo procesa
in procesne parametre ter iSCe najboljSe alternative delovanja procesa. Kemijske procese obicajno
optimiramo z matematic¢nim metodami (NLP). Tako smo v praksi optimirali proces proizvodnje metanola.
Model simultano vkljuCuje vgradnjo plinske furbine, gorivnih celic ter obtoke nezreagiranega CO2 iz
odtocnega plina, s Cimer smo znizali nivo emisij (Kovac-Kralj in Glavi¢, 2007, COBISS.SI-ID 11479318;
Kovac-Kralj in Glavi¢, COBISS.SI-ID 11755798). Razvili smo metodo integriranja toplote med procesi z
uporabo stopenjskega modela, ki izboljSa integracijo med procesi. Energijska infegracija med
nerekonstruiranimi in rekonstruiranimi procesi lahko prihrani Se dodatno energijo (Kovac Kralj idr., 2005,
COBISS.SI-ID 9846294). Metodo smo testirali na freh zahtevninh obstojeCin procesih. Pri optimiranju
konfiguracij novih procesov smo pri nacrtovanju omrezij toplotnih prenosnikov uporabili fermodinamsko
analizo in metodo NLP (Krajnc M. Idr., 2006 [COBISS.SI-ID 10103830].

Na podrocju ekologije voda smo z naprednimi postopki ozoniranja AOP iz pitne vode odstranili
atrazin pod mejo detekcije in pri tem proucevali kinetiko njegove razgradnje (Tepus in Simonic, 2007,
COBISS.SIHID 11055382). Freundlichove adsorpcijske izoterme pri adsorpcijskin materialih so pokazale

veliko ucinkovitost aktivnega oglja. Ukvarjali smo se tudi z vodo po regeneraciji ionskega izmenjevalca,

ki smo jo biolosko obdelali s postopkom anaerobne denitrifikacije ob uporabi melase kot vira ogljika. Z
elekfrokemijsko aktivacijo EKA smo v reaktorju pridobili oksil, ki je meSanica oksidativnin spojin klora in
kisika. Ugotovili smo, da se je z uporabo oksila KPK-vrednost znizala za 70 %. Ekonomska ocena projekta
za obdelavo odpadne vode z oksilom je pokazala, da gre za visoko donosno investicijo (Simonic in
Novak-Pintari¢, 2005, COBISS.SI-ID 10099990). Z revezno osmozo smo znizevali koncentracijo nitrata v
pitni vodi. Ugotovili smo, da se koncentracija zniza do 97,5%. S tem se zniza koncentracija dalec¢ pod
mejno vrednost za pitne vode. Nitrat smo merili z validirano metodo (Tepus in Simonic, 2007, COBISS.SI-ID
11055894).

ProuCevali smo vkljuCevanje trajnostnega razvoja v visokosolsko izobrazevanje (Lukman in Glavic,
2007, COBISS.SI-ID 10839062). Tako smo raziskovali vkljuCevanje nacel frajnostnega razvoja v programe
okoljskih in kemijskih tehnik na univerzah v Evropi. Izoblikovali smo tudi predlog kurikuluma za 1. stopnjo
izobrazevanja kemijskih inZzenirjev za okoljsko tehniko in modul za 2. stopnjo. Raziskovali smo izrazje s
podrocja trajnostnega razvoja (Glavi¢ in Lukman, 2007, COBISS.SI-ID 11479062). V preteklem obdobju
smo se v nasih raziskavah osredotodili fudi na frajnostno potrodnjo in proizvodnjo in preucevali univerzo
kot frajnostni sistem. Z metodo ocenjevanja vplivov na okolje v celothem Zivljenjskem krogu smo ocenili
najbolj dominantne vplive na okolje, kot posledice razli¢nin aktivnosti, ki se odvijajo na univerzi. Prav

tako razvijamo sistem kazalnikov za vrednotenje in uvri¢anje univerz z vidika trajnostnega razvoja.
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V izobrazevalnem procesu smo priceli z uvajanjem modernih pristopov poucevanja in ucenja
(aktivno in sodelovalno delo, e-testi) ter uporabo K tehnologije - portal ELEUM (Krajnc M., 2006
COBISS.SI-ID 10536982, [COBISS.SI-ID 10628374]. V ta namen smo pripravili vrsto elektronskin u¢nih gradiv.
V okviru projekta elearning 2006 smo se aktivno vkljuCili v evropski projekt elLearning VCSE (Virtual
Campus for a Sustainable Europe).

Razvijali smo okolje za avtomatizirano nacrtovanje in sintezo procesov z uporabo naprednih
pristopov racunalnisko podprte procesne tehnike. Pri tem smo razvijali nove koncepte modeliranja,
izboljSane optimizacijske algoritme in strategije, racunalnisko okolje in aplikacije v industriji. Pristopi, ki
smo jih razvili, temeljijo na sistemati¢nih algoritemskih metodah ter zagotavljajo dopustne in optimalne
resitve za obravnavane optimizacijske probleme. Matematicna formulacija izhaja iz superstrukture
alternativ, ki smo jo izrazili kot meSano-celostevilski-nelinearno-programirni problem (MINLP). To
omogoca hkratno optimiranje zveznih in diskretnih odloCitev, s tem pa tudi integracijo razli¢nih nivojev
optimiranja odlocitvenih procesov in opfimizacijo celotnega poslovnega sistema (entferprise wide
optimization — EWQO). Tehnike in strategije MINLP smo uporabili v raCunalniskem procesnem sintetizerju
MIPSYN, ki smo ga razvili sami in predstavlja edinstveno tovrstno racunalnisko orodje v svetovnem merilu.
V okviru tega okolja smo razvili razlicne inovativne modele za ucinkovito sintezo kemijskih procesov z
vkljuCitvijo vseh vidikov trajnostnega razvoja. Razvite modele smo uspeSno uporabili pri opfimiranju
obratovanja procesov, nacrtovanju in rekonstrukciji procesov, pri optimiranju mehanskih strukfur v
gradbenistvu, investicijskem odloCanju in razporejanju virov v poslovnih sistemih.

Pomemben del raziskav je predstavijal razvoj stohasticnin modelov za nacrtovanje fleksibilnih in
vodljivih procesov velikega obsega, ki omogocajo aplikacije na realnih industrijskin primerih (Novak-
Pintari¢ in Kravanja, 2004, COBIS.SI-ID 8822038; 2007 COBIS.SI-ID 11658518 in 2007, COBIS.SI-ID 11339542).
Pristop smo uporabili tudi za optimiranje fleksibiinega Sarznega reaktorja z znano kinetiko v pogojih
negotovosti (Ropotar in Kravanja, 2007, COBIS.SI-ID 12004374).

Nadalie smo razvili modele za veckriterijsko optimiranje, ki omogocajo vkljucevanje nacel
frajnostnega razvoja v superstrukturni pristop in s fem sintezo okoljsko sprejemljivin kemijskih procesov
(Kravanja Z. Idr., 2005, COBIS.SI-ID 10081814). S simultanim pristopom smo dosegdli sinergisticni ucinek
med, sicer nasprotujoCimi, ekonomskimi in okoljskimi alternativami. Tako smo generirali nove resitve, ki
izkazujejo hkrati izboljSanje ekonomike procesa in njegove okoljske sprejemljivosti. Poseben poudarek je
bil namenjen razvoju razlicnih ekonomskih kriterijev pri sprejemanju poslovnin odlocitev in Studiju razlik
optimalnih relitev doblienih s posameznimi kriteriji (Novak-Pintaric in Kravanja, 2004, COBIS.SI-ID
10405398).

Modele za vecCperiodno optimiranje smo razvili in uporabili za sintezo reakcijskih omrezij in celotnih
procesnin shem s stohasticnim multiperiodnim pristopom MINLP. Pri fem smo upostevali spreminjanje
ekonomskih parametrov (npr. cen) v prihodnosti (. Bedenik idr., 2004, COBIS.SI-ID 8680470; I. Bedenik idr.,
2007, COBIS.SIHID 11036950). Vecperiodno opfimiranje smo uporabili tudi za optimalno razporejanje
sredstev pri nacrtovanju investicij za postopne rekonstrukcije procesov z znatno nizjimi sredstvi, kot so
potrebna pri enkratni rekonstrukciji (N. Pintari¢, Kravanja, 2007, COBIS.SI-ID 11807766).

Poseben poudarek je bil namenjen algoritemski procesni integraciji. Razvili smo modele za toplotno
integracijo z izbiro vrst toplotnih prenosnikov, (Sorsak, Kravanja, 2004, COBIS.SI-ID 2409302) in modele za
masno integracijo, ki smo jih uporabili za opfimiranje Cistiinin naprav (Szitkai idr., 2006, COBIS.SI-ID

10472470). V sodelovanju s skupino prof. Zelika Kneza smo razvili optimizacijske modele za ocenjevanje
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fopnosti frdnih substanc v superkriticnem CO2, kar pomeni prispevek k sistematiCnemu razvoju
produktov farmacevtske in prehrambene industrije (Skerget idr., 2005, COBIS.SI-ID 10081814).

Razvite pristope smo prenesli fudi na druga podrocja in sicer na sinfezo mehanskih struktur v
gradbenistvu (Kravanja S. idr., 2005, COBIS.SI-ID 2532182; Kravanja S. idr., 2006, COBIS.SI-HD 11037206;
Klansek idr., 2007, COBIS.SI-ID 11801622; Silih idr., 2008, COBIS.SI-ID 11549462), optimiranje &loveskih virov
v neproizvodnih organizacijah (Novak-Pintari¢ idr., 2007, COBIS.SI-ID 10752278) in za optimiranje lokacije
centrov za ravnanje z odpadki (Kravanja Z. idr., 2007, COBIS.SI-ID 11815958).

Skupina si je s svojimi raziskavami, katerih rezultate je objavijala v vrhunskih mednarodnih
znanstvenih revijah, utrjevala uspesnost pri uveljavljanju v znanstveni sferi in vzdrzevanju neposrednega
stika z nosilci svetovnega napredka na svojem raziskovalnem podrocju. Prav tako so bili rezultafi
pomembni za razvoj aplikativnega raziskovanja. Skupina je bila in je vkljuCena v raziskovalne programe
Evropske unije in v druge mednarodne razvojne in raziskovalne programe (glej razdelek II. B. 5.6.). Nasi
raziskovalci so bili vkljuCeni v Stevilne projekte za uporabnike, ki so potekali zunaj financiranja ARRS (glej
razdelek II. B. 5.7.). Clani skupine aktivho sodelujejo v mnogih mednarodnih znanstvenih zdruzeniih, so v
uredniskin odborih vrhunskih znanstvenih revij in odborov svetovnih in evropskih kongresov (PSE, ESCAPE)

in organizirajo mednarodna in domaca posvetovanja (glej razdelek II. B. 5.8.).

/RESEARCH PROGRAMME REPORT
PROGRAMME GOALS

During the last five years the research activities of our group in the field of Process systems
engineering and sustainable development have been oriented towards emerging economic and
societal goals. The programme was adjusted with the sfrategic and action plans of European
Technology Platform SusChem (Sustainable Chemistry), especially in the fields of industrial
biotechnology, environmental engineering (climate changes, energy and raw materials), and
horizontal activities (education and innovations). It should be noted that the results of this research have
contributed to a higher economic development and quality of life in Slovenia. Members of the group

worked on different research areas, which are described in the following report.

SCIENTIFIC ACHIEVEMENTS

Very few methodologies for systematic assessment and achievement of sustainable
development for companies have been proposed so far. As a result of our research activities, a
methodology was proposed for achieving more sustainable business practices in chemical and process
industries and tested over different case studies. A set of sustainability indicators was proposed, which
can be applied to most companies in the chemical and process industries. A novel, mathematical
model was defined for the assessment of a composite sustainable development index, based on the
performances of companies in all three sustainability dimensions and then tested over real case studies,
(Krajnc D. and Glavic, 2005a, COBISS.SI-ID 2332158, 2005b, COBISS.SI-ID 29200054). Our research activities

also dealt with the problem of performance benchmarking regarding industrial plants, by considering

Best Available Techniques (BAT), as determined by the Integrated Pollution Prevention and Control
Directive. A simple, classic set model (Krajnc D. et al., 2006, COBISS.SI-ID 10977814) and upgraded, fuzzy
logic model (Krajnc D. et al., 2007a, COBISS.SI-ID 11541014), were constructed for this purpose, in order
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fo compare the performance of plants within a sector’s best standards, as expressed in the Reference
Documents on BAT (BREFs). The effectiveness of the model was tested during the case study, in which
sugar plants were benchmarked against the BAT. A methodology for achieving zero-waste production
was proposed and applied to the case of sugar production, where combined sugar and ethanol
production was economically and environmentally optimized (Krajnc D. et al., 2007b, COBISS.SI-ID
10963734).

The development of new and improved existing production processes according to the
concept of sustainable development requires an innovative modelling and designing of biological
wastewater treatment systems. A methodology for determining anaerobic wastewater digestion
kinetics was developed using a bench-top reactor (Tramsek idr., 2007, COBISS SI-ID 11281174). Also, the
most suitable kinetic model representing the biodegradation of plant tannins in industrial wastewater
was determined taking into account inhibition and toxic effects (Tramsek idr., 2006, COBISS SI-ID
10686742). Using the criterion of minimal retention time, an aerobic continuous flow bioreactor system
was designed for biodegradations of tannins in wastewater (Tram3ek in Gorsek, 2008, COBISS SI-ID
12158486). Efficient experimental optimization and modeling is one of the fundamental prerequisites for
designing flexible bioreactor systems for the production of high quality products. We used the Taguchi
method for analyzing the influences of different process parameters on oxygen mass fransfer in
bioprocesses (TramsSek and Gorsek, 2007, COBISS SI-HID 11991574), and for optimizing the kefir grains
production (GorSek in Tram3ek, 2007, COBISS SI-ID 11728150). A special experimental method for
minimizing the absolute deviation of dynamic pH profiles was developed, which enables determination
of kefir grains’ minimal activation time (Tramsek and Gorsek, 2007, COBISS SI-ID 11991062). Also different
predictive kefir grains growth models were compared and the most suitable selected (TramSek and
Gorsek, 2007, COBISS SI-ID 11679254).

We also researched those existing complex and energy-intensive continuous processes, which
operated under non-optimal energy consumptions and unexploited capacities. The refrofits of complex
processes had fo be performed by simultaneous material and energy optimization. Nonlinear
programming (NLP) was applied to the opfimization of an exising methanol production plant. This model
includes simultaneous integration of a gas turbine, fuel cells and the recycling of nonreacive CO2 from
purge gas. The CO2 emissions could be thus singificanlty reduced (Kovac-Kralj and Glavic,
2007,COBISS.SI-ID 11479318; Kovac-Kralj and Glavic, COBISS.SI-ID 11755798). In addition, we developed
a three-step simultaneous method for energy integration between retrofitted and non-retrofitted
processes (Kovac-Kralj et al., 2005, COBISS.SI-ID 9846294). The method was tested successfully on three
complex existing processes. The thermodynamic analysis and NLP method were also used for HEN
design of grass-root processes (Krajnc M., Kovac Kralj, Glavic, 2006, COBISS.SI-ID 10103830).

In the area of water ecology, advanced oxidation processes were applied for atrazine
degradation (Tepu$ and Simonic¢, 2007 [COBISS.SI-ID 11055382]) and compared with adsorption

capacities, using activated carbon and some new adsorption resins. Freundlich isotherms were

determined for all the adsorption media used. The brine solution was biologically freated, using an
anaerobic denitrification process, and molasses as a carbon source. Experimental oxidations of
industrial wastewater polluted by surfactants were performed using oxyl yielding a COD reduction of up
fo 70 %. The implementation of wastewater freatment using oxyl in an industrial plant may considerably

reduce the water pollution tax that companies are paying for wastewater discharge. An economic
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feasibility study of the investment was performed, which indicated the good economic potential of the
procedure (Simoni¢ and Novak-Pintaric, 2005 [COBISS.SI-ID 10099990]). Recently, membrane filtration by
reverse osmosis (RO) has been considered for the removal of nitrate ions from water. 97% efficiency was
achieved using spiral wound reverse osmosis membrane. Nifrate was measured by a validated method
(Tepus and Simonic, 2007, [COBISS.SI-ID 11055894].

Over this period research was also carried-out also about the integration of sustainable
development in the higher education sector (Lukman and Glavic, 2007 [COBISS.SI-ID 10839062]).
Emphasis was given to the chemical and environmental engineering study programmes, especially at
European universities. A concept of curriculum for chemical engineers was proposed in the first
bachelor cycle, including sustainability principles. Furthermore, research about sustainability terms and
their definitions was carried out (Glavic and Lukman, 2007 [COBISS.SI-ID 11479062]). Our research also
embraced sustainable consumption and production at universities, where environmental impacts of
daily activities were assessed using a Life Cycle method. It should be noted that the development of a
system of indicators for ranking universities from sustainability perspective is under way.

We have started to implement modern approaches (active and cooperative work, e-tests....) and
IC technologies (the ELEUM portal) for teaching and learning in our educational process (Krajnc M.,
2006, COBISS.SIFID 10536982, COBISS.SI-ID 10628374). A number of electronic textbooks were developed.

We participated as an active member in the VCSE (Virtual Campus for a Sustainable Europe) eLearning

European project.

An infegrated computer environment for the automated design and synthesis of chemical
processes was developed, based on the advanced Computer Aided Process Engineering (CAPE) tools.
This environment involves innovative modelling concepts, improved optimization algorithms and
strategies, powerful computational interface, and industrial applications. Systematic algorithmic
methods and approaches were developed in order to generate feasible and optimal solutions for
engineering problems. Underlying mathematical formulations were set up based on the superstructure
of process alternatives and expressed as mixe-integer nonlinear programming problems (MINLP). These
formulations enable simultaneous selection of topologies and parameters in engineering systems.
Furthermore, integration of information and decision-making among various operating and business
functions gave rise to Enterprise-Wide Optimization (EWO). Different MINLP techniques and strategies
were implemented within our own process synthesizer MIPSYN, a worldwide computer tool. Several
innovative models were developed within this environment for the efficient syntheses of chemical
processes by considering different aspects of sustainable development. These models were applied
successfully in the optimization of process operation, process design and reconstruction, optimization of
mechanical structures in civil engineering, planning of investment and sources allocation in enterprises
and other organizations.

A significant effort was devoted to the development of stochastic models for the designing of large
flexible and controllable processes in order to be implemented in real industrial applications (Novak-
Pintari€ and Kravanja, 2004, COBIS.SI-ID 8822038; 2007 COBIS.SI-ID 11658518 in 2007, COBIS.SI-ID
11339542). A stochastic approach was also applied to the optimization of a flexible batch reactor with
known kinetics under uncertain conditions (Ropotar and Kravanja, 2007, COBIS.SI-ID 12004374).

Multicriteria optimization composed of economic and environmental objectives was performed, in

order to consider sustainability issues simultaneously during the synthesis of environmentally conscious
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processes (Kravanja et al., 2005, COBIS.SI-ID 10081814). A synergy between the conflicting economic
and environmental objectives was established by this simultaneous approach. More profitable solutions
were generated that are, at the same time, less environmentally harmful. Special emphasize was given
fo the development of various economic criteria for business decision-making. The differences between
optimal solutions obtained by using different economic measures were studied (Novak-Pintaric and
Kravanja, 2004, COBIS.SI-ID 10405398).

The syntheses of reaction networks within overall process schemes were performed by the means of
multiperiod models based on a stochastic MINLP approach. Risk and uncertainty in economic
parameters, e.qg. prices, were incorporated in the models (I. Bedenik et al., 2004, COBIS.SI-ID 8680470; I.
Bedenik et al., 2007, COBIS.SI-ID 11036950). Multiperiod optimization models were developed and also
applied for the optimal allocation of investment funds for the gradual reconstructions of chemical
plants. Considerably lower requirements regarding fresh capital were indicated by this multiperiod
gradual approach than required for immediate reconstruction (Novak-Pintaric and Kravanja, 2007,
COBIS.SI-ID 11807766).

Special emphasis was devoted to algorithmic-based process integration. A simultaneous MINLP
optimization models for the refrofit of heat exchanger networks (HEN) were developed, comprising
different exchanger types (SorSak and Kravanja, 2004, COBIS.SI-ID 2409302). Models for mass integration
were prepared and applied to the optimization of waste water treatment plants (Szitkai et al., 2006,
COBIS.SI-ID 10472470). In cooperation with the research group of Prof. Zeliko Knez, optimization models
were developed for estimating solubility for different solid substances in supercritical CO2. This research
could contribute to the systematic development of products in the pharmaceutical and food industries
(Skerget et al., 2005, COBIS.SI-ID 10081814).

The approaches and techniques developed for the optimization and synthesis of chemical
processes have been applied in other disciplines too, particularly in the synthesis of mechanical
structures in civil engineering (Kravanja S. ef al., 2005, COBIS.SI-ID 92532182, Kravanja S. et al., 2006,
COBIS.SHD 11037206; Klansek et al., 2007, COBIS.SI-ID 11801622; Silih et al., 2008, COBIS.SI-ID 11549462), in
the optimization and allocation of human resources in non-production organizations (Novak-Pintaric et
al., 2007, COBIS.SI-ID 10752278) and, in the optimization of networks for the collection, recycling,
freatment and disposal of municipal solid wastes (Kravanja Z. et al., 2007, COBIS.SI-ID 11815958).

The group for Process systems engineering and sustainable development has had its research results

published in high quality scientific journals and cooperated constantly with many of the world's leading
research centres in the area. The group performed different industrial applications, thus providing
sharper focus on real needs and gefting feedback on the performance of the developed tools and
techniques. The group is continually involved in many European and other international R&D programs
(section II.B.5.6.). Our researchers are also involved in many projects for industry which are not financed
by the Slovenian Research Agency (section 1l.B.5.7.). Members of the group collaborate in several
professional bodies, international scientific committees and editorial boards (PSE, ESCAPE) and organize

international and national meetings (section 11.B.5.8).
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e Usmerjenost k vrhunski kvaliteti proizvodov in tehnologij.

e Prispevanje k izboljSanju kvalitete Zivljenja (tfrajnostni razvoj).

e Spodbujanje povezovanja izobrazevanja, raziskovanja in podjetnistva ter povecevanje
mobilnosti znanja idej in ljudi v druzbi.

e Usmerjenost v izpolnjevanje klju¢nih ciliev Nacionalnega raziskovalnega in razvojnega
programa (NRRP) za obdobje 2006-2010.

e Povecevanje vpliva RR v domacem okolju z aktivnim vkljucevanjem v trg.

e  Prenos znanja s transferom znanstvenih in stfrokovnih dosezkov.

e Povecanje kvalitete RR.

e Pospesen gospodarski razvoj v Republiki Sloveniji.

e Vzgoja mladih raziskovalcev.

e  Akfivno vkljucevanje in mobilnost v Evropskem intelektualnem in gospodarskem prostoru.

e Krepitev Cloveskih virov v RR in gospodarstvu, ter povecanje BDP.



INANSTVENI DOSEZKI

I.  RAZISKAVE FAZNIH RAVNOTEZIJ V BINARNIH SISTEMIH Z VISOKOTLACNIMI MEDUJI

Namen raziskav je bil v splosnem bolje razumeti fazna obnasanja neidealnih sistemov pri visokih tlakih ter pridobiti

potrebne podatke za nacrtovanje visokoflacnih procesov kot so separacije, mikronizacije in drugi. Sistemi, ki smo

jin raziskovali so bili naslednii:

Vanilini-SCF: Raziskali smo topnosti in fazne prehode vanilinov (vanilina, o-vaniling, efivanilina in efil-o-vanilina)
v raziicnih fluidih: CO2, propanu, izobutanu, zveplovem heksafluoridu in nekaterih ekolosko sprejemliivin
fluoriranin oglikovodikin (R23, R134a, R236fa). Vanilini se med seboj razlikujejo v molski masi ter vrsti in polozaju
funkcionalninh skupin, zato so rezultati pomembni za razumevanje odvisnosti molekulske strukture substance na
infer- in inframolekulame sile v sistemu. Hkrati so raziskave ravnotezij v alfernativnin fluidih, ki bi se lahko
uporabliali namesto COz2 zelo pomembne za nacrtovanje nekaterin visokotlacnih postopkov, predvsem za
mikronizacijski postopek PGSS (Particles from Gass Saturated Solufions).

Ojacevalci okusa-SCF: Eksperimentalno smo dolocili fazna ravnotezja maltola in etil maltola v zmesi s CO2in

propanom in sicer talidca in ravnoteine topnosti obeh substanc v fluidih v odvisnosti od tlaka. Studirali smo
vpliv vrste funkcionalnih skupin na fazna ravnotezja v sistemih s SCF.

Pesticidi-CO»: Postopek superkritiCne ekstrakcije predstavija eno izmed moznih reditev okolievarstvenin
problemov kot so odstranitev toksicnin nehlapnih sulbstanc in preostankov iz rastiinskin materialov. Dolocili smo
fazna ravnotezja dveh pesticidov raziicnih kemijskih skupin, permetrina in dikofola, ki se pogosto uporabliata
za zascito rastiin.

Polimeri-COy: Raziskali smo topnosti CO2 v polietilenglikolih (PEG) raziiénih molskih mas. PEG so vodotopni
polimeri, ki se, zaradi fizioloske sprejemlijivosti, pogosto uporablicjo v farmacevtski in kozmeticni industriji ter v
medicini kot nosilci za kontrolirano sproscanje zdravil in kot gradniki v tkivnem inZenirstvu. Postopki procesiranja
polimerov s CO2 predstavigjo odiicno altemativo konvencionalnim tehnikam z organskimi topili. Za
nacrtovanje teh postopkov so podatki o faznih ravnotezjih kjucnega pomena.

Antioksidativne komponente — SCF: Studirali smo topnost antioksidativnin komponent rozmarina v COz2 in

propanu. Podatki so pomemiboni za nacrtovanije separacije komponent.
Topila — COz2: Uspesno smo vpeliali novo metodo za doloCanje faznih ravnoteZij v sistemih tekoce — tekoce ter

dolocili fazna ravnotezja CO2 z nekaterimi organskimi topili (etanal, tefrahidrofuran, o-, m- p- ksilen).

I. KONVENCIONALNI IN VISOKOTLACNI SEPARACIJSKI POSTOPKI

e Raziskali smo optimalne pogoje za izolacijo in separaciio naslednjin naravnih substanc, ki imajo
anfioksidativne oz. farmakoloske lastnosti in/ali so zanimivi za uporabo kot naravna barvila: separacijo
naravnih antioksidantov iz rozmaring, flavonoidov in fenolnih spaijin iz razicnin rastinskih materialov (Cebula, listi
olike, Sentjanzevka, glog, origano, lovorjevi listi), fenolnih spaojin in kafeina iz semen gvarane in iz listov zelenega
Caja, akfivnih komponent (o-bisabolol, matricin, kamazulen) iz kamilice, izolacijo g-inolenske kisline iz boraga
in noCnega sveting, izolacijo partenolida iz belega vratica (Tanacetum parthenium), separacijo
karotenoidov in kapsaicincidov iz pekoCe paprike, separacijo antocianinov iz tropin rdeCega grozdja in iz
bezgovih jagod, izolacijo betaksantenov in betanina iz rdece pese, izolacijo klorofila iz kopriv, separacijo
heleniena in luteina iz tagetesa. Razvii smo analitske metode za doloCitev koncentracije, ter metode za

dolocCitev anfioksidatfivne in mikrobioloske ucinkovitosti doblienih ekstraktov.



e Anfioksidativno in antimikrobno ucinkovitost komponent iz rozmarina smo testirali fudi na produkiu
(pis¢ancjin hrenovkah), ki je na ZsCu. Hrenovke z rozmarinskim ekstraktom (namesto komercialnin
aditivov) so bile pripraviiene po standardni recepturi v obstojeCem industrijskem procesu. Rezultati analiz
so pokazali, da so bili rozmarinski ekstrakti uinkovitej§i od obstojecin komercialnih aditivov in so podalali
rok frajanja produkta.

e Raziskave so potekale tudi na podrocju superkrticne kromatografie kot metode za separacio
posameznih omenjenin naravnin komponent z namenom pridobiti produkte z visoko Cistoto (npr.:
separacija antioksidativnin  komponent iz rozmarina, Studij kinetike adsorpcije/desorpcije razicnin

olietopnih komponent na razicne nosilce.

lil. PROCESIRANJE MATERIALOV

Na podlagi raziskav faznih ravnotezij vanilinov v raziicnih plinih smo izvedii eksperimente mikronizacije le-teh s
PGSS postopkom. PreuCevali smo vpliv medija ter procesnin parametrov na velikost, morfologijo in kristalinicnost
doblienih delcev.

e  Raziskali smo uporabnost raziicnih visokoflacnih mikronizacijskin postopkov za formulacijo produkta v
obliki, uporabni za proizvajalca in potrosnika. Raziskave so potekale na antocianinskih ekstraktih iz grozdja
in bezgovih jaogod, ki so bili v neprimemi obliki (voskasti, aglomerirani). Z uporabbo omenjenih fehnik smo jih
uspesno nanesli na razlicne nosilce. Doblieni praskasti produkti so bili stabilni in so imeli barvne lastnosti,
podobne komercialnim produkfom.

e Na podrocju nanosirukturih materialov smo se usmerili v raziskavo priprave SiO2 aerogelov raziicnih
stopenj hidrofobnosti. Klasicno pripravieni aerogeli SiO2 s sol gel sinfezo in SC suSenjem v CO2 imajo
mocan hidrofini znacaj. Z dodatkom kemijskin aditivov v sami sol-gel sintezi pa lahko modificiramo
povrsino aerogela in s tfem stopnjo njegove hidrofobnosti. Tako pripraviene hidrofobbne aerogele smo
uporabili v Siroko zasnovani raziskavi adsorbcije hlapnih organskin topil (VOC) iz vode in iz zraka.
Hidrofobni aerogeli so znatno bolj§i adsorbenti kot akfivno oglie in izkazujejo zmoznost adsorbcije teh

organskih topil, ki je kar za 50 krat visja od vseh do zdaj poznanih adsorbentov.

IV. ENCIMSKO KATALIZIRANE REAKCIJE V SUB- IN SUPERKRITICNIH MEDIJIH

Uporaba encimov kot biokatdlizatoriev v superkriticnem oglikovem dioksidu (SC COg2) je raziskovalno
podrocje s Sirokim olbsegom zanimanja. Encimski procesi ponavadi potekajo v Sarznih reaktorjin, pri Cemer se
uporabljajo topne oblike encimov. Delovanje Sarznih reaktorjev je povezano z visokimi obratovalnimi stroski zaradi
vsakokrathega zagona in zaustavitve procesa po koncani Sarzi. Dodatni stroSek predstavijajo topni encimi, ki jih je
potrebno loCevati od reakcijske zmesi ali oz. za vsako Sarzo dodajati novo koli¢ino potrelbbnega katalizatorja. Prav
tako je pofrebno izvesti naknadno separacijo produkta od nezreagiranih reaktantov in encima, kar predstavija, iz
tehnoloskega vidika, novo operacijo v proizvodnji in s fem dodatne stroske. Resitev predstavija uporaba
membranskega reaktorja, kier sta reakcija in separacija zdruzeni v eno enofo. Druga moznost je uporaba
imobilizranega encima. Imobilizirani encim lahko veckrat uporabimo in dosezemo kontinuirano proizvodnjo visoko
kvalitetnih produktov. Za sinfezo le-teh so najveckrat potrebni specificni biokatalizatorji, katerih nabavna cena je
zelo visoka. V takem primeru je smiselno encim nanesti na povrsino membrane s prilagojenimi metodami, ki
ohranijo vso akfivnost encima.

Nas cilj je bil dimenzioniranje in zagon visokotlaCnega encimskega konfinuiranega cevnega membranskega

reaktorja, kar smo tudi dosedli.



Encimsko katalizrane sinteze sladkornih estrov mascobnih kislin smo izvedli v mesalnem Sarznem reaktorju pri
atmosferskem flaku. Reakcije smo katalizirali z imobilizirano lipazo iz Candida antarcticae. Razvili smo tudi
alfernativno metodo encimske sinteze, primerno za sintezo raziicnin sladkomih estrov mascolbonih kislin s Sirokim
spekirom uporabe. V primerjavi z organskimi topili, poteka le ta v SC COz2 brez prisotnosti molekulamnih sit, s Cimer
Znizamo stroske proizvodnje in produkt, ki je le monoester, ne vsebuje sledov topila. V okviru teh raziskav smo
proucili vpliv tlaka in temperature na akfivnost encima ter vpliv dodatka ko-topila na hitrost reakcije. Pri optimalnin
pogojih smo izvedii sinfezo fruktoze palmitata, frukfoze laurata in saharoze laurata, ki jin lahko uporabliamo
predvsem kot emulgatorie v prehrambeni in kozmeticni industrij, kijer obstaja pofreba po novih akfivnin
komponentah, ki zavirgjo adli upocasnjujejo rast mikroorganizmov. Sladkomi estri mascobnih kislin predstavijojo
zanimivo alfemativo zaradi prednosti pred standardnimi produkti z ozirom na sintezo, zdravje potrosnikov in varstvo
okolja.

Testirali smo antimikrobno delovanje estrov saharoze in fruktoze, ki smo jih encimsko sintetizirali v organskih fopilih pri
atmosferskem flaku in v SC COz pri 10 MPa na festhe mikroorganizme, Gram-negativno bakterijo Escherichia coli, Gram-
pozitivno bakterijo Bacilus cereus in kvasovke Saccharomyces cerevisiae. Antimikrobno delovanje encimsko sintetiziranih
sladkormih estrov mascobnin kislin smo primerjali z anfimikrolonim delovanjem komercialnih estrov saharoze in mascobnih
kislin. Sladkomi estri mascobnih kisin so bii Najlbolj ucinkovifi profi potenciaino patogeni bakterii B. cereus, ki sodi med
enega izmed najpogostefiin povzrociteliev zastrupitev s hrano. Dosezeni rezultati pofrjujejo, da imajo SEMK pomembno
prinodnost kot konzervima sredstva v Zivilin.

Uspesno smo sintetizirali i ILs (1-bufil-3-metilimidazol klorid [omim][Cl], 1-bufil-3-metilimidazol heksafluorofosfat
([lbmim][PFs]) in 1-buti-3-mefilimidazol tetrafluoroborat [bmim][BF4]). Da bi lahko dolocili vpliv razicnih ILs na
aktfivnost prostih in imobiliziranih encimov, smo v sintetizranih ILs izvedli 4 modelne encimske reakciie in sicer:
hidrolizo karboksimetil celuloze, katalizirano s prosto celulozo iz Humicola insolens, hidrolizo soncnicnhega olja,
katalizrano s prosto lipazo iz Aspergillus niger, esterifikacijo oktanola in oleinske kisine, katalizirano z imobilizirano
lipazo iz Rhizomucor miehei ter esterifikacijo cifronelola in laurinske kisline, katalizrano z imobilizrano lipazo iz
Candida antarctica. Iz doblienih rezultatov lahko skiepamo, da so ILs usterezen medij za encimsko katalizirane
reakcije, saj se je aktivnost testiranih encimov v ILs ohranila. Le IL [omim][Cl] je povzrocila deaktivacijo encimov, kar
se uiema z objaviienimi rezultati v Stevilnih revijah.

Nadalie smo v sintetiziranih ILs podrobneje proucili Se encimsko katalizirano fransesterifikacijo (R,S)-1-
feniletanola z vinil acetatom. Za omenjeni sistem smo proucili vpliv razicnin reakcijskin parametrov na kinetiko
encimske reakcije. Iz doblienih rezultatov lahko sklepamo, da je bila imobilizirana lipaza iz Candida anfarctica B
stabilna v testiranih ILs, najvecjo akfivnost pa je imela v hidrofiini ionski tekocini [omim][BF4]. Zato smo reakcijske

parametre proucili v ionski tekoCini [bmim] [BF4] in dosegli ngjvisjo presnovo (100 %) po 5 urah reakcije.

V. INIZANJE PADCA TLAKA V HIDRAVLICNIH SISTEMIH IN MAGNETNA OBDELAVA VODE.

Na osnhovi izvimo razSijene Prandtl-ove teorije mesanja je bil izdelan fizkalno-matemati¢ni model z ustrezno
racunalnisko programsko opremo za ovrednotfenje padca tlaka v cevovodih z dodanim surfaktantom za
znizevanje upora frenja, namenjeno za ekonomsko optimizacijo realnih hidraviicnih sistemov.

Na podroCju magnetne obdelave vode je bila postaviena in eksperimentalno potriena hipoteza o
magnetno pospesenem jedrenju aragonita v suspendirani obliki. Hipoteza je bila preverjena z gravimetrijo
sedimentov in oblog v primerjalnin grelnih linijah in analizo vzorcev z rentgenskim praskovnim difraktometrom ter

pojasnjena s spremembo hidratacije in delovanjem Lorentzove sile v elekiricni dvojni plasti koloidnih delcev. V



industrijske namene je bil izdelan in optimiran sistem permanentnih magnetov fer uspesno apliciran za

preprecevanije in odstranjevanje vodnega kamna v cevnih toplotnih izmenjevalnikin.
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e Stimulation of linkage among education, research and enterprise as well as increasing
mobility of knowledge, ideas and people in society.

e Orientation fowards implementing key goals of National Research and Development
Programme (NR DP) for perido 2006-2010.

e Increase of research and development in domestic environment with active incorporation
in the market.

e Knowledge transfer including transfer of scientific and professional achievements.

e Increase of quality of R&D.

e Increase of economy development in republic of Slovenia.

e Education of young researchers.

e Active incorporation and mobility in European intelectual and economy area.

e Strengthening of human resource in R&D and ecomony; increase of GDP.

SCIENTIFIC ACHIEVEMENTS

L

PHASE EQUILIBRIA IN BINARY SYSTEMS WITH HIGH PRESSURE MEDIA:

The aim of research was generally oriented towards a beter understanding of phase behaviour of nonideal systems

at high pressure and obtaining required data for designing high pressure processes such as separations, micronisations

and others. Research was performed on following systems:

Vanilins-SCF: Solubiity and phase transitions of vanilins (vanilin, o-vanilin, ethyivanilin and ethyo-vanilin) in
different fluids was investigated. Fluids were CO», propane, isobutane, sulphur hexafluoride, and ecologically
approved fluorinated hydrocarbons (R23, R134a and R236fa). The mentioned vanilins differ among
themselves in their molecular mass and fype and position of functional group. The results are therefore
important for understanding the influence of molecular structure on infer- and inframolecular forces in high
pressure system. Furthemrmore, the phase equiibria research in altemative fluids, which may be used instead of
CO;, are significant for designing high pressure processes, especially the micronisation process PGSS (Partficles
from Gass Saturated Solutions).

Havor enhancers-SCF: Phase equilibria data of systems maltol and ethylmaltol with CO2 and propane were

expernmentally determined. Melting points and equilibrium solubilities of both substances in fluids were
determined as a function of pressure. The influence of the type of functional group on phase equilibria was
sfudlied.

Pesticides-CO»: High pressure extraction is one of solutions regarding environmental problems such as removal
of toxic non-volatile substances and residues from plant materials. Phase equilibria of two different pesticides,

used for plant protection (permehtrin and dicofol), in system with CO-2 at high pressure was investigated.



.

Polymers-COo: Solubility of CO2 in polythylene glycols (PEG) with different molecular mass was defermined. PEG
are water soluble polymers, which are due to their physiological acceptability, often used in pharmaceutical
and cosmetic industry. They are also used in medicine as camiers for confroled release of phamrmaceutics and
as scaffold in fissue engineering. Polymer processing with CO2 is a great dltenative for conventional
fechnologies using organic solvents. Thus phase equilibria data are crucial for designing such processes.

Antioxidative solvents-SCF: Solubility of rosemary antioxidative components were studied in CO2 and propane.

Obtained data are important for separation of the components.
Solvents-CO»2: A new method for defermining phase equilibria in systems liquid-iquid was implemented. Thus,
phase equilibria of systems with CO2 and some organic solvents (ethanol, tefrahydrofuran, o-, m-and p-xylene)

was investigated.

CONVENTIONAL AND HIGH PRESSURE SEPARATION PROCESSES

Optimal process conditions for isolation and separation of natural substances, which posses anfioxidative and
phramacological properties and/or can be used as natural colorants, were determined: separation of natural
anfioxidants from rosemary, flavonoids and phenolic compounds from different plant materials (onion, olive
free leaves, St John's wort, hawthom, origano, Bay Laurel leaves), phenolic compounds and caffeine from
guarana seeds, green tea leaves, active ingredients (alpha-bisabolol, matricine and chamazulene) from
chamomile, isolation of gama-inoleic acid from borago seeds and evening primrose, isolafion of parthenolide
from feverfew (Tanacetum parhtenium), separation of carotenoids and capsaicionoids from chilly pepper,
separation of anthocyanins from red grapeskins and elderbermies, isolation of betaxanthenes and betanin from
beetroot red, isolation of chlorophyl from netfle, separation of helenien and lutein from fagetes. New analyfical
methods were developed for quantification, as well as for determining anfioxidative amd microbiological
efficiency of obtained exfracts.

The antioxidative amd microbiological efficiency of rosemary components were tested on a product (chicken
sausage) already on the market. Sausages containing rosemary extract instead of commercial additives were
prepared according fo a standard procedure in a running industrial plant. Rosemary exiract was proven to be
more efficient thus prolonging the expiry dafe compared to existing commercial additives.

Research was also performed in the field of supercritical chromatography as a method for separating
individual mentioned natural components . The aim was to obtain products with high purity (example:
separation of anfioxidative components of rosemary, kinetics study of adsorption/desorption of different oi-

soluble components onto different camiers.

MATERIAL PROCESSING

Micronisation of vanilins by PGSS process with different dense gasses was performed on the basis of phase equilibria

sfudlies. The influence of media and process conditions on parficle size, morphology and crystalinity of obtained particles

was investigated.

Applications of different high pressure micronisation processes for product formulation (products applicable for
producer and consumer) were investigated. Research was performed on anthocyanin extracts of grapes and
elderbermies, which were originally in an unsuitable form, waxy and agglomerated. By applying mentioned
fehcniques the extracts were sucesfully coated onto different carmiers, whereas obtained powderous products

were stable and with color properties similar to commercial products.



e  Research on field of nanostructured materials is oriented in preparation of siica aerogels of different degrees of
hydrophobicity. Normally siica aerogels prepared by sol-gel synthesis followed by supercritical COz drying have
strong hydrophilic nature. With appropriate chemical modification by adding additives in standard sol-gel
synthesis, surface of aerogels can be modified and because of that degree of hydrophobicity can be tailored.
In extensive study of adsorption of volatie organic compounds (VOCs) from water and air feasibility of using
these modiified aerogels was determined. Results of investigation have shown that hydrophobic siica aerogels
are compared to activated carbon excellent adsorbents and they exhibit adsorption capacities which are at

least 50 times higher than for all commercially used adsorbents.

IV. ENZYME-CATALYZED REACTION IN SUB- AND SUPERCRITICAL MEDIA

The use of enzymes as biocatdlysts in supercritical carbon dioxide ( SC COz) is a research field of great inferest.
Usually enzymatic processes are performed in batch reactors, using soluble forms of enzymes. Batch reactors
performance is connected with high operational costs due fo each time starting up and ending of operation.
Additional costs represent soluble enzymes, which must be separated from the reaction mixture or for every batch a
new portion of necessary biocatalyst must be added. At the same time additional separation of product from
unreacted substrates and enzyme must be caried out, which is a new operatfion in the production line and results in
higher production costs. A possible solution is the use of a membrane reactor which joins reaction and separation step in
one unit. Another option is the use of an immobilized enzyme, which may be reused for many times. A continuous
production of high qudlity products may be achieved. For synthesis of such products expensive specific biocatalysts are
needed. In such a case enzyme should be bounded fo the membrane surface with a method which does not change
fthe activity of an enzyme.

Our goal was construction and operation of a high-pressure enzymatic continuous fubular membrane reactor,
which was achieved during the reporting period.

Enzyme-catalyzed syntheses of sugar fatty acid esters were performed in bafch stired-tank reactor at atmospheric
pressure. Reactions were catalyzed by immobilized lipase from Candida antarctfica. A new, altemative method for
enzymatic synthesis, appropriate for the synthesis of different sugar fatty acid esters with wide range of applications, was
developed. Compared to the organic solvents, synthesis is performed in SC CO., without the presence of molecular
sieves, what decreases the production costs and the product, which is in this case only monoester, does not contain any
residues of the solvent. In the framework of this research, the influence of pressure and temperature on the enzyme
activity and influence of co-solvent addiition on the reaction rate were studied. At optimal reaction condiitions synthesis
of fructose palmitate, fructose laurate and sucrose laurate was performed, which can be applicable as emulsifiers in
food and cosmetic industries, where a need for new active compounds, which inhibit or suppress the growth of the
microorganisms. Sugar fatty acid esters present an interesting altermative to the conventional products regarding the
synthesis, consumers health and environmental protection.

Antimicrobial activity of sucrose and fructose esters, enzymatically synthesized in organic solvents at atmospheric
pressure and in SC CO2 at 10 MPa against fest microorganisms, Gram-negative bacteria Escherichia coli, Gram-positive
bacteria Bacilus cereus and yeast Saccharomyces cerevisice, was tested. Antimicrobial activity of enzymatically
synthesized sugar fatty acid esters was compared to the antimicrobial activity of commercial sucrose fatfy acid esters.
Sugar fatty acid esters were the most effective against potential pathogenic bacteria B. cereus, which can cause food
poisoning. Obtained results confirm that sugar fatty acid esters have important future as preservatives in foodstuff.

Three different ionic liquids, 1-butyF3-methylimidazolium  chloride  [omim][Cll,  1-butyl-3-methylimidazolium

hexafluorophosphate  [omim][PFs] and  1-buty-3-methylimidazolium tefrafluoroborate  [omim][BF4, were succesfully



synthesized. In order fo determine the influence of ILs on activity of free and immobilized enzymes, four different
enzymatic reactions were performed in synthesized ILs, such as: hydrolysis of carboxymethyl cellulose, catalyzed with free
cellulase from Humicola insolens, hydrolysis of sunflower oil, catalyzed with free lipase from Aspergillus niger, esterification
of octanol and oleic acid, catalyzed with immobilized lipase from Rhizomucor miehei and esterification of citronellol and
lauric acid, catalyzed with immobilized lipase from Candida antarctica. Because the activity of all assayed enzymes
was retained in fested ILs, it can be concluded that all asayed ILs are adequate medium for enzymatic reactions. Only
[bmim][Cl] caused the deactivation of the enzymes, which is in agreement with published resuls.

Furthermore, enzyme-catalyzed transesterification of (R,S)-1-phenylethanol with vinyl acetate was studied in
synthesized ILs, as well. The influence of different reaction parameters on kinetic of abovementioned enzymatic reaction
wass studied. Due fo obtained results it can be concluded that immobilized lipase B from Candida antarctica is stable in
all assayed ILs. A complete conversion of (R)-1-phenylethancol into the (R)-1-phenylethyl acetate was achieved in

hydrophilic ionic liquid [bmim] [BF4], therefore all reaction parameters were studied in IL [omim] [BF4].

V. Pressure drop decrease in hydraulic systems and magnetic water freatment

Physically — mathematical model and computer programme for determining pressure drops in pipe systems with
adding surfactants for drag reduction were developed on the basis of orginally expanded Prandll theory of mixing.
Research was done for economic optimisation of real hydraulic systems.

In the field of magnetic water freatment (MWT) a hypothesis about magnetically accelerated nucleation of aragonite
in suspended form was given and experimentally confimed. The hypothesis was verified with gravimetric analyses of
sediments and linings in two comparable experimentdl lines. Samples were examined with x —ray diffraction and results
were explained by change of hydratation and by influence of Lorentz force in electrical double layer of colloid parficles.
A system of permanent magnets was made and opfimised for preventing and moving the water scale in pipe heat

exchangers.
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RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

Dolocitev osnovnih termodinamskih in transportnih lastnosti sistema potrebnih za nacrtovanje
procesov, kar zajema eksperimentalno dolocitev faznih ravnotezij in Studij prenosa snovi ter modeliranje
z uporabo termodinamskih in empiricnih modelov. /Determination of basic thermodynamic and
fransport properties of system, which are required for process design including experimental
determination of phase equilibria, mass transfer study and modelling by the use of thermodynamic and

empirical models.

Nacrtovanje in optimiranje konvencionalnih in visokotlacnih procesov, kot so: /Design and

optimization of conventioanl and hish pressure processes such as:

e  Ekstrakcijski ter adsorpcijski procesi za izolacijo in koncentriranje aktfivnih ucinkovin iz
naravnih materialov; in vitro testiranje antimikrobnih in anfioksidativnin akfivnosti ekstraktov
iz naravnih materialov. /Extraction and adsorption processes for isolation and
concentration of active ingredients from natural materials; in vifro testings of antimicrobial
and antioxidative activities of extracts from natural materials.

e Encimsko katalizirane reakcije za razvoj novih sinteznih poti z uporabo visokotlacnih
reaktorjev. /Enzyme catalyzed reactions for development of new synthesis paths by the use

of high pressure reactors.



e Razvoj novih postopkov in nanostrukturiranin materialov za imobilizacijo bioloskih substanc.
/Development of new processes and nanostructured materials for immobilization of
biological compounds.

e Procesiranje materialov, kjer potekajo raziskave na podrocju pridobivanja mikro- in
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and nanostfructured materials by PGSS™ process, and aerogels for development of new
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Sasa Sabeder, Nagrada sklada Henkel, Slovenija /Prize of Henkel Slovenia Found
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Zeliko Knez, Acta Chimica Slovenica
Zeliko Knez, Acta Chimica Biotechnica
Zeliko Knez, The Journal of Supercritical fluids

Zeliko Knez, Univerzitetna revija /Univesity Journal

ORGANIZACIJA MEDNARODNIH SRECANJ /ORGANISATION OF INTERNATIONAL MEETINGS

Zeliko Knez, 11th European Meeting on Supercritical Fluids, May 4-7 2008, Barcelona, Spain.
International Society for the Advancement of Supercritical Fluids

Zeliko Knez, Slovenski kemijski dnevi 2008, Maribor, 25. in 26. september 2008. Maribor:
Univerza v Mariboru, Fakulteta za kemijo in kemijsko tehnologijo /Slovenian chemical days
2008, Maribor, 25. and 26. september 2008. Maribor: University of Maribor, Faculty of
chemistry and chemical engineering.

Zeliko Knez, Socrates intensive course: HPCEP - IP "Basics, developments, research and

industrial applications in high pressure chemical engineering processes”



Zeliko Knez, Working Party on High Pressure Technology at European Federation of

Chemical Engineering.
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e SODELOVANJE Z UNIVERZAMI /COOPERATION WITH UNIVERSITIES
Erlangen, Nemcija (Prof. Dr. W. Arlt)
Bochum, Nemcija (Prof. Dr. E. Weidner)
Valladolid, Spanija (Prof. Maria Jose Cocero)
Trst, Italija ( Prof. Paolo Alesi)
Hamburg, Nemcija (Prof. Dr. Gert Brunner)
Graz, Avstrija (Prof. Dr. T. Gamse),
Zagreb, Hrvaska (Prof. Dr. Vasi¢—Racki)
Budimpesta, Madzarska (University of Technology and Economics, Budapest, Prof. Dr.
Bela Shimandi)
Budimpesta, Madzarska (Corvinus University of Budapest, Facultyof Food Science,
Department of Food Engineering (prof. dr. Gyula Vatai)
Kuba (Facultad de Ingenieria Mechanica de la Universidad de Oriente)
Novi Sad, Srbija (University of Novi Sad, Faculty of Technology, Chair of Applied and

Engineering Chemistry, prof. dr. Sonja Djilas)

e SODELOVANJE S PODJETJI /COOPERATION WITH COMPANIES:

Kemijska industrija /Chemical Industry
Helios, Domzale Helios-Sl
Kaldera d.o.o., Slovenska bistrica

Tanin, Sevnica

Farmaceviska industrija /Pharmaceutical industry
Krka, tovarna zdravil, Novo Mesto
Sandoz Lek, Ljubljana

Mariborske Lekarne, Maribor

Prehrambena industrija /Food Industry

Vitiva, d.o.o., Markovci

Kozmeti¢na industrija /Cosmetic Industry

Rausch, Svica

RAZISKOVALNA OPREMA /RESEARCH EQUIPMENT

e Visokoflacne ekstrakcijske naprave v laboratorijskem in pilotnem merilu /High pressure
extraction plants in laboratory and pilot scale

e Visokoflacni avtoklavi in opticne celice za dolocanje faznih ravnotezij v sistemih trdno-
tekocCe in tekocCe-tekoCe /High pressure vessels and view cells for determination of phase
equilibria in systems solid-liquid and liquid-liquid

e Visokoflatna magnetna tehtnica /High pressure magnetic balance



e Visokotlacni sarzni reaktorji /High pressure batch reactors

e Visokotlacni encimski reaktorji: kontinuirni cevni, Sarzni /High pressure enzyme reactors:
continuous tubular, batch

e Visokotla¢ni encimski membranski reaktorji /High pressure enzyme membrane reactors,

e Visokotlacne Crpalke /High pressure pumps

e Andlitski in preparativni superkriticni kromatograf z UV-VIS detektorjem /Analytical and
preparative supercritical chromatograph with UV-VIS detector

e Naprave za visokotflaCne mikronizacijske procese v laboratorijskem in pilotnem merilu
(PGSS™ naprava) /Equipment for high pressure micronisation processes in laboratory and
pilot scale (PGSS™ plant)

e Rektifikacijska kolona /Rectification column

e Centrifuge /Centrifuges

e Uparjalniki /Evaporators

e Ultrazvocne kopeli /Ultrasound baths

e Instrumenti za tekocinsko kromatografijo visoke locliivosti (HPLC) /Iinsfruments for high
performance liquid chromatography (HPLC)

e  UV-VIS spektrofotometer /UV-VIS spectrophotometer

e Instrument za merjenje optiCne gostote, fluorescence in luminescence /Instrument for
measurements of optical density, fluorescence and luminescence

e Laserski granulometer /Laser granulometer

e Klimatske komore /Climatic test cabinets

o Lliofilizator /Freeze-dryer

e Laminarna komora /Laminar cabinet

e Inkubatorji za gojenje mikroorganizmov /Incubators

e Avtoklav za sterilizacijo /Avtoclave for sterilization

e Svetlobni mikroskop /Light microscope

RAZISKOVALNI PROGRAMI IN PROJEKTI /RESEARCH PROGRAMMES AND PROJECTS
PROGRAMSKA SKUPINA/RESEARCH PROGRAMME GROUP

e P2-0046: Separcijski procesi in produktna tehnika /Separation processes and
production design

Nosilec /Pricipal Researcher: Zeliko Knez

ARRS PROJEKTI/ARRS PROJECTS

e  Formuliranje prasnih lakov z visokotlacnim postopkom /Formulation of powder
coatings with high pressure process
Nosilec /Pricipal Researcher: Mojca Skerget

e Separacija in formulacija biolosko aktivnih snovi izoliranih iz rastlinskin materialov
/Separation and formulation of biologycal active compounds isotated from plant

materials



Nosilec /Pricipal Researcher: Zeljko Knez

e Sinfeza in rekonstrukcija procesov na osnovi alternativnih obnovljivin virov za
proizvodnjo zelene energije /Synthesis and recontruction of processes on the basis
of alternative renewed sources for green energy production

Nosilec/Pricipal Researcher: Zdravko Kravanja

PROJEKTI /PROJECTS

e Raziskovalni & razvojni projekt Center Odlicnosti “Superkriticni fluidi” /Research and
development project of Centre of Excellence nSupercritical fluids«
e Razvoj raziskovalne infrastrukture Centra Odlicnosti “superkriticni fluidi” /Research

infrastructure project of Centre of Excellence »Supercritical fluids«

RAZISKOVALNI PROGRAMI EU /RESEARCH PROGRAMMS OF EU
6. OKVIRNI PROGRAM EU /6™ EU FRAMEWORK PROGRAMMES

COST D30 - High pressure tunning of chemical and biochemical processes
Marie Curie Research trainig Network
e Green Chemistry in Supercritical Fluids: Phase Behaviour, Kinetics and Scale-up —
“"SUPERGREENCHEM"
Marie Curie Early Stage Research Training Site
e Green/Clean Processing of Bioactive Materials - »SUB CLEAN PROBIOMAT«

7. OKVIRNI PROGRAM EU /7™ EU FRAMEWORK PROGRAMMES
Reforming of Crude Glycerine in Supercritical Water to produce methanol for Re-use in
biodisel plants — »SUPER METHANOL« (Koordinator projekta BTG Biomass Technology Group,

Nizozemska)

BILATERALNI MEDNARODNI PROJEKTI /BILATERAL COOPERATIONS

e Srbijain Crna gora /Serbia and Monte Negro
Antioksidativna akfivnost rastlinskin ekstraktov/Antioxidative activity of plant
extracts).
Nosilec /Pricipal Researcher: Zeljko Knez

e  Madzarska /Hungary
Encimske esterifikacije v "zelenih" topilih /Enzymatic esterifications in “green”
solvents.
Nosilka /Pricipal Researcher: Maja Habulin

e  Madzarska /Hungary
Separacija in  koncenfriranje  naravnih  ucinkovin  /Separation and
concentration of natural active ingredients
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POROCILO O IZOBRAZEVALNI IN RAZISKOVALNI DEJAVNOSTI V LETU 2008

LABORATORIIJI

LABORATORIJ ZA PROCESNO SISTEMSKO TEHNIKO IN TRAJNOSTNI RAZVOJ

VODJA LABORATORIJA /HEAD

Red. prof. dr. Zdravko Kravanja

SODELAVCI /PERSONEL

Visokosolski ucitelji /Teachers
Izr. prof. dr. Branko Bufinar
Izr. prof. dr. Andreja Gorsek
Doc. dr. Majda Krajnc

Doc. dr. Zorka Novak Pintari¢

Asistenti /Assistants
Doc. dr. Anita Kovac Kralj
Doc. dr. Damjan Krajnc

Doc. dr. Severina Oreski

Sodelavci /Co — Workers
Dr. Natasa Irsi¢ Bedenik
Katja Kocuvan

Bojana Ziberna

LABORATORY FOR PROCESS SYSTEMS ENGINEERING AND SUSTAINABLE DEVELOPMENT

Mladi raziskovalci in podiplomski Studenti /Joung Researches and Postgraduate Students

Milos Bogataqj
Marko Tramsek
Lidija Cucek

UM FAKULTETA ZA KEMIJO IN KEMIJSKO TEHNOLOGIJO



Mihael Kasas
Rebeka Lukman

Katja Zajsek

Tehnic¢ni sodelavec /Technician

Samo Simonic

Zasluzni profesor /Emeritus professor

Prof. dr. Peter Glavic

IZOBRAZEVALNA DEJAVNOST /LECTURED COURSES

FKKT /FACULTY OF CHEMISTRY AND CHEMICAL ENGINNERING
Dodiplomski programi /Undergraduate Programmes
Procesne bilance /Process Balances
Dinamika procesov /Process Dynamics
Gradiva /Material Science
Reakcijska tehnika /Chemical Reaction Engineering
Nacrtovanje procesov | /Process Design |
Nacrtovanje procesov Il /Process Design Il
Optimiranje procesov /Process Optimization
Razvoj procesov /Process Development
Procesna integracija | /Process Integration |
Bioreakcijska tehnika /Biochemical Engineering
Procesna integracija Il /Process Integration |l
Anorganska tfehnologija (izbirni) /Inorganic Tehnology (elective)
Racunalnisko projektiranje procesov (izbirni) /Computer Aided Process Design

(elective)

Podiplomski programi /Postgraduate programmes
Kemijsko-tehnisko poucevanije in u¢enje /Chemical Engineering Education,
Sinteza sistemov /System Synthesis
Numericne metode v kemiji in kemijski tehniki /Numerical Methods in Chemical
and Chemical Engineering
Reakcijska tehnika Il (izbirni) /Chemical Reaction Engineering Il (elective)
Procesna sistemska tehnika (izbirni) /Process Systems Engineering (elective)
Upravljanje procesov v pogojinh negotovosti (izbirni) /Process Management under
Uncertainty (elective)
Varnost kemijskin procesov (izbirni) /Process Safety (elective)
Metode umetne inteligence v kemiji in kemijski tehniki (izbirni) /Methods of
Artificial Inteligence in Chemistry and Chemical Engineering (elective)
Racunalnisko programiranje (izbirni) /Computer Programming (elective)

Trajnostni razvoj (izbimi) /Sustainable Development (elective)



RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

RAZISKOVALNO PODROCJE /RESEARCH FIELDS

laboratorija je celovito nacrtovanje produktov in procesov od izbora trajnostnih surovin,
reakcijskih poti in proizvodnih postopkov do produktov z Zzelenimi lastnostmi. Pri tem uporabljamo celovit
procesno-sistemski pristop, v katerega vkljucujemo trajnostni razvoj in skrb za okolje. Raziskave potekajo
v naslednjih sklopih:

/of Laboratory for Process Systems Engineering and Sustainable Development is integral design
of products and processes from selection of sustainable raw materials, reaction paths, and
manufacturing procedures, up to the development of products and processes with the desired
properties. A process systems approach is applied which involves aspects of sustainable development

and preservation of the environment. Scientific researches are carried out in the following areas:

Nacrtovanje in integracija procesov /Process design and integration

Razvijamo simulacijske in optimizacijske modele za nacrtovanje in rekonstruiranje kemijskin in
biokemijskin procesov ter za integracijo snovnih in energijskih virov. Razvijamo inovativhe optimizacijske
strategije za reSevanje obseznih kombinatornin problemov, pristope za veckriterijsko in dinamic¢no
optimiranje, stohasticne in veCperiodne pristope za obvladovanje negotovosti in tveganja.

/Advanced optimization models are developed for design and reconstruction of chemical and
biochemical processes, as well as for integration of mass and energy sources. Innovative optimization
strategies are developed for solving large-scale combinatorial problems, stochastic and multiperiod
approaches for managing risk and uncertainty, and methods for mulficriteria and dynamic

optimization.

Optimiranje obratovanja in poslovanja celotnih podijetij /Entferprise-wide optimization

Razvijamo racunalnisko podprto infrastrukturo za optimiranje obratovanja in poslovanja celotnih
podijetij (Enterprise Wide Optimization), ki zdruzuje optimizacijske modele in algoritme za optimiranje in
integriranje odlocitvenih procesov na operativni, takticni in strateski ravni, npr. razvoj novih produktov,
procesov in tehnologij, optimiranje obratovanja, zalog in oskrbovalnih mrez, c¢asovno razporejanje,
investicijsko odlocanje ipd.

/Computer aided infrastructure for Enterprise Wide Optimization is developed which involves
optimization models and algorithms for optimization and integration of the decision-making process
accross the operational, tactical and startegic levels. This involves the development of new products,
processes and technologies, optimization of supply, manufacturing and distribution actfivities, inventory

control, scheduling, and long-term strategic decisions related fo sourcing and investment.

Sinteze novih (bio)reakcijskih poti, bio in biofarmaceviskih procesov /Synthesis of new

(bioJreaction paths, bio- and biopharmaceutical processes

Razvijamo in nacrtujemo nove industrijske (bio)katalitske procese, (bio)reakcijske sisteme in

biorafinerije. Nacrtujemo nove intermediate, predvsem s podrocja farmacije, da bi dosegli proizvodnjo



produktov z izboljSanimi oz. novimi funkcionalnimi lastnostmi. Uvajamo inovativne fermentacijske tehnike
za proizvodnjo biokemijskih in biofarmacevtskin produktov, raziskujemo bioreakcije za ucinkovitejse
snovno in energetsko izkoris€anje obnovljivih virov in odpadkov ter sodelujemo pri nacrtovanju
kompleksnih beljakovinskin generi¢nih zdravil iz sesalskih celic.

/New industrial (bio)catalytic processes, (bio)reaction systems, and biorefineries are developed
and designed. Novel intermediates, particularly for the pharmaceutics, are discovered with the
emphasis on producing products with improved and completely novel functional characteristics.
Innovative fermentation techniques for the production of biochemical and biopharmaceutical
products are infroduced. Bioreactions for more efficient mass and energy exploitation of renewable
resources and wastes are developed. Laboratfory collaborates in the design and development of

complex albuminous generic medicines from mammalian cells.

Povecana raba obnoviljivih virov /Increasing use of renewable resources

S procesno-sistemskim pristopom razvijamo postopke za pridobivanje zelene energie in
dragocenih produktov iz razlicnih vrst biomase, zlasti iz energijskih rastlin ter komunalnih in industrijskih
odpadkov ter za proizvodnjo biodizla in goriv druge generacije.

/Processes for the production of green energy, second generation biofuels and specialty
products from different sorts of biomass, especially from energy crops, municipal and industry solid-

waste, are developed by processes systems engineering approach.

Inizanje obremenjevanja okolja /Environmental impact reduction

Raziskujemo inovativhe tehnologije prepreCevanja nastajanja odpadkov, pristope za okoljsko
nacrtovanje proizvodov in procesov ter metodologije ocenjevanja vplivov na okolie v celothem
Zivlienjskem krogu (LCA). Razvijamo kazalce in metodologije porocanja o frajnostnem razvoju podijeti
0z. organizacij.

/The research is focused on innovative technologies for waste minimization, approaches to
eco-design of products and processes, and methodologies for environmental impact assessment over
the life-cycle (LCA). Indicators and methodologies for sustainability reporting in companies and

organizations are investigated.

Prenos znanja in tehnoloskih resitev /Knowledge and technologies transfer

Skrbimo za prenos znanja in tehnologij med industrijskim in akademskim okolijem, za razvoj
informacijsko komunikacijskin tehnologij in elektronskih u€nih okolij. Nova znanja vkljuCujemo v bolonjske
Studijske programe.

/The transfer of knowledge and technologies between industrial and academic environments
on the basis of IC technologies and electronic educational tools are provided. New knowledge is

implemented into Bologna compliant educational programs.



POMEMBNI DOSEZKI SODELAVCEV /SIGNIFICANT ACHIEVEMENTS OF STAFF

CLANSTVO V AKADEMIJAH /MEMBERSHIP IN ACADEMIES

Peter GlaviC, redni Clan in predsednik InZenirske akademije Slovenije /President of the

Engineering Academy of Slovenia

CLANSTVO V MEDNARODNIH UREDNISKIH ODBORIH /MEMBERSHIP IN INTERNATIONAL EDITORIAL BOARDS

Zdravko Kravanja, Chemical Engineering Research and Design

Zdravko Kravanja, Chemical and Biochemical Engineering Quarterly

Zdravko Kravanja, Periodica Polytechnic

Peter Glavi¢, Resources, Conservation and Recycling

Peter Glavi¢, Chemical and Biochemical Engineering Quarterly

Zdravko Kravanja, predsednik evropskega komiteja za uporabo racunalnikov pri
poucevanju kemijske fehnike (EURECHA) /Chairman of the European Committee for
Computers in Chemical Engineering Education (EURECHA)

Zdravko Kravanja, ¢lan delovnih skupin za izobrazevanje kemijske tehnike in za racunalnisko
podprto kemijsko tehniko pri Evropski zvezi za kemijsko tehniko (EFCE) /member of Working
Party for Computer Aided Process Engineering, and Working Party for Education at
European Federation of Chemical Engineering (EFCE)

Zorka Novak Pintari¢, ¢lanica delovne skupine za prepreCevanje izgub in promocijo
varnosti pri Evropski zvezi za kemijsko tehniko (EFCE) /member of Working Party for Loss
Prevention and Safety Promotion at European Federation of Chemical Engineering (EFCE)
Zdravko Kravanja, vodja Razvojne skupine za procesno tehnologijo pri Sluzbi viade
Republike Slovenije za razvoj /president of the Development Group for Process Technology
at the Slovenian Government Office for Growth

Peter Glavic, ¢lan Zrcalne skupine (Mirror Group) evropske tehnoloske platforme SusChem,
/member of the Mirror Group at the European Technology Platform for Sustainable
Development (SusChem),

Peter Glavic, predsednik Sekcije za kemijsko in procesno tehnologijo Slovenskega
kemijskega drustva /president of Chemical and Process Technology Section at the
Slovenian Chemical Society

Peter Glavic, predsednik drustva ekonomistov /president of the Economist Association of

Maribor

ORGANIZACIJA MEDNARODNIH SRECANJ /ORGANISATION OF INTERNATIONAL MEETINGS

Zdravko Kravanja, kongresi /conferences PSE, ESCAPE
Peter Glavic, kongresi /conferences PSE, WCCE, ESCAPE, PRESS, ECCE, ESBES
Peter Glavic, delavnica NATO /NATO Workshop

Peter Glavic, Slovenski kemijski dnevi /conference: Slovenian Chemical Days



SODELOVANUJE Z USTANOVAMI IN PODJETJI /COOPERATION WITH INSTITUTIONS AND COMPANIES

SODELOVANJE Z INSTITUTI IN MEDNARODNIMI ZNANSTVENIMI ZDRUZENJI /COOPERATION
WITH INSTITUTES AND INTERNATIONAL SCIENTIFIC ASSOCIATIONS
Mednarodna znanstvena zdruzenja CAPE — Evropska zveza za kemijsko tehniko, osredniji
odbor PREPARE /Core Group of PREPARE (Preventive Environmental Approaches in
Europe)
Evropske fehnoloske platforme Sustainable Chemistry, Food for Life in Biofuels
/European Technology Platforms 'Sustainable Chemistry', 'Food for Life' and 'Biofuels'
Slovenska kemijska platforma SiKem /Slovenian Chemical Platform SiKem
Slovenska tehnoloska platforma za vode /Slovenian Water Technology Platform
Slovenski centrer odlicnosti za okoljske tehnologije /Slovenian Cenfre of Excellence for
Environmental Technologies
ZRS Bistra Ptuj /Scientific Research Centre Bistra Ptuj
Fakulteta za gradbenistvo UM, /Faculty of Civil Engineering at the University of Maribor
Institut Jozef Stefan, Ljubljana
Evropska federacija za kemijsko ftehniko (EFCE) /European Federation of Chemical
Engineering (EFCE)
Evropski komite za racunalnisko podprto izobrazevanje kemijske tehnike EURECHA

/European Committee for Computers in Chemical Engineering Education EURECHA

SODELOVANLJE S PODJETJI /COOPERATION WITH COMPANIES
Perutnina Ptuyj
Krka Novo mesto
Lek Ljubljana
Naofta Lendava
Tanin Kemic¢na industrija Sevnica
Pinus Race
Pivovarna Lasko
TDR Metalurgija Ruse

Mariborske lekarne, Maribor

RAZISKOVALNA OPREMA /RESEARCH EQUIPMENT

Programska oprema za racunalnisko podprto procesno tehniko: Aspen+, HYSYS, SuperPro
Designer, SuperTarget, PHAST, DIPPR /Software for Computer Aided Process Engineering:
Aspen+, HYSYS, SuperPro Designer, SuperTarget, PHAST, DIPPR

Opftimizacijska programska oprema: GAMS, MIPSYN-MINLP, ICAS, Interfaces /Optimization
Software: GAMS, MIPSYN-MINLP, ICAS, Interfaces

Matemati¢na programska oprema: MathCad, MATLAB, Mathematica, Polymath /Math
Software: MathCad, MATLAB, Mathematica, Polymath

Reaktor za kemijske reakcije v tekoci fazi Armfield /Liquid phase chemical reactor Armfield

Pretocni cevni reaktor Armfield /Tubular flow reactor Armfield



e  Avtomatski laboratorijski reaktor RC1 Mettler Toledo /Reaction Calorimeter RC1 Mettler
Toledo

e Spekirofotometer ReactiR IC10 /Spectrophotometer ReactiR IC 10

e Anaerobniin aerobnireaktor Armfield /Anaerobic and aerobic reactors Armfield

e CEU katalitski reaktor Armfield /CEU catalytic reactor Armfield

e Izobrazevalna oprema za korozijo Armfield /Corrosion study kit Armfield

e Aeracijska enota /Aeration unit

e |zobrazevalna oprema za regulacijo procesov Armfield /Process Confrol Teaching System
Armfield

e Reakcijski sistem RSST /RSST reactive system screening tool

e Oprema za testiranje pozarne in eksplozijske varnosti MP-1, MP-4 KUhner /Safety Testing
Equipment MP-1, MP-4 KGhner

e Laboratorij za ekolosko tehnologijo /Laboratory of ecological technology

e Membranski bioreaktor ZW-10 Zenon /Membrane Bioreactor ZW-10 Zenon

e Enota zareverzno osmozo Culligan /Reverse Osmosis Unit Culligan

e Ozonator Wedeco /Ozone generator Wedeco

e Flokulacijski sistem za JAR — test /Flocculation system for JAR - test

RAZISKOVALNI PROGRAMI IN PROJEKTI /RESEARCH PROGRAMMES AND PROJECTS
PROGRAMSKA SKUPINA/RESEARCH PROGRAMME GROUP

e P2-032: Procesna sistemska tehnika in trajnostni razvoj/ Process System Engineering
And Sustainable Development

Nosilec /Pricipal Researcher: Zdravko Kravanja

ARRS PROJEKTI /ARRS PROJECTS
e  Projekt V4-0489 v okviru Cilinega raziskovalnega programa Konkurencnost Slovenije
2006-2013 v letu 2008: Razvoj strateskih scenarijev in optimalnih struktur trajnostne
proizvodnje biogoriv v Sloveniji /Development of strategic scenarios and optimal
structures for sustainable production of biofuels in Slovenia
Nosilec /Pricipal Researcher: Zorka Novak Pintaric
e Sinteza in rekonstrukcija procesov na osnovi alternativnin obnovljivih virov za
proizvodnjo zelene energije /Synthesis and recontruction of processes on the basis
of alternative renewed sources for green energy production
Nosilec /Pricipal Researcher: Zdravko Kravanja
PROJEKTI /PROJECTS
¢ Implementacija bolonjskega procesa 2008-2009: Bolonjski programi kemije,
kemijske tehnike in izobrazevalne kemije na UM /Bologna Programmes in Chemical
Engineering, Chemistry and Educational Chemistry at the University of Maribor
Nosilec /Pricipal Researcher: Peter Glavic
e Raziskovalno-razvojni projekt EUREKA §t. EI3611 Akronim: BIOPUR

Nosilec /Pricipal Researcher: Peter Glavic



RAZISKOVALNI PROGRAMI EU /RESEARCH PROGRAMMS OF EU

e Postgraduate School of Industrial Ecology (PSIE,) Koordinator: Norvegian University
of Science and Technology /Postgraduate School of Industrial Ecology (PSIE),
Coordinator: Norvegian University of Science and Technology
Nosilec /Pricipal Researcher: Peter Glavic

e Towards Sustainable Sugar Industry in Europe (TOSSIE), Koordinator /Coordinator:
Politechnika Warszawska (Warshaw University of Technology), Poland
Nosilec /Pricipal Researcher: Peter Glavic

e INTELLIGENT ENERGY — EUROPE (EIE) Proposal acronym: EINSTEIN
Nosilec /Pricipal Researcher: Peter Glavic

e Interreg lll A SLO-HU-HR: EKOPLAN

Nosilec /Pricipal Researcher: Zdravko Kravanja

BILATERALNI MEDNARODNI PROJEKTI /BILATERALCOOPERATIONS

e /DA /USA
Sinteza frajnostnih procesov z optimiranjem MINLP /Synthesis of sustainable
processes with MINLP optimization

Nosilec /Pricipal Researcher: Zdravko Kravanja

BIBLIOGRAFIJA 2008 /REFERENCES 2008
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http://www.scipub.org/fulltext/ajas/ajas5148-54.pdf. [COBISS.SI-ID 11549462]
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TRAMSEK, Marko, GORSEK, Andreja. Aerobic digester design for the biodegradation of plant
fannins in industrial wastewater. Chem. biochem. eng. qg., 2008, vol. 22, no. 1, str. 89-95.
http://www.fkit.hr/cabeq/pdf/22_1_2008/Cabeq_%202008_01_09.pdf. [COBISS.SIHD 12158484]

GORSEK, Andreja, PETEK, Janez. Life cycle analysis in glass reinforced polyester production : a
case study. CP/RAC annual technical publication, March 2008, 7, str. 89-100. [COBISS.SI-ID
62311425]

TRAMSEK, Marko, GORSEK, Andreja. Analysis of growth models for batch kefir grain biomass
production in RC1 reaction system. J. food process eng., 2008, vol. 31, iss. 6, str. 754-767.
http://dx.doi.org/10.1111/j.1745-4530.2007.00187 .x. [COBISS.SI-ID 12374038]

ZAJSEK, Katja, GORSEK, Andreja. In-situ investigation of sucrose hydrolysis - successful link
between design of experiment, RC1 and reactIR system. Rev. chim. (Bucur.), 2008, vol. 59, nr. 12,
str. 1308-1313. http://www.revistadechimie.ro/pdf/ZAJSEC%20K.pdf. [COBISS.SI-ID 12892438]
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17. Journal of chemical and engineering data. Fuchs-Godec, Regina (pisec recenzij 2008).
Washington: American Chemical Society. ISSN 0021-9568. [COBISS.SI-ID 25714944]

UREDNIK /EDITOR

18. KRAVANJA, Zdravko (ur.), NOVAK-PINTARIC, Zorka (ur.), SLEMNIK, Mojca (ur.), SIMONIC, Samo
(ur.). Fakulteta za kemijo in kemijsko tehnologijo : izzivi na pragu lll. tisoCletja. Prenovljena izd.
Maribor: Fakulteta za kemijo in kemijsko fehnologijo, 2008. 36 str., ilustr. ISBN 978-961-248-064-6.
[COBISS.SI-ID 243482880]

DRUGI CLANKI ALI SESTAVKI /OTHER ARTICLES OR COMPONENT PARTS

19. JAGODIC, Marko, DOLECEK, Valter, GOTLIH, Karl. FEANI in Slovenski nacionalni komite FEANI.
InZenir, 2008, vol. 1, §t. 1, str. 13-15. [COBISS.SI-ID 12394518]

PREVAJALEC /TRANSLATOR

20. GRAUNAR, Mojca (ur.). Kemija 2000, Delovni zvezek : za srednje strokovno in poklicno-tehnisko
izobraZevanje. 2. izd. Ljubljana: DZS, 2008. VIII, 151 str., ilustr. ISBN 978-86-341-3878-8. [COBISS.SI-ID
237257472] , Valter DOLECEK

KOMENTOR - DRUGO /CO-SUPERVISOR — OTHER

21. SLAMCEVIC RAZBORSEK, Masa. Dolo&evanje izbranih terpenskih in fenolnih spojin v rastlinskih
ekstraktih s plinsko kromatografijo in masno spekirometrijo = Determination of selected terpenic
and phenolic compounds in plant extracts by gas chromatography and mass spectrometry. V:
PLEVNIK, Miha (ur.). 38. Krkine nagrade = 38th Krka Prizes, 18. simpozij, Novo mesto, 17. oktober
2008. 38. Krkine nagrade : zbornik povzetkov : 18. simpozij/ Zbornik povzetkov, Novo mesto, 17.
oktober 2008. Novo mesto: Krka, 2008, str. 56. [COBISS.SI-ID 12829974], Valter DOLECEK.
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POROCILO O IZOBRAZEVALNI IN RAZISKOVALNI DEJAVNOSTI V LETU 2008

LABORATORIIJI

LABORATORIJ ZA ANALIZNO KEMIJO IN INDUSTRIJSKO ANALIZO
LABORATORY FOR ANALYTICAL CHEMISTRY AND INDUSTRIAL ANAYSIS

VODJA LABORATORIJA /HEAD

Izr. prof. dr. Darinka Brodnjak - Voncina

SODELAVCI /PERSONEL
Asistenti /Assistants
Doc. dr. Mitja Kolar

Dr. Masa Islamcevi¢ Razboriek

Raziskovalka /Researcher

Katja Snuderl

Tehni¢na sodelavca /Technicians
Lidija Vodeb

Igor Gros

Zasluzni profesor /Emeritus professor
Prof. dr. Danilo Dobcnik

IZOBRAZEVALNA DEJAVNOST /LECTURED COURSES

FKKT /FACULTY OF CHEMISTRY AND CHEMICAL ENGINNERING

Dodiplomski programi /Undergraduate Programmes

Analizna kemija | /Analytical Chemistry |

Analizna kemija Il /Analytical Chemistry |l

Industrijska analiza /Industrial Analysis

UM FAKULTETA ZA KEMIJO IN KEMIJSKO TEHNOLOGIJO



Podiplomski programi /Postgraduate Programmes
Kemometricne in statisticne metode v analizni kemiji /Chemometrical and
Statistical Methods in Analytical Chemistry
Meritve v kemiji /Measurements in Chemistry

Meritve v okolju /Measurements in Environment

IZVEN FKKT /EXTRAMURAL COURSES

Dodiplomski programi /Undergraduate Programmes

Analizna kemija /Analytical Chemistry, FNM, UM

RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

RAZISKOVALNO PODROCJE
laboratorija obsega: razvoj, opfimizacijo in validacijo novih analiznih metod. Raziskave
potekajo v treh sklopih
/RESEARCH FIELDS of the laboratory contains research, optimization and validation of new

analytical methods. Researh is running in three main fields :

Elekirokemijske raziskave /Electrochemical research

Razvoj novih postopkov za pripravo potenciometricnih senzorjev (kemijska, sonokemijska
aktivacija elektrodne povrsine, novi memibranski materiali). Potenciometricne lastnosti dopolnjuje studij
povrsinskih lastnosti  (elektronska mikroskopija, Augerjeva elektronska spektroskopija in elektronska
spekiroskopija s kemijsko analizo). Potenciometricne senzorje primerjamo z drugimi analiznimi metodami
in jih uporabljamo za andalize v realnih sistemih (okolje, kemija, farmacija) ter v pretocnih injekcijskih
sistemih.

/Development of new procedures for preparing pofentiomefric sensors (chemical,
sonochemical activation of electrode surface, new membrane materials). Potentiometric properties
complement study of surface properties (electronic microscopy, Auger electronic spectroscopy and
electronic spectroscopy) with chemical analysis. Potentiometric sensors are comparing with other
methods and are used for analyses in real systems (environment, chemistry, pharmacy ) and in flow

injection systems.

Kemometrija /Chemometrics

Raziskave na podroCju novih analiznih metod, razvoj in optimizacija analiznih metod,
ovrednotenje (validacija) analiznih metod, ovrednotenje merilne negotovosti rezultatov merjenja,
uporaba kemometricnih mefod za modeliranje in optimizacijo analiznih metod in uporaba
kemometricnih metod za ugotavljanje podobnosti lastnosti posameznih merjencev in za oceno
kvalitete merjenih rezultatov.

/Research of new analytical methods, development and optimization of analytical methods,
evaluation (validation) of analytical methods, evaluation of measurement uncertainty of analytical
results, use of chemometrics methods for modelling and optimization of analytical methods and for

searching of similarities between individual measurands for quality assesment of measurement results.



Kromatografske analizne metode /Chromatographic analytical methods

e plinska kromatografija/ Gas chromatography (GC)
e tekocinska kromatografija / Liquid chromatography (HPLC)

e ionska kromatografija / lon chromatography (IC)

POMEMBNI DOSEZKI SODELAVCEV /SIGNIFICANT ACHIEVEMENTS OF STAFF

ORGANIZACIJA SOL IN SEMINARJEV NA PODROCJU IZOBRAZEVANJA /ORGANIZATION OF SCHOOLS AND
SEMINARS IN THE FIELD OF EDUCATION

FKKT Univerze v Mariboru je v sodelovanju z Institutom za referencne materiale in meritve
Skupnega raziskovalnega centra Evropske komisije (EC-DG JRC IRMM, Geel, Belgija), Univerzo v
Ljubljani, Fakulteto za kemijo in kemijsko tehnologijo, Zavodom za zdravstveno varstvo Maribor,
Kemijskim institutom Ljubljana in Uradom RS za meroslovje (MIRS), Ze veckrat v okviru evropsko-slovenskih
projektov organizirala mednarodne poletne Sole in seminarje (TrainMiC in SENARC) za strokovnjake, ki se
ukvarjajo z analizami in meritvami v okolju in varni prehrani. Na seminarjinh so predstavljeni sodobni
pristopi k izvajanju kakovostnih analiz in meritev v kemiji in biokemiji, s poudarkom na fistih, ki se
opravljajo v okviru zahtev evropskih direktiv in drugih predpisov. Seminariji, ki so zasnovani modularno in
interaktivno, potekajo Zze od leta 2001 in se jih je do sedaj udelezilo ze vec kot 2300 slovenskih in tujih
strokovnjakov iz razlicnih laboratorijev, univerz, raziskovalnih institutov, akreditacijskih organov in
meroslovnih institucij. Vecina tujin udelezenceyv prihaja iz drzav zahodnega Balkana (iz Albanije, Bosne in
Hercegovine, Hrvaske, Makedonije, Srbije), nekateri pa tudi iz drzav Evropske unije (iz Gréije, Portugalske,

Romunije, Svedske in ltalije).

/In the frame of European-Slovenian projects international summer schools and seminars
(TrainMiC and SENARC) are organised by Faculty of Chemistry and Chemical Engineering, University
Maribor, in cooperation with Joint Research Centre, Institute for Reference Materials and Measurements
(EC-DG JRC IRMM, Geel, Belgium), University Liubliana, Faculty of Chemistry and Chemical Technology,
Public Health Institute, Maribor, National Institute of Chemistry Slovenia and Metrology Institute of the
Republic of Slovenia (MIRS). The schools and seminars were performed for experts, responsible for
analyses and measurements concerning environment and food safety. The program is devoted to
modern principles in accession of good quality analyses and measurements in chemistry and
biochemistry, especially for those concerning analyses in the frame of European legislation
requirements. Seminars, organized in modular and interactive way, are performing from since year 2001
and more than 2300 Slovenian and international experts from different laboratories, universities, research
institutes, accreditation bodies and metrology institutions are participated. Most participants are
coming from Western Balkan countries (Albania, Bosnia and Herzegovina, Croatia, Macedonia, Serbia),
but some of them are coming also from European countries (Greece, Portugal, Romania, Sweden and

Italy).



SODELOVANUJE Z USTANOVAMI IN PODJETJI /COOPERATION WITH INSTITUTIONS AND COMPANIES
e SODELOVANJE Z UNIVERZAMI /COOPERATION WITH UNIVERSITIES

Karl Franzens, Universitat Graz

Univerza v Ljubljani, Fakulteta za kemijo in kemijsko tehnologijo /University of Ljubljana,
Faculty of Chemistry and Chemical Engineering

Kemijsko-tehnoloski fakultet sveucilista Split

Slovak University of Technology in Bratislava

e SODELOVANUJE Z INSTITUTI IN PODJETJI /COOPERATION WITH INSTITUTES AND COMPANIES
Kemijski institut, Ljubljana / Chemical Institute, Ljubljana
Zavod za gradbenistvo Ljubljana /Slovenian National Building and Civil Engineering
Institute, Ljubljana.
Ministrstvo za visoko Solstvo, znanost in fehnologijo IMinistry of Higher Education, Science
and Technology
Javna agencija za raziskovalno dejavnost RS /Slovenian Research Agency
Institut za referencne materiale in meritve Skupnega raziskovalnega centra Evropske
komisije (EC-DG JRC IRMM, Geel, Belgija /Institute for Reference Materials and
Measurements
Urad RS za meroslovje, LC Celje /Metrology Institute, LC Celje

Zavod za zdravstveno varstvo Maribor

RAZISKOVALNA OPREMA /RESEARCH EQUIPMENT

e  Plinski kromatografski sistem s kvadrupolno ionsko plastjo (masnim detektorjem); GC/MS
/MS, Varian3900, Saturn 2100T / Chromatograph system with ion trap (mass detector);
GC/MS /MS, Varian 3900, Saturn 2100T

e  Plinski kromatograf GC /FID/ECD, HP 5890 /Gas chromatographs HP 5890 with FID and ECD
detectors

e  Plinski kromatograf GC / ECD HP 6890 /Gas chromatograph HP 6890 with ECD detector

e Tekocinski kromatograf z UV/VIS detektorjem in DAD detektorjem Varian 9065 /Liquid
chromatograph with UV/VIS detector and DAD detector Varian 9065, gradient pump
Varian Pro Star

e lonski kromatograf Dionex CD 20 /lon chromatograph Dionex ( CD 20 conductivity
detector, gradient pump Pro Star)

e AAS spekirofotometer PERKIN ELMER 1100 B /Atomic absorption spectrometer PerkinElmer
1100 B

e AAS spekirofotometer VARIAN SpectrAA 10 plus /Atomic absorption spectrometer Varian
SpectrAA 10 plus

e UV/VIS spekirofotometer CARY 1E /UV/VIS spektrofotometer CARY 1E

e Infrardeci spekirometer FTIR Perkin Elmer /FTIR spectrometer PerkinElmer

e UV/VIS spekirofotometer PERKIN ELMER 552 /UV/VIS spectrophotometer PERKIN ELMER 552



e tekocinski kromatograf HP 1100 z UV/VIS detektorjem gradientno crpalkoVarian Pro Star in
kolonskim termostatom /Liquid chromatograph HP 1100 with UV/VIS detector, gradient
pump Varian Pro Star and column thermostat

e SPE sistem za robotizirano analizo Zymark /Rapid frace SPE workstation Zymark

e avtomatski titfrator Mettler DL 70 ES /Automatic tifrator Mettler DL 70 ES

RAZISKOVALNI PROGRAMI IN PROJEKTI / RESEARCH PROGRAMMES AND PROJECTS

PROGRAMSKA SKUPINA /RESEARCH PROGRAMME GROUP

e P2-0006: Fizikalno kemijski pojavi na povriinskin plasteh in sinteza ter uporaba nanodelcev
/Physico Chemical Processes on the Surface Layers and Synthesis and Aplications of
Nanoparticles

Nosilka /Principal Researcher: Darinka Brodnjak Vonc&ina

PROJEKTI /PROJECTS

e CHEMISTRY EUROMASTER - prvi mednarodni konzorcij podiplomskih Studijskih programov
»Measurement Science in Chemistry« z moznostjo izobrazevanja na devetih evropskin
univerzah /CHEMISTRY EUROMASTER- The first International Consorfium of Master's
Degree Programs »Measurement Science in Chemistry« offering education af nine
European Universities.

e Modularni studij o merjenjih na podrocju kemije in biokemije ter vrednotenje
pridobljenih laboratorijskin izkusenj, projekt ESS-VS-06-3 /Modular study on
measurements in chemistry and biochemistry and evaluation of acquired laboratory
experiences, project ESS-VS-06-3.

e SENARC mednarodna poletna sola »Metrology in Chemistry Training for Western Balkan
Countries« /SENARC international summer school sMetrology in Chemistry Training for
Western Balkan Countries«

e TrainMiC (2001-2008) mednarodna izobrazevanja »Training in metrology in chemistry«

/TrainMiC (2001-2008) international workshops »Training in metrology in chemistry«.

RAZISKOVALNI PROGRAMI EU /RESEARCH PROGRAMMS OF EU

6. OKVIRNI PROGRAM EU /6™ EU FRAMEWORK PROGRAMMES
e FEU 6. OP : ADOPBIO- Advanced Oxidation Processes and and Biotreatments for
Waters Recycling in the Textile Industry.

7. OKVIRNI PROGRAM EU /7™ EU FRAMEWORK PROGRAMMES
e FP 7 ENV-2007- AquaFit4use, Innovative technologies and services for sustainable
water use in industries; project title: Sustainable Water use in chemical, food, paper

and textiles industry.



BILATERALNI MEDNARODNI PROJEKTI /BILATERAL COOPERATIONS

e Slovaska /Slovakia
Kemometricna karakterizacija meritev v okolju in prehrani /Chemometric
characterization of environmental and food analyses data

Nosilka /Principal researcher: Darinka Brodnjak Voncina

e Albanija /Albania
Zagotavljanje kakovosti meritev in razvoj analiznih postopkov okoljskin vzorcev in
vzorcev prehrane /Quality assurance of the measurement results of
environmental and food samples

Nosilka /Principal researcher: Darinka Brodnjak Voncina

e Bosnain Hercegovina /Bosnia and Hecegovina
Validacija in meriina negotovost dolocevanja tezkih kovin z AAS v pesku po
streljanju z malokalibrsko municijo /Validation and measurement uncertainty of
heavy metals using AAS from sand samples after shooting with small bore
ammunition

Nosilka /Principal researcher: Darinka Brodnjak Voncina

BIBLIOGRAFIJA 2008 /REFERENCES 2008
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Ernest. Determination of oleanolic, betulinic and ursolic acid in lamiaceae and mass spectral
fragmentation of their fimethylsilylated derivatives. Chromatographia, Mar. 2008, 67, no. 5-6, sir.
433-440. http://dx.doi.org/10.1365/s10337-008-0533-6. [COBISS.SI-ID 12124694]

OBJAVLJENI ZNANSTVENI PRISPEVEK NA KONFERENCI /PUBLISHED SCIENTIFIC ~CONFERENCE
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Maribor: Univerza v Mariboru, Fakulteta za kemijo in kemijsko tehnologijo, 2008, 7 str. [COBISS.SI-
ID 12694806]
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LABORATORIIJI

LABORATORIJ ZA ORGANSKO TER POLIMERNO KEMIJO IN TEHNOLOGIJO
LABORATORY FOR ORGANIC AND POLYMER CHEMISTRY AND TECHNOLOGY

VODJA LABORATORUJA /HEAD
Izr. prof. dr. Crtomir Stropnik

SODELAVCI /PERSONEL

Visokos$olski ucitelji /Teachers

Izr. prof. dr. Peter Krajnc

Asistenti /Assistants

Mag. Nermina Leber

Raziskovalec /Researcher

Sebastijan Kovacic

Tehniéna sodelavka /Technician

Vesna Lahovnik

Zasluzni profesor /Emeritus professor
Prof. dr. Mirko Ceh

IZOBRAZEVALNA DEJAVNOST /LECTURED COURSES

FKKT /FACULTY OF CHEMISTRY AND CHEMICAL ENGINNERING

Dodiplomski programi /Undergraduate Programmes

Organska kemija /Organic Chemistry

Polimerne membrane /Polimeric membranes

Kombinatorna kemija in uporaba polimernih nosilcev v kemiji /Combinatorial
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Chemistry and use of Polymer Supports in Chemistry

IZVEN FKKT /EXTRAMURAL COURSES

Dodiplomski programi /Undergraduate Programmes
Kemija /Chemistry, FNM, MF, UM
Biokemija /Biochemistry, MF, UM

Podiplomski programi /Postgraduate Programmes

Sinteti¢ni biopolimeri /Synthetic biopolymers, MF, UM

RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

RAZISKOVALNO PODROCJE /RESEARCH FIELDS

Polimerne asimetricne porozne membrane /Polymeric asymetric porous membranes

Studij mehanizmov formiranja raznih polimernih asimetriénih poroznih membran pripravijenih
po postopku mokre fazne inverzije /Study of mechanisms of formation of various asymetric
porous membranes prepared by wet phase inversion

Uporaba na podrocjih raznih vrst loCevanja oziroma separacije: medicina (umetne ledvice,
oksigenacija krvi), tehnologija pitnih in odpadnih vod, separacije v biotehnologiji ter
kemijsko-farmacevtski industriji itd. /Applications in the field of separation: medicine
(artificial kidneys, blood oxygenation), drinking water, biotechnology, pharmaceuticals...

Kemijska modifikacija povrSine polimernin asimetricnin poroznih membran /Chemical

modifications of surface

Biorazgradljivi in biokompatibilni polimeri /Biodegradable and biocompatible polymers

Sinteza poroznih polimerov na osnovi polisaharidov za aplikacije v tkivnem inZzenirstvu in za
nadzorovano sprosc¢anje zdravil /Synthesis of porous polymers based on polysaccharides for
tissue engineering and drug delivery

Sinteza poroznih zamrezenih polimerov akrilne kisline in akrilamida /Synthesis of porous

crosslinked polymers based on acrylamide and acrylic acid

Polimerni reaktorii in polimerni nosilci ter kombinatorna kemija /Polymeric reactors and carriers,

combinatorial chemistry

Priprava novih zrnatih in monolitnih polimerov za aplikacije v sintezni in analitski kemiji, pri
sistematicnem iskanju farmacevtskih ucinkovin z metodami kombinatorne kemije, pri
kolonski kromatografiji /Preparation of novel particulate and monolithic polymers for
synthetic and analytical chemistry, combinatorial chemistry, chromatography

Studij lastnosti novih polimernih materialov z metodami vrsti¢ne elekironske mikroskopije, FT
infrardece spekiroskopije, zivosrebrne in dusikove porozimetrije. /Characterisations of new

polymers by SEM, FTIR, porosimetry
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Sintezna organska kemija na frdni fazi-uporaba polimernih nosilcev za sinteze strukturno

analognih spaojin ter za vezavo prebitnih reaktantov iz reakcijskih zmesi pod pogoji pretocnih

tehnik /Synthetic organic chemistry by the use of solid polymeric supports

POMEMBNI DOSEZKI SODELAVCEV /SIGNIFICANT ACHIEVEMENTS OF STAFF
SODELOVANJE Z USTANOVAMI IN PODJETJI /COOPERATION WITH INSTITUTIONS AND COMPANIES

e SODELOVANJE Z UNIVERZAMI /COOPERATION WITH UNIVERSITIES

Techniche Universitat Graz.
Univesity of Durham, Department of Chemistry, Durham, UK

SODELOVANJE Z INSTITUTI IN PODJETJI /COOPERATION WITH INSTITUTES AND COMPANIES

Czech Academy of Sciences, Institute of Chemical Process Fundamentals, Prague,

Czech Republic
BIA Separations d.o.o.

RAZISKOVALNA OPREMA /RESEARCH EQUIPMENT

e  FTIR Spektrometer Perkin Elmer 1600

RAZISKOVALNI PROGRAMI IN PROJEKTI /RESEARCH PROGRAMMES AND PROJECTS

PROGRAMSKA SKUPINA /RESEARCH PROGRAMME GROUP
P2-0006: Fizikalno kemijski pojavi na povrsinskih plasteh in sinteza ter uporaba nanodelcev
/Physico Chemical Processes on the Surface Layers and Synthesis and Aplications of

Nanoparticles
Nosilka /Principal Researcher: Darinka Brodnjak Voncina

BILATERALNI MEDNARODNI PROJEKTI /BILATERAL COOPERATIONS

e Avstrija /Austria
Polimerni delci in monoliti za lo¢evanje katalizatorjev Metateze /Polymer

Particles and Monoliths for Methatesis Catalysts Removal
Nosilec /Principal researcher: Peter Krajnc

e Ceska /Czech Republic
Raziskave poroznosti polyHIPE nosilcev z ISEC metodo /Investigations of porosity

of polyHIPEs by ISEC methods

Nosilec /Principal researcher: Peter Krajnc
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RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

RAZISKOVALNO PODROCJE /RESEARCH FIELDS
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e Priprava bazenskih vod /Bathing water treatment
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Aquaterm, d.o.o.
Komunala Ptuj, d. o. o.
Lek Lendava
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RAZISKOVALNA OPREMA /RESEARCH EQUIPMENT

e  Membranski biorekator /Membrane bioreactor

e Naprava za reverzno osmozo Culligan /Reverse osmosis Culligan
e Laboratorisiki ozonator Wedeco /Ozone generator Wedeco

e Naprava za JAR test /JAR test

e Naprava za merjenje Zeta potenciala Surpass /Zeta potential Surpass

RAZISKOVALNI PROGRAMI IN PROJEKTI /RESEARCH PROGRAMMES AND PROJECTS

PROGRAMSKA SKUPINA/RESEARCH PROGRAMME GROUP

e P2-032: Procesna sistemska tehnika in frajnostni razvoj/ Process System Engineering
And Sustainable Development

Nosilec /Pricipal Researcher: Zdravko Kravanja

PROJEKTI /PROJECTS

e Eureka Aptex,
Nosilec /Pricipal Researcher: Irena Petrini¢

e Podiplomski projekt: Obdelava tekstiinih odpadnih voda v membranskem
bioreaktorju, /Postgraduate Project: Textile Wastewater Treatment using Membrane
Bioreactor

Nosilec /Pricipal Researcher: Irena Petrini¢
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LABORATORIIJI

LABORATORIJ ZA TERMOENERGETIKO
LABORATORY OF THERMOENERGETICS

VODJA LABORATORUJA /HEAD
Red. prof. dr. Jurij Krope

SODELAVCI /PERSONEL
Asistent /Assistant
Doc. dr. Darko Gori¢anec

Raziskovalka /Researcher

Danijela Dobersek

IZOBRAZEVALNA DEJAVNOST /LECTURED COURSES

FKKT /FACULTY OF CHEMISTRY AND CHEMICAL ENGINNERING

Dodiplomski programi /Undergraduate Programmes
Strojni elementi /Machine elements
Prenosni pojavi /Transmission phenomena

Procesne naprave /Process equipment

Podiplomski programi /Undergraduate Programmes
Procesna hladilna tehnika /Process cooling technology
Energetski management /Energy management
Prenosni pojavi v kemijski tehniki /Transmission phenomena in chemical
fechnology

Tehnologija obdelave odpadnih vod /Technology of waste eater freatment



IZVEN FKKT /EXTRAMURAL COURSES

Dodiplomski programi /Undergraduate Programmes

Oskrba industrijskin objektov /Industrial buildings supply, FE, UM

RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

RAZISKOVALNO PODROCJE
e Raziskave na podrocju ucinkovite rabe energije /Researches on the field of
efficient energy use
e Reditve za zmanjSano nalaganje vodnega kamna na grelnih povrsinah procesnih
naprav /Solutions for reduced water scale loading on heat surfaces of process

equipment

POMEMBNI DOSEZKI SODELAVCEV /SIGNIFICANT ACHIEVEMENTS OF STAFF

CLANSTVO V MEDNARODNIH UREDNISKIH ODBORIH /MEMBERSHIP IN INTERNATIONAL EDITORIAL BOARDS
Jurij Krope, Journal of energy technology
Jurij Krope, WSEAS TRANSACTIONS on HEAT and MASS TRANSFER.

ORGANIZACIJA MEDNARODNIH SRECANJ /ORGANISATION OF INTERNATIONAL MEETINGS
Jurij Krope, urednik /editor: Proceedings of the 5th WSEAS International Conference on HEAT
and MASS TRANSFER, Acapulco, Mexico, January 25-27, 2008.
Jurij Krope, Darko Goricanec — urednika /editors,
Danijela DoberSek — uredniski odbor /editorial committee: Proceedings of the 3rd IASME
/WSEAS International Conference on ENERGY & ENVIRONMENT,: University of Cambridge,
Cambridge, UK, February 23-25, 2008.
Jurij Krope - urednik /editor: Proceedings of the 6th IASME/WSEAS International Conference
on HEAT TRANSFER, THERMAL ENGINEERING and ENVIRONMENT (HTE'08), Rhodes, Greece,
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SODELOVANIJE Z USTANOVAMI IN PODJETJI /COOPERATION WITH INSTITUTIONS AND COMPANIES

e SODELOVANJE Z UNIVERZAMI /COOPERATION WITH UNIVERSITIES
Univerza v Beogradu /University in Belgrade
Univerza v Budimpesti / Budapest University
Univerza v Ljubljani /University Liubljana

Univerza v Splitu /University Split

e SODELOVANJE S PODJETJI /COOPERATION WITH COMPANIES:
Etol d.d., Celje

Termoelektrarna Trbovlje
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e hidravlicna miza /hidravliic table
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KOMENTOR - DRUGO /CO-SUPERVISOR - OTHER

17. KNEZ HRNCIC, Masa. Izolacija fosfolipidov iz Zivalskih in rastlinskih materialov = Isolation of
phospholipids from animal and plant materials. V: PLEVNIK, Miha (ur.). 38. Krkine nagrade = 38th

Krka Prizes, 18. simpozij, Novo mesto, 17. oktober 2008. 38. Krkine nagrade : zbornik povzetkov :

18. simpozij/ Zbornik povzetkov, Novo mesto, 17. okfober 2008. Novo mesto: Krka, 2008, str. 72.
[COBISS.SI-ID 12902934]
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LABORATORIIJI

LABORATORIJ ZA BIOKEMIJO, MOLEKULARNO BIOLOGIJO IN GENOMIKO
LABORATORY OF BIOCHEMISTRY, MOLECULAR BIOLOGY AND GENOMICS

VODJA LABORATORIJA /HEAD

Doc. dr. Uros Potocnik

SODELAVCI /PERSONEL
Asistenti /Assistants

Mag. Janez Simenc

Sodelavci /Personel
Katja Repnik
Mitja Mitrovic

IZOBRAZEVALNA DEJAVNOST /LECTURED COURSES

FKKT /FACULTY OF CHEMISTRY AND CHEMICAL ENGINNERING

Dodiplomski programi /Undergraduate Programmes
Mikrobiologija /Microbiology
Molekularna biologija (z gensko tehnologijo) /Molecular Biology (with Gene
Technology)

Toksikologija /Toxicology

Podiplomski programi /Postgraduate Programmes

Biomedicinska tehnologija / Biomedicine Technology

UM FAKULTETA ZA KEMIJO IN KEMIJSKO TEHNOLOGIJO



IZVEN FKKT /EXTRAMURAL COURSES

Dodiplomski programi /Undergraduate Programmes
Molekularna biologija /Molecular Biology, MF, UM
Genetika in genomika v medicini / Genetics and Genomics in Medicine, MF, UM
Biokemija in biofizika /Biochemistry and Biophysics, FZV, UM
Mikrobiologija s parazitologijo - sklop: Molekularna biologija in  genetika
/Microbyology with Parasitology — complex: Molecular Biology and Genetics, FZV,
UM

RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

RAZISKOVALNO PODROCJE

obsega podrocja biokemije, molekularne biologije, molekularne genetike, populacijske
genetike, genomike, farmakogenomike in bioinformatike. Uporabliamo nasjsodobnejfe metode
proucevanja humanega genoma za odkrivanje biomarkerjev za pogoste kompleksne bolezni kot so
kroni¢na Crevesna vnetna bolezen, Crohnova bolezen, astma, rak, kardiovaskularne bolezni, sladkorna
itd.

/RESEARCH FIELDS

Our research is in the fields of biochemistry, molecular biology, molecular genetics, population
genetics, genomics, pharmacogenomics and bioinformatics. We used state of art technology in human
genome research for discovery of biomarkers for common complex diseases including inflammatory

bowel diseases, Crohn disease, asthma, cancer, cardiovascular diseases, diabetes etc.

CILJI NASIH RAZISKAV /GOALS OF OUR RESEARCH:

o Dejavniki tveganja (genetska nagnjenost) /Genetic risk factors (susceptibility to complex
diseases)
e Molekularni mehanizmi nastanka bolezni /Molecular mechanisms of disease pathogenesis
e Molekularne tarCe za nacrtovanje novih zdravil nove generacije (ti. bioloskih zdravil)
/Molecular targets for development of new generation of biological drugs
e Molekularno diagnosticiranje (podtipi bolezni) /Molecular diagnostics including diseases
subtypes
e Napovedni dejavniki za potek in razvoj bolezni /Prognostic factors for disease development
e Povezave med odzivom na zdravlenje in gensko zasnovo (farmakogenetika in
farmakogenomika) s ciiem osebne medicine prilagojene na posameznikovo gensko
zasnovo, ki bo omogocala najbolj ucinkoviti rabo zdravil in najmanj nezeljenih ucinkov
/Corellations between treatment response and genetic predisposition (pharmacogenetics
and pharmacogenomics) for personalized medicine to maximize treatment efficiency and
avoid adverse drug reactions
Odkrivanje genetske nagnjenosti k pogostim kompleksnim boleznim (asociacijske studije) in odzivom na
zdravljenje (farmakogenomika) /Identification of genetic susceptibility to complex disease and

freatment response:



e Razvoj biobank klinicnih vzorcev opremljenih z orodji bioinformatike za iskanje povezav
genotip/fenotip /development of biobanks with integrated biocinformatic tools for discovery
of genotype/phenotype corellations

e Razvoj tehnologij za hitro, zaneslivo in cenovno ugodno gensko fipizacijo; frenutni
povdarek je na analizi DNA talilne krivulje visoke locliivost /Development of high throughput,
reliable and cost effective genotyping including high resolution melting curve analysis

e Razvoj aplikacij kvantitativnega merjena genske ekspresijie (PCR v realnem casu) in
dolo¢anja globalnih genetskih ekspresijskin profilov z uporabo mikromrez (bioCipov)
/Development of applications for quantitative gene expression using Real time PCR and for
determination of global gene expression profiles using microarrays (biochips)

e 7 analizo genetskih polimorfizmov posameznega nukleotida (ang SNP za Single nucleotide
polymorphisms) in haplofipov odkrivamo povezave med genetsko predispozicijo za
kompleksne bolezni in klinicnimi znacilnostmi posameznih bolezni /Indentification of genetic
susceptibility to complex diseases and disease clinical features using Single nucleotide
polymorphisms (SNP) and haplotype analysis

e Odkrivanje najbolj ucinkovitih genetskih in ekspresijskin profilov kot diagnosti¢nih in
prognosticnih biomarkerjev /Discovery of most efficient genetic and gene expression
profiles as disease prognostic and diagnostic biomarkers

e Sodelovanje s kliniCnimi institucijami za prenos znanja, najnovejsin tehnologij in odkritij
raziskav Cloveskega genoma v klinicno prakso za dobrorbit bolnikov /Collaboration with

clinical institutions for knowledge transfer into clinical practice for the benefit of the patients

POMEMBNI DOSEZKI SODELAVCEV /SIGNIFICANT ACHIEVEMENTS OF STAFF

SODELOVANUIJE Z USTANOVAMI IN PODJETJI /COLLABORATION WITH INSTITUTIONS AND ENTERPRISES

e SODELOVANJE Z UNIVERZAMI /COOPERATION WITH UNIVERSITIES
Univerza v Ljubljani, Medicinska fakulteta, Institut za patologijo, Oddelek za molekularno
genetiko /University of Ljubljana, Faculty of medicine, Institute for Pathology,

Department for Molecular Genetics

e SODELOVANJE Z DRUGIMI USTANOVAMI IN PODJETJI /COLLABORATION WITH OTHER
INSTITUTIONS AND ENTERPRISES
National Institute of Health, National Cancer Institute, Frederick, ZDA
Univerzitetni klini¢ni center Maribor /University Medical Centre Maribor

Univerzitetni klinicni center Ljubljana /University Medical Centre Ljubljana

RAZISKOVALNA OPREMA /RESEARCH EQUIPMENT

Eksperimentalno raziskovalno delo ¢lanov laboratorija poteka v okviru Centra za humano molekularno
genetiko in farmakogenomiko na Medicinski fakulteti Univeze v Mariboru. /Our researchers do their
experimental work in Cenfre for Human Molecular Genetics and Pharmacogenimics in Fafulty of

Medicine, University of Maribor.



RAZISKOVALNI PROGRAMI IN PROJEKTI /RESEARCH PROGRAMMES AND PROJECTS
e J3 - 7141 - 2334: Genetski dejavniki tveganja in farmakogenomika kompleksnih bolezni
prebavil
Nosilec /Principal Researcher: Uro§ Potocnik
e Bl - US/06 — 07 — 050 SLO - USA: Molekularno genetski in farmakogenomski oznacevalci pri
kompleksnih boleznih prebavil

Nosilec /Principal Researcher: Uro§ Potocnik

BIBLIOGRAFIJA 2008 /REFERENCES 2008

IZVIRNI ZNANSTVENI CLANEK /ORIGINAL SCIENTIFIC ARTICLE

1. POTOCNIK, Uro3, GLAVAC, Damjan, DEAN, Michael. Common germline MDR1/ABCB1 functional
polymorphisms and haplotypes modify susceptibility to colorectal cancers with high
microsatellite instability. Cancer genet. cytogenet.. [Print ed.], May 2008, vol. 183, iss. 1, str. 28-
34. http://dx.doi.org/10.101é/j.cancergencyto.2008.01.023. [COBISS.SI-ID 12265494]

2. BERCE, Vojko, REPNIK, Katja, POTOCNIK, Uros. Association of CCR5-delta32 mutation with
reduced risk of nonatopic asthma in Slovenian children. J. asthma, 2008, vol. 45, iss. 9, str. 780-
784. http://dx.doi.org/10.1080/02770900802386024. [COBISS.SI-ID 12718870]

3. SIMENC, Janez, GOLLE, Andrej, POTOCNIK, Uros. Molecular identification of several clinically
important bacteria including enterobacteria by partial 16S ribosomal RNA gene sequence
comparison = Molekularna identifikacija klinicno pomembnih bakterij, vkljucno enterobakterij s
primerjavo delnega nukleotidnega zaporedja gena za 16S ribosomsko RNK. Zdrav Vestn (Tisk.
izd.). [Tiskana izd.], 2008, letn. 77, §t. 9, str. 547-552. http://vestnik.szd.si/st08-9/547-552.pdf.
[COBISS.SI-ID 12712726]

4. BERCE, Vojko, POTOCNIK, Uro3, REPNIK, Katja. Povezava nekaterih polimorfizmov v genih za IL4,
NOD2 in CCR5 z astmo pri ofrocih = Association of some polymorphisms in IL4, NOD2 and CCRS5
genes with childhood asthma. Zdrav Vestn (Tisk. izd.). [Tiskana izd.], 2008, letn. 77, §t. 9, str. 585-
591. http://vestnik.szd.si/st08-9/585-591.pdf. [COBISS.SI-ID 12713494]

PREGLEDNI ZNANSTVENI CLANEK /REVIEW ARTICLE

5. BERCE, Vojko, POTOCNIK, Uro3. Farmakogenomika v zdravlienju astme. Farm. vestn., dec. 2008,
letn. 59, 8t. 6, str. 303-306.
http://www.sfd.si/modules/catalog/products/prodfile/fv_é 2008 prelom.pdf. [COBISS.SI-ID
12895766]

STROKOVNI CLANEK /PROFESSIONAL ARTICLE

6. PAL, Marjetka, KRAINC, Ivan, POTOCNIK, Uro3. Osteoartritis: patogeneza in farmakoloiko
zdravljenje = Osteoarthritis: the pathogenesis and pharmacological therapy. Med. mesec..
[Tiskana izd.], mar.-apr. 2008, letn. 4, §t. 3/4, str. 88-93. [COBISS.SI-ID 2938175]

OBJAVLJENI ZNANSTVENI PRISPEVEK NA KONFERENCI /PUBLISHED SCIENTIFIC ~CONFERENCE

CONTRIBUTION

7. POTOCNIK, Uros, GLAVAC, Damjan, DEAN, Michael. Odkrivanje elementov regulaciie genske
ekspresije za ugotavljanje genov vpletenih v nastanek kompleksnih bolezni. V: GLAVIC, Peter
(ur.), BRODNJAK-VONCINA, Darinka (ur.). Slovenski kemijski dnevi 2008, Maribor, 25. in 26.
september 2008 : [zbornik referatov]. Maribor: Univerza v Mariboru, Fakulteta za kemijo in
kemijsko tehnologijo, 2008, 6 str. [COBISS.SI-ID 12592918]

8. KODER, Silvo, FERKOLJ, Ivan, POTOCNIK, Uro3. Farmakogenomski oznacevalci za zdravijenje
Crohnove bolezni z monoklonskimi profitelesi za inhibicijo TNF alfa. V: GLAVIC, Peter (ur.),
BRODNJAK-VONCINA, Darinka (ur.). Slovenski kemijski dnevi 2008, Maribor, 25. in 26. september
2008 : [zbornik referatov]. Maribor: Univerza v Mariboru, Fakulteta za kemijo in kemijsko
tehnologijo, 2008, 7 str. [COBISS.SI-ID 125949646]
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9. BERCE, Vojko, REPNIK, Katja, POTOCNIK, Uros. Povezava nekaterih polimorfizmov z otrosko astmo
in odgovorom na profiastmati¢no terapijo. V: GLAVIC, Peter (ur.), BRODNJAK-VONCINA,
Darinka (ur.). Slovenski kemijski dnevi 2008, Maribor, 25. in 26. september 2008 : [zbornik
referatov]. Maribor: Univerza v Mariboru, Fakulteta za kemijo in kemijsko tehnologijo, 2008, 9 str.
[COBISS.SIHID 12593942]

10. SIMENC, Janez, POTOCNIK, Uro3. Razlikovanje med razli¢nimi klinicno pomembnimi bakterijskimi
sevi s pomnozevanjem 16S rDNK in analizo talilne krivulje visoke locljivosti. V: GLAVIC, Peter (ur.),
BRODNJAK-VONCINA, Darinka (ur.). Slovenski kemijski dnevi 2008, Maribor, 25. in 26. september
2008 : [zbornik referatov]. Maribor: Univerza v Mariboru, Fakulteta za kemijo in kemijsko
tehnologijo, 2008, 9 str. [COBISS.SI-ID 12593430]

11. MITROVIC, Mitja, POTOCNIK, Uros. Andliza taline krivulie visoke lo&liivosti za hitro gensko
tipizacijo polimorfizmov SNP in detekcijo mutacij v farmakogenetskih in asociacijskin Studijah
kompleksnih bolezni. V: GLAVIC, Peter (ur.), BRODNJAK-VONCINA, Darinka (ur.). Slovenski
kemijski dnevi 2008, Maribor, 25. in 26. september 2008 : [zbornik referatov]. Maribor: Univerza v
Mariboru, Fakulteta za kemijo in kemijsko tehnologijo, 2008, 10 str. [COBISS.SI-ID 12595222]

OBJAVLJENI POVZETEK ZNANSTVENEGA PRISPEVKA NA KONFERENCI /PUBLISHED SCIENTIFIC CONFERENCE
CONTRIBUTION ABSTRACT

12. OCEPEK, Andreja, SKOK, Pavel, POTOCNIK, Uro3. Gene expression and genetic polymorphisms in
TLR4 and COX-2 genes in inflammatory bowel disease and colorectal adenomas. V: 2. Kongres
Slovenskega zdruZenja za gastroenterologijo in hepatologijo z mednarodno udelezbo, 3.
kongres Koloproktoloske sekcije Slovenskega zdruZenja za gasfroenterologijo in hepatologijo
[ter] 2. Slovenski kongres medicinskih sester in zdravstvenih tehnikov v endoskopiji : Bled, 1.-4.
oktober 2008, (Gastroenterolog, Suplement, Letn. 12, 2). Ljubljana: Slovensko zdruzenje za
gastroenterologijo in hepatologijo, 2008, okt. 2008, letn. 12, supl. 2, str. 133-134. [COBISS.SI-ID
3061567]

13. REPNIK, Katja, POTOCNIK, Uros. Primerjava obc&utljivosti metode za kvantitativno merjenje
genske ekspresije z reakcijo PCR v realnem casu pri uporabi razliiénih oznacevalcev. V: GLAVIC,
Peter (ur.), BRODNJAK-VONCINA, Darinka (ur.). Slovenski kemijski dnevi 2008, Maribor, 25. in 26.
september 2008. Zbornik povzetkov referatov s posvetovanja. Maribor: FKKT, 2008, str. 136.
[COBISS.SIHID 12684566]

KONCNO POROCILO O REZULTATIH RAZISKAV /FINAL RESEARCH REPORT

14. POTOCNIK, Uro3, KRAINC, Ivan, SKOK, Pavel, REPNIK, Katja, MITROVIC, Mitja, SIMENC, Janez,
GLAVAC, Damijan, RAVNIK-GLAVAC, Metka, KOKOL, Peter, STIGLIC, Gregor, BRUMEN, Milan,
DOBOVISEK, Andrej, FERKOLJ, Ivan, KOPITAR, Andreja Natasa, IHAN, Alojz. Genetski dejavniki
tveganja in farmakogenomika kompleksnih bolezni prebavil : zaklju¢no porocilo o rezultatih
raziskovalnega projekta. Maribor: Medicinska fakulteta: Fakulteta za elektrotehniko,
racunalnistvo in informatiko: Splosna bolnisnica; Ljubljana: Medicinska fakulteta, 2008. 10 f., ilustr.
[COBISS.SIHID 12882710]

PISEC RECENZIJ /REFEREE
15. DNA and cell biology. PotocCnik, Uros (pisec recenzij 2008). New York, N.Y.: Mary Ann Liebert, Inc.

ISSN 1044-5498. [COBISS.SI-ID 2744857 6]

16. Molecular biology reports. Potocnik, Uro$ (pisec recenzij 2008). Dordrecht; Boston, Mass.: D.
Reidel Publ. Co. ISSN 0301-4851. http://www.kluweronline.com/issn/0301-4851/contents.
[COBISS.SI-ID 14135769]

17. Pharmacogenomics. Potocnik, Uros (pisec recenzij 2008). London: Ashley Publications. ISSN
1462-2416. [COBISS.SI-ID 2324849]
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LABORATORIIJI

SKUPINA ZA EKSPERIMENTALNO FIZIKO
GROUP FOR EXPERIMENTAL PHYSICS

VODJA LABORATORIJA /HEAD

Izr. prof. dr. Samo Korpar

SODELAVCI /PERSONEL

Asistent /Assistant

Doc. dr. Marko Bracko

IZOBRAZEVALNA DEJAVNOST /LECTURED COURSES

FKKT /FACULTY OF CHEMISTRY AND CHEMICAL ENGINNERING

Dodiplomski programi /Undergraduate Programmes
Fizika | /Physics |
Fizika Il /Physics Il

IZVEN FKKT /EXTRAMURAL COURSES

Dodiplomski programi /Undergraduate Programmes

Fizikalni prktikum IV /Physics Laboratory Courses IV, FMF, UL
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RAZISKOVALNA DEJAVNOST /RESEARCH ACTIVITY

RAZISKOVALNO PODROCJE /RESEARCH FIELD

e Eksperimentalna fizika osnovnih delcev /Experimental Particle Physics:
Meritve in fizikalna analiza izmerjenih podatkov /Measurements and physical analysis of
measured data
Razvoj in izgradnja detektorjev za eksperimente v fiziki osnovnih delcev /Research and
construction of detectors for particle physics experiments
Uporaba razvitih detekcijskih metod na podrocju okoljske in medicinske fizike ter
domovinske varnosti /Application of developed detection methods in the fields of

environmental and medical physics, and military research

POMEMBNI DOSEZKI SODELAVCEV /SIGNIFICANT ACHIEVEMENTS OF STAFF

SODELOVANJE Z USTANOVAMI IN PODJETJI /COOPERATION WITH INSTITUTIONS AND COMPANIES

e SODELOVANJE Z UNIVERZAMI /COOPERATION WITH UNIVERSITIES

Univerza v Ljubljani / University Ljubljana

e SODELOVANIJE Z DRUGIMI USTANOVAMI IN PODIETJI /COLLABORATION WITH OTHER
INSTITUTIONS AND ENTERPRISES

Institut Jozef Stefan, Ljubljana
Deutsches Elektronen-Synchrotron (DESY), Hamburg, Nemcija
High Energy Accelerator Organization (KEK), Tsukuba, Japonska

European Organization for Nuclear Research (CERN), Zeneva, Svica
RAZISKOVALNA OPREMA /RESEARCH EQUIPMENT

e  MERITVE OPRAVLIAMO V NASLEDNJIH LABORATORUIH /MASUREMENTS ARE CONDUCTED IN
FOLLOWING LABORATORIES:
Odsek za eksperimentalno fiziko osnovnih delcev, Institut Jozef Stefan, Ljubljana
/Experimental Particle Physics Department, JoZef Stefan Institute, Ljubljana
Deutsches Elektronen-Synchrotron (DESY), Hamburg, Nemcija
High Energy Accelerator Organization (KEK), Tsukuba, Japonska

European Organization for Nuclear Research (CERN), Zeneva, Svica

RAZISKOVALNI PROGRAMI IN PROJEKTI /RESEARCH PROGRAMMES AND PROJECTS

PROGRAMSKA SKUPINA /RESEARCH PROGRAMME GROUP

e P1-0135: Eksperimentalna fizika osnovnih delcev /Experimental Elementary Particle
Physics

Nosilec /Pricipal Researcher: Marko Mikuz
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RAZISKOVALNI PROGRAMI IN PROJEKTI /RESEARCH PROGRAMMES AND PROJECTS

e J1-9340 Kombinirana metoda za identifikacijo delcev

Nosilec /Pricipal Researcher: Samo Korpar

BIBLIOGRAFIJA 2008 /REFERENCES 2008

IZVIRNI ZNANSTVENI CLANEK /ORIGINAL SCIENTIFIC ARTICLE

1.

Belle Collaboration, UEHARA, S., BITENC, Urban, BRACKO, Marko, FRATINA, Sasa, GOLOB,
Bostjan, KORPAR, Samo, KRIZAN, Peter, PESTOTNIK, Rok, STANIC, Samo, STARIC, Marko, ZUPANC,
Anze. Study of charmonia in four-meson final states produced in two-photon collisions. The
European physical journal. C, [in press] 2008, vol. 53, 14 str.
http://dx.doi.org/10.1140/epjc/s10052-007-0451-z. [COBISS.SI-ID 21309735]

DELPHI Collaboration, ABDALLAH, J., BRACKO, Marko, GOLOB, Bostjan, KERNEL, Gabrijel,
KERSEVAN, Borut Paul, PODOBNIK, TomaZ, ZAVRTANIK, Danilo. Higgs boson searches in CP-
conserving and CP-violating MSSM scenarios with the DELPHI detector. The European physical
journal. C, 2008, vol. 54, no. 1, str. 1-35. [COBISS.SI-ID 836347]

DELPHI Collaboration, ABDALLAH, J., BRACKO, Marko, GOLOB, Bostjan, KERNEL, Gabrijel,
KERSEVAN, Borut Paul, PODOBNIK, Tomaz, ZAVRTANIK, Danilo. Study of W-boson polarisations
and triple gauge boson couplings in the reaction e[sup]+ e[sup]- [fo] W[sup]+ W[sup]- at LEP 2.
The European physical journal. C, 2008, vol. 54, no. 3, str. 345-364. [COBISS.SI-ID 855035]

DELPHI Collaboration, ABDALLAH, J., BRACKO, Marko, GOLOB, Bostjan, KERNEL, Gabrijel,
KERSEVAN, Borut Paul, PODOBNIK, TomaZ, ZAVRTANIK, Danilo. Measurement of the mass and
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