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s DMg @ MgH, @ Ni OH W CeH,zs

F2 MgH,-Ni@C@CeO, & A AL HLER

PR PR IE AT CeNig B & BALH] . T
PEAR A N MgH,, MgH,=5 wt% CeNiy & 5+ i
{14 B 2 S0 i 2 RAIG, 76 275°CF 10 min PN A]
RN 6.4 wt% H,. WH5ERW, &G0 TRl &t
T2 op J5U A I 35 8 Mg, Ni/Mg,NiH, #1 CeH,,, 1] DL AZ 5]
TR A PR RI AN, A R S T MgH, Y
&8 1127 BEAh i A BRI 8 2 7K #2481 ik
£ 7 1) 8K A6 34 8 A Ak ) Ti-CoO@C” . MgH,-5
wt% Ti-CoO@C & &5 i I & 4 i S0 B2 (I &2
185°C, 7£ 275°C°F 5 min PN AJ iV BE S 6.3 wi%
H,, i &S AL BB T B % 137.76 kJ/mol (&13) .
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Ball-milling
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E3  MgH,-Ti-CoO@C F1Hfil £ i 4t K fitt L WL BE

7R R R 2F TR A A YK PANG XUZ 4 JE M
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(239°C) it & [ 5 £ 250°C F 1 h 4 7 Wz 1 5.49
wt% H,o S5E AL 1 RAL , & I PANi 3UZ 42 )&
955 TE 3RS 2o A8 v & A= A A L Y AR PN & 4 A

% . PA/Ni A 52 AN PA/Ni )5 78 Ji 22 0 W i &t
T et — 20 VAR B I 1 T M T . A R
1 Z AT BGE S e T 20 & B PN & 4 1A
% 7E MgH /Mg I+ 3R 30 Je VE L 19 d o oty 2
MgH,-10 wt% PdNi &2 &+ it S PERER LU & K
SEARAR RN o % T AR 7~ FHIERR T 36 P4 5
d 7 L X MgH, A & B -2 BT Ry i s, DL &
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B0 A B ) o, HB AU AL BE W AR =
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& Hydrogenolysis

3 of NiCp,
YC,F, nanosheets %

Catalytic
mechanism

Hydrogen desorption (Wi.%)
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i T2 £ T ZeNi 4 K PR (10~60 nm)
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WS 5.5 wi% i di o AT A R E W, MgH,+7 wi%
ZeNi B A FE i it S0 BB I 3 R 1 R R A Tk
ZxNi 78 55— U B &0/ V08 B v i T84k S g S or
AT ZeH,  ZeNi, FI Mg NiH, . 3% SE Ak 36 T 40 4
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DL R AR R g s RS it ELR BRI T 8 2 03
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AR FH o 42 L 9IS 5 B B T (TiVZIND ) o, Crry, 15

44 (HEAs) (B 7) , 15 25 T W/ &3t 72 v v
R A (S5 R AHAE , MgH,~6 wi% (TiVZrNb),Cr,,
2GR R I P S v MR SR fE L 7E 300°CTR 5
min P AP I 5.3 wi% H,, IF7E 60 min N BT
4.1 wt% H,. M4h, MgH,~6 wt% (TiVZiNb)Cr,, &
AR I S AR BE (70.6 kJ/mol H,) RO T 1k
AE(90.5 kJ/mol H,) 34 & FEAIK , Jf: e B K 4 i A 240
FaE k. A5 RRMW, Wl S B (TiVZiNb) Cr,
(1) W AH 5 #4) (FCC+BCC) AR 2544 (FCC) [ A 33
W FEAAH R AR T 2 S HIGH TE RN A
RO NIEE T T Wik = 8l 15 PR e
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FEPEREREAT TAFSE . Z M Pl Mg 428 5 i
B4 R T BRI 1 7 OB BE TR /N I 7E 65 nm
PIF o DR g SRR, okt MgH, 1 6if S0P e 1Y 2L
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HAt A A AR EOR & AR 0k, S i i TR At R rp
Mg/MgH, A1 7% B 53 i 55 i i — 20 1t & 6.19
wt% H,,

R K A0 & A B BN B A R T
FeCoNiCrMn (HEA) & 4, ¥ H 5 MgH, #1782 & ,
WK 8 fii s, MgH,—5 wi% HEA & &FE 57 209°C
e A7 JF R B &L, 76 280°C R 10 min P T &E AT 3k
5.6 wi% H,,7E 150°CF 30 s N & Al ik 5.5 wi%
H,. WFRFRM, &A1 A FeCoNiCrMn AL AT
DA U IR Mg—H S A Fe e P | i HA B 4L
iR AE 7, (RE S B A b G IR i

___________________

o

1
: OMg @&FCC OMgNi OMg,Co i
| ONgH, © MgCots @ MgNiH, !

Composite

18 MgH,-TiVNbZiFe & & S fifi A MERE R &
2.2 HRUBERRIHE

AR AR U AT (] s 8 R fit AR AR AT
SRS AR S O A B SR R A
AMERE . ORI b BEE SRR T R/INE T E
VT YA A R, FEFR THT RE 2 T 1S I, X AR R 7 A
B FERBIEE .t SRR R T R ] DAHER X T
YK RUBE Y BRCIR MgH, A0, FE7E Bt &k A% v i ~F
15507 5 PR MgH AR a2 X (1D PR i S &1
3WVilwe 3V, Tven

— - ‘ ) (1)

T'yig Ty,

eq 1
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P RT
A DAHEIRT , 99K AR 2 vk B AR 2 24 4 I
BT R/ NEIT K U, S 04 A B A —3
SRR R 22 A I R ETRE L 1 R 2T FL 40 K MgH,
BT, B AR L S0 BRI . BES TR,
MgH, #7458 FEAR 2= JLAN K, T R B I & A3
SR AR SER 5 10 S RS8R 48 Kok (1 e IR
A Mg i E AL RN GOk F7E R AR /N T 16 nm
IR B AT 2 B0 4 KA A 3R AR B
Ji2R)2 T L, A SRR AR AL T AR 5 A S
SN H T4 U AR, 2 I8 204 5 H R S

In (p*%p)

R T T R BRAS . TE Mg Y ZUL R, i H
JET7E Mg s oB 4 O D E 1) 2 AL A MgHL B A%
— R B IZ S A AL R D, il 90k 1E
A J5H LT RO O A AT DA R N E Mg 9 L4
TR, 7R MgH, R U H , KAL) MgH, AT L
5 T AL AR AL S PR A S, BE T AR B
PRI B Syt B oAb A ST SIS AR
GUKRRETR 38 ] REAAAE H: Mg i1 LR T 2: 1 1Y
Mg—H ZR A FE , A HAT g PG il A 1 1 [
I B A BN AL 9 2T 2 P BRI 80 27 i
1120, W BEREAR SRR — 20 R R TT R 18 A
B

A o A P R P L B i A e ) i
RE 2 AT AR [T 25 MBI PR, A 22 i SR
LT A R B S A A K AL e VeI S 2t S AT T
R XA TSR AT T R GRS . B
S R AR EEHT A BN BRI VI S8 T B
FH RT3 34T TR B L filt S R 9 R AR A S
SR ANBEFE AT 1 845 A BRI 1 YT 3
4 24 KA SO A T B B LR 45 AN K K Mg/MgH,
KL Z5h , b AL R REBRIES 24K FRICRIE A% e
LERIL 3B TT L IE X AR AR BEILAH E AR AR ALk
PERIDTFE R AT TR (& 9) .

rgy

Enel

Theory

Experiment
&9 BEILAH SRR AL IR 532 S T 5+

1R REBR S 2 X8 L it R EE AT 4R Ak 1) —
s Ay i FE R T B 2k 305 BR S Sl B BRI IS ]
BRI S S B R fidi O R 2 1 77 (PGA) AT LA
S I BR B o R K BT AR S T S0 R R A 4 o
3 TSR K 2% Mose 1 APl F H 2R A S PGA Xf
AZO1BEA 4 04T 10~50 h (1) REERIE | SLub 4 S %
B 38 B R B S F T, BRI 3o A5 AT LA BRIE 19
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AZO1 R &M AR K AIEAE R {E H 68.33 F
F$215.9 wm, ik K/ 1733 FREE 227 AL &
A R BRI S R G A R ER B e R 5
E AR 0] UG RO AL AZ61 B 3h 124 fidh g2
PERE , 76 375°C R Al W 49 5.5 wi% H,, H % 8 min
it 2 I BV AT 3k B4R AN A5 1 90% , JFAE 7 min
AT DL AE ) AR o T T X R B o v
PRIV AL S0 JOURE [T R A I R, v [ B2 e R 3 £k
=7 BRATE 5 T I 2 1A AP BR B e R RO A 20
wt% [ P, 5 3P T 53X — [n] 3, [] Bof F 9 45 SR
T % BB I o AR oI AR PR R AT A5 Mg & A B
Az L RGAH , 2 A il BR S ik A rh A R R R R A
O3, AT HE—20 X Mg br 7 R T4 KAk B R AR PRI
Z 100 nm LAF (E110) o i28F 5 A W i S0 RE 15 51
T T, 7E 220°CF 10 min N AT B 6 wi%
H,, He K S E T AR 7.1 wi% H,.

Acetone

28

Physisorption

Propylene

Yo K;;_
‘*{;
@ Chemisorption @ Desorption §> %

Mg \{‘ Acetone =  MgO

10 AEBRES AR T i P ER A I — 25
X Mg BIURLIA T 24 KA I SR 78 7

BEAh , BREE A SR AEAORAL B [R5 1A G AL
MR RR R G W TR Z —. N5
FBHE R 22 227K 06 A B Mg, Ni,, 5 75 - 4 i Ak
WIAE Ar S0 T AT ERES , TEM B 8 7 75 5K B aot
J& Mg Mg, Ni FlIH + 4 & S 464 3 FhokH 1 jie oy 5 B
TAARAL XS i A B9 REHE 70°CTF BT
292 wi% , S [7) 55 25 AF T R 24k PR Mg, Niy, 19 2
5o R FHBRES 744 i T Mg—aNi/Ti,C, & A FE ™,
188 3t A KA UL 94 R AR A S5 00 AL Rl T 1

B AGE S PERE (B 1), HAE 350°CF 104~ & -
G N 2 R 4.17 wi% H,o

AR BRI T V5 AR SR 2 T T8 g ok Ak
BeLA SR A B A Z AL BHE N 2R
ML I e R AR HREA AR A KA Y BB R

Vg gTiC, N MgH, MgNiH, @ Mg;Ni

H,

Dehydrogenation P,

H,
® 4 Hydrogenation 5\‘ 23 3 %‘,f

’& . u‘“"”*«‘ =7 s
}’;‘7“ \J a’" :%

Hydrogenation
FITL AR 140 25 1 Mg—xNi/Ti, C, [ W it A

T I AT i KR KRR AR, ST+ S )
AR E B . AEFRC AR Bk R AR v
WA BRI RN A S R T TE A AR E PR RN AL
1R 0 L2 B AR RE g2 B A A R
YR AL CME TAE T o TR 27 B 57 7 A BRP )
A1 54 % Mg (BH,), 4T 1T K IR B (18] 12)
JIrAS 02 A4 K 2DMg(BH,) @GR ' Mg(BH,), 2 31
HRCIRIE SR ELEBEAL R 8.8 nm, 7£ 67.9°C BRI AT FF 4R
JI A5 24 B IR 15 RE M 300°CH, 2DMg(BH,),@GR
A FE 100 min N BT 12 wi% H,, 87w AL 5 )
AN 1R N BE A A DI 1, MXene |
& B A VL 2L MR (MOF) A K it 3% 4 @ AL & 9 4
Ii] B EL A v b 2 T RRURAR AiE A AR AL 0 1 22 FL A
WZH] T2 T, AR R AL 35 Ti,C,  MOF £i7
At LA B TiO, A0 K 4 o 65 K 25 ik 75 D AT A
RGHAF T B Bt SR 9K BR B0 7 i AL
B[R] E 6T 24 /i 300 0 A8 K BRI 64T T A 4,
B L3 45 2] (9 Bk S 44 BE  MOF DL Kt 8 & R Ak &
Yok, BAR B AL ER (AAO )t AT FH FEE 3L M R
YA, A7 RO HR AR HIFE 100 nm DAY o

2D nano Mg(BH,),
2D nano Mg(BH,),
€«

Grdphene ¢3&£§§,

e oh o0 oo Graphene
Stir Evacuation 1
-\ N
Mg(BH,), and Graphene Mg(BH,),@Graphene

in THF solution

12 FIHA RGN Mg(BH,), 4740 K BR
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BEAh A A FE A Rt T LA UL B SR R
MRHOGE SRR . ot S E 522 0] LA
ol A 7 Mg Uk, 2 1 Ak 1) 40 K R Ssl Rt 24k
MVER , TRl — o5 B2 7R B LA i fb kB 7R 7
Mg PURLIE J5 A% ¢ 245 #4114 TR] Bsf ] LA A 36 4 067 5
IF3E 1 S Mg P A AR B, Ak A
B )2 e o b I A I R 2 AR 4 AT BRI
L RS B TR 45 T Mg@Pd — oo e 4544
HAGEE K Z ,SEM A TEM 36 W] Pd 7F Mg 22 1Hi %4
S153 AT FLITG L G R AR A50R FN 2 KA A0
A MR U B T R 2 246°C, e BRI T1H5E
5T, TR U T 1 A 27 X1 AT AR P % B 7 R P S
F 53 F Bl 1 AR5 36 B T — s B X R A
B,@Mg,,C,, 52548 (] 13) , HAR A4k st n] g
B 72 A SR 50 6 N it & o %% R A # 16.0
wt% H,,

2, N\ vf” A
., / Y 4 \ 1-/}//\ //\\,
A5 R
PN VS
NS

Wt 5GP R TSI M B AIC
%13 S HUN A B,@Me,,C,, % Fe 4546718 i

BEXF AR A AR ST 0 JRE | b 1 A8 38 R 2 AR T
BACUDAA B 1 2R A AR R O AR ATL B R R i
Ay TN I8 A A e A5 R R A T S A SR R
PUARACHIAHOC R AT T i — 20 250R I AT L)
R — 25N AR TR e H R &R
PRAN T3 TR L) 20 K A 2 58 25 48 8 SR A ST R
Fritt— 2P 5E .
2.3 AEUBMERRIERE

BEBL A S RL Y i S A2 35 75 kJ/mol H,,
IS B E AT oo it Mg 5 HAL 4 R T
BV UG 4 B VA AR IO B i R T 2
PERT ST Bz — . e, MgH, I i 7= )
Mg FlH,, T4 4 AR BE it 0B BL it 7 ) o B
FUE M BEIL A /[ AR 1, IR AL T I i
7L BR T AR R AR . 2SR
JLE (Fe Co Ni.Zn Ag.In%5) , #r EWEILEK (Si

85 ) KR o0 E (La %5 H T MgH, & 4 fb e i
5% . B AE 1968 4F , Reilly 265 F1) JH 4 45 0% 1 4%
Mg, Ni, H- 7 SN A1 2] Mg, NiH, . 5045
REW], Mg,NiH, (1Y Z 45 28 - 64.5 kJ/mol H,, 5
4li Mg 119 75 kJ/mol H, i EREAL. JE 48 Sin] 5 Mg
TE AR 24 5 5 4 Mg, Si A, 76 S Ak 518 T B i MgH,
FSi, TER ) 27 b RKE Mg JbA A4 1% I 005 (8K R
R A 2 36.4 kJ/mol H,,{H H Rif Mg,Si i 1 356 0K 475
RAFRNA G . ((EAE R A, WO RS AR S
FH A4 M HRR R ) AR A R e PR D ), DR AN S
JITA 1) A 4 P S0P SR s 288 T DA ARG AR R 1) A 7 2
A

PIAHE A A SRR AR T o — i 5
o ALRURE Y B R BN 5 g 52 K240 d b
P BN B, AR DA ] 2 i S R A S A7 Hh -0
AR T Mg—In—-D K R A9 S22 e Faad 7
PEBE 7 1, 3 3 405 R A B S B % B Mg—Tn
A Z2 BTG 7R 5 4l Mg PR 22 AH HE AR T 2910 kJ/
mol H,o >R FH JEL A [R) 25 i S X S 2 A 55 4 A A
T Mg—In—D {4 Z 7 48K 3 4 figt 11 72 Hp (1 P AR AR Ak
(1 14) s 856 F A BHE AR W LA RERAE D IR F-1E
AR B 7 7, AT RS RDIR S BE A R i D S A 5
Mg—D 5 F ARk, 2 1l #E 78 D IR 78 Mg—Tn /R R 1Y
J N AR AT g, Bre ZA0E W] T 54 461 95 AT LA 540
) 7 8 Tt R R RS M, B AR D (HD) i 5 AN g™
B RES .

(a) (b)

K14 Mg-In-D {4 5 JBi e 2 i )\ MgIn 2] Mg, In
1) 42 J [B) AR % 7% (a) AELS. XRD [ (b)



—t

RS 2024,42(1)

www .kjdb.org 211

TERPRRG T2 L B AR A i A

VEAMR G FE UG Bl AR B BEml 1, i8R
V5 Tl A2 W it T (A1 BA R B SR FH 94 Rl 22 4 R
il % T Mg-Ni-Ag 99 K £F 4k (& 15 (a) ~ (¢) ) ©
Mg Ni,, Ag,, ZF 4E7E 50°C F11100°C 0.5 MPa H, %1%
TR E ST A F] 1.5 7121 wi% H,o WY
H,7F 225°C°F 8.8 min BRI AT 52 2 B . Wi & 8l )
SRR T 2, O T AEIR SR R R oK
I SFL AN 24 80, B A 38 T H, SR 5 41 i L4k
(1) 2 IO TG AR 5 4 Ak B Mg it 7 145 5 43 85 Mg, Ni
YN ASURL I A7 E R K6 5 T HR T LT 4 p 9
B 5 20 M, NiH, 2 2F T MgH, Sk e g, fifb 1
MgH, [ 53 5 T Ag B2 %, RN EUE ) Ag—
H SR 0 B T Ni—H 8, S 3 b 0 il s e
TR KA A A A6 BL T 3 o 47 il 2 24
o7 K5 e ) B ) Mg NiLY o 7 2 TR R IR il ATk (]
15(d)~(h)) o K&l 25 22§l 25 W6 0006 AR &
A, A FF YH,/YH, Fl Mg,Ni/Mg,NiH LA 1) 15
S153A , INTTTZR B 0L S 1 B0 v

El15  MggNi, Ag, AW ASMRIIES (a)~(b);
BEATET () 5 85 il 27 22 FIUER I 5l Mg Ni,Y
A& XRDIEE S DSC HHZE (d) s 15l g7 22 (e)~(f) ;
TN AL Mg NiLY o A4 B9 SEM % (¢)~(h)

A Tl R 2R 5 W AT AP GE T — Fh R T
LRI —VE B OV SRS, TERR PR AR U A i
B R, B FARTH T & m S A i v RE (18]
16) o % TARR A — P < B —— 2 kA
SMUIRGE e BA 7S A Mg-Ni £ 2 5 A 4L

¥ (nano—micro MNH) H1 {37 57| A MgNi,/Mg,NiH, 5
J 5 A8 LT, S BRAAR AR vh S PR GH T R T Y R R
A A T ANk Mg, NiH, UKL A9 40 K 35 S 3500
FEE W) AR MgNi, 1Y i Ak 2 0, A &b 1
Mg, NiH, HL ¥ 4548, WAAE F 2l 1 H ZER AR HE
LR I, HR T T M, NiH, F S VERE . 1% TR
FREMARET &R IE R B LT BE 4T
e 1 B A P X SN — PR AR S EN 4, Ryl
SRR s RTINS R N 8

’ Micro-scale Mg,NiH pe/l Hydx“@.‘““m“
@ Nano-scale Mg,NiH,

W MeNi,

% L 5552
L ) #95

).
o9 Y
Tereer pO

@ MgNiH, @MgNi @MgNi, H,

ey
Ny ©
iy
-
>

rgrreet

K16 nano—micro MNH ii/We S AL /R =

3 BEBSRLKRNA

FESERR N FH A SR S e 30 [ 25
it S HE D, SEI AR . AR AR
FE, 2 BV ZH AR, AR M E B
SN ER R it 2 B R S S 3 5 A R
PEFE BRI S 66 S R GRS N RGN AER,
H TS EUR IR IR S IR RN B B, Iz
W S AT B K e AR A [ A R R G AR Y
W T3 I N 4 32 1 B S 0 48 0 T D sl g s
KAt 52N AT B 25608 HEA T, AT R R AR
FESMEARRIWEEE . HAT, ] S8 ek
SR RGN A BIVE R B A R G
R OME R o H T B SR 42 AR 3 &
R RIS T AR S AR s A R AT
PH RS, A BB B R ORI AN
b€ o T Y W A A =1 e 24 S 1 N ()
RGN
31 REEEMRHAR

IV A 3E R 2 AR T A AR A T —Fh— 4



—t

212 www.kjdb.org

RS 2024,42(1)

= YER A B AR R T R A T
PR AL R S A RGN B 2 A i,
TR HE Mg-Ni & 4 75 [ A 0 SR IR A% 254 F 1
A 2E R, b gy AT R i S R 1 5
Wi FEASERL A Sk B R A% 0 A ik St
PR TR 1k o — ZE R SR AR T I,
DT IHE TR . T AR s T T
B #H 1212 kg Mg—Ni fifi & & 4 KA [E 4G SHE Y
AR . A, T S IR T AR AR
TR X YR T TR i S G 4 R JE ) B T A
BESHARR IR L B2 T AR ) TR E R
(F17) Sl i 4 m/s B 3l 00 e Pk 1L 4
FEAS G 2, G BB R 4 mi/s 5 e R A R T
S, HE IO S s 1o FH A 100 >R ff 52 4 v 140 TR
T FERT AR B B, DR )20 6 1 8 X A e %A B
8RS 5 X A S R SR AR A R O, TR R
JER AT B R i, LA DREFE . UL,
BB E T 300°C, DLk B e i iAo

P17 AT 3T B i U P 8 It 32 A

P2 580 R By T AR AT AR T —Bh 4 &
T AR (Mg (OH),) 5 B S A 2R R (MgH,)
IORTRICP PRt (AN ok W L e (RS P Pt 1)
WnE 18 o, AN TR A B itk S R
W ZAURIEBEI G Z AR o 8 i KA
LW E T AL B A B B AR AR B ()=
PALZ MRS BIETRZ ) R 0.4, SHEGMSNZ

~

(a) teGEaFaIRRLE (b) JeJZAS IR I

H (@ t H: (@ ‘

Lt

(c) fsss ity I (d) Je 5245 g 4l
18 A HIAS B Hb AR ) B L [ 2
it A RGN B EE 5 I R A5 M 7R

AL EIAL 2R S5 F A L | e J2 85 44 15 P R
KT L3485 FRBEEE /N, PR A% PR bR B iy 3 32
e Bl SIS T 40 T 61.1%

L [ A AUt ] DAY SR #A b 2 A R A
Yo, TP R PHAE L o, SEBE S8 & i 1
() T R 1 A 7 fr 5 oK o LA S B 4 151 19 e
TR TR A B A A (HTMH ) e 35 [ 25 % S B
5 R FHBEHE AR AN & FUIR PR IEA T 30 AE 0, AT 4
J& Z kW) (LTMH ) W) 5 PR 5% 1% I R 47 FA s 48t
FEFR, SR BHBE T BT, o K BH BB M SR i S fig
i, Il SRR AR DL BRI A8 . SR T
L1 K PHAE T & FL , [R] B 80 2k 1) B 1 0 A7 7
HTMH 1, 1 [ 5l B R V& A K FH AR A, I FH 45 34
MCHTMH H RIS F7 BB 5L . B EE B T 2% Bt Ku-
mar A BAPE AL T F/E HTMH /9 &2 4 1 8 Mg—x
wt% LaNi; (=20 F1 30) 1 J§ /£ LTMH (%) LaNi, Al
5 LaNi, Al BURGAS 45528 A S 25 1, A58 K R
Mg-20 wi% LaNi;~LaNi,Al,, 2 46% 404 1) TAE IR
G il e o B R AT 15 4 e S AR R
B BE RS e Z B RE B VR TR AR IR B AR B
TR . 75 88 K2 Mellouli A BAEEO3R HY T —
Fofr 0 L it S A/ AH AR B ORL - TR A i R
Mg,Fe £ 4 #% HI/FE HTMH H] T i# 77 K FH# , Na,Al
G @ HAE LTMH T 77 HTMH fiff 8 75 %
T2 PP AR AR 17T LTMH I 0 RR TR B B A A Vs



—t

RS 2024,42(1)

www .kjdb.org 213

HTMH H,

K19 faeR it RS gEHX
KFHAEHL 7R 3

S AELEAR AR AT BHASS Hedi , DUE A O e
FEMH . XHEA MR R G R ERE A TR 5T,
J&IAE LTMH fitf HARE v (58 FH AR A2 B4 BL AU 5 it
ARG 0 fig & ISR = 20 30% . [RIIHRSYE T
AHAR B4R B 0 B UL P S 8 H5 A TR S (465
K) 323 (5 Wem™-K™) (BB (1470 kg/m®) | LA
Z%(2850 J/kg) o Vb4 FE T K2 Alqahtani 5538 18
I BB A AL, B T T A EL A AN [ 45 4 0 A 72 B
kR 5 T A A 4 i (BRI 7 A8 ORIy
25 DA HE ) FERE A RE R P R e RE R I, BF
FERI, BT T L Na, AL g AHZZ R R A0 P52
BB RE R G IERERCR L T 36%, i AR
PR AR P R DRI s [ A R A e e i R T 36.4%
() 78 TR R, B80T 18.5% HYABRE 755, T
T 54.19% 1 HE 2 # (O6f HI/E HTMH B Mg, Fe L2
J9169 Wikg) o

DA A 3 et el i ] 285 S 3R 4 4 2R
75 2 ELAE A A A R G A AR AR R AT DA
S BRI SRR S R AR . W, B
TR S S RGN F R e B IR
2K FH fB F 3k 1 e T 4 S A R A 31 T G T
e
3.2 REMA

AR AR 2 [ 0 FEE L A i A R I &R
LT SE O AN PR PRS2 30, iBfe ik 22 7y 2
RGN s 0N A 5 10 K& JE . 2023 4F 4—5
Al BEEAGE R SR L S B SRR TR
BT BR S R A F 2 1 4Bk 65 W 8 B 366 [ 254
iz & 4 (MH-100T) 76 L0 DL R i 28 47 it AR
AR KRS (WHTC,202345 A 22—26 H ) IEZ 5 AH
(FE120) , b5 s % 86 3 AU it A S T #7 I EE K

20wl gk i[5 254t S 4- MH-100T

W I ASE KA T SCULBE - AR 2% S
AT BN Ay 53¢ o 31 285 fith &0 d o 4 4 %) F R 4 it 1 O s
MHEAR R R A 1B S BN
40 ROKR/NHY R 240 , NAE TN 12.032 mx2.352 mx
2.690 m, M SF R 12,192 mx2.438 mx2.896 m, #5
T2 EAS A ERE, 0T LMEAE 1.03 cEU, HAl
ARG ERISMEARKE 4 (20 MPa) ) 3~
4% Tz gy A R e 173, [R) iy B v 2 4k
fith S0 R s O PR 1 (B SRR A M A U B
KT 3000 K, A mt R /NT10%) , 7Tz T
Al B A AT AERE S SR S AU A s
By, I Hizo™ ah AR B RSO R A A A 40
INUE, S84 45 1 g T VAR P A BR A RIS 8
DA R ) 22 AR R At e et e I A R 2k
J&E KR F i, B AL R e A R TR
T A e 20 A e ] 25 i 3 i 4 ) I FH R R K
i B AP U R TR BB (9 SRS T RE T #7428
T8 T AN A VI L B A AL SERE VR 1)
AIREEL AR IR AR AR T R M AR

FEMR S AR B S B I A ZE 200°C , 3l 1 4
TE i 2 B i SUHE I AR G A UKL 2 4 2 TR
J& o [RIB, lfig S RE N A (0.5~1.2) MPa &S,
il B LA R 4R W SU0 BB SE Ak . T St 7
FRORE I B (MgH, B9 IE BURS 24 =75 kJ/mol H,)
R A, R #a o] T e AR KR AR T
M B v I A S A A r A S
UE Ak, 7 s N 3 5, 58 43 A 0 3 1] i A
TARAE AR T B B SRS S SRR
TERR . MR FR G T LR A 1) S e
(B8 5L S 2 0 5 B A4 81 300°C L L, Bifi 5
FEAR B Ao B B s T S i S K A
w2 HE] 100°CLAT , i A & s & TR AL



—t

214 www .kjdb.org

RIS 2024,42(1)

et E o ZRGER AU S Y e
ISR P S B R A REHRAE , HE— 4R T TR
AR 1 AT v (P 21) o R BF A 1A
BAIE SR A A AR TR T — 2 B 4 B R
He PR BRI ] i — BRI [ S R A —
BRIE[H A fifia S i i — S T 1 58 B
RE [ 26k iz 7 ML B , LA AN RIS 3 oK
ARG HE— AR B SRR A i B 1 [ 4 4
PEHHAIRL R M AT ) 1 P 3 53, RS OB 181 25
fift SRR E REVEAFfift R0 8 Ul i) 7 7 LA

21 MH-100T 3 [ 254z & 45 S H N R R 2

4 %R

[ Bt it 2 19 2023 4, SRR Y AN & S A
BH S, 4 BR3P 0T B S [ A A RE Rt 2 &
RGEMIFFAER T 08, 2R AR R & A
ML 2 ekl s T BT & ARG o7 5
W55 0 5508 22 07 TS T 28 tEdt e . B i
Z 0 FH7R T H AJE SR b, BRI A S AR
IEFERWI SR R T 5 R N A BE S . (H2
FEA R & R A o BT S R RS N AT
AV 2 1R SUvE BMERT, WA AR o T S M e
P AR RUBEAL I R AS R 4 R 2 e s U
Akt W 5T m R S S .
APETHBUA BRGSO R BE IR R RIS I B &2
BEILAE SRR FH 3 50T SN F i, 2
H e L [ A0 A B AR B R AT 55

Xof < AT AR IR ] A A2 S - FH A — R
B RER A A AR B A JE S, W 22 IR, AUk TR
A R KRR it G , 76 ] PR AR IR 49 | F 19

W rpoff 22 5 H A5 T E AR T . SRR RN K LA
P SR, MR AR A Fi g R R o 2, K
oK 6 2 S 5 ke [V A8 il S A T R A i
FEisk . (A1, ek U0 o mT LURIA A
ZEE T R B A EUR DR I U R R A AR
AT FHEAE AR o BN, A g S5 AT L
Dy A S 1Y R S S R S I AT HE—
AP R TR A BE R A R, S B S RE AR
i REAYXUEE AT o b S i 0 il R0 Sl — 1A
7 BT AR R R P AR BE R I R A R B 3 R 8 K it
B ESUH TR L A FRL sl A Tl T3 (2 (8
il Saf e AT AR TS 3 1 RE TR A &
R AN RE L BOR BB R R R A ) S8
XU A AR SE B

cat
Pt P
fg+H, — MgH A — Lo
pv L! I n\wmim"’ ,,,,,,,,,, *
Absorption o
N o — Wi
ast

e heat

—H,+0, Desorption
HO — H,+0, -

Waste heat

P22 B A 2l S BRAE AR RE VR iy P A T 5t

% % ik (References)

[1] Salehabadi A, Dawi E A, Sabur D A, et al. Progress on
nano—scaled alloys and mixed metal oxides in solid—state
hydrogen storage; An overview[]]. Journal of Energy Stor-
age, 2023, 61: 106722.

[2] Staffell I, Scamman D, Velazquez A A, et al. The role of
hydrogen and fuel cells in the global energy system[]]. En-
ergy & Environmental Science, 2019, 12(2): 463-491.

[3] Chen Z, Ma Z, Zheng J, et al. Perspectives and challeng-
es of hydrogen storage in solid—state hydrides[]J]. Chinese
Journal of Chemical Engineering, 2021, 29: 1-12.

[4] Bogdanovi¢ B, Hofmann H, Neuy A, et al. Ni-doped ver-
sus undoped Mg—MgH, materials for high temperature
heat or hydrogen storage[J]. Journal of Alloys and Com-
pounds, 1999, 292(1): 57-71.

[5] Cheng F, Tao Z, Liang J, et al. Efficient hydrogen storage
with the combination of lightweight Mg/MgH, and nano-
structures|J]. Chemical Communications, 2012, 48(59):
7334-7343.

[6] Yang X L, Li W X, Zhang J Q, et al. Hydrogen storage

performance of Mg/MgH, and its improvement measures:



—t

RIS 2024,42(1)

www .kjdb.org 215

Research progress and trends[J]. Materials, 2023, 16(4):
1587.

[7]1 Yu Z C, Liu X, Liu Y, et al. Synergetic catalysis of
Ni@C@CeO, for driving ab/desorption of MgH, at moder-
ate temperature[J]. Fuel, 2024, 357: 129726.

[8] Song M C, Xie R K, Zhang L T, et al. Combined "Gate-

way" and "Spillover" effects originated from a CeNiy alloy
catalyst for hydrogen storage of MgH,[J]. International
Journal of Minerals, Metallurgy and Materials, 2023, 30
(5): 970-976.

[9] Zhang L, Zhao C, Wu F, et al. Carbon—wrapped Ti—Co bi-
metallic oxide nanocages: Novel and efficient catalysts for
hydrogen storage in magnesium hydride[J]. Journal of Al-
loys and Compounds, 2023, 952: 170002.

[10] Xu N, Wang K W, Zhu Y F, et al. PdNi biatomic clus-
ters from metallene unlock record—low onset dehydroge-
nation temperature for bulk—MgH,[J]. Advanced Materi-
als, 2023, 35: 2303173.

[11] Zhu W, Ren L, Li Y H, et al. In situ high—energy syn-
chrotron X-ray studies in thermodynamics of Mg-In-Ti
hydrogenstorage system[J]. Energy Material Advances,
2023, 4: 0069.

[12] Peng C, Zhang Q G. YCF, nanosheets—supported Ni
nanoparticles as a high—efficient catalyst for hydrogen
desorption of MgH,[J]. Nano Research, 2023, 16(8):
10938-10945.

[13] Zhang L C, Zhang X, Zhang W X, et al. Nanoparticulate
ZrNi: In situ disproportionation effectively enhances hy-
drogen cycling of MgH,[J]. ACS Applied Materials & In-
terfaces, 2023, 15(34), doi:10.1021/acsami.3¢07952.

[14] Wei M X, Liu Y J, Xing X F, et al. (TiVZrNb),Cr,,
high—entropy alloy as catalyst for hydrogen storage in
MgH,[J]. Chemical Engineering Journal, 2023, 476:
146639.

[15] Zhang J X, Liu H, Zhou C S, et al. TiVNb-based high
entropy alloys as catalysts for enhanced hydrogen stor-
age in nanostructured MgH,[J]. Journal of Materials
Chemistry A, 2023, 11(9): 4789-4800.

[16] Wan H Y, Yang X, Zhou S M, et al. Enhancing hydro-
gen storage properties of MgH, using FeCoNiCrMn high
entropy alloy catalysts[J]. Journal of Materials Science &
Technology, 2023, 149: 88-98.

[17] Aguey—Zinsou K F, Ares-Ferndndez ] R. Hydrogen in
magnesium: New perspectives toward functional stores
[J]. Energy & Environmental Science, 2010, 3(5): 526—
543.

[18] Zhang J, Li Z, Wu Y, et al. Recent advances on the ther-
mal destabilization of Mg—based hydrogen storage mate-
rials[J]. RSC Advances, 2019, 9(1): 408-428.

[19] Yartys V A, Lototskyy M V, Akiba E, et al. Magnesium

based materials for hydrogen based energy storage: Past,
present and future[J]. International Journal of Hydrogen
Energy, 2019, 44(15): 7809-7859.

[20] Fernandez J F, Sanchez C R. Rate determining step in
the absorption and desorption of hydrogen by magnesium
[J]. Journal of Alloys and Compounds, 2002, 340(1):
189-198.

[21] Shi D, Ni Y, Li G, et al. A computational study of
Mg, H, nanoclusters with n:m > 2:1 for efficient hydro-
gen storagelJ]. International Journal of Quantum Chemis-
try, 2023, 123(6): €27058.

[22] Ren L, Li Y, Zhang N, et al. Nanostructuring of Mg—
based hydrogen storage materials: Recent advances for
promoting key applications[J]. Nano—Micro Letters, 2023,
15(1): 93.

[23] Huang S J, Mose M P. High—energy ball milling—in-
duced crystallographic structure changes of AZ61-Mg al-
loy for improved hydrogen storage[J]. Journal of Energy
Storage, 2023, 68: 107773.

[24] Zou R, Zhang W, Dai M, et al. One-step synthesis of
light metal nanoparticle from metastable complex[J].
Small, 2023, 19(8): 2206518.

[25] Tian H, Yan X, Li X, et al. Microstructure characteris-
tics and hydrogen storage kinetic of nano MgNi-REO al-
loys[J]. Carbon Letters, 2023, 33(7): 2211-2222.

[26] Zhu X, Yang M, Mu D, et al. Synergistic combination of
Ni nanoparticles and Ti,C, MXene nanosheets with
MgH, particles for hydrogen storage[J]. ACS Applied Na-
no Materials, 2023, 6(23): 21521-21531.

[27] Wang X C, Jia Y X, Xiao X Z, et al. Robust architec-
ture of 2D nano Mg-based borohydride on graphene
with superior reversible hydrogen storage performance
[J]I. Journal of Materials Science & Technology, 2023,
146: 121-130.

[28] Zhang J J, Zhang B, Xie X B, et al. Recent advances in
the nanoconfinement of Mg-related hydrogen storage ma-
terials: A minor review|[]J]. International Journal of Miner-
als, Metallurgy and Materials, 2023, 30(1): 14-24.

[29] Lu C, Panda S, Zhu W, et al. Enhanced hydrogen sorp-
tion properties of uniformly dispersed Pd-decorated
three—dimensional (3D) Mg@Pd architecture[]]. Interna-
tional Journal of Hydrogen Energy, 2024, 50: 979-989.

[30] Chen Y S, Guo J J, Liu P B, et al. Highly symmetrical
B,@Mg,,C,, with icosahedral B,, motif: A potential hy-
drogen storage medium[J]. Results in Physics, 2023, 48:
106390.

[31] Li Y, Zhang Q, Ren L, et al. Core—shell nanostructured
magnesium—based hydrogen storage materials: A critical
review|J]. Industrial Chemistry & Materials, 2023, 1(3):
282-298.



—t

216 www .kjdb.org

RIS 2024,42(1)

[32] Myers W R, Wang L. W, Richardson T ], et al. Calcula-
tion of thermodynamic, electronic, and optical properties
of monoclinic Mg,NiH,[J]. Journal of Applied Physics,
2002, 91(8): 4879-4885.

[33] Ma Z, Huang Z, Li Z, et al. Insights into thermodynamic
destabilization in Mg—In—=D hydrogen storage system: A
combined synchrotron X-ray and neutron diffraction
study[J]. Energy Storage Materials, 2023, 56: 432-442.

[34] Cao W C, Ding X, Chen R R, et al. In—situ precipitation
of ultrafine Mg,Ni particles in Mg—-Ni-Ag metal fibers
and their hydrogen storage properties|[]J]. Chemical Engi-
neering Journal, 2023, 475: 146252.

[35] Zhou H, Ding Z, Chen Y A, et al. Enhancement of hy-
drogen storage properties from amorphous Mg NiY,, al-
loy[J]. Journal of Non-Crystalline Solids, 2023, 605:
122167.

[36] Zhao Y Y, Zhu Y F, Shi R, et al. Structural inhomogene-
ity: A potential strategy to improve the hydrogen storage
performance of metal hydrides|J]. Journal of Materials
Chemistry A, 2023, 11(25): 13255-13265.

[37] Lin X, Yin C, Ren L, et al. A one— and three—dimen-
sional coupled model and simulation investigation for

the large—scale oil-heating type Mg-based hydrogen

storage tank[J]. Chemical Engineering Journal, 2023,
472: 144943.

[38] Chang H, Tao Y B, Ye H. Numerical study on hydrogen
and thermal storage performance of a sandwich reaction
bed filled with metal hydride and thermochemical mate-
rial[J]. International Journal of Hydrogen Energy, 2023,
48(52): 20006-20019.

[39] Babu K S, Kumar E A, Murthy S S. Thermochemical en-
ergy storage using coupled metal hydride beds of Mg—
LaNi; composites and LaNi; based hydrides for concen-
trated solar power plants[J]. Applied Thermal Engineer-
ing, 2023, 219: 119521.

[40] Mellouli S, Alqahtani T, Askri F, et al. Parametric as-
sessment of a hybrid heat storage unit based on paired
metal hydrides and phase change materials[J]. Applied
Thermal Engineering, 2023, 226: 120257.

[41] Algahtani T. Performance evaluation of a solar thermal
storage system proposed for concentrated solar power
plants[J]. Applied Thermal Engineering, 2023, 229:
120665.

[42] Kim Y, Dong X, Chae S, et al. Ultrahigh—porosity MgO
microparticles for heat—energy storage[J]. Advanced Ma-

terials, 2023, 35(43): 2204775.

Review of research hotspots in magnesium-based hydrogen storage

materials in 2023

70U Jianxin"**, DING Wenjiang"**"

1. Shanghai Key Laboratory of Hydrogen Science & Center of Hydrogen Science, Shanghai Jiao Tong University, Shanghai

200240, China

2. School of Materials Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China

3. National Engineering Research Center of Light Alloys Net Forming & State Key Laboratory of Metal Matrix Composites,

Shanghai Jiao Tong University, Shanghai 200240, China

Abstract The year of 2023 witnessed the rapid development and application of magnesium—based hydrogen storage materials and
systems, with many research hotspots and remarkable application milestones. Regarding material design and development,
researchers were successfully enhanced the thermodynamics/kinetics of magnesium—-based hydrogen storage materials through
various modification methods and realized the near-room temperature hydrogen absorption, hydrogen release below 200°C, and
improved cycle life. In terms of engineering applications, the world’s first tonnage magnesium—based solid—state hydrogen storage
and transport trailer was launched, and several demonstration application projects and material production lines were also
implemented. The whole community is now interested in promoting the development of magnesium—based hydrogen storage
materials and systems, exploring their potential application scenarios. This paper provides an overview and outlook of magnesium
based hydrogen storage materials on five aspects: catalysis, nanotechnology, alloying, storage system, and demonstration
applications. It summarizes the progress of magnesium—based hydrogen storage materials made in 2023, explores their potential
applications in hydrogen storage and transportation, energy storage, and power generation using solid oxide fuel cells. Opportunities
and challenges that magnesium—based hydrogen storage materials will encounter in the coming 2024 are also discussed.

Keywords hydrogen energy; magnesium—based hydrogen storage materials; thermodynamic and kinetic properties; solid state
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