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Mechanism of improved properties of MgH, systems with
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Abstract: The energy and electronic structure of the adsorption of H; on the clean, vacancy defective Mg (0001) surfaces
and iron alloying magnesium hydride were calculated by using a first-principles plane-wave pseudopotential method, the
mechanism of improved properties on MgH, systems were analyzed with milling and iron addition. The results show that
the vacancy defect system benefits enhancing the physical sorption between Mg surface and H, compared with the clean
Mg (0001) surface, because the quantity of the charges transferring from Mg surface to H, adsorbed may be increased
significantly, the H, adsorption properties are improved after ball milling. The structure stability of the alloying system is
reduced when a little iron dissolves into the magnesium hydride, and is further reduced when the iron additions form
Mg,FeHg compound. The analyses of electronic structures shows that the catalytic reactivities for H, adsorption of the
different surfaces are dependent on the numbers of s orbital bonding electrons around Fermi level for the uppermost layer
metal atoms which interact directly with H,. It is easy to form vacancy for hydrogen atoms next to iron atom, which

indicates that hydrogen atom cannot be escaped, but it is difficult to from vacancy for hydrogen atoms next
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to magnesium atom, which indicates that hydrogen atom can be escaped. Hence it is thought that the change of

dehydrogenating properties of MgH, with or without a little iron addition attributes to the weakened bonding between

magnesium and hydrogen.

Key words: magnesium hydride; Mg(0001) surface; adsorption; formation heat
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Fig.1 Schematic diagram of models of Mg(0001) surfaces: (a)

Clean; (b) vacancy defective sufaces

B2 A7 EEMg(0001) 4 [fi 15 2 MgH, AT Mg, FeHe ) i 14
gkt K

Fig.2 Schematic diagram of crystal structures for MgH, and
Mg,FeHg: (a) MgHs,; (b) Five-times unit of MgH,; (¢) Mg,FeHg
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Table 1 Lattice parameters(a, ¢, a/c)of MgH, by GGA, LDA, experiment and calculation

Method Pseudopotential alA c/A alc VoA E/eV
PBE Ultrasoft 4.533 3.022 1.500 62.096 -2020.1572
Norm-conserving 4.538 3.002 1.512 61.840 -112.4727
Ultrasoft 4.593 3.038 1.512 64.108 —2020.800 7
GGA PRBE i
Norm-conserving 4.557 2.994 1.522 62.188 —112.804 4
PWOL Ultrasoft 4.534 3.022 1.500 62.128 -2021.8679
Norm-conserving 4.526 3.003 1.507 61.523 —112.895 4
Ultrasoft 4.462 2.995 1.490 59.637 -2010.551 1
LDA CA-PZ )
Norm-conserving 4.518 3.026 1.493 61.764 -111.576 0
Experiment!?!, 4.501 3.010 1.495 60.980
Calculation"! 4.535 3.033 1.495 62.377
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Fig.3 Initial positions of H, on Mg (0001) surfaces during
process of H, adsorption: (a) Clean surface; (b) Vacancy

defective surface
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Table 2 Equilibrium lattice constant (a), (¢) and total energies of crystal and supercell model

Crystal and Lattice parameter/A
Total energy of crystal cell/eV Total energy of primitive cell/eV
supercell model a c
Mg 3.152 5.435 —977.867 7 -
Fe 2.395 - —865.499 8 -
MgH, 4.533 3.022 —2020.157 2 —-1010.078 6
4.534 15.104 —10100.785 6 -
(MgoFe)Ha, 4.446 14.773 ~9987.923 7 -
(MggFe,)Hyg 4.368 14.338 —9875.240 1 -
MggFe,H,, 6.401 - —11679.253 5 —2919.813 4

F 3 My S0TELE Mg(0001)7R THIAR i W AR B B (Eaqs(Ho)) TSI B BE E, 4, (H)

Table 3 Adsorption energy (E,q(H,)) and average adsorption energy ( £

during H, adsorption process

(H,)) of clean and vacancy defective Mg (0001) surface

ads

Surface E,(surf)/Ha E(H,)/Ha E,(surf+H,)/Ha E,4(H,)/Ha N E, 4, (H,)/(Ha-atom ')
Clean —6 003.025 5 —1.164 1 —6004.214 6 0.0250 6 0.004 2
Vacancy defective —5802.898 0 —1.164 1 —5804.085 2 0.023 1 5 0.004 6
B3R L, WS B e 220 o IR A, 3 W BRI FRe I
(=N atll LT 1Y 34 Z = -
REH, HyfEMg(0001)3R [ Wt ml LAk AT . |32 3% (a) (1310) () (13210
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BHFE FH (%0 4 J8 B 1 i, 00 B0 23 07 51 B Mg (000 1) 2 [
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B4t 7 R Ho e W B T Mg(000 1) 3R 11 (1) HL - 3%
B . mE4@) T WL, HoBa e W BT Mg (0001) 3
[, HPZA) 5 RO FAT, SR f
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00, Ho A I M I A A b e, HLAhdk 5%
i 22— AL E4D)), TR, Hy Mg T R AH %

4 H, 7EHT I
Fig.4 Electron density contours of Mg (0001) surfaces during
process of H, adsorption: (a) Clean surface; (b) Vacancy

defective surface
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Table 4 Mulliken population of clean and vacancy defective

Mg (0001) surfaces during H, adsorption process

Surface e(H1) e(H2) e(H1+H2) e(Mg/atom)

Clean -0.007  —0.008  —0.015 0.035
Vacaney 4003 0039 —0.042 0.049
defective
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MH MgH, 7 R WIR SN )1 7R p—c—T ik
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K Eo(MgHp) ol MgH, it P B RN i 1 1R 5 g
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Iy IR e .

Fe £ MgH, H [H ¥ 1 su(MgFe)H, [El 1A 1 & 4
A R

1
AHZ = E[Etot (MgIO—xFexHZO) -

(10 = x)E o (Mg) = xE o (Fe) ~10E , (H;)] (4)
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JEEBEEE ;s EodFe) h [E13% bee-Fe 51 (1) 5 R &
x R E R Mg JR 7B Fe & @Al I3 &
B RE R U SR v S A ML B A (] PR SR A

Mg il Fe SRS REEIITHEES T 2. X @)
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5
AN

(MgsFey)Hyo fii i ff1 S RER A T-38 2 h, B & BT
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kJ/mol)** e 7 S (1 32 B R E T A9 P (131554
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R TUE ST R
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0 5 10
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Fig.5 Formation heat of MgH, and (MgFe)H, systems
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AE;(Mg,FeH) = E(MggFe,Hyp) —
4E . (MgH,) - 2E (Mg, FeHy) (7

RHER(7), AE/(Mg,FeH6) 545 Bk 45.358 7
kJ/mol.

ST IRV I E ST, RIS Fe
[ T MgH, R (MgFe)H, ¥4k, 5 ARUEAT Fe
G e MgHy IR R AL, 1A RAH ML B, Has
P ke AR 22129739, L B Fe 444k MgH, 74 R &
Aede i, 5 Fe &b BRIy RIYA L 300 C(573 K)
(41 IREU LI 45 BARFFT; 1 MgoFeHq AT £t
BB AA(—124.87 kI/mol) KT MgH,(—62.30 kJ/mol),
HE MR, X 5105 BAH Mg,FeHq™ 15 2{
(D548 (45.3587 kI/mol) hy 1E, FWI/DE ., &ikyHE
FaE 1) MgoFeHq AHIKIAAAE, i MgH, R R I 45 H 5
SEMEE— PG, BT MgoFeHq Al MgH, P AHILAE 44
A, MgH, 20 T AR (R Fe [ T MgH, #)l7,
Mg,FeHg [ 50 AH X 4 b, BRI D& BRE A7 A2 1)
Mg FeHq HHEMEAAFIMER, {f MgH, /&R i PERE
— IR, IR AR T AR SCAE A R RO 1) S 25
B, R Mg,FeHq Al MgH, PIAHIEAEH RAE BT AR R o
ARA MRS, MEER, JFRrR g
R4 0.0384%/C,
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WA
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(PDOS), Wil 6 fFr~. HIE 6(a)ynl WL, H, WFHHT, i
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