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Spisak radova doktoranda iz oblasti doktorskih studija koje je publikovao doktorand

(dati spisak radova koji sadrzi)

Doktorantkinja MSc Zorana Sckuli¢ je rezultate sprovedenog istraZivanja predstavila na 18.
medunarodnom simpozijumu u Francuskoj:

Sekuli¢ Z., Grbovié Novakovié J.» Vujacdié Nikezi¢ A., Medi¢ 1li¢ M., Novakovié N., Paska$
Mamula B. and Asanovi¢ V., “Hydrogen storage properties of MgH,-Mo system”, poster sekcija
18" International Symposium on Metal-Hydrogen Systems, MH2024, 26-31 May 2024;

a pripremila je i jedan naucéni rad koji je upucen na razmatranje za objavljivanje u nauénom c¢asopisu
sa SCI/SCIE liste.

‘ObrazloZenje mentora o kori$éenju sprovedenih istraZivanja u publikovanim radovima
(dati obrazloZenje)

Doktorantkinja MSc Zorana Sekuli¢ je sprovela plan isttaZivanja kojim je bilo predvideno
proucavanje faznih transformacija, ispitivanje strukture i kristalne strukture, istraZivanje
katalitickog efekta 3d, 4d i 5d metala na sorpcionu kinetiku vodonika u nanokompozitnom
materijalu, kao i uticaja na termodinamicku stabilnost magnezijum hidrida, MgHo.

U radu Hydrogen storage properties of MgHo-Mo system, koji je ptikazan u posterskoj sekciji
medunarodnog simpozijuma 18" International Symposium on Metal - Hydrogen Systems,
MH2024, analiziran je kataliticki efekat molibdena kao aditiva (2 teZ.% i 5 te2.%) na desotpciju
vodonika iz kompozita na bazi MgH, Kompoziti su dobijeni mehanohemijski u
visokoenergetskom kugli¢cnom mlinu, a odabrano je kratko vrijeme mljevenja. Analiziran je uticaj
mikrostrukture na temperaturu  dehidriranja 1 kinetiku desorpcije  vodonika. IstraZivanje
morfologije i mikrostrukture kompozitnih materijala sprovedeno je primjenom rendgenske
difrakcione analize (XRD), laserske metode za odredivanje raspodjele veli¢ine &estica (PSD),
skenirajuce elektronske mikroskopije (SEM). Termijska analiza kompozita je sprovedena
primjenom diferencijalne skenirajuée kalorimetrije (DSC). Apsorpcioni spektri su dobijeni
primjenom infracrvene spektroskopije sa totalno oslabljenom refleksijom (FTTR-ATR). Rezultati
pokazuju nizu prividnu energiju aktivacije (Eapp) i temperaturu dcborpcqc Ho u slucaju kompozita
dobijenih mljevenjem MgH, sa dod'itkom molibdena od 5 tez.%. Utvrdeno je da se reakcije
desorpcije vodonika kod sintetisanih kompozita najbolje opisuju kinetickim mehanizmom Avrami-
Erofejeva (Avrami-Erofees), sa vrijedno$cu patametra n = 4. Bududi da je dobijena vrijednost
ptividne energije aktivacije sli¢na energiji raskidanja Mg-H veze, moZe se zakljuditi da bi upravo
raskidanje te veze predstavljalo najsporiji segment tog procesa.
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Napomene
(Popuniti po potrebi)

Doktorantkinja MSc Zorana Sekuli¢ je realizovala planirana istraZivanja, priptemila jo§ jedan
naucni rad koji je upuéen na razmatranje za objavljivanje u nauénom éasopisu sa SCI/SCIE liste i
priprema doktorsku disertaciju.

U Podgorici,
20 .
o ~ Prof. dr Vanja Asanovic

Dt Jasmina Grbovi¢ Novakovi¢

Prilog dokumenta sadrZi:

¢ Objavljeni rezultati rada na izradi doktorske disertacije (za drugi izvje$taj mentora)
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- , 150, Hwangguem 1Ro, Yangchon-Eup, Gimpo-Si,
N7z WONILT&I CO., LTD. Gyeonggi-Do, Korea
WOMNEL.  WONL TECHNOLOGY & INDUSTRY €O LTD. ‘: Tel +82-2-556-9261 E-mail g%é;émi(a},wmilmmlem‘,iu;
Fax +82-2-556-9265 Web www.woniltni.co.kr

Since its establishment in 1990, WONIL Té&! has grown into one of the world leading (natural)
gas equipment engineering & manufacturing companies by diversifying from LNG Vaporizer
and Fuel Gas Supply System into Metal Hydrides & Storage cylinders as well as hydrogen
production facilities.

Gaseous hydrogen reacts to Metal Hydrides and they are stored in the storage cylinder with the
storage pressure less than 64 bars, which is a very safe way with no risk of explosion and
leakage. Metal Hydride can store 1.6 to 2 times more hydrogen than those of liquid and
gaseous (700 bars) storage on the basis of the same storage volume.

The pressurized modular hydrogen production unit for on-site hydrogen supply is a

hydrogen extraction facility that extracts high purity hydrogen using natural gas as the
main material. Benefits of Hydrogen production unit are cost-effective, highly-efficient,
modular and reliable.



MOBILE APPLICATION

Keep in touch with the MH 2024 community with the mobile
application dedicated to the conference. To access to the
VERTCOM App, just flash the QR code on your smartphone:

Open the VERTCOM App and select the event MH 2024.
Enjoy!

If you want to consult the mobile application from your
browser, go to https://mh2024.org/mobile-app.

The following pages present the program as it was on 8 May 2024.

The program of the conference consist in plenary, invited and oral contributions, as well as
two friendly poster sessions.

The topics of this symposium cover the fundamentals of synthesis, structure,
thermodynamics, kinetics, catalysis, surface effects and physical properties of materials,
taking into account all classes of hydrogen-related materials (metal and complex hydrides, as
well as chemical, organic and nanoporous materials), including liquid storage carriers such as
ammonia and LOHC.

F. Fundamentals

F.1. Crystal structures, thermodynamics and phase diagrams

F.2. Catalysis and reaction kinetics

F.3. Diffusion and transport phenomena

£.4. Surface and interface effects

£.5. Physical properties

F.6. Material synthesis, characterization and theory

F.7. Isotope (H, D and T) effects

F.8. Extreme conditions: high pressure, high temperature hydrides

M. Materials

M.1. Metallic hydrides

M.2. lonic and complex hydrides
M.3. Chemical and organic hydrides
M.4. Nanoporous materials

A. Applications

A.1l. Hydrogen storage systems

A.2. Large scale storage and transport of hydrogen

A.3. Electrochemical applications: batteries and fuel cells

A.4. Hydrogen production and purification: solid state diffusion and porous systems
A5. Effects of hydrogen on structural and containment materials

A.6. Other applications of hydrogen systems ! detection, compression, thermal storage..



Interdependency of the hydride growth and self-created local elastic stress fields

P2-F6-19 Nataliya SKRYABINA
Y in Mg/MgH?2 system
pP2-F6-20 Evans PERICOLI Thermodynamics, kinetics, and activation properties of TiFel-xNix intermetallics
P2-F6-21 Iwona WYREBSKA Formation ofAmetal h\/df‘ld(?S: Zirconium, .htafmum, vanadium, niobium, and
tantalum during self-shearing reactive milling
Influence of the preparation routes on chemical and phase composition and
P2-F6-22 Mykhaylo LOTOTSKYY  |hydrogen sorption performances of hydrogen storage alloys based on TiFe
intermetallic
P2-F6-23 Jikai YE Mechanochemical Pathways from Oxides to Metal/Metal Hydrides
PI-F6-24 Rebecca CLULOW Machine Learning Predicted Compositionally Complex Laves Phases for Hydrogen
Storage
- - . I -
P2-F6-25 Vijing WANG Carbon-wrapped NiCoFeCu medium-entropy alloy nanoparticles as catalysts for
hydrogen storage of MgH2
i ium- I lyzin
P2-F6-26 Huatang YUAN Pulsed electrf)deposned rare earth medium-entropy amorphous alloys catalyzi kg
; MgH2 for solid-state hydrogen storage.
P-EG-27 Moegamat Wafeeq Effect of different preparation routes on the performance of Ti-Zr based AB2 metal
DAVIDS hydride alloy
P2-F6-28 Alexander MCGRATH Stoichiometry and annealing condition on hydrogen capacity of TiCr2-x AB2 alloys
P2-F6-29 Lactitia LAVERSENNE Search for multi-principal element alloys with high reversible capacity in the range
of 1 —40 bar H2
P2-F6-30 lgor MILANQVIC Vinca Institute of Nuclear Sciences
P2-F6-31 VANJA ASANOVIC Hydrogen storage properties of MgH2-Mo system
PI-F6-32 Lucia Guadalupe A DFT study of transition metals adatoms on tin carbide monolayers for hydrogen
ARELLANO SARTORIUS {storage
P2-F6-33 Fabien BERNARDEAU Material characterization for hydrogen technologies
P2-F7-34 Dorian GABORIAU Particle-Size Dependence of 3He Retention in Aged Palladium Tritide Samples
P2-F8-35 Siree BURAPORNPONG Study of Cf)mp05|t|on ‘and hydride formation of Mg2Ni-type and Mg2Cu-type
structure in (Mg,Y)2Ni
P2-F8-36 Sergey MITROKHIN Hydrogen storage ABS-type alloys for use in arctic conditions.
P2-F8-37 Yuki NAKAHIRA High-pressure synthesis of Al6Ru alloy hydride and its characterization
Synthesis of Mn-rich Al-Mn alloy hydrides under high pressure and high
P2-F8-38 Reina UTSUMI temperature with the aid of in-situ synchrotron radiation X-ray diffraction
measurements
P2-F8-39 Andrew GRAY Qesrgn'and AccuracY Considerations for a 1000bar, High-Accuracy Differential
Sievert’'s-Type Sorption Measurement Apparatus.
P2-F8-40 Laetitia LAVERSENNE Structural Transformations of Magnesium-Based Perovskite Hydrides under High
Pressure
P2-F8-41 Maelie CAUSSE Synthesis of ternary hydrides YFe2H6 under high pressure
pP2-M1-42 Xuezhang XIAO Machine learning enabled customization of performance-oriented metal hydrides
P2-M1-43 Lixin CHEN Cycling stabmjcy and mechanism of ZrCo-based alloys with orthorhombic structure
: for hydrogen isotope storage
P2-M1-24 Wei CHEN Antl-!?x§proport|onat|on Property and Hydrogen Isotope Effect of Zr-Hf-Co Alloy
for Tritium Storage
P2-M1-45 Kucerovd LUDMILA D(?velopment and Procc'essmg of Ad.vanced Metal Hydride Cor.npolsmes with Specific
Microstructure Properties for Mobile Hydrogen Storage Applications
P2-M1-46 Yongjin ZOU Hydrogen Sto'rage Perfc.)rman.ce. of MgH2 Catalyzed by Ni nanoparticle-doped
hollow spherical vanadium nitride
P2-M1-47 Karel SAKSL Zirconium modified medium-entropy alloy {TiVNb)85Cr15 for hydrogen storage
P2-M1-48 Robert HAUN Metal Hydride Production at Scale
P2-M1-49 Gaspar ANDRADE ;\\/::(c):/ostructure and Hydrogen Storage properties of a Ti-Zr-Fe-Ni Medium-Entropy
P2-M1-50 Mei YUAN Exploring different approaches to reduce the hydrogenation temperature of

titanium hydride




MH2024 26-31 May 2024 Saint-Malo, France

Hydrogen storage properties of MgHz-Mo system

Z,Sekuli¢," J.Grbovi¢ Novakovié?, A Vujaci¢ Nikezié?, M.Medi¢ 11ié?, N.Novakovi¢, B.Paska$ Mamula? and V
Asanovi¢®

"Directorate for Oil and Gas, Ministry of Energy and Mining, The Government of Montenegro, Rimski trg 46,
81000 Podgorica, Montenegro
2viinéa Institute of Nuclear Sciences, National Institute of Republic of Serbia, Centre of
Excellence for Renewable and Hydrogen Energy, University of Belgrade, POB 522,
11000 Belgrade, Republic of Serbia
SFaculty of Metallurgy and Technology, University of Montenegro, Cetinjski put 2, 81000 Podgorica, Montenegro
vanjaa@ucg.ac.me

The catalytic effect of molybdenum as an additive (2 and 5 wt.%) on hydrogen desorption from MgH>-
based composite was studied. The composites were obtained by high-energy ball mill using short milling
times. The influence of microstructure on the dehydration temperature and hydrogen desorption kinetics
was monitored. Morphological and microstructural studies of the synthesized sample were performed by
X-ray diffraction (XRD), laser particle size distribution (PSD), and scanning electron microscopy (SEM)
methods, while differential scanning calorimetry (DSC) determined thermal properties. To further access
amorph species in the milling blend, the absorption spectra were obtained by FTIR-ATR analysis
(Fourier transform infrared spectroscopy attenuated total reflection). The results show lower apparent
activation energy (Eapp) and Ha desorption temperature are obtained for milling bland with 5 wt.% added
molybdenum. The best explanation of hydrogen desorption reaction shows the Avrami-Erofeev model
for parameter n = 4. Since the obtained value of apparent activation energy is close to the Mg-H bond-
breaking energy, one can conclude that breaking this bond would be the rate-limiting step of the process
[1,2].

References
[1] B.Babi¢, International Journal of Hydrogen Energy, 54 (2024) 446 — 456.
[2] Z.Sekuli¢c, Materials 16(15) (2023) 5480
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“ (Popuniti po potrebi)

Doktorand je prema predvidenom planu uspio da obavi skoro sve zadate aktivnosti. U toku trece
godine na doktorskim studijama doktorand radi na temi, definisao je poglavlja doktorskog rada,
radi pregled literature. Na PMF-u u Sarajevu, radio je redukciju dobijenog grafen oksid hemijski i
elektrohemisjki u cilju odabira metode tedukcije prije prevlacenja. Obavljene su konsultacije sa
odgovornim osobama iz firme FEurosjaj iz Konjica, napravljen nacelan dogovor o terminima
kataforetskog prevlacenja sa epoksidnom prevlakom i karakterizacije prevlake - ispitivanje
motfologije same previake kao i elektrohemijsko ispitivanje karakteristika prevlake.. Doktorand
je u toku trece godine obavio vedi broj konsultacija sa mentotima, pri ¢emu su definisani plan
aktivnosti i rada, zapocet je rad na naucno istrazivackom radu kao 1 na samoj disertaciji, kao i
definisani vremenski okviri u kojima se predvida zavisetak istih,

Usled poteskoca u realizaciji dijela istrazivanja koje se obavlja u privatnoj firmi — promjena
upravljacke strukture i neophodnost ponovnog dobijanja saglasnosti da se dio istrazivanja obavi
kod njih, rad na istraZivackom radu i njegova objava u medunarodnom casopisu jo$ uvijek nije
zavisena ali se nadamo da Ce se brzo obaviti sva pottebna istrazivanja da bi rad bio poslat na
evaluaciju i poceo proces njegovog podnosenja.

U Podgorici,

20.09.2024. godine

Ime 1 prezime prvog mentora
Prof. dr Jelena Séepanovié
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Prof. dr Fehim Koraé
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