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TCorresponding author :
limkr@cbnu.ac.kr Abstract >> Phase stability diagrams were constructed for magnesium alanate

_ (Mg(AlH4)2) nanoparticles to investigate the reversible hydrogen storage reaction
recenved ;i;z:lmgggm by using density functional theory. Our findings indicate that bulk Mg(AlHa)2
Accepted 25 April, 2023 shows favorable hydrogen release, but unfavorable hydrogen uptake (adsorption)

reactions. However, for Mg(AlH4)> nanoparticles, it was observed that hydrogen
release and recharge can be achieved by controlling the particle size and
temperature. Furthermore, by predicting the decomposition phase diagram of
Mg(AIH4)2 nanoparticles with varying hydrogen partial pressure, it was dis-
covered that reversible dehydrogenation reactions can occur even in relatively
large nanoparticles by controlling the hydrogen partial pressure.
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Fig. 1. Schematic representation of a cluster expansion for a
Mg(AIH4), nanoparticle in a 2-dimensional box. Orange, blue,
and white sites are occupied by Mg, AlHs, and vacuum,
respectively. The spin variables of Mg and AlH, occupied sites
are +1, and the variables of vacuum sites are -1. Clusters of a
single site, a nearest-neighbor pair of sites, and a triplet of
sites are represented in red

Vol. 34, No. 2, April 2023

Fn
ﬂ
=
rlo
il

-2t 1M

D>
i)

gﬂ

o

£

L
rE
mlo

FEshgich. aela Mg, AP, H
O 2 Mg(AlHs»2t MgH, Ue A}
AHIek stk Gz 1)
AFASE W82 sodium alanate
ol et 4HP =S 25 9]
Fajo] AgE 7] Bl

7]

ox
>
FlN

i)
ol

<

e o> o
ofN

b

2 mlru
£
rsi'

(NaAlH;

o

(e
:(>~
>
)
X
rH

-

Al-H-Mg U= 47te] ]2} 27]9F 229 g
2 Gibbs 2HFoUA] G(n, T)& A 2@ 1
Ehd &= 9lck

G(n, T) = Gy (T) +Eﬁ)rm(”) (@)

Gu(T)=a+bT+cTInT+dT?
Fe TS f/ T+ g, T A

Efm-m (n) = (E;;artide - Elmlk' X n)/n (4)

A7NA Gy, (T) = 940] M X Gibbs A5
NS YehhiL, £y, (n)2 formula unit (FU)T
A3 Szl gt Ui 421 = 3o A|(molar
formation energy)°|th. n2 FUQ| =, a~f, g,= A
a5 i Y ARE Ut Eiae T B
= 47 e YA 2 A G FUY F oUA &
Uebdlich ALH-Mg Yie J21e] Gy, (1) TA AL
Palumbo 570l LFERL Qlch Ma 2 Mg(AlHl),

Fig. 2. (A) Initial and (B) fully relaxed MgsoAliooH400 Nano-
particle (50 formula units with a diameter of 0-2.2 nm) used for
the cluster expansion training set. Orange, blue, and small
white spheres represent Mg, Al, and H, respectively
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Fig. 3. DFT-calculated (circles) and cluster expansion-predicted
(diamonds) formation energies relative to bulk for (A) Al, (B)
Mg(AlH4)2, and (c) MgH, nanoparticles. The solid lines indicate
fitted formation energies (left scale). a, b, and c values are con-
stants of Eq. (6). The secondary y-axis represents difference
(‘x” markers with the right scale) between the fitted equation
and the calculated or predicted data
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Fig. 4. Free energy contours for bulk (A) and nanoparticle (B)
phases of Mg(AIH4), decomposition (Eq. (7)) as a function of
the particle size (nm) and temperature under the pressure of
101,325 Pa. Color scale represents AG (kJ/mol)
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