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FOREWORD

Dear participants of the conference!

This proceeding, which gets into your hands, is a compilation of 42
scientific and technical contributions from an international conference Waste
— Secondary Raw Materials 5, organized by Technical University of Kosice,
Faculty of Metallurgy, Department of Non — Ferrous Metals and Waste
Treatment held 04 — 07 June 2013, in Liptovsky Jan, Slovakia. The
conference is organized in four — year cycle already for the fifth time and its
aim is to spread scientific and technical information and the latest knowledge
from the field of processing and recycling of waste. The aim of this conference is to contribute to
the development and strengthening professional bases of waste management not only in Slovakia.
We are proud that this event traditionally attend broad group of professionals and experts from
academic sphere and practice, from Slovakia as well as from abroad, from Austria, Belgium,
Brazil, Czech Republic, England, Finland, France, Germany, Hungary, Italy, Japan, Netherland
and Poland. This basis gives significant space for mutual progress in development and application
of scientific approaches and implementation of the latest recycling technologies to the practice.
Recycling area is getting constantly new dimension. The supreme EU authorities are also aware of
the lack of metals and their raw materials, whose result is a raw material policy, for upcoming
period, based on three basic pillars. These three pillars lead to maximal utilization of domestic raw
material sources and also the focus and preferences on material recovery. Waste recycling have
become priorities together with development of new recycling technologies for achieving
sustainable development, “green” technologies, and as much independence on imported raw
materials. This phenomenon correlates with focus and long — term objectives of Department of
Non — Ferrous Metals and Waste Treatment, which primarily promotes material recycling and
development of procedures for recovery of deficient non — ferrous metals from waste and
secondary raw materials. This conference will be held in the spirit of “deficient metals”, end — of —
waste criteria and recovering metals from secondary raw materials.

The fifth year of the conference Waste — Secondary Raw Materials is extraordinary. This
conference is dedicated to prof. Ing. Tomas Havlik, DrSc., on the occasion of his significant
jubilee. Professor Tomas Havlik, thanks to results of his work, belongs to recognized world
capacities not only in the field of hydrometallurgy and leaching primary and secondary raw
materials, but also as a pedagogue and a spearhead of environmental thinking and processing of
raw materials and waste by environmentally friendly processes. His tireless exploration, purposeful
research activity, the ability to build and develop international cooperation and partnerships with
practice, building on the principles of teamwork bring success as individuals, as well as the entire
workplace and partners.

I believe that participants of this conference coming from thirteen countries are a good basis
for the development and improvement of the status of waste management and enhancing
cooperation between participating subjects and countries. On behalf of the conference organizing
committee, I would like to especially thank to professor Tomas Havlik for his contribution in the
field of material recovery and initiation of successful conference concerning to waste processing
“to life”. I consider as equally important thanking partners and sponsors as well as organizing
committee for their support, which undoubtedly contributed and helped to carry out this
conference. I wish to all of you incentive talks and discussions and successful establishment of
cooperation. | believe that you will get interesting impulse in the field of waste disposal and
remarkable professional experience with a dose of relax in beautiful nature of Low Tatras.

With traditional metallurgical greeting “Zdar Boh!”

Andrea Miskufova
Chairman of the organizing committee
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PREDHOVOR

Mili ucastnici konferencie!

Dostava sa Vam do rik zbornik, ktory je suborom 43-tich vedeckych
a odbornych prispevkov z medzinarodnej konferencie Odpady — Druhotné
suroviny 5, organizovanej Technickou univerzitou v KoS$iciach, Hutnickou
fakultou, Katedrou nezeleznych kovov a spracovania odpadov (KNKaSO)
vdnoch 04. — 07. jina 2013 v Liptovskom Jane. Konferencia je
organizovana v Stvorroénych cykloch uz po piaty krat ajej cielom je
. Sirenie odbornych a vedeckych informadcii a najnovsich poznatkov v oblasti
spracovania a recyklacie odpadov. Snahou tejto konferencie je prispievat’ k rozvoju a posilneniu
odbornej zékladne odpadového hospodarstva nielen na Slovensku. Sme hrdi na to, Ze toto
podujatie je uz tradicne tvorené Sirokou skupinou odbornikov a expertov z akademickych
kruhov aj z praxe zo Slovenska aj zo zahranicia, z Anglicka, Belgicka, Brazilie, Ceska, Finska,
Franctzska, Holandska, Japonska, Mad’arska, Nemecka, Pol'ska, Rakuska a Talianska. Tato
baza dava vyznamny priestor pre spoloéné napredovanie vo vyvoji, a to uplatiovanim
vedeckych pristupov a presadzovanim a zavadzanim najnovsich recyklacnych technologii do
zivota. Oblast’ recyklacie nadobuda v oblasti komunalnej aj priemyselnej sféry stale novy
rozmer. Nedostatok kovov a ich surovin si uvedomujii aj vrcholné organy EU, ¢oho vyrazom je
postavenie surovinovej politiky pre najblizsie obdobie na troch zakladnych pilieroch. Z tychto
vyplyva jednak maximalne vyuzitie domdcich zdrojov surovin ajednak déraz a preferencie
materidlového zhodnocovania. Prioritou sa stava teda recyklacia odpadov a spracovanie
druhotnych surovin spolu s vyvojom novych recyklaénych technoldgii na dosiahnutie
udrzatel'nosti rozvoja, ,,zelenych® technologii a ¢o najvacSej nezavislosti na dovoze surovin.
Tento fenomén koreluje so zameranim a dlhodobymi cielmi KNKaSO, ktord presadzuje
v prvom rade materidlovu recyklaciu a vyvoj postupov na ziskavanie deficitnych nezeleznych
kovov z druhotnych surovin. Téato konferencia sa teda bude niest’ v znameni ,deficitnych
kovov*, stavu konca odpadu a ziskavania kovov z druhotnych surovin.

Piaty ro¢nik konferencie Odpady — Druhotné suroviny je vSak vynimoény. Tato
konferencia je venovana prof. Ing. Tomasovi Havlikovi, DrSc., z prilezitosti jeho vyznamného
zivotného jubilea. Profesor Tomas Havlik patri vysledkami svojej prace nesporne medzi
uznavané svetové kapacity nielen v oblasti hydrometalurgie a lihovania primarnych a
druhotnych surovin, ale aj ako pedagdg a priekopnik environmentalneho zmyslania
a spracovania surovin a odpadov ekologickymi postupmi. Jeho netinavné badanie, cielavedoma
vyskumné c¢innost, schopnosti budovat’ a rozvijat medzindrodnu spolupricu a partnerstva s
praxou, stavanie na principoch kolektivnej prace prinasaju tspechy ako jednotlivcom, tak
aj celému pracovisku a partnerom.

Verim, Ze ucastnici tejto konferencie z trinastich krajin sveta su dobrou zakladnou pre
rozvoj a zlepSovanie stavu nakladania s odpadmi a rozsirenie spoluprace medzi zucastenymi
subjektami a krajinami. V mene organizatného vyboru konferencie mi dovolte osobitne
pod’akovat prof. Tomasovi Havlikovi za jeho prinos v oblasti materidlovej recyklacie a uvedenie
uspesnej konferencie o spracovani odpadov ,,do Zivota“. Za nemenej vyznamné povazujem
pod’akovanie sa partnerom a sponzorom za ich podporu, ktorou nepochybne prispeli a pomohli
k uskuto€neniu tejto konferenciu. Prajem vSetkym podnetné rokovania a diskusie a tspesné
nadviazanie spoluprace. Som presvedcend, ze ziskate zaujimavé podnety v oblasti nakladania
s odpadmi a mimoriadny odborny zazitok s davkou relaxu v krasnom prostredi Nizkych Tatier.

Zdar Boh!
Andrea Miskufova
predseda OV konferencie
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prof. Ing. Toma§ HAVLIK, DrSc.

Prof. Ing. Tomas Havlik, DrSc. celebrated on
9™ May 2013 his 60" birthday. He belongs to the
well — recognized world’s experts not only in the
field of hydrometallurgy and leaching of primary
and secondary raw materials, mainly based on
copper, but also as an educator and initiator of
environmental thinking and processing of raw
materials and waste using environmentally friendly
methods.

Prof. Havlik significantly contributes to the
creation of the European school of hydrometallurgy
by international projects, creation of joint
publications and by numerous research and lecture
visits abroad as a visiting professor (Brazil, India,
Italy, Germany, Finland, Greece, Poland, the Czech
Republic and others).

He established the laboratory CENSO (Centre
of Waste Processing) at the Technical University
of Kosice as an opportunity for the cutting — edge
research and the possibility of involving students in
real research projects and cooperation with practice. Shortly after its foundation, this laboratory
was awarded a national prize of waste management GOLDEN ANT 2007.

Within his research activities, he created 490 publications with 366 quotations (275 from
abroad), 8 monographs and chapters in national and international scientific and professional
monographs, and he is also the author or co — author of 13 patents, utility models and proposals.
The monograph Havlik T: Hydrometallurgy — Principles and applications, Woodhead Publ.
Ltd., Cambridge, England, 2008, ISBN 978 -1-84569-407-4 has been the best selling monograph
of'its kind in the famous online bookstore in the world Amazon since its release

For many years Prof. Havlik has systematically worked and developed cooperation with
foreign universities and partners from practice in the form of Erasmus mobility programmes as
well as research and lecture visits mainly in Finland, Germany, Italy, Brazil, Greece and other
countries. He strongly supports and encourages students to use foreign mobility programmes
through the Fund of R. Kammel, n.f..

He has founded and still successfully organizes international conferences: Kammel’s Quo
Vadis Hydrometallurgy, WASTE — Secondary Raw Materials and Recycling of Spent Portable
Batteries and Accumulators.

His lifelong efforts and contributions in the field of metallurgy and recycling of wastes and
secondary raw materials in the Slovak Republic is transformed into well — deserved award “The
Personality of Science and Technology in 2011” given by Ministry of Education, Science,
Research and Sport of the Slovak Republic.
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prof. Ing. Toma§ HAVLIK, DrSc.

Prof. Ing. Tomas Havlik, DrSc. dia 09. méja
2013 oslavil 60. narodeniny. Vysledkami svojej
prace patri medzi uznavané svetové kapacity nielen
v oblasti hydrometalurgie a lthovania primarnych a
druhotnych  surovin, ale aj ako pedagog
a priekopnik environmentalneho zmyslania
a spracovania surovin a odpadov ekologickymi
postupmi.

Vyznamne sa podiela na tvorbe eurdpskej
Skoly hydrometalurgie jednak medzinarodnymi
projektmi, tvorbou spolo¢nych publikacii a jednak
pocetnymi vyskumnymi a prednaskovymi pobytmi
v zahranié¢i (Brazilia, Finsko, Nemecko a d’alsie).

Jeho zasluhou vzniklo laboratérium Centrum
spracovania odpadov (CENSO) na Technickej
univerzite v KoSiciach ako priestor pre S$pi¢kovy
vyskum a moznost’ zapojenia Studentov do realneho
vyskumu a riesenia projektov s praxou.

Vramci vyskumnej cinnosti vytvoril spolu
viac ako 490 publikacii s 366 citaciami (z toho 275
v zahrani¢i), 8 monografii a kapitol v domacich a zahranicnych vedeckych a odbornych
monografidch a je autorom, alebo spoluautorom 13 patentov, uzitkovych vzorov a zlepSovacich
navrhov. Monografia Havlik T.: Hydrometallurgy — Principles and applications, Woodhead
Publ. Ltd.,, Cambridge, England, 2008, ISBN 978-1-84569-407-4 je od svojho vydania
najpredavanejSou monografiou tohto druhu na najznamejSom internetovom knihkupectve na
svete Amazon.

Velkou mierou podporuje a motivuje Studentov na vyuzivanie zahrani¢nych mobilit aj
prostrednictvom zalozeného fondu R. Kammela, n.f. a kazdoro¢ne u profesora Havlika
absolvuji Studijny pobyt zahrani¢ni Studenti z Talianska, Brazilie, Nemecka, Finska, Ruska
a d’alsich krajin.

Zalozil auspesne pravidelne organizuje medzinarodné konferencie Kammel’s Quo Vadis
Hydrometallurgy, WASTE — Secondary Raw Materials a Recycling of Spent Portable Batteries
and Accumulators.

Jeho celozivotné Usilie a prinosy v oblasti hutnictva a recyklacie druhotnych surovin pre
Slovensku Republiku sa zasluzene pretavili do udelenia ocenenia ,,Osobnost’ vedy a techniky
za rok 2011* ministrom $kolstva,vedy, vyskumu a Sportu SR.




