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Effect of temperature on phase transformation behaviors of
Mg-3Ni-2MnO, hydrogen storage materials during hydrogenation
and dehydrogenation process

ZHANG Wen-cong, JIA Bin-bin, YU Yuan-chun

(School of Materials Science and Technology, Harbin Institute of Technology (Weihai), Weihai 264209, China)

Abstract: The hydrided Mg-3Ni-2MnO, hydrogen storage materials were fabricated through ball-milling under hydrogen
atmosphere. The hydrogenation and dehydrogenation dynamic properties were measured. The Avrami index was used to
study the phase transformation behavior character. The results show that in the range of temperatures selected, the higher
the temperature is, the faster the hydrogenation and dehydrogenation velocities of the fabricated Mg-3Ni-2MnO,
hydrogen storage materials are. When the materials is absorbed in the range of 150-200 °C, the value of Avrami index
can change quickly from 1.0—1.5 in the initial period to about 0.5, indicating that this period is for the new phase to
increase thickness quickly. The change of temperature has no obvious effect on the phase transformation behavior
character whereas affects the phase transformation velocity. During the dehydrogenation process, its phase transformation
period includes nucleation and growth, and steady growth of the new phase with no new crystal nucleus appearing,
according to the change of Avrami index. The change of temperature also affects the dehydrogenation velocity and has no
obvious effect on the phase transformation behavior character.
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Table 1 Raw materials used in experiments
Raw material Purity/%  Specification Manufacturer
Mg >99  0.075-0.150 mm Snanghai Reagent
Company
Ni ~99 20 nm Shenzhen Reagent
Company
MnO, >99  0.075-0.150 mm Shanghai Reagent
Company
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Fig.1 Schematic diagram of apparatus for measuring hydrogenation and dehydrogenation dynamics of metal hydride: 1, 2, 3, 5, 6,

10, 12, 13, 14—Valves; 4—Hydrogen storage container; 7—Pressure gauge; 8—Reactor and heater; 9—Pressure sensor; 11—

Vacuum meter; 15—Bellows sealed value; 8—Equilibrium container; 17—Measure cylinder; 18—Displacement sensor; 19—

Computer digital record system; 20—Cooling pipe
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Fig.2 SEM image of Mg-3Ni-2MnO,

<
>

<
(=}
T

&
o

Phase transformation fraction
=]
+a

210 4:0 6l0 SIO 100
Absorption time/s

3 AR Mg-3Ni-2MnO, fift ZA BHR S 72 ffAH i

LTI PIESHER

Fig.3 Phase transformation kinetics curves of Mg-3Ni-2MnO,

hydrogen storage materials under different temperatures during

hydrogenation process
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Fig.4 Phase transformation kinetics curves of Mg-3Ni-2MnO,

hydrogen storage materials at different temperatures during

dehydrogenation process
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Fig5  Curve of InIn[l1/(1-F)]—Inz for Mg-3Ni-2MnO,

hydrogen storage materials under conditions of 2.5 MPa and

200 C
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Fig.6  Curves of Inln[l/(1-F)—Int for Mg-3Ni-2MnO,

hydrogen storage materials under different temperatures during

hydrogenation process
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Fig.7  Curve of InIn[1/(1-F)]—Int for Mg-3Ni-2MnO,

hydrogen storage materials under conditions of 300 ‘C and

0.1 MPa
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Fig.8 Local Avrami exponent of Mg-3Ni -2MnO, hydrogen

storage materials during isothermal dehydrogenation process at
300 C
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Table 2 Phase transformation behavior of hydrided Mg-3Ni-
2MnQ, during dehydrogenation process

Ph
ase . Local Avrami Character of phase
transformation . .
. index transformation
fraction
Formation of Mg crystal
0-0.1 0.7-2.0 nucleus, nucleation rate
becomes little
Mg ph ill
0.1-0.3 1.5-2.0 g phase still grows,
nucleation rate becomes zero
0.3-0.75 1.5 Stable growth of new phase
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Fig.9 Curves of Inln[1/(1-F)]—Inz for Mg-3Ni-2MnO,

hydrogen storage materials at different temperatures during

dehydrogenation process
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