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Abstract

Abstract

From the perspective of current developments in hydrogen energy industry's
three key links (production, storage, and transportation), hydrogen storage remains
the critical bottleneck restricting large-scale hydrogen applications. Solid-state
hydrogen storage has emerged as a crucial direction among various hydrogen storage
methods due to its superior safety and higher volumetric storage density.
Consequently, the search for hydrogen storage materials with high capacity, low
production cost, and safe/efficient operation has become a research hotspot in this
field. Magnesium-based hydrogen storage materials demonstrate promising potential
for large-scale applications owing to their high gravimetric hydrogen storage density,
abundant raw material sources, low cost, and partial reversibility in hydrogen
absorption/desorption cycles. However, the practical commercialization of MgH»
systems is still hindered by sluggish kinetic properties during hydrogen cycling and
excessively high dehydrogenation temperatures. To address these challenges, a
fundamental understanding of MgH» hydrogen storage reaction mechanisms serve as
a prerequisite for developing targeted solutions. Current mainstream research
methodologies, including density functional theory (DFT) and molecular dynamics
(MD), face limitations in either spatial-temporal scale coverage or computational
accuracy, which have thus far prevented comprehensive elucidation of MgH>
hydrogen storage mechanisms.

Therefore, this study focuses on a novel research approach based on machine
learning potential functions. Experimental characterizations are used to obtain
information such as the crystalline phase and dehydrogenation temperature during
the hydrogen absorption and desorption processes of MgH>. Adhering to the
fundamental principle of constructing databases based on target phenomena, a high-
precision and highly reliable neural network potential function for the MgH2 system
is trained. Key phenomena including lattice changes and hydrogen adsorption during
both the dehydrogenation and hydrogenation processes are simulated, and the
resulting simulation data along with mean squared displacement are analyzed to offer
new insights into the reaction mechanisms underlying hydrogen absorption and
desorption in MgHo.

First, the MgH> sample was subjected to a temperature-dependent in-suit X-ray
diffraction (XRD) measurement. XRD patterns were recorded at 11 temperature
points ranging from room temperature (298 K) to 733 K to determine the
dehydrogenation temperature range of MgH> based on the patterns. Subsequently, a
second temperature-dependent in-suit XRD test was conducted with refined
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temperature settings near the dehydrogenation range, yielding information on the
compositional changes of the sample before and after the reaction as well as the onset
dehydrogenation temperature. Next, temperature-dependent in-suit Fourier transform
infrared (FTIR) spectroscopy tests were performed on the MgH» sample to further
elucidate the changes in chemical bond vibrations during the dehydrogenation
process. Experimental characterizations revealed that the MgH> sample exists as a
stable a-phase MgH> crystal before dehydrogenation, and transforms into a
hexagonal Mg crystal after dehydrogenation, with the onset dehydrogenation
temperature of the MgH> sample being approximately 668 K.

Then, we constructed a database based on a-phase MgH> and hexagonal Mg
systems, encompassing diverse phase states, surface configurations, hydrogen
desorption processes, migration pathways, and hydrogen storage mechanisms. The
database underwent systematic visualization analysis and optimization. Symmetry
function parameters (7, 7., rs) were selected, while preliminary training tests were
conducted to determine optimal cutoff function types and activation functions.
Formal machine learning potential training was implemented to develop a high-
precision neural network potential for the MgH> system. The achieved potential
demonstrated superior accuracy with root mean square errors (RMSE) of 4.46x1073
eV/atom (training) and 4.47x107* eV/atom (testing) for energy predictions, along
with force RMSEs of 9.32x1072 eV/A (training) and 9.02x1072 eV/A (testing).
Comparative validation against experimental and computational benchmarks —
including elastic constants, bulk modulus, lattice parameters, and hydrogen
desorption energy barriers — confirmed the high reliability of this potential function.

Finally, molecular dynamics simulations of dehydrogenation reactions were
performed on four MgH» systems of varying sizes using the constructed potential
function, and the mean square displacement of hydrogen atoms during the
simulations was statistically analyzed. Subsequently, the same potential function was
employed to simulate hydrogen storage models, with particular focus on analyzing
the adsorption processes and trajectories of three pairs of hydrogen molecules, as
well as the mean squared displacement throughout these processes. The simulations
revealed that during the initial dehydrogenation phase, MgH> exhibits surface
disorder and recurrent lattice expansion-contraction phenomena. Under high-
precision conditions, larger simulation systems demonstrated more comprehensive
and accurate representations of reaction mechanisms. In hydrogen storage reactions,
adsorbed hydrogen atoms on Mg surfaces retained the possibility of either desorbing
from the surface or migrating to adjacent Mg atoms.

Keywords: MgH», machine learning, neural network potential , molecular dynamics,

hydrogen storage and release reaction
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AT

1-2 A SCHF 5T R

A AR LA S W

(L BATEAL X 82475 (X-Ray Diffraction, XRD) A& A {8 B
B2 A% (Fourier Transform Infrared Spectroscopy, FTIR) X MgH» HIA
SN AT AL, 45 3] MgHy TR MR Ja I 53 A2 A B s 373t 7 il AR Ak
B, ML EH X T MgH, IGEE A —E A5,

(2) s — Ve E B A R B, e B R AT P A i, R
Je MR BN FR R A S BN 252 8, AT AR 2 5 0 BURS 52 3 30 A 47 1) 35

i&a ﬂ'JFlﬁfF—fals@gmlEo

(3)  F MR B A R HOT MgH, BIETE T B IEITARREA R, K
IS 8] B it TBCE SN 73 1 30 3 S A0, I AR A iR RO e B A R RO
MgH, H 45 W R IE 53 A7 #% (Mean Squared Displacement, MSD) 284k, DL
e it il ROV I R R R WP IR S B g3 A .



2| SpAPNE 2 T e S VAT

B2E IRFESTH
2.1 DFTHERFEEEE

AR SCH N T B FE T S o P VASP PR, IR T R R
i (Density Functional Theory, DFT) #7) 2 B H T A4 RLRF 7 L ik S8 A 1) 24 25 45
5, BAXPORH ARG M AT O AR EAT BT SR A B . RERTH ST
MRSy T8 715 AIMD 45T fg

ZHET AN R, T PU#EH (Perdew-Burke-Ernzerhof, PBE) iz pfif
A7 SRR B AR O 5 R A HER B T BED0-T), DRI ST B BT T B8 A AE
I B L ( Generalized Gradient Approximation, GGA)HEZE N Y] PBE 12 B .
AICHEH VASP A7 (7 R &R A A DFT-D3 J7 k8% B a a6 7 ik, I
[ I =% FE i iR A

VASP HEAT LU, S 35 b DY 32 ZE A S N SCF 73 93] 7% POSCARLINCAR.
KPOINTS LA POTCAR. 3L+, POSCAR 1ENMERMANSCIE, i T 4541
BT AABR 5 W1 0H 8B A 96 {5 2 . INCAR 2 E& T4 RZHITH X ES
BN, EREE IR E VASP BAFIRAT Ao 5 DA S ANl T e ik 5. % 1
MgHo 14 5 T e X A5 SR an 18] 2-1 o, 28 %5 8RR 515, 1
K KT BE 2 80 ENCUT %€ 4 500 eV fERER HIA T 41, KPOINTS A4
K AR AR R /NS R 23 B R 2x2x 1, 3x3x1 il 4x4x1, Aei sk
FEEH B E Y 10° eV. POTCAR SCAF 9 J68 95 M A #5 52 48 n -1 i 5 5 2%
(Projector Augmented Wave, PAW) %,

il - 220
—o— THEFERT

200

- 180
C)
d 160 4=
o B

o — [

u _— 140 §
-~

120
- 100

- 80

350 400 450 500 550 600
HWTRE (eV)

B 2-1 #br g Ik
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st B i
2.2 FEINFEURZESRE

¥ 51 71% (Molecular Dynamics, MD) & H 3¢ [ S W [F X 5256 = - &
RITHIR ) 2 873 T8 1 iR, R T a bW w i B AR, 2840
T RN BRSSPI X R TTE, BERA S TR TR RNAT
N, BRI FISBRESKR THES, EHT UKL T 2 AR
T 2D 8¢ 3D RGO N, fErFH 1, AR R TR R A A4 s
FERMK T, BT 5E T2 REd I, ey F O EMTAER
Kt EMBEAER, AR vh s i SRR S R T 1 E 3 07 R R A 2 R T
ISR,  INTIT A5 BIAA 2 BE I 1] A0 1 3 A5 B 0. 31T LAMMPS 45
—REFELL T PR EAM AR, OF R AR AR R HRE
WEF 1B R AH ELAE R S pR . N0 A IR I B AR RN R &8s RIS MK
TE )T AT BUE AR 43 B Ja, THEORL T I35 e S 3 e 15 B4 £ L1609,

AL T 3h F1 2 R ERE 1T LAMMPS 8000k S2BL, LAMMPS %A
SRR AR JRFRA. BB R RELE. WEZK. fil
s 2545 R0, AR5 13 7 S AU I BLAS 5 ST R B 1Y MgHo 44 2 1) 35 o8
B, ZHARBHRRIPRRE . AN FRRE AESHE G B K
TG FAF IR E, AR SCHIBL R TE x y PIANTT A B Bl 57 5% ps HH
Tz T HEFEAE T HG MR A AR R E L A AT £ SRR
M BN atomic, FRLELEHFRSEAREIEN &5 nvte OVITO & — K Mife
Ay J7EPRAE AT B, TRIAS ST A OVITO % LAMMPS (1840 45 F i
175 AbEE

2.3 BFFIBRAFLTE

AT LA 5 ) 75 8 MgH 1R R R A, XN REA S A 1 5%
T Behler-Parinello #1245 X £% A pf % (Neural Network Potential, NNP)Z2>-271f) \ T
M2 W 28 35 pR B, SR B 2 I 4% 95 o AT A2 Y Behler-Parinello [B1BAJT &
] (Neural Network Potential Package, N2P2) #{FfL167, N2P2 & — A HF it
SR B RO A 27 v (1) v A A 2 TR 245 B4 B 1) P 0 A 08700, LA 0 2 - 0 ot
FREEEL (Atom-Centered Symmetry Functions, ACSFs) [08 731 £ 5 4% [a) XF FR bR
HRN A 1) %) ok 2 L7

A58 R0 TR R 2 FH ORI DL — AN SR 7 Dy oo A B 22 A2 A oAt AN R 12
B ) AR AH ELAE s A e 55 A B 5 0 e FH R 3R DL — AN SR 7 Dy v R I 22 41
N AR AN R 7 2 AL AR BAR ), B T =F ZRIB A EAE B . N2P2 PLIX
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Ak L g R L AL 1 S

FE AT LA IR LIS 7 D vt 18 JR 844 27 B 858 1) 00 P B 5 2ELA Dy i A AS B N fif
228 0 28 34T U 2R A0 T3

N2P2 BAFEL AT P N 25 Ak B0 2B, FF 2L input.data. input.nn DA
scaling.data =M N U - B 4G 75 2 H input.data A input.nn P3N SCHHE N
#4T nnp-scaling BEHAYTFEU2, AL 18 B A S AR R AT LA R T
scaling.data S UL e B 5 MG 245 S04, $255 1347 1) nnp-train FEER 1 0FEON IE
AMNZRiEFE, 752 input.data. input.nn DL & scaling.data IX = LA L [FAE N
B N A

R =AM NS input.data ST A HH A 1 DR 3 T AT 3 ) B0
NS T IR AR, &R TAE x. ys z TR BT, SR B REESE
{5 B o input.ann SRR A E T BrA BITZRAE X S8 0L RO PR e B 1 E, TR
JIHEE Mg M1 H iFo R, RBZERENNE, BERE 15 MIEis, N
I B E 7 VR BRI SR AR E I R OR SRR, AT R S O R B S A ) 2
i 2 DY A g AT IR A .

ARILHAT T 50 4> epochs HIIEARNZR, MHIXEE S IIZRELLGI N 1.9, XK
HOLA 1214, AR FREE L 25 A, A R AR R H 96 A, AR 170 R R £
WH G2, M FRRBOEN G9, WA 2-1 AR 2-2.

A2 A1 X PR R K G2+
Gl =2 " (1) @
j#i

£ 10 %R R GO

G} =2 (L+ 20086, ) e "t ()£ (n) (2-2)
i ki
i<k
A i e 5T, j ATk D9 Rl T A AR P A A e 3 R T
SR, AR WHAEZT X AR R BUE B s 4 B 1 B-1 4 0 1 0°
180 Z A 4; n AR TR HER, RIE T @M AfsEE; S8 r AR
R 1@ AR DAL E s i o AR IR T 0 AUR T BT b 22 TR A B
Oy N LA T i O ik WO BERG  BR 5 f DU D9 8 i o
N2P2 Il 2534 bR B R 0 B 2-2 B
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LS VDN 2 TR R A7S'S

ﬁﬁ“gggﬁﬁ%% 4 FIDFTH 250 4
W E 4 A\ Finput.nn A= B A\ S input.data
R B R

i ESENw R R E7
BN 25

AT S PR AT e PR ST

2-2 N2P2 & Bl Zr i 72
2.4 [RAFRAESLE /77X
2.4.1 XRD LG FRAE

XRD & — ) Z R T AR R 25 2% Hb iR 2 45 Ak 1 1 A B B
A, AT LA A REEEATPAR 43 AT 74761, XRD 40 M7 (3 AR JRUEE A2 2 X 5 2R TR )
f AR R B BRI S R AR RN LR, RN AR R T 2 B ECR X5 2 H IR R] AR B
TOLIS, a2 AR AT S, R AT DA 9 BRI, AR S KR AT A% E AT S Y
b, wUnT DAVHSRE R T A SR TR BE AT B PR AT LS bR v R P AT B X
PRAE AT S 0T < AT 5 Ve o B A5 A5 ST 58 A4 R RO P A DA S5 2107 78,

AT XRD X #8285 & 7 2% Malvern Panalytical-Xpert Pro MPD.
MgH, £ 5 0E B L EiEsh DR AR AR, A58 MHGF-FXUM-6, A
K, BRES Mg (8 8 KT 99.9935%, Fiki ] ~F 95 B4 0.5-30 pm 2 8],
FRIRSPAE 15 pm Jf o X MgHo 5 #EAT AR IR B9 XRD AL Hr, Itk #%
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O AP R 1A
HIEE R & Cu S, IR N 40 mA . HLJE N 40 kV, XDR HH5VEFE 20 4 20°F 90°,
FIEE N 5 °/min, FHEEZE N 5 K/min, & NEE SAAENTECY 1 min.

2.4.2 FTIR SLUE RAE

B AR e 2T A0 2 — PR R = EZROGIE i HoR, AR e M
BERL . AR BREERE AR DL 6 S R S AT L A A U050 FEA A
5 RFE S, FTIR W8 H TG &Y 50 5 5E , 10 5€ 7> T AR E I B e,
WA NG B N MW, T R S BERR RN R AR, W AT A TR A R S
RERR, WA EREMSME. Bn s, SHE MR AFH S, Bt
A BAER, £V R A m] R B 8 . B SE MR S AN 45 44
PEAS R} BT & A0 R 81 821

FTIR RAE 3 #7 JR 308 24 — WAL A U BN, 25 204G AR 5 7 1
A BRI R — B, G TREEM S 0 TR 5 T IR B A ERIT
FIECRA, M= AELLAMR OGS o AR R4 5 b Bl A B R g RS 2
X AN ] BT 2L AW W s o B 5 By DA R e sk 21 40 ' 15 45 AiE e SR U1 43+ 19 25 [
Hoatr o T a5 - 81,

AR FTIR X #3745 Frontier FT-IR Spectrometer, PerkinElmer,
MCT 0 &, i #8508 4 em™, WuE BV HZL4RX 400-4000 e, T
AN 5 K/min, &AM S ORI 28 1 min.

2.5 KE/

AT F BN T AL TAEE R W7 MR TR, X &AW 7
BSOS EGEAT U . EEAFELTE S (1D FH VASP AT
() DFT 15, 234487 PBE iz iR DU FZRHA A BB ge A K 25
. (2) T80 U & LAMMPS AR B R E S5 7, LAMMPS %
NSO B R 2R B G0 SR DL R R RS S RN IR, 5 B AF OVITO %%
(3) WL2E 2= > J7 15 R4 28 I 245 34 bR B IF R AR A 2 A B N2P2 SRR 1R A N S A
XTPRERE . FEZ A T = E SN IES . (4) XRD M FTIR FRAE A
FEARA UL RARAC S . FHE I F L IR B A R I 1A 25 S Bk .
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A R
£ 3EFE HEIER KRR

MgH, 1E A A BRI H [ S SR 2 —, 23] 7R 2 1
FEMIRUEE, AR T HRZIZ M 30 )R I K MgH, 1o & 1R 0E 11 5 30U
i B TR T B MgH 528 R BEHE N DAL B S B8 RAE 7 AR N FE i
BF N IS I B AT B AT AR 23 AT B RE AR A6 56 A B 4 i MigH (166 75
ARMILE . AL XRD 5 JF A7 FTIR SL38 R AR A J5 82355 s Bt & DL K& 4 30
77 BAY SR AL 25 7 DL S IR B2 R AAE B

N TIRF MgHy IETE R NI R, AR TRXT MgHy #F i 4T S50 RAE,
Xf MgHa () FHi S R 40 AT P9 O TR 1SS AL XRD ik B A — R 38 i 1)
JEAZ FTIR W, PAZ3 B MgHo 78 T+ il S S 75 o i s 2 2 AL A 2 B R 3l DL &

TR R
3.1 WS dFE XRD EiE S

Nt — BRI MgHo B A Mt 2 20 o AL R, 5 7 B MgHo 8 oK it
177 PIIRJEAL XRD F4E. i1 T3E4T XRD B K, BIHRE &S
FERRANIR R AT ORI AR DUOR UF IR B S T R vl A, RIS MgHo # R TSR B
R AR BN BT BRI a8 AT I RN DR S5, sifE A4
W SIS R FFLERIIE S B, R — X IAR R XRD S246 A % B HCN 52 1)
LI TR VG o AR YR BRI S S RHE IR A mUM AR A7 1) MgHa K oK H
HLRE ARG I iR 45, iR I MgHo B 4A AR E 218 708 Ko

H T35 B e v MigHD ORI, DR S A PR AIE s I 3 2 78 43 Ak L AE S 36 &%
Srb, IEBRAE TR SAE T B 5% 18 P L 4 TS R B AT . A AR R
43 AATE 298 K. 473 K. 573K. 673K. 693 K. 698K. 703 K. 708 K. 713 K.
723 K VLK 733 K B& =i 298 K it 11 MR sk 47T XRD H#fi, HHiEE
L 20-90°,

BB AR TR XRD 45 B 3-1 s . B 6E 298 K T & MgH, #y &K
BT 7 XRD A, WX FERETTLLE R, AT 20=27°. 26=35°. 20=39°LL}%
20=54°/ 45 A5 DU 45 B O S I RRAE 06, B 12 S 5 A vl R AT X LS B384,
DY 4% 3= () 04 5 b e K 23 TR B D P42/mnm B MgHo B & R ARG A &, 1%
25 A B A MgHo A FaE B o A MgHa. 298 K &3 i 20 £ FF M 55031 90°75
WIEE TLA BT /NFRTE I, 200 ShriE-RIUxT LG, 5000 %% 32 BRFE g —
FEFD o-MgHy B3 At /NG & 8005 . B sk mT DL e 7E FHIR T a6 AT, I
MgH ¥y K N EE ) a-MgHy, JUF5A HoAth 2R B AR AL, I B A Bl s =
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WA PN e el VAT
WRM, AFETE MgO s Mg(OH), AT RSy, JLIT) MgH, P 1545
AR H AR E -

= MgH
298 Kl A T ; ! . . !! + . g " = ]
413K | e
ST3K| |, e
’;f 673 K| | L
N A
E;693Kk“, . . . s
z 698 K
= [703 K
o
708 K
713 K
723K
733 K »
20 30 40 50 60 70 80 90
20°

Kl 3-1 298 K & 733 K julH MgH, i & XRD K]

233 5 K/min (RIS, 473 KA T B XRD HE4 RS 298 K 1
S AR — B, MgHy W& AN RRIE U FF 38R 308, A oAt 3T B RR AR g
Mo HREFARIAR] 573 K B, KE45 MgHy FrAiE g 5RIE N — . {H 20=86°
Fe A W INFRAE WA R ek, B AR AT AL T AR B RAS . X&d 20 min B F+
TIER] 673 K i, AT LLR B 20=39°5) 20=86° 1) P S AL I AT Fr i /N, iR
A KANARIRE, MgHy db iR IR e W K, (A TEE R I
B, HARRRIE AT IR A AR A

TR I T 2] 693 K, SRR ) XRD B3 X b L4 BHS A T B8 9 R 1
A, 693 K KB o] DLE B, o A MgHo FEAEIE LR K, o 20>57°11)
9 A~ MgHo FIHRAEIE J1F-#8 56 429 2%, 20=54° 72 45 AR AE 06 R A& N R it 5,
HA =2 B MgH $RAE 1§ 20=27°.20=35°LL J 20=39°, 7 ¢ v B & PEAK,
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P AR ANAT s
EAIRIE R, B AT BLUtEH 693 K INATA #55 MgHa /775, I 3 A HoAh A
A MgHa L. 7£ o A1 MgHa FRAEUETH 2R I E N, B R I 7 —28 Mg &
PR BRFE S, IX 28 Mg RRAE I AE B35 oh AL B 5370 5 26=31°. 26=34°. 206=36°,
20=47°, 20=56°, 20=62°, 20=67°LL & 20=69°, == [AIF#E A P63/mmc, /NT7 iR,
HAHT = A Mg FHEEECN R, At B ANRRE AR X SR BR o #H MgHa DA
J Mg FiEWEZ A, AE 20=42°40 L T 208 Fm-3m, Y77 di R EY MgO F
fEUE ., IXFRWIAE 693 K iR E T4 XRD B #ER, MgH, By K 1A R N L4 i3
1T 7R, KA H) o /1 MgHy abiRiE 2%, EAMHEE T~ 17 Mg duik, JFH
A RET, KENEELERISFEMRERN, 74T D8R MgO.

AR 5 KA E] 698 K 414 XRD Ei%, M 698 K (1Kl #EHnf LUK IR
T MgH, HIFFAEIE AR 58 4T 25, F8T BIIE Y Mg SR AR AR I 5 MgO FHRFAiE
g, 5 693 K I ) Mg il MgO FffiElgE i TAHFIALE , Wem WA —2, JH
B H I HARE R AR . ISR ol R 2 e il 1 IRE R S, AT Mg #
KE/DER MgO.

703 K. 708 K. 713 K. 723K LA K& 733 K % 5 698 K 1) P i 3k A — %,
TEBITE 698 K I MgH, AR N B4 52 e85 R, Je 42 JLR G FHRF i FE %
AT RN R A

A RAZ I XRD UK AT LA H : F2 0 1 o A MgH 7EFHR IS FEH T 673
Kl 698 K Z Bl RATHE RN, KRMNEFEHF=EDE MgO &, &R
ST NTT R, e SEPRRR R ISR B AE 673 K /it .

B3 — kiR XRD MR E R BB NTEZ, FEUERLMRAS RN KR
RLRAETT S RN KA ERILE SR, HA 693 K B XRD FHE I T A
R RR . G R A AT R, SR RN RS
I, BT R IR R B, IR THR AR R AR K XRD W 43 50l 7E 298 K
573 K. 668 K. 673 K. 678 K. 683 K. 688 K. 693 K. 698 K LA & 703 K 3Lt
10 M JE RS, il i # e E A A 20-90°, 55 =k MgHa FHE TR
AR PE AR XRD R4 SR Wi 3-2 s .

MEHETLLE H, 75 298 KBRS 70 8 MgHo, SRS I35 A A Bk 2 1
FRAEIE I, 55— R — &R —80, PO 3 BERRAE I 0 Ar B DL R Ath /)N e
FIAL B IEAANA, A FEIRES T MgH, R4 FREIRES. BEA 573 K H
1) P B AR 420 298 KOOI I, & ANRRAE D 5 AN AR, A A ATT N AR E 1) MgHo
A 1S o

MREZIT 19 min FHEE] 668 K B, XRD K AH 4 /i 7 4% K3 7T LB
T4, MgH, BIRFEWE R, 20>55°0) & /> 5 B SR 1) /NRFE U LA AE, |
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b R R
JERLTF 20=27°. 20=35°. 20=39°L) J 20=54°[f) [ 2 %5 Hk [R5 AF 0 T LA B B2 (0
o BT R, U8 MgH 75 FHE 2 668 K IR THRah L B 2, 1R RAE &
FraE R BREt, BEaaA b, o M MgHs SRR BTk . 5 H
i) o] DL BILE 20=36°K40 A H H/NRFIEWE L B, FEAE 20=34° bt A B2k 3, 1X
PR AN /INRFAE AT BE 28 7= A2 1) Mg e AR B RRAE U, 32F — 2B I\ L o0 38 7 0
SRR G 2 AR .

= MgH
A Mg 2
u - +* MgO
298K | . T T
s3K| | o
~ [668 K | *
=§ 673 K B o o
\f« i M. A_a —
%’ 678 K
£ )
S [683K . . s 4 aa
oy
688 K
693 K
698 K \
703 K \

20 30 40 50 60 70 80 90
20°
3-2298 K £ 703 K yu [ MgH, it & i 2 XRD i

WM 668 K X &t 1 min ARG IER] 673 K, Sk EEHE T o M
Y 153 8 TR N R & (1R 40 < 0 e [ S T T AT e o S R S S 5 N = 1
BNRF IR AR LA B B o 78 20=34°F1 20=36° Kb [ R A WG AH 5 668 K 5 &
e, JEEAE 20=32°40 A H I /NEREME BB, 3E— 20 ShRiE R TR Mg SRR
FEAEVEW) & o bisy o] LA BT MgHo $3 R FRE R R gLt AT, Atz B~
SANRESE A

AR 678 K % XRD Kl#E, 751% K 1E + MgH, SR P FrIE e 1 5B

1254k, 20=27°. 20=35°. 20=39°LL Kz 20=54°4b [F] DU 3= B4R (IF 04 0 55 33— 5
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b R R
A, 20=>75°1 DU INRRAE U6 1 BT FEAIS, 260 72 57° 21 69° 2 [8] (1) TuA /INFFAIE 16
CEATH K. 20=32°, 20=34°F1 20=36°4b () FFAE U — 0 3858, FF H 20 1E 56°F]
69°YI [ Y HE B T DU AN B I /INERRE U, RIS MigH o B 3CEL s B2 in S8 3k AT

BEMETHRE S 683 K, BB o A1 MgH, ik H 42K 20=27°. 20=35°F!
20=39°4b P FFAEVE, MAET 678 K B[ XRD EHE, XAE 20=47°4bH 3L T ¥ i1
FRAEUE, B ShRdE-RXTEL, FTRUBE A A 668 K J 4 HY B0 1R B 43 9 = ) B
P63/mme. 7577 EE R Mg difk . [FIN7E 20=42°40 tHIW 18T R fiEE, &5
P 5 B G A i 2R AE A 2 [ B Fm-3ms PUJ7 8 R0 MgO difk. Bkl
DA # b ) MgHo BITRE R M. C & AT R, RiEaabit, RE DR
MgHo #3 AK, Mg By AR 2 [F] IS A Fif 35 2% it MgO (1) 4R i o

W4k s FTFF, 78 688 K F1 693 K I}, MgH, FIRFAE IR /N, Mg ffk
(2 AN RFE I R T 0, SN B R . TSR 698 K il 703 K i), MgH»
IRFAE VARV 2R, MR HFE R Mg f AR Fl MgO FIRFIEVE, LB Ho AR
IVESY S RGP = F it

T MgHo TR M) XRD U3 58 — il i R 8 iR E,
BRI T MgHa #f i RIS F2 TR I B 224K, IO AN 668 K 724 T 46 K
A, B 693 K IR R, JE7E 698 K I e Mt FEse e 45 o, FEMMAEE N o
FH MgHa ¥3 K32 575 77 bt &R ) Mg H LR D & DY 77 5 R 1 MgO B R, S IEA Y
L PR XRD WA & T MgHo TR E S FE h B 1) B2 A8 1k

3.2 WETIE FTIR B 47

gk BB AR E XRD WAJE, T T AE MgHa B AR CE
FErPRE S 2 1384, Tyt — B BRAR MgH, ITEAT N, AR MgH, B 5
BEAT IR AL FTIR WA, 80 94 MgHo A B 20403, R 58 HAE e B 18
H AL 2 B IR B 5 A A AR AL .

AT AT — ORI B FTIR W, 722040 X (400 cm™-4000 cm™) 4
LAMGEE . 23 T Rk XRD R, © 4 7 fiRi% MgH, B i AR
FEVE R, PR AR K FTIR 06 28 B B A8 — 0k XRD MRS &, &
AE 298 K. 573 K. 668 K. 673 K. 678 K. 683 K. 688 K. 693 K. 698 K [\
S 703 K it 10 AN B SR A 6, FHEE Z R 5 K/min, &MEE A
AT 2] 1 min KRR . MgHo £ AR iR FTIR MR &5 R an & 3-3 s

MBI FRTT LA 1, FE %R 298 K #0408 e A
A5 B B A 20 AR IR AE 08 . E 400 em™! FI| 850 em™! I BIE [l N A5 5 5 )RR AE
Vg, XS, % ECE B L0 AN OSCRE AR I T B D Mg-H B S R
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P AR ANAT s
3, WATHe N MgH, B 4R3N (a1 Mg-H-Mg (WP RIHR 3D, (H# 7103 H ik
(R 5T, MgO FH [R] 0 7 P 1B 2t 2 7 1290 B PN 7 A 20 i 1R 20 A W WSO AIE U
R4 b —5%F MgHo B &b 47 19 XRD B el 18 %0, 298 K B FE SR E 1 o
8 MgH, fiff, FHAFFE MgO 2=, HUILIE 298 K BFZL4ME1EH 400 cm™!
850 em™ W HIE ] N AEH B LD AN SRR IE IS Me-H B S i HRkzh, B
MgH: dit& IR 315 Mg-H B2 RS AHS I 45 R . 7£ 850 cm™ %] 1800 cm™
8 KT L P R AT A R SRR AR 06 28 06t B 43 AT S A2 B P RIS Mg-HL B )
itk sh g . 5L FEN R m B EX E], £ 3200 cm™ £ 3700 em™ % HGE E A H
HEL T — A5 B 20 AN SRR AR 0, 22 B 1% 30 L Y PR RR TR 14 A Mg(OH): i
O-H [ 2L /MR WSCRF AR UG, i st AT DI 7E 1 7k FTIR M HEAT AT 46 B
MR AR S HDEKS, FSFEMTE MgHy # R K E RN 4 T /DER
Mg(OH)2.

P 703K
- — 698K
— 693K
e . 688K
I 683 K
678 K
_ 673K
T 668 K
& 573 K
N 298 K
= H-O
%)
Mg-H
Mg-H {@45#xzN
0 500 1000 1500 2000 2500 3000 3500 4000 4500

P (cm™)
K 3-3298 K & 703 K [ MgH, BUE L2 FTIR 404k )6 i
R =0 298 K FHRZE 573 K FFHMASNEE, M 573 K LA r]
PLE FILE 400 cm! 2] 850 em! I H0E Bl N B 20 AR USCRRAE 1% 5 850 em! 1] 1800
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b R R
e I B B PN B AT AN USRS AIE 16 5 298 KOTRLEE RO TE IR SR AR — B, B
AT L O-H B IR AE W 38 A R A A8 Ak, UEBHTE 573 K BUIRE T BARFE
an A BE BT S IR TH I R AL I B

IR EEIEE) 668 K I, MLLAMGIE AT LIS 2] Mg-H B8 (1) 25 dh IR 3) 5 i 4
PN L AR WU AR I A — 24955, IF H. 3200 cm™ 3 3700 om™ 35 #5041
O-H I £L AR SRR AR U A7 I 6l PR B AR o X 8 AR AL SR WA FE Z R JE T MgHD 4
RO g Rk ERENE, JFFHRNBHES, FR D& Mg(OH), 7% /it 1 il i 22
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