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Abstract: The efficient and safe storage and transport of hydrogen are bottleneck issues that necessitate a solution for the
implementation of hydrogen as a sustainable clean energy resource. Magnesium is abundant in the earth’s crust, and its hy-
dride (MgH,) has a hydrogen content of 7. 6%, which is the highest among the binary metal hydrides that can reversibly
store hydrogen. With a volumetric hydrogen capacity (110 kg/m’) higher than liquid hydrogen, MgH, is regarded as a
promising solid hydrogen storage medium. However, the high operation temperature due to its stable thermodynamics ( en-
thalpy of formation is =75 kJ/mol) limits its practical application for PEM fuel cell. In order to improve the hydrogen sorp-
tion performance of MgH, , intensive research activities have been undertaken worldwide in the past decades and significant
improvements have been achieved. In particular, hydrogen storage properties of MgH, close to the practical requirement have
been attained by the size-effect through nanostructuring. This paper introduces the physical characteristics of magnesium-
based hydrogen storage materials, principles and achievements for the improvement of hydrogen sorption kinetics and thermo-
dynamics, as well as remaining issues. Prospects for further improvement of sorption performance have been discussed.
Key words: Mg-based hydrogen storage materials; catalytical additives; nanoconfinement; nanostructuring; free stand-
ing nanoparticle
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(combined heat and power system, CHP ) ¥ &84} e b T4F
PR PGER A, BSCREEAA 85% " A S AkERE
HALE IR =K, TohHER, ArEAERBEN A, [F
mF, SAORIEEE, PP AR ) BRIk
SR, SRETRE URABIR, 5 EE N FE A BE TR SR i & &
o AMHXIRFRER 1, &0 F2R/DST, &
BEENEBIR K, AR T ERZHE, mEHLYT A
BEIRAY T R A,

H AT RGO ik £ 2R m AR RS, X4
SURE R 4G bR R RS2 (TV 25, i T 3k
100 MPa,, {H3Z 5 A7 AEAHTHE BUAR i R e R B A 1 ]
s, HESRRHT-253 CEZ L, R RIKIE
JERRARE SRR, HREFEARA, H A7 i fE rp
RS L BRIRK

P2 [ 254 S I E R T T 20 20 60 4EAT, Kt
FARELESE . EREGENEG R EAY RN, A4
RENY R E A& E Ak, Ninifiascm, 7%
—ETR BRI S 45 0E R, S0 A AR L o B i ke
fap il S B BN 2 A tEw | bR AT A R il 4
st

& E RBVR IR ( DOE ) X 4w ¥4I 42 0 S g BL A2 A il A
], BT ARG EDR D B 2025 4E, RGEEAE
HAHIRE] S 5% (AR, FE) ., S48 (MgH,) & H
HUME— i S B TR AR 09 T W R AT B, MgH, 4y
THREARNT. 6%, 48R NI iR (25 R
H P63/mme) , FAALIMLEA DU J7 R (2 TR
P42/mnm) . ¥ ¥ MgH, i # 9 FR N B-MgH,, % N
1.45 g/em’ , WFFE KB MgH, " H (R FLA 2 A
HERPER Y B-MgH, A7E 8000 MPa JE /1 F#843467 Jy
y-MgH, 48,

B-MgH, ATy 2k AR, A ks 9 - 75 kI/mol,
HH T EAE 350 C UL EA B AR, T PEMFC 1)
80 C TAEIREE ., WiH, &z iEge, Wik, AR
i R AIG MgH,, PRSI, A B S AN

PSSR AMEMBES KL T2 B2 M
JTE, Yartys %5 BT A0 2R R HA 4 T M 48 T BE L Ak
SRPBHBETE B, Zhang 25" X BE JE bR 00 40 K 45 4
RGO TAEEAT T 2558, 2R Gk 790k 1k
TN RS RN TES AR A IR S o1 b 58 R (B
A ZRLaR CREAT T REET ) BAh, BEHE
FHORHK A 25 2 BRI 1R T 4 SRR,

AR SCHE A BE LA A 491 K 225 A L A R < 20 e
T2 TR B J1 2 M BE 2 M, [R] B s e 6 61 )
S HICER A A AR A 3R X BE SRR G U BE AR

2 B (HEN) HE

TE MgH, BCHERFIE K A 2 3 o V7% n 79 e
AR MH, POMECECERE . T8 s s A ) 1) 2
FEE B AR T (A v, Ni, TiZE) ML UE 4
JRAEAL Y M E B AL (4 Nb,O, . TiO,. V,0,. Cr,0,
AR — e m A4, Flt B9 LI I S0k ik 2t 1
U 42 A IR A R BRI X MgH,, T eicbE Y
Webb' = A48 T 12 HAT AL P B B insel % MgH,, Wi
SERERREIR, FERLE T IR — B2 B0
— A, HESEN d PR TS H R R T A
YER, (it A e, i i 4 )m ol 4 s A ik
YU FH 2 30 5 T g D) R i A S 1 6 458, 7 kR
RS SR i fiE &2, ARk, BhoE A Bk —2
S 4 Jm UL . Bk . Bk Kb AR
AL FIXT MgH, S PERERCYE , IS — e iR

MgH,, Wl S0 N 2 — AN 22 A - R R, A 75 )
TR B CHEMER . Bk, WM R A
TAHEAL TR R TR, [R] A L TR AE AR R Y 43 A
IE), MY BOE R A, AABCR S B TR A
FI5 MgH, FEHAUARER B U /N R SF I 38 i 2 100 42 fah o1
PLg Rl g m A MUk &Y i tn W, K $ak s
FIPTE IR J5 ] 25 M A 00 98K 4 J8 Uk, FREREE 51 A
MgH, , &S WA 8l 124 A BGE R

Liu %% 38 a3 LT3 vk 1 4 B -BR 90 K B A MR
AT 43 504 MeCL, F TiCL, ¥ A DU ZW G (THF) 4%
Ny iy =91 LEBR A NS € HgLi 89 THF 7
FWFBERE, MgCl, A1 TiCl, [A) i aE S5 40 K 45 )8 i
ki, BOABEEMEES T E MR, Mg 99K BURDR 2
23,1 nm, ZMRFE R ST AMAE R, 7S CF2h
WIRE 6. 6% (i mrg, K1), B RN ERE LS
BLHY Mg-0. 1TiH, 7650 P Ay 4%, T g LA ER
PR 2 BORE, 40 CF 20 h SN 2%,

Zhang 255 G LT — R B0 & B0k PURL, AL
Ni,C, Ni;N, NiO, Ni,P, Kif27E 1~50 nm ji[H, Hrr,
Ni,C P AL SR e, IR E R E LR 160 C, #
300 °CF 20 min % 6. 2%,

HELER BB, Gn BARE B 44 K 4 ( single-walled carbon
nanotubes, SWNB) . 188 (graphite) . & 81/ (Cq,) . 1T
i (active carbon, AC)%, MTHEE, 5IAZ MgH, XA
A AR, FEX R B T, BA et
(4 B A R SO RN E M AR 408, TR E
PR A 0 42 SR AR BURAS B A g, ke AR,
REMEY L, 2012 4F, B K Liu 55 fE 7
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1 PR R MgCl, F TiCl, Ja3RPisefs B i & 47 Ti L5 0
BJB Mg (ALA% 23. 1 nm) WA AFIR IR, 765 T Al 1 A0k

A, 75 °C 2 h A 6.6%
Fig. 1  Absorption isotherms of Mg nanocrystals of 23. 1 nm in diameter
prepared by reduction of MgCl, and TiCl, in solution, which fully
absorbs hydrogen at room temperature and takes up 6. 6wt% H,

within 2 h at 75 °C %!

T, KA 8505 (graphene oxide, GO) S ALEREL
TREPRKAIRAR, S0 TR g 400 <,
BN ZALKE S Ni@ rGO, 2331152 5% (R340
A4k Ni, rGO Fl Ni@ rGO F| MgH,, &3 Ni@ rGO £1L
FAYIX MgH, Wil & 80 12 ek b s (il 492K Ni sk
rGO BUR I RIBZRY MgH, U 1 a3 e v, e
Y vGO FI Ni 82000, 11 Ni@ rGO B i fife St 17 L
AL, HAE 9O WG G R R T, R £ 1L
Ni@ rGO %43 MgH, 5 BA —& WPAZCR , BEIRFF T
Ni GKURE i fAbPE T, ke Ni gk MeH, B, Z1L
PRI RAE T (& Bt B3R, Wang %77 £ 1GO 19
K CERIF R RN TiCL,,, FIANREF G, £ 800 C
EIRAL R TIN@ GO, %=1 LR T RUA 177 m*/ g,
FHIFLAR 3.8 nm, X MgH, MISCPERCRJE: TiIN@ 1GO>
TiN>rGO, [RIFEXREE 3 “ fi b+ 438 A PR R R

3 HEMEMBHRAZEME N FFE

MgH, EATRE A BKE (=75 kl/mol) , FaE (AT
SR B SR B L, B, BRAIR MgH, AR B A
T2 R M R U0 B A UM R S AR AR AR iR A%
WS NGB 22l MgH, 78 il Sl B b 5 At 42 s 2B B
BERBERILR S R Y, A s Mg, Ni, MgB,,
R IR RTRR , A SCRF R R AEN B A SCE SN A
MgH, /NS AR ATy 28 R sh g 2 4 52

GRS N N N A N1 E P D e e 12
TRFR LR =, 22 AH SO I 1% BB AR i o, oo 53 T 1 Ji

TR G R, RN 2 R A A s i), AT RE
FECERARNMZE R A ARG 100 CHEH 7 MgH,
Y BREC Y A EAR 1 pm 9 MgH, BT H 1Y
SRLY BT K208 S d, WEEAR 50 nm KT R
20 min'"' ARG, bl AR 9 I e A R R K,
SEIIEREE TR B, SRR A 4K
AR I 1T RE S0 IRAT AR REBR il A FE A

SR, ST RSP AR % MgH, Wik S BE 20 (14 B
WIFE, AR A — 2 A 46 Cheung
IR, MeH, MREMEAERIAE /N T 1 nm B R %
i, WRYRARAE 2 nm DL BB E VS AR RHET, Xt
T Wulff Z5F AR AR, BTN, HAE Y MgH, fiki
RSE/NF 10 nm A AT REP= A2 B B YK A5 (29 1 kJ/mol H,),
B MgH, (RS2 e A s 1 Wagemans 55 4R 4
77 RIS (density functional theory, DFT) 315301,
HA Y MgH, BIFE/NT 1.3 nm i, B (MgH,),,, HBE
FEA A W AL, PRt TR, RSFR 0.9 nm 1A
5 Mg, H o SR RS 63 kI mol ™' H,, it & IEE AT
F&ZE 200 °C, Chen %) ] DFT 45— 5 3RS 5E T
MgH, KK B S50 MR R, RIGIKE HR
4°0. 85 nm B ARG AE K 34. 54 kJ/mol H,, AIFE-9 °C
A,

BIUAER B8 2 1 8 MgH, g4 K o0ks i) % I F Bt i
R S I 4 ok A 3 BBUIURE VK 1A 3R DA v KAk, BR
JE 1 Mg/ MgH, A B ks R — M 7E 10~ 50 nm, FR¥E
AFBOR A2/ T 100 nm (9 MgH,™ | XA SFE 2t
e TR TR 7= A ROSH 8500 75 BE R BRI, 48K RR
BRI 43 F 2 T A9 R L (bottom-up ) 12 2 il £ 5 /)N
Mg/ MgH, FFURL A M R AR
3.1 kBRI

DAGK ZALRERE BN, el SUb R i I il s i
SUERI BB BN A Z AL RHLER P, s7EFLBR P B
B BT LA GO (14 T 2 [ 22 78 2 FLA RHLBR Py, 7T L
530 FEAUARER BB 5 /N BORL, [RIA, A L B P 1 8RS
NG RRAEKR, B o=y wk R d e FLB TS Y, PRIIE
TARMEAA T AN AE | TTFLBR P A5 2 o R e, X
B AT AR, OB i T L TR B i R
PAp2E R f e beREt e

Tl K BRI MgH, — M2 — T 5686 (MgBu, ) 5%
HAEBERBOE B Z AL R L 78 SV T o i
135 MgH, ; SCE K& mREEN 5 2L 4R EHR G 5 in#A
RS B R FLBR . Nielsen 251 245 T i S M R
YRR BRI 5 5 1 BT 22 FL SR bR, A4 T M k|
BB . AT A LR . BREF4E . BRYVKAY . A BIE L
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AL LR (SBALS) . ZALRRABLIAAL S
¥ ( metal organic frameworks, MOFs) 4§

o P P AR BRG] 52 Schiith SR Rl NaAlH,
REEI BRI NaAlH, 25 fh7E % 05 180 C
PLEA BB R R, HIEERURES IR E)S, A hE
AT, (HA B 2L S B A B (FLAR 8 ~22 nm) iR
HE S A NaAlH, IR, oG8 (i NaAlH, 7E4 AR 2
AR ZALAE, B A B ih A e R Ffig A 4 &
T B PEEA R BT 5 2 A

de Jongh %1% 2007 45 1 YO BERE AlB 15 RN 40K Z 4L
T SCARAPRE A B BRARBE DA KR o 38 3 e A [ FL AR B
MRE, RS TRARFE 2~5 nm WA 2 nm LR IEELK
Tk, XRAE A 3RAT M /N RSHEE A, Zhao-Karger 451
JH MgBu, I W50 FL A2 <3 nm A5 Pk 5% 27 4k (activated
carbon fiber, ACF), HESFMAEERINRFTE 3 nm KIT
MIBREL MgH, . 43 #F 3 TEM T HWLEEE] MgO, At
MgH, FRARTE 2~3 nm, 383 R 77 -ZH 8 AF IR 2K (pressure-
composition isotherm, PCI) 732 M 45 i 0 K 22 14 A% 43 51
R 63.8kJ/mol f117.2)/(K mol H,) , —FHHMLFAMA
AR, FRBRE MgH, #0244 281k,

Gross ZEP AR T FLAR L BIAE 3~20 nm, fLAES7H
i 2B X N ALAE R 13 nm (RSEERE, 43 Ni Al Cu
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BB 2 T, I 30 2 I AR B R BE T A B LB,
£ Ni Al Cu B IFLET N Y MgH, 7E 250 °C U 3505
H25%/h Fl 5.5%/h, K 2 AL FIE A BB R ARG
MgH, HEGE N 2. 2%/h, 1 MgH, 54 BEREE 5 i &
B 0. 12%/h, R 2L ARk BRI 98 K kL
T AN . Shinde 25 i FHT Ni B4 ) 75 1 ¢ il 46 B
B MgH, , WELRR M7 48 . RARZIH 5.5 nm 1)
MgH, Uk, Ni JURLYS 5 HB 5 78 3D et o i Ni
PEARAERDIN B RGN, %8 A BB AT R 5 A 24 mT

UGB Z LA, (R AR B IR 3
BEMEER IR T 2 AL 28R I RUR . 2015 4, Liu
A IS T IR T A B B MgH, /)
P8 R i L JFL Al ke A ek B S 4R 75 B 47 1) i S ME BB Xia
SEOVTE O A BB IR e Pl MgBu, SR, SR EI K R
FYEL ORI R LA K Y MgH, B0k 34 50 40 A 1 A7 B
fi L (MHGH) (Bl 2) . Ak, MeH, 8912 &Enlik 75%
(a8, T 2Lk B RS %00 MeH, 59,
I H MgH, ZOK R S7 43H, R AR R 5. 7%,
Ni fEAL & 75% MgH, i MHGH A] 4351178 50 1 200 °CF
SEA AT S (IR 201 °C), HBARR 5. 4%, &
S 100 A5 BA W 25 B R FI gl 124 R o e,

o]

0 50 100 150 200
Time (min)

12 MgBu, fEREVEA A M A0 O e h AU 5 A B8 T 340K MgH, /Y SEM (a) FI TEM(b) M5 1 884 1148 MeH, &
7 HC S BRI 45 19 MgH, 85 IR 0, Ni AR IR A SRR 1 R 1K) MgH, W8 J1 2 etk (e, d) 1Y
Fig.2 SEM (a) and TEM (b) images of MgH,/graphene hybrids (MHGH) synthesized in-situ in the cyclohexane suspension of gra-

phene from MgBu, ; hydrogenation (c¢) and dehydrogenation (d) of the as-prepared MHGHs at 200 °C, Ni-catalysed MHGH

shows the fastest kinetics' "
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Cho Y RIE T —Fh T2 vGO F 1 32 1 357 R BE 40 K 7
PRCRIAR 3.26 nm) , ZARIRIER RSP 3 MA R
AW EAk, 5ok, EXFE G BTG A NI fiEfL
M, Bt TR g NAMB AR BEAIKRE B M
B NB A RETE, 1E vGO fE7E N ik JRUBE Al % 4
JE IR IR %A, A EIRSTE 3~4 nm A EEW
i, Ni BRNE SYTEILETE 1.5 MPa F1200 C &0 F
2.5 min WA > 6%, T3 30 IRE RIS, MK
FARK MgH, B9 & K28R 76.3 k]/mol, rGO £ 5 Y
MgH, IR EEAE A 69. 4 kI/mol, T FA Ni 8425 F 2
66.9 kJ/mol, TRIL T 9K AL -0 25 Ak =3 Y BRI RN

2011 4E Jeon"" ¥ ZNEHE (MgCp, ) 75 58 I RE TN M R HY
fis (PMMA) /¥ THF ¥ P Z8 L4005, 15 31 17350k,
BFE 5 nm £ BYEE BT (nanocrystals, NCs), [ 2 THF
Ji, Mg NCs # PMMA 1125, HT PMMA X &R %EHES
B, QST AN LB T PMMA 2586 k4 S0 =,
RS, PMMA SXO&BE R AR )2, BH IR BE 9K B A A 5
FATPER TEM W, MR R B2 S0 2 AR
Pk, 16200 °C, 3.5 MPa EJE T 80 min P LLEETT45
BNEAL 6%, HEEMBHTA 4%, HILZT, KN
44 wm (R BERSURE 78 AH [ 2010 S 2% 4 B A A o) 1 &
AN K A TR AR BE 4 ) 2 25 79 kI/mol,
SHEA 4 R AR MgH, I5 AL AE AR Y slomg %, R
RN AR
3.2 MIIHELEI MgH, 485K L

BRI K AL B AR BAR A B T MgH, Wi &3
MBI, BAEE A RHE Z AL SR R R AT
MR, HERAUT 20%, fHSAsEs R, Bk, &
B B A U AR

it F A DT AR i H 7500 m] L £ 4k 45
FAI Mg/ MgH, , R BE i —E 9 K 28 — 4E i, Li
%:58: R T S AT ( physical vapor deposition
PVD) 4 B ARTE 30~ 170 nm IR K L, %KL
FEI AR I M BE S 9 oK R R — A ek
BEARTE 30~50, 80~100 F1 150~ 170 nm 5 [ 1Y 4 >k &
W /TR AL BE 2 ) 33.5/38.8, 38.7/46.5 il 70.3/
81.1 kJ/mol H,, LL¥KEEJ5 ) MgH,, MgH, + Nb,O, F1
Mg, NiH, I (43514 120-142, 63-65, ~50 kJ/mol H,) ,
HIRE G232 65.3, 65.9, 67.2 kJ/mol H,, W WA%
T30 MgH, /9 ~75 kJ/mol H,, EAZTE 30~50 nm 4K
ZRAE 100 C FAT R 2. 9%, 200 C FikA 3.3%, SR
AR 10 UG, ORI, (Afg 5 = AE 50 MEF N
AN XL BT 2 AR RIS RN B g 2 8 AN SRR
SHisiTEmAHE R T, USRS & T E/NER

KRS AL E AR 0. 85 nm HYAKZ M A
Ja A8 R 34.5 kl/mol H,, AIEHHEZEIR FHA, X
FH TR Ak 5 PRI ME 6 AR A5 2 3 E

et FH A A S P B R e B S R IR B SR BEE
EFFFIACE YT LA W Mg 9Kk T R T AR BE 4
RAORE EL AT AR R RO M, R T B | AR A
PRAPFISEARE ), DAk e 4 J8 BE Ak 2 5 A ot S 1 5
1%, Bogdanovic PRAG2A L 4 BB BEAE &4 Ti &
Cr AL 9 THF b, ¥ S OB AE 8 50 nm 1
MgH,, FFE T MgH, 44K & LR fi# RE I H 7 18T 14 56 5 1
TAE, b5, BEHESE S IR B N AR S Ti AR
MgH, , AR FTE e mEE, HRIIFN 130~ 140 m’/g,
HE 185 °C HIAT 5 AU ™,

Aguey-Zinsou 2%V F 2008 4F I HL Ak 2 32 LAV T3
WAL M2 ) & T R4S 5 nm A EE IR R, BE4N
KKLFTE 60 °C | 2 MPa SRS FINA AT LLsE 254k
MgH,, 100 °C B FF iR &, Wil 165 C, W] fifi 77
7. 6%MAS (BB h SRR ZREEMN, HREE
PRI EAE NN R E RN 1.34%) , #E 85 °C A Y - £y
AEE THOR MgH, 19, fE&F AR, Ik B 2
BUE AT RESE R MH, RO AR, 78— B A E 3k
THEEWM, ZHE TR AR BRI RIE IR A
fif Mg(t-Bu), G 4K MeH,, =985 TEM ML HIG 5
FiR B AR Z 3 nm BIEFZEIRPY, 2RI, EZE
HLEEH 370 C, A NTRFRIR, TEXFEE RE T, BR
LIRBAREM, BRETEARE, ZHRA S BfESH
BURZERY THF PR R Mg(-Bu),, 38 TR/ 8~
350 nm YBEGY K IBORL, Bl B/ 2% & B L3S i, kL
FRIR/N o TRSL AT L MgH, 20 K JBURE I S0 H8 AR A AR
(63.5+1.8) kJ/mol H, f1(118.4£3.1) J/(K - mol H,),
X e TR TN A 3 nm A AR BUR- AL 2 20388 K 1
SRR, SR, TR ER, SR ET
BETHE A BT 60% , 33X 28 g0 oK JUkr vT LA A 1K I
(<150 °C) FHRI A, I H LE 3 ks i/ & A 3h 71 2%
AR, HR R T B AR S AR R (>300 C) 5K
B, — BRI E] 300 C L EREE, MABEFIK
FEARHR (<150 °C) WA,

Kalidindi Z5£"%7 3% H 4k fift Ak T2 ( digestive ripening
process ) & 7S M- AR IBORL , kifE LAY 3 nm, i
AICERE R 115 °C, (AR T B0k e S il M e, %
SR AT ik 350 C.,

Paskevicius 257" S T S8 F 5 E 4 2K RS0,
FHi L LICLYE A TS A 0T, 38 i BRES MgCl, F1 LiH 15
FRiA2N 7 nm 1 MgH, 00k, S5 EH, MEEAEHA



94 Hh AR

EEEVE

K11 74. 06 &3 71.22 kJ/mol Hy(29H 12%) , 0.1 MPa V-
U L BE N 282 B #1276 °C, [i] Bt S04 A8 L v /s T
3.8 /(K -mol H,) . B, BB, LM
B (>1 kJ/mol H,), FiA2T5/NT 10 nm'™, {H MgH, 44
KRR AYITE 0. 1 MPa ST S T B9 B SUERBE 1 T
270 °C, HBhJ1%getg, fEFIAROEm T LiCl /e
FREUR, H TR B G R &I P R Y LiCL A
MgH, AR A3ES  SEOPDRH it 2 1 KRR

2011 4F, Norberg 257" F 4 J& 38 J5 MgCp, S T
3P RST BB A, BT S B 3l ) 2= e
AR /N S R, A 3 TR, B/ BE 4k
KE(25 nm)300 C FAE60 s N BRI A S A 51 95%, 72
KA 38 nm BIBEQNKIBURL Y 7 A%, B S AL BE S A
PRAPEAR ) JF R KR, A5 76 iR T 58,

]
9D
e
-
%
S o
o P o 2
N S ¢ 300 °C 260°C 220°C Fn
. 14 A]’O 25nm @ A O —
2nm @ A [© JEETETR
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0 1000 2000 3000
ts)
7+
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Fig. 3 Curves of hydrogenation and desorption (a, b) and TEM ima-
1]

ges (c¢) of Mg nanocrystals with different sizes'’

Yk MgH, UKL 28 508 W/ i W AE BA, KAz K 25 35 in 5)
98 nm, fEIRGETEZE, MMATINN, WA E R 3 )
ST AR T BE 53X BEBE G OK f R Hh B B A AL A DG, OF
e[S APAEY 2 G

2014 4F, Oumellal %7 & BAT LI i MgH, 5 Li 25
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Fig.4 HRTEM image and SAED pattern of ultrafine MgH, prepared

by ultrasound assisted metathesis! ™
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