Crina Gora
LIMIVERZITET CRINE GORF
METALLIRA KO TERMOLCIG I PAKLILTEY
171%

Metalur$ko tehnoloski fakuitet fsnf. oo
‘¢

Fotigtiriens o Tl B

Vijecu
Predmet: Saglasnost za nastavak procedure za MSc Zoranu Sekulué, studenta doktorskih studija

U skladu sa ¢lanom 31a, Pravila o izmjenama i dopunama pravila doktorskih studija, mentor prof. dr
Vanja Asanovi¢ je Komisiji za doktorske studije MTF-a, podnijela izvjedtaj o radu studenta MSc Zorane
Sekuli¢, a koji se odnosi na sprovedena istraZivanja i postignute rezultate u studijskoj 2021/22 godini.

U skladu sa Pravilima, Komisija je izvrila uvid u godidnji izvjeStaj mentora i konstatovala ostvaren
kvalitet u napretku doktorandovog istraZivatkog rada, izvrSavanju godignjih istraZivackih aktivnosti i
savladavanju metodologije nau¢no-istrazivaCkog rada.

Komisija je izvriila uvid u obrazloZenje mentora o sprovedenim istrazivanjima i publikovanim radovima
u protekloj studijskoj godini. Konstatovano je da doktorand ima 3 saop$tenja na konferencijama
medjunarodnog karaktera ( 10" International Conference of Applied Science, maj 2022, Banja Luka,
6™ International symposium of Materials for Energy Storage and Conversion, jul 2022, Bra¢, i 23 rd
Annual Conference YUCOMAT 2022, Herceg Novi).

Na osnovu uvida u priloZzene abstrakte radova i ocjene mentora, Komisija smatra da je doktorand
uspje$no zavrio prethodnu studijsku godinu i predlaie nastavak daljih istraZivanja u skladu sa
istrazivackim planom.

/A

Podgorica, Septembra 2022 }5 isija
Prof. dr Mir ééc‘ewc ¢, predsjednik

Prof. Wleka tlan 3 N-tla.

Prof. dr tvana Boskovic, ¢lan
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PREDMET; Godisnji izvieStaj mentora o napredovanju doktorandg

Postovani,

U skladu sa Praviima o izmjenama i dopunama pravilg doktorskinh studija (Bilten
Univerziteta Crne Gore, br. 561 od 04.07.2022. godine), dostaviiam Vam
Godignii izvieStaj mentorg o napredovanju doktoranda MSc Zorane Sekulié.

Srdacan pozdray,
Mentor

Prof. dr Vanja Asanovic¢

Podgorica, 14.09.2022.g.
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anda iz dblaStVin()ktokrskih studija koje je publikovao doktorand
J1 sadrzi)

Doktorantkinja MSc Zorana Sekulié je rezultate sprovedenog istraZivanja predstavila na

medunarodnim naucnim konferencijama, a zapocela je i pripremu rada za objavljivanje u nau¢nom

casopisu sa SCI/SCIE liste. Sljede¢i radovi su uspjesno predstavljeni na medunarodnim nauénim
konferencijama:

1. Sekuli¢ Z., Milanovié L., Babié¢ B., Prvulovié M., Grbovi¢ Novakovié¢ J., Asanovié V.,
“Mechanochemical Destabilization of MgH,-V Nanocomposites for Hydrogen Storage,”
Book of Abstracts, 10" Iniernational Conference of Apphied Science, 25-28 May 2022, Banja Luka,
pp. 78.

2. Sekuli¢ Z., Gibovié Novakovi¢ J., Babié¢ B., Prvulovic M., Milanovi¢ 1., To$i¢ K., Asanovié
V., “Hydrogen storage propetties of MgH>-M (M=Nj, V, Cr) composites,” Book of Abstracts,
6" International Symposium of Materials Jor Energy Storage and Conversion mESC-IS 2022, 5-8 July
2022, Bol, Island of Brac, Croatia.

3. Sekuli¢ Z., Milanovi¢ 1., Babi¢ B., Prvulovié M., Gtbovi¢c Novakovi¢ J., Asanovi¢ V.,
“Mechanochemical synthesis of MgH,-V nanocomposites,” Twenty-third Annual Conference
YUCOMAT 2022 & Twelfth World Ronnd Table Conference on Sintering WITRCS Program and the
Book of Abstracts, Materials Research Society of Serbia, August 29 — September 2, 2022,
Herceg Novi, Montenegto, poster presentation P.S.111.C.14., p. 137.

(dati obrazloZenje)

Nakon uspjesno sprovedenih cksperimenata, javna odbrana polaznih istrazivanja doktorantkinje
MSc Zorane Sekuli¢, pod nazivom: ,, Uticaj prelaznih metala na strukturu i sotpcione osobine
nanokompozita na bazi magnezijum hidrida® odrana je 06.12.2021. godine. Odlukom Senata
UCG (03-126/1 od 25.01.2022. godine) prihvacen je Izvjestaj Komisije za ocjenu podobnosti
doktorske teze i kandidata (obrazac D1).

Doktorantkinja MSc Zorana Sekulié je na medunarodnim konfereniciji 70” International Conference
of Applied Science, odrzanoj u maju 2022. godine u Banja Luci (Republika Stpska), predstavila
mehanohemijsku destabilizaciju magnezijum hidrida i dopiranje vanadijumom i cilju dobijanja
nanokompozita za skladiStenje vodonika. Prikazala je rezultate karakterizacije nanokompozitnih
sistema pomocéu rendgenske strukturne analize (XRD), skenirajuce elektronske mikroskopije
(SEM) i infractvene spektroskopije sa Furijeovom transformacijom (FTIR).

Rezultate analize termijskih promjena uzoraka nanokompozitnih materijala, doktorantkinja MSc
Zotana Sekuli¢ je predstavila na medunarodnoj konferenciji 6” International Symposinm of Materials
Jor Energy Storage and Conversion mESC-IS 2022 odrZanoj u Republici Hrvatskoj u julu 2022. godine.
Primjenom  diferencijalne skenirajuée kalotimetrije, analizirani su desorpcioni profili
nanokompozita dobijenih destabilizacijom strukture magnezijum hidrida uz dopiranje prelaznim
metalima (Ni,V i Ct) u koli¢ini od 2 mas % i 5 mas %, pti razlicitim vremenima mljevenja (15 min,
30 min i 45 min).

Mehanohemijska sinteza nanokompozita na bazi magnezijum hidrida dopiranog vanadijumom,
kao 1 morfoloske i mikrostrukturne promjene, predstavljene su na medunarodnoj konferenciji
Twenty-third Annual Conference YUCOMAT 2022 ¢ Tuwelfth World Round Table Conference on Sintering
WTRCS, odrzanoj u Herceg Novom krajem avgusta i pocetkom septembra 2022. godine. Prikazani
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MECHANOCHEMICAL DESTABILIZATION OF MGH,-V
NANOCOMPOSITES FOR HYDROGEN STORAGE

Z. SEKULICY, 1. MILANOVIE?, B. BABICZ, M. PRVULOVICZ, J. GRBOVIC.NOVAKOVIEZ, V. ASANOVIE3

1 Ministry of Capital Investments, The Government of Montenegro, Directorate for Energy and Energy
Efficiency,Rimski trg 46, 81 000 Podgorica, Montenegro Mail: zorana.sekulic@mki.gov.me

?Vinda 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, Serbia Mail:
igorm@vin.bg.ac.rs

?Vinca 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, Serbia Mail:
babicbojana0@gmail.com

2Vinca 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, Serbia Mail:
milicaprvulovic16 @gmail.com

?Vinéa 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, Serbia Mail:
jasnag@vin.bg.ac.rs

*V Asanovic: Faculty of Metallurgy and Technology, University of Montenegro, Cetinjski put 2, 81000
Podgorica, Montenegro Mail: vanjaa@ucg.ac.me

Abstract

In light of the growing need and necessity for decarbonization, hydrogen plays a
decisive role. If hydrogen is aimed to be used as a fuel, the challenges of the low cost of
production and safe storage of hydrogen must be overcome. In the current storage
methods, hydrogen is compressed under pressure up to 700 bar or liquefied at cryogenic
temperatures, i.e., cooling to 20 K (-253,15 2C), meaning high costs and unsafe storage.
Therefore, solid-state storage, using primarily metal hydrides, especially light metal
hydrides, is a promising solution because it offers safe handling in stationary or mobile
applications, as well as higher gravimetric hydrogen capacity. Considering the strong
chemical bond between hydrogen and metals in these compounds, which in turn leads
to slow kinetics and high dehydration temperatures, the effect of destabilization of the
magnesium hydride structure using vanadium as an additive and the method of
mechanical milling in a high energy ball mill was examined. The influence on the
morphological and microstructural changes in structure was monitored by X-ray
diffraction, scanning electron microscopy, particle size analysis and Fourier transform
infrared spectroscopy attenuated total reflection. The observed changes were
associated with the changes in dehydration temperature and the desorption kinetics of
hydrogen followed by DSC analysis. A significant improvement in the performance of
the tested material after the applied destabilization methods concerning pure
magnesium hydride can be noticed.
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Hydrogen storage properties of MgH;-M (M=Ni,V,Cr) composties

Zorana Sckuli¢!, Jasmina Grbovié Novakovié?, Bojana Babi¢?, Milica Prvulovié?, Igor Milanovi¢?,
Katarina To$ié?, Vanja Asanovié?
"Ministry of Capital Investments, The Government of Montenegro, Directorate for Energy and Energy Efficiency,Rimski trg 46,
81 000 Podgorica, Montenegro
*Vinda Institute of Nuclear Sciences, National Institute of Republic of Serbia, Centre of Exceellece for Renewable and Hydrogen
Energy, University of Belgrade, POB 522, 11000 Belgrade, Serbia
*Faculty of Metallurgy and Technology, University of Montenegro, Cetinjski put 2, 81000 Podgorica, Montenegro

The matter of thermodynamic barriers in the decomposition MgH:>-M  composites were prepared by mechanical milling
of magnesium hydride is the subject of many scientific of the as-received MgH, powder (Alfa Acsar, 98% purity)
studies, primarily through the process of destabilization of the with the addition of 2 and 5§ wt.% of M M=V, Ni, Cr),
hydride structure [1]. The most commonly used method for Mechanical milling was performed in s SPEX 5100 Mixer

hydride destabilization is nanostructuring by mechanical
milling which leads to reduction in the particle and crystallite
size of the MgH, powder. Nanostructuring is often combined
with catalyst addition and composite formation [2,3].
Depending on the energy input during the milling process,
the typical milling time for magnesium or magnesium
hydride ranges from 15 min to 20 h for high-energy mills

Mill using 8mm diameter milling ball. The vial were loaded
with powder and balls up to 40% of the volume in order fo
leave enough space for efficient milling. Samples were milled
for 15, 30 and 45 minutes under the inert atmosphere of
argon and ball-to-powder ratio 10:1 Figure 1. shows the
differential scanning calorimetry (DSC)  curves for Mgll,

and from 20 to 150 h for low-cnergy mills. The most of samples with the addition of 5 wt.% of V milled for 15,
rescarch is focused on the morphological, structural and (©5_15), 30 (95_30) and 45 (95_45) minutes. The DSC curve
thermodynamic effects typical for long milling times, while of commercial powder Mgll, shows the sharp symmetric
in this work we have followed the changes taking place under high temperature (HT) maximum which originate from
short milling time. The thermal stability of magnesium desorption from B~ Mgll, at 454°C. The maximum of very
hydride, is related to structural changes - change of the low intensity peak is observed at about 350°C, which is a
crystallites and powder particles size. The analysis also consequence of surface-bound OH groups. If the sample is
considered the changes in activation energy. exposed to the atmosphere, a third, low - temperature

maximum may occur, which originates from OH groups and

water. It is observed that with mereasing milling time
hydrogen release temperature increases, which means that
shorter milling times have a betler effect on the desorption
properties of MgH, All three samples show a significantly
different desorption profile compared to the commercial
sample.  The absence of desorption from medium

Heat flow (W/g)

temperatures is clearly visible, but a pronounced low
temperature peak (LT) appears at approximately 110 °C.
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Tee) H.-Y Jung, Sust. Energy Rev. 72 ( 2017) 523-534.
[2] Czujko T, Zaranski Z, Malka 1E, Wronski 7, T Alloy
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Figure 1. DSC curve for MgH,-5% V nanocomposites [3] T. Panti¢, LMilanovi¢, M. Luki¢, J. Grbovi¢ Novakovié,
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Hydrogen Encrgy 45(14) (2020) 7901-791 1.
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Mechanochemical synthesis of MgH2-V nanocomposistes

Z. Sekuli¢', 1. Milanovic?, B. Babi¢?, M. Prvulovi¢?, J. Grbovi¢ Novakovi¢2, V. Asano vic3
'Ministry of Capital Investments, The Government of Montenegro, Directorate for Energy and
Energy Efficiency, Rimski trg 46, 81 000 Podgorica, Montenegro
*Vinca Institute of Nuclear Sciences, National Institute of Republic of Serbia, Centre of Excellence for
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The future role of hydrogen as an energy vector is inevitable, especially as a basic tool for the
decarbonisation of the energy sector. However, in order for hydrogen to gain its full commercial
role, challenges such as cost-effective production as well as security of storage must be addressed
Until now, hydrogen was usually stored under pressure (350-700 bar), which poses a significant
safety risk or in the liquid state by liquefaction at cryogenic temperatures (-253.15 °C), which
implies a high cost of maintaining such low temperatures and the risk of hydrogen leakag. From
this point of view, solid state hydrogen storage offers a promising solution both in terms of safety
and cost, especially if light metal hydrides are chosen for storage materials. The chemical bond
between hydrogen and metals in metal hydrides is usually strong, which in turn leads to slow
kinetics and high dehydration temperatures, and it is necessary to cause destabilization of the
structure. Tn this paper, the influence of destabilizing the structure of magnesium hydride using
vanadium as an additive and the method of mechanical grinding in a high energy ball mill is
investigated.

The influence on the morphological and microstructural changes in structure was monitored by
X-ray diffraction, scanning electron microscopy, particle size analysis and Fourier transform
infrared spectroscopy attenuated total reflection. Due to the correlation between changes in
dehydration temperature and hydrogen desorption kinetics, DSC analysis followed. After applied
destabilization methods to pure magnesium hydride, a significant improvement in the performance
of the test material is observed.
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