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https://www.icct.cz/AngiologyKlon-ICCT/media/system/2019/ICCT-2019-Proceedings.pdf
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First World Oilseeds Congress : Proceedings, Book of Abstracts. 1. vyd. Trakya, Turecko :
Trakya University, 2019, S. 7-16. ISBN 978-975-374-252-8.

10. Hozlar P., Matuskova K., Ondrejickova P.: Evaluation of camelina sativa (L.) crantz
genotypes variability in morphological and economic characters as premising breeding
materials, Book of abstract of 4th International Scientific Conference Abrobiodiversity for
Improve the Nutrition, Health and Quality of Human and Bees Life, September 11-13, 2019
Nitra, Editors : Jan Brindza, Olga Grygorieva, Slovak University of Agriculture in Nitra, str.
37, ISBN 978-80-552-2037-6

11. Holickova, M., Sevéik, P., Jorikova, L., Hozlar, P., Ondrejickova, P., Stiller, R.: Skrining
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plodiny Camelina sativa pre vyrobu biopaliv, APROCHEM Odpadové férum, 19. -
21.3.2019, Po 150, ISBN: 978-80-85990-33-1, https://www.tretiruka.cz/konference/program-
tvip-2019/anotace/

12. Bujnovsky R., Holickova M., OndrejiCkova P.: Spring Camelina sativa — perspective
cultivation as biofuel feedstock in Slovakia, Industrial Crops and Products 154 (2020) article
112634. https://doi.org/10.1016/j.indcrop.2020.112634

13. MaliSova M., Horfiacek M., Mikulec J., Hudec P., Hajek M., Peller A., Jorik V., Frolich K.,
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Mixed Oxides with Added Divalent Metals, ACS Omega 2020, 5, 49, 32040-32050,
https://pubs.acs.org/doi/10.1021/acsomega.0c04976

14. Hozlar P., Bujnovsky R., Koco 8., Matuskova K., Holickova M.: Perspektivy pestovania
lani¢nika siateho v podmienkach Slovenska,Slovenska chemicka kniznica, 32 str.,
Bratislava

ISBN 978-80-8208-045-5 s Ciarovym kddom EAN 9788082080455

Publikaciu recenzovali: doc. Dr. Milan Macak, Ing. Peter Varga, PhD. a Ing. Marian Cele$
15. Hozlar P., Matuskova K., Ondrejickova P., Hajekova E., Jorikova L.: Comparison of
Different Fertilization Variants on Camelina Sativa Yield, Plant Height and Oil Content,
International Journal of Innovative Approaches in Agricultural Research 2020, Vol. 4 (1), 78-
88, https://doi.org/10.29329/jjiaar.2020.238.9

16. Hozlar P., Matuskova K., Ondrejickova P., Hajekova E., Jorikova L.: Vplyv réznych
variantov lani¢nika siateho na vySku urod, vySku rastlin a obsah oleja (Comparison of
different

fertilization variants on Camelina sativa yield, plant height and oil content). In: Vedecké
prace katedry rastlinnej vyroby a travnych ekosystémov: Zbornik vedeckych prac online /
zost. P. Hric, rec. R. Holubek, rec. J. Huska. - Nitra : SPU, 2020. - ISBN 978-80-552-2244-8.
- S. 96-104.PIny text:
https://vydavatelstvo.uniag.sk/index.php?controller=attachment&id_attachment=1345;
http://www.slpk.sk/eldo/2020/zborniky/9788055222448.pdf

17. Koco, S. and Bujnovsky, R.: Optimal and suitable conditions for prospective spring
camelina cultivation in Slovakia — screening by the system of soil climatic units. Agriculture
(Pofnohospodarstvo), 67(1), 42 — 46.
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18. MaliSova M., Hora¢ek M., Hudec P., Mikulec J., Jorik V., SlezaCkova M., Hajekova E. :
Heterogeneous Transesterification of Camelina sativa Oil over K-loaded Mg/Al Mixed
Oxides, rukopis zaslany do karentovaného ¢asopisu BioResources

19. Slezackova M., Mikulec J., Blasko J.: Partial hydrogenation of double bonds in
polyunsaturated fatty acid methylesters, ICCT 2021 VIRTUALLY, 3. - 5.05.2021, on line,
plny text prispevku v angli¢tine v recenzovanom zborniku, registrovany v databaze Web of
Science, 5 str.

Vedecké prace v nerecenzovanych zbornikoch

1. Elena Hajekova, Marcela Hadvinova, Pavol Dauc¢ik: Vlastnosti automobilovych paliv s
pridavkom biozloziek, konferencia CHISA 2017, Kongresové centrum Sec, CR, 23.10.2017-
26.10.2017, zbornik s. 55, prednaska

2. Marek Bani€¢, Ludmila Jorikova: Analyza vybranych nepotravinarskych surovin na vyrobu
pokrocilych biopaliv, konferencia CHISA 2017, Kongresové centrum Sec, CR, 23.10.2017-
26.10.2017, zbornik s. 92, poster

3. Peter Hozlar, Daniela Cemanova, Katarina Matiskova, Lenka Pohankova: Vplyv hnojenia
na urodu semena netradi€nej olejniny — laniénika siateho, odborny seminar so zahrani¢nou
Udastou Ziviny a rizikové prvky v ptide, VURV Praha-Ruzyné, 15. — 16.11.2017, poster —
Ustna prezentacia

4. Hornacek M., Tholtova A., Mikulec J., Jambor B., Hudec P., Hajekova E.: The effect of
conditions in the preparation of hydrotalcites for transesterification reaction. In 14th
Pannonian International Symposium on Catalysis, High Tatras, September 3—7, 2018 : Book
of Abstracts. 1. vyd. Bratislava : FCHPT STU, 2018, S. 87. ISBN 978-80-89597-94-9.

5. Mikulec J., Slezackova M., Tholtova A., Hornacek M., Hajekova E.: Single-Stage
Transesterification and Partial Hydrogenation of Camelina Oil on Biodiesel, 6th International
Conference on Chemical Technology, Mikulov CR, Book of abstracts, 1. vyd. Prague :
Czech Society of Industrial Chemistry, 2018, USB klu¢, [1] s. ISBN 978-80-86238-83-8.

6. Mikulec J., Cvengros J.: MozZnosti vyuZzitia oleja z Camelina sativa, sp. na vyrobu
biopaliv,13. mezinarodni konference “Sou€asné postaveni a vyhled vyuzivani
certifikovanych biopaliv v nizkoemisni mobilité“, Brno, 11.4.2018.

7. Hornacek M., Tholtova A., Jambor B., Hajekova E., Hudec P.: Preparation and
characterization of Mg-Al hydrotalcite for transesterification reaction. In FILEK,
U..International Conference on Catalysis and Surface Chemistry, 18-23 March, 2018,
Krakow : Book of Abstracts. 1. vyd. Krakow : Jerzy Haber Institute of Catalysis and Surface
Chemistry, Polish Academy of Science, 2018, S. 211. ISBN 978-83-60514-28-3.

8. Hozlar P., MatuSkova K., OndrejiCkova P.: Evaluation of camelina sativa (L.) crantz
genotypes variability in morphological and economic characters as premising breeding
materials, Book of abstract of 4th International Scientific Conference Abrobiodiversity for
Improve the Nutrition, Health and Quality of Human and Bees Life, September 11-13, 2019
Nitra, Editors : Jan Brindza, Olga Grygorieva, Slovak University of Agriculture in Nitra, str.
37, ISBN 978-80-552-2037-6

9. MaliSova M., Hornacek M., Hudec P., Mikulec J., Jorik V., Hajekova E., Slezackova M.
Transesterification of Camelina sativa oil on heterogeneous catalyst hydrotalcite to prepare
biodiesel. In 51. Symposium on Catalysis : Program, Book of abstracts. 1. vyd. Praha :
Ustav fyzikalni chemie J. Heyrovského AV CR, 2019, S. Op03-Op03. ISBN 978-80-87351-
55-0.

10. Holickova, M., Sevdik, P., Jorikova, L., Hozlar, P., Ondrejickova, P., Stiller, R.: Skrining
genotypov a hodnotenie vplyvu podmienok pestovania na zloZenie oleja nepotravinarskej
plodiny Camelina sativa pre vyrobu biopaliv, APROCHEM Odpadové férum, 19. -
21.3.2019, Po 150, ISBN: 978-80-85990-33-1, https://www.tretiruka.cz/konference/program-
tvip-2019/anotace/

11. Slezackova M., Mikulec J., Hajekova E., Peller A., Blasko J.: Parcialna hydrogenacia
lani€nikového oleja na katalyzatoroch na baze medi. In Czech Chemical Society
Symposium Series : 72. sjezd Ceskych a slovenskych chemickych spole¢nosti. Ro¢. 18, €. 3
(2020), s. 203-203. ISSN 2336-7202.

12. Slezackova M., Peller A., Mikulec J., Bani¢ M., Blasko J., Hajekova E.: Catalytic co-
hydroprocessing of polyunsaturated vegetable oils/AGO mixtures over NiMoP/AI203
catalysts, CHISA 2021 VIRTUALLY, 15. - 18.03.2021, on line, D2.3 prednaska v anglickom
jazyku, https://secure.confis.cz/chisa2021-virtually/ProgramFin/D.aspx#609

13. MaliSova M., Horfiaek M., Hajekova E., Mikulec J., Hajek M.: Impact of divalent metal
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addition to Mg/Al mixed oxides catalytic activity in transesterification of Camelina sativa oil.
CHISA 2021 VIRTUALLY, 15. - 18.03.2021, on line, D2.1 prednaska v anglickom jazyku,
https://secure.confis.cz/chisa2021-virtually/ProgramFin/D.as px#650

14. MaliSova M., Horfiacek M., Hajekova E., Hudec P., MIKULEC, Jozef. Heterogeneous
Transesterification of Camelina sativa Catalysed by Potassium impregnated Mg/Al Mixed
Oxides to prepare Biodiesel. In Book of abstracts of the 8th International Conference on
Chemical Technology. 1. vyd. Praha : AMCA, spol. sr.0, 2021, S. 56-56. ISBN 978-80-
88214-24-3, poster PO1.

15. Slezackova M., Mikulec J., Blasko J.: Partial hydrogenation of double bonds in
polyunsaturated fatty acid methylesters, ICCT 2021 VIRTUALLY, 3. - 5.05.2021, on line,
Book of abstracts of the 8th International Conference on Chemical Technology, 1st edition,
April 2021, ISBN 978-80-88214-24-3, pocet stran 114, AMCA, spol. s r.o., Czech Republic

Uplatnenie vysledkov projektu

Vyznamny je vystup aplikovaného vyskumu — overenej pestovatelskej technologie. Jedna
sa o publikovanie pestovatelskej prirucky pre SirSiu verejnost’: ,Perspektivy pestovania
lani¢nika siateho na Slovensku® (uz vysSie citovanej v bode 14.). Tato priruCka predstavuje
najkomplexnejSiu informaciu o tomto rastlinnom druhu pre pestovatelsku prax na Slovensku.
Predkladana publikacia ponuka zakladné informécie o tejto plodine a podmienkach jej
pestovania na Slovensku so zretelom na vynosnost a kvalitu urody semien, ako aj
vzhladom na optimalizaciu vstupov s prihliadnutim na spdsob vyuzitia dopestovanej urody,
obzvlast v pripade vyuZitia oleja na vyrobu biopaliv. Tato plodina mdze predstavovat
vhodnu alternativu s vefmi kratkou vegetacnou dobou oproti typicky europskym olejninam
ako su kapusta repkova prava, soja fazulova a sinecnica roéna. MenSia narocnost na
pbédno-klimatické podmienky a nizSie vstupy vo forme hnojiv a pesticidov je vSak
sprevadzana niz§imi urodami oproti tymto olejninam. Z toho dévodu je mozné uvazovat' s
pestovanim tejto plodiny najma v ramci ekologického polnohospodarstva.
V ramciroCnika 2021 v mesiaci maj bolo realizovanych 10 kombina&nych krizeni z Formular
ZK, strana 2/2 genotypov jesenného vysevu réznych rodi¢ovskych odréd laniénika siateho.
Z kombina¢nych krizeni predpokladame dalSie ziskanie hybridnych zfn. Presievané boli F2,
F3 a F4 populacie v pocte po 1 ks krizené v predoslych rokoch. Predpokladame vyber
rastlin z tychto populacii do kmenovych potomstiev. Je predpoklad Ze ziskané populacie F1-
F4 budu tvorit v budicnosti zaklad pre vyber kmeriov a maju potencial byt v neskorsej
buducnosti novou slovenskou odrodou lani¢nika siateho.
Z vysledkov vyskumu dalej vyplynulo, Ze vhodnymi katalyzatormi na heterogénnu
transesterifikaciu oleja z lfani¢nika siateho su bud samotné Mg/Al zmesné oxidy pripravené
z hydrotalcitov v molovom pomere Mg:Al=2:1, alebo modifikované zakladné zmesné oxidy
pomocou dvojmocnych katibnov Fe2+, alebo Ni2+. Po zisteni, Ze najmensie vyluhovanie
kovov z katalyzatora do produktu bolo v pripade zmesného oxidu modifikovaného niklom pri
sucasne najvy§som obsahu FAME v bionafte (96,7 %), v dalSom vyskume sme
zoptimalizovali reakéné podmienky presne pre tento typ katalyzatora. Optimalny molovy
pomer metanol:olej bol stanoveny na hodnotu 18:1, mnozZstvo katalyzatora na 3 % hm. a
reakéna teplota 140 °C. Informacia moze sluzit ako podklad pre navrh optimalnych
podmienok pre technolégiu zasaditej heterogénnej transesterifikacie lani€nikového oleja
pouzivajucej tento katalyzator.
Overenie technoldgie spolo¢nej hydrogenacnej rafinacie plynového oleja a
hydrodeoxygenécie laniénikového oleja. Uspedne bol odskugany proces a katalyzator na
spolo¢nu hydrogenacnu rafinaciu plynového oleja so zlozkami z krakovacich procesov
tazkych ropnych frakcii a hydrodeoxygenacie degumovaného lani¢nikového oleja.
Spoluspracovanie (koprocesing) obidvoch surovin umoZzriuje vyrobu pokrocilej biozlozky s
minimalnou Upravou sucasnejtechnolégie. Pri podiele 20% sa cetanovy index zvysiz
hodnoty 46,1 na 58, obsah polyaromatov klesne z hodnoty 12,5 na 4,4. Vyznamne sa tym
zlepSuje emisny profil paliva. Overena bola aj technoldgia vyroby zelenej nafty
hydrodeoxygenaciou lani¢nikového oleja v zmesi s izododekanom (az 50%o0bj.). Po
oddestilovani rozpustadla (recykluje) vzniknuty produkt je zloZzka pre vymieSanie do
motorovej nafty (pokro€ilé biopalivo). Overenie technoldgie vyroby bionafty zo surovin s
vysokym obsahom polynenasytenych mastnych kyselin metddou parcialnej hydrogenacie.
Nepotravinarske polynenasytené suroviny su oxidaéne malo stabilné a pouzitim bezne
pouzivanych technoldgii transesterifikacie neumoziuiju vyrabat bionaftu spifajicu
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parametre normy STN EN 14214. Bolo overeny postup pripravy selektivneho katalyzatora
cez medzistupen hydrotalcitu a zmesného oxidu, ktory umoziuje selektivnu a parcialnu
hydrogenaciu metylesteru ani¢nikového oleja (MELO) s minimalnou sketalnou cis-trans
izomerizaciou. Vzniknuté H-MELO je bionafta druhej generacie z nepotravinarskej suroviny,
ktora méze byt pestovana na pédach nizSej bonity a ako pédopokryvna rastlina na znizenie
erozie.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu v slovenskom jazyku
(max. 20 riadkov)

Ciele projektu boli v pinej miere splnené. V projekte bola overena vhodna agrotechnika pre
kultivaciu a zber laniCnika siateho (LS). Zistili sa najvhodnejSie varianty jeho hnojenia. LS
vykazoval znaénu toleranciu k chorobam. VVySku urody jarnych foriem velmi ovplyviioval
ro¢nik. LS ma kratku vegetacnu dobu a potrebuje mat’ hlavne v produkénych mesiacoch
priaznivé teplotné a viahové podmienky. Z tohto dévodu pre buduce uplatnenie v SR je
ucelné testovat’ a Slachtit’ ozimné formy 'S, ktoré by neboli tak zavislé na kratkodobych
klimatickych vykyvoch. PocCas rieSenia projektu sa podarilo ziskat’ az 26 rdznych genotypov
L'S r6znej proveniencie, ktoré boli postupne testované v jednotlivych pokusnych ro¢nikoch.
Rovnako tieto genotypy posluzili po ich hodnoteni ako vychodiskové rodiCovské materialy
pri kombinacnych krizeniach a tvorbe novej potencionalne prvej slovenskej odrody LS.
Zistovanie mnoZstva a kvality oleja bolo primarne zamerané na ¢esku odrodu LS Zuzana a
na polsku odrodu Smilowska. Priemerna olejnatost’ semien (pri 8 % susine) bola Smilowska
31,1 - 37,3 % a Zuzana 33,2-39,5 %. Olej lisovany za studena mal nizku kyslost do 0,3 mg
KOH/g. Olej ale obsahuje vela nenasytenych mastnych kyselin (kys. linolénova, linolova a
olejova). Analyzy oleja preukazali vysoku variabilitu v obsahu P, S aj alkalickych kovov.
Vysledky analyz vyliskov semien 'S ukazali, Ze vo vyliskoch ostava cca 10 % oleja, ktory
by bolo mozné ziskavat' extrakéne.

UskutoCnili sa tiez syntézy a stanovenia vliastnosti roznych zmesnych oxidov (MO), ktoré
boli pouzité v reakciach transesterifikacie. NajvysSie vytazky FAME (az 96,7 %) spolu s
najlepSou stabilitou vykazoval katalyzator Ni2+/MO. Optimalne podmienky heterogénnej
transesterifikacie boli stanovené na molovy pomer metanol:olej 18:1, mnozstvo katalyzatora
3 % hm., reak¢na teplota 140 °C a reakEny €as 6 hodin.

Vo vyskume sme dalej overili viaceré metddy pripravy biozloZiek z LO ako transesterifikaciu
v kombinacii s parcialnou hydrogendaciou; priamu hydrodeoxygenaciou LO v pritomnosti
vybranych rozpustadiel a spolo&nu hydrorafinaciou zmesi nerafinovaného plynového oleja a
LO v pritomnosti NiMoP katalyzatorov. Ukazalo sa, Ze LO je vhodnou surovinou na vyrobu
pokrocilej bionafty (H-MELQO), ale v procese musi byt pridany stuper selektivnej parcialnej
hydrogenacie s nizkou tvorbou trans izomérov. Proces spolo¢nej hydrogenacnej rafinacie
plynového oleja a hydrogenacnej eliminacie kyslika z laniCnikového oleja si vyZaduje
selektivny katalyzator, ktory je schopny hydrogenovat’ dvojité vazby v molekule mastnych
kyselin a zarover ich transformaciu na nasytené uhlovodiky. Vyhodne je pouzitie viacerych
katalyzatorov zaradenych za sebou. NajvyhodnejSie je v prvej faze hydrogenovat dvojité
vazby v molekule LO a nasledne robit hydrodeoxygenaciu na uhlovodiky.

Suhrn vysledkov rieSenia projektu a naplnenia ciel'ov projektu v anglickom jazyku
(max. 20 riadkov)

The objectives of the project were fully met. The project verified suitable agrotechnics for
cultivation and collection of Camelina sativa (CS). The most suitable variants of its
fertilization were found. CS showed considerable tolerance to diseases. The height of the
harvest of spring forms was greatly influenced by the year. CS has a short growing season
and needs to have favorable temperature and humidity conditions, especially in the
production months. For this reason, for future application in the Slovak Republic, it is
expedient to test and breed winter forms of CS, which would not be so dependent on short-
term climatic fluctuations. During the solution of the project, it was possible to obtain up to
26 different genotypes of CS of various provenance, which were gradually tested in
individual experimental years. These genotypes also served after their evaluation as starting
parent materials in combination crosses and the creation of a new potentially first Slovak
variety of CS.

The determination of the quantity and quality of oil was primarily focused on the Czech
variety CS Zuzana and the Polish variety Smilowska. The average oil content of the seeds
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(at 8% dry matter) was Smilowska 31.1 - 37.3% and Zuzana 33.2-39.5%. The cold pressed
oil had a low acidity of up to 0.3 mg KOH/g. However, the oil contains many unsaturated
fatty acids (linolenic acid, linoleic acid and oleic acid). Oil analyzes showed high variability in
the content of P, S and alkali metals. The results of analyzes of LS seed compacts showed
that about 10% of oil remains in the compacts, which could be obtained by extraction.
Syntheses and determinations of the properties of the various mixed oxides (MOs) used in
the transesterification reactions were also performed. The Ni2 +/ MO catalyst showed the
highest FAME yields (up to 96.7%) together with the best stability. Optimal heterogeneous
transesterification conditions were determined for a methanol: oil molar ratio of 18: 1, a
catalyst content of 3% by weight, a reaction temperature of 140 ° C and a reaction time of 6
hours.

We further verified several methods for the preparation of biocomponents from LC as
transesterification in combination with partial hydrogenation; by direct hydrodeoxygenation
of CS oil in the presence of selected solvents and co-hydrorefining of a mixture of unrefined
gas oil and CS oil in the presence of NiMoP catalysts. CS oil has been shown to be a
suitable feedstock for the production of advanced biodiesel, but a degree of selective partial
hydrogenation with low formation of trans isomers must be added in the process. The
process of co-hydrogenation of gas oil and hydrogenation of oxygen from CS oil requires a
selective catalyst capable of hydrogenating the double bonds in the fatty acid molecule and
at the same time transforming them into saturated hydrocarbons. Preferably, the use of
several catalysts is arranged in series. Most preferably, it is in the first phase to hydrogenate
the double bonds in the CS oil molecule and subsequently to perform hydrodeoxygenation
to hydrocarbons.
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