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Abstract: MgH, has become one of the most widely studied hydrogen storage materials due to its high
theoretical hydrogen storage capacity, improved safety, and reversibility. However, its application is
limited by its high thermodynamic stability and poor kinetic performance. A doping catalyst can effectively
reduce the reaction barrier of hydrogen absorption and desorption, thereby accelerating the reaction rate of
hydrogenation and dehydrogenation in the Mg-H system. This approach is an effective and simple method
to enhance the hydrogen storage performance of MgH,. Transition metals and their oxides have been widely
studied because of their excellent catalytic properties. In this review, various types of transition metals and
their oxide catalysts are introduced, and their effects on the hydrogenation and dehydrogenation of MgH,
and the catalytic principle are briefly described. Finally, it is concluded that doping with multi-element
alloys, multi-component metal oxides, or combinations of metals and metal oxides to utilize the synergistic
effects between different metals is an important method for improving catalytic performance. However, the

catalytic mechanisms of some transition metals and their oxides remain unclear at present. Deepening the
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understanding of catalytic mechanisms, especially conducting in-depth investigations at the atomic scale,

will provide strong support for the development and application of magnesium-based hydrogen storage

materials with better hydrogen storage performance.

Key words : hydrogen storage ; magnesium hydride ; catalyst; transition metal ; oxide
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Table 1  Summary of dehydrogenation performance of magnesium based materials with transition metal catalysts

Material Initial dehydrogenation Maxium dehydrogenation Enthalpy change Activation energy Ref.
temperature/°C amout/ % AH/(kJ+mol ™) AE/(kJ+mol ™)
Mg@Co 247 5.08 81.47 73.22 [14]
Mg@V 250 5.95 79.77 86.30 [14]
Mg@Co@V 240 5.22 74.83 67.66 [15]
Mg@Ti@Ni 259 4.70 69.80 63.70 [15]
Mg-40% TiFe 287 3.94 [17]
Mg-10%ZrCo 268.7 6.40 [18]
Mg-7%ZrNi 204 6.50 71.60 88.60 [19]
Mg-50% NiMnAICoFe 180 [21]
Mg-20% TiCrV 224 6.05 54.16 71.20 [23]
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Table 2 Summary of dehydrogenation performance of magnesium based materials added with transition metal oxide catalysts

Initial dehydrogenation

Maxium dehydrogenation ~ Activation energy

Material Ref.
temperature/°C amout/ % AE/(kJ+mol 1)

Mg-5%TiO, 315.3 6.4 [29]
Mg-1% (molar fraction) Nb,O;(orthorhombic crystal) 232 2.7 [32]
Mg-5% (molar fraction) CoFe,O, 180 6.46 [37]
Mg-3% TiNb,O, 235 7.0 [39]
Mg-6 % NiTiO;, 287 6.9 74 [40]
Mg-10%CoMoO, 250 6.40 43.26 [41]
Mg-10%SrTiO4-5%Ni 260 6 98.6 [42]
Mg-10%Ni/TiO, 220 6.5 43.7 [44]
3 &R .ERENYWELTSHmMEIAS BRI (CNT) %,

R BRI BB A B 9 LR A, m] DL 2
R 4 B R BB D B A AL 42 = MgHL 9 fif
PEBE. JFH, i T ¥ Jm o i I 4 s A AL
B, K AR 2R i MgH, Jm A Al i G 23 38 mli bt
it SR BT W T g kA D 4 P2 IR, BE By A
SRR . BRI ZSb, BRASRLE REB 1E BORL 4]
BB BUBURLAE T, A A 4R B2 R
AR oK BRI RL 0 DL AT AR S MgHL i/ i
BT B A A7 s b B2 OK ORE (CNF) A%

TERRATBE T, S5 M ELA TR I — 4E 98 K 454 |
5 5 1) HL 7 R S B D R e Al 2 A e I, S A A ok
TORL B AR R AR . Yao S5 SR FHMLIRER BE 1 1 45 T LA
W JEE A B (rGO) A EAA I 3457 43 B N4k
Wik (Ni@rGO) o 453 & B, 8 2% 10%Ni@GO #y
MgH. ) 1 it %0l B M 251 °C i 3 FR AR F) 190 °C., %
B A MRHE 100 °CF, 20 min P A LI 5.0 % 59 Ha.
#£:300 “CF 15 min AT LASEI 6.1% (1 Hoo 24 Nif1 2K
iR 45% B, Ni@rGO 4k 51 /9 GO 7] LLBH 1E Ni
H Mg 89 I, 3% 42l T rGO HI Ni 44 K ok 22 8] (14 5
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Fig.5 TEM photograph of CNTs-Pd(a) ,isothermal dehydrogenation curves(b) , XRD patterns following dehydrogenation at 250 °C for 60 min and

then rehydrogenation at 300 °C for 1 min (c) ,and mechanism for the hydrogenation and de/rehydrogenation(d) of the MgH,@CNTs-Pd"**
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Table 3 Summary of hydrogen evolution performance of magnesium based materials with catalysts loaded with carbon materials

Material Initial dehydrogenation Maxium dehydrogenation  Enthalpy change Activation energy Ref.
temperature/C amout/ % AH/(kJ+mol™") AE/(kKJ-mol ')
Mg-10%Ni@rGO 190 6.1 69.6 117.8 [50]
Mg-5%Fe;0,@GS 262 6.0 60.62 90.53 [51]
Mg-10%Ni@C 230 6.8 93.08 [52]
Mg-10%CNTs-CoFeB 177 6.5 83.2 [53]
Mg-10%Co/Pd@CNTs 198.9 6.26 76.66 [54]
Mg-1%CNTs-Pd 250 7.30 67.68 73.98 [55]
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