Eoll 2
2022 4F 2 A

BRERMBS IR
RARE METAL MATERIALS AND ENGINEERING

Vol.51, No.2
February 2022

ERZFEERIM A RER

RBe4g L, BEleR? %

oz 2
R,

AL R, 2E2E!

(LAt FREFEEH PO, B 50T LR MRk R N B % E A seie =, b3 100871)
(2. AR IT KB ERE B AR IRAT 7L A0, dbaT 100083)

OE: BERMEME R TR, AR SR, RRINTRTZ R AR RS A
BRSNS REAE — B R R BRI T AR S T T B — BRI RS . HAT, AR RO RN R R P
AFE RT3, B RRASEMRRA . Rtk ANBUR AR E ML R 9K MgH,, JF CHRE T —E i, HERSRE
MG FEPRBTIR B T oA BRI 2 R RE AN SE B B A (B B Bk A M ), Ui EOR b, A Soh, Bah 7B S e
SR BB TR, JFE PR T SO P Ok T M S RS B T AR RE R T i, AR R AR IR
WRTBUER B 1 5 AT 2k RO e (0 BE B A SR RL SR Ot SE T O SRR 2 0 AN BE R ST

KRR Mg MBS MR BN iR, R Trsatkees Bt R

PEZESHES: TG139'.7 XHERFRIRTG: A

Z4RS . 1002-185X(2022)02-0727-08

HASM S, RO REIR H a5 NN gEIR
WITERR 75 SR Z R J A& il 204k 2 AT RF SR e 1) 2
TR AT oMz, WEFEE. E%E&.
TG R R, PN AR R T AL A REPR B B
TR REVR BRI, BRI, AL TR A AT AR SRR U R e
HIE TR

FEARZ I A R, B R hER AR+ .
AR AR A EL S e . AT Ak 21 57 B 0 4 7.6% 1) 1
o U B S L, A A R A IR 1) ik S R
Z— ORI T SE )T RE. H AT, Bk
A SR R T 1 A 50 U P e v AN R B 7 4 4R
ZAEB A, X EREAEA (DOE) fHiARMLE L% H
(2240 fids R H R RORAFAE — € (228, X B A ik
SRRV LAY () R JRE G AR T SE BRSO,

AR, N TIRZEAE R Mg Fe 6l SRR Ak
SRR PR A, BEFEN 1 R AR T il Mg B MgH, 5 3
R R & mSEEERE R G &% TBL 6 Mg 2
i SR RHBE AT WL R ) #7022 AN B 7 2 4 A R
o RSO A QI £ R AL 2 AU 2% A b L i
PEITE LR, I AT T 200 LU R &

1 ais{biE

AT AU (MgH,) FHEHTT S, R R o
R 5 LA L R B0 R

YgFs BHA: 2021-04-09

AR 2 Shao M SR A % B T 6% (HPMR)
il % 7 50~500 nm (¥ K54 Mg ¥ . 7E 300 'C, 30 min
W, g8k Mg U B BT aA B 7.55%. Li 2502
KRS S A FERN Mg 99K, RIFEE
300 'C, 30 min N, B4 30~50 nm (1] Mg 41K £k 1)
W = 7.6%. iR 200 CRF, AR &5
N 3.28% . IS K5 AR 4E 43 71 v 65.3.65.9 Fil 67.2
kd/mol Hy, 35/ TFHARKI IR E (74 kd/mol Hy).
Mg 44K 26 1) BRI /DN, RSO P BE AR 5

B R B 9 /2 [ A0 86 i 4 B IBURL RS 1 28T
Bt. Zaluska 25M°1 R HL, T HUBEERES 5 BURLR ST IR
/N, MgH, UE S 12 A B o, HOER
BE R AT AR, #E—45, Hanada 250 SE A BLRG BR
BEHIAR K ZERI ) MgH,. 25 BB R, Bl BREE I [A)
(38, MgH, BB BE 2 FRAK, (R 2 ok R~
AriE N AR TA B RS, i S RE U 2 FRAIK

T I A T AR B WL B A1 2 ] & MgH, 4
KR IO 207 . Liu 2R HR B MgBu, %
BE—4EVTIRBR 9K L, R G AR R & 153 378
—YEATIRIR AN K E LI 5] G 15~20 nm (1) MgH,,
FFE AR M 220 ‘C. Zhang 09N LiH. MgCl,
FAT 5805 1 (GNSS) 75 BR B 2% 140 T R FH [ A48 J5 A7 & Bk
2, R RWTE :

2LiH+MgCl,—MgH,+2LiCl &)

EEWHE: EXBRF (51971004, 51771002); H EFAMEIHRIF KT (ARESBERITT) (2018YCQO5)
EZ Y. B, %, 1985 4E4E, L, dbpt K%M 507 TRE%, dbnt 100871, HiiE: 010-62753691, E-mail: xiaojuanwu

@pku.edu.cn



<728+ WA & EMEE TR

%5 51 45

33 3 nm 1) MgH,. BEARBURRSFAE 3 nm A4, H
& MgH,+10%GNSs [ FF i, 7] fe A& B T LiCl R4,
7 255 C FAJFAIA . Liang 207 81 X H PMMA
TR - ) FF 2 480K F IR SUAR B8 R (1 Mo™ iR 5l Mg,
il % T —MAaESSHRER Mg-MWCNTs-PMMA I
Mg-PMMA 44K ks, ks KX ~F 4 3 Z5 0 3.6 A1 5 nm.
F i) 4% 18] Mg-MWCNTS-PMMA 48K Bk 7 0 MPa &
JE A1 150 ‘CHY, 20 min A A] URE U &5 51 3.7% 1) A
S35 Mg-PMMA 44K B0k #E 200 ‘CHE, 25 min 3R] LA
BETBUT B 50 20 2.44% Ao SRR 1) BR i) 2508 T Ak
/N MgH, BIRRL R, AT 4 iy A SRR . 55—
M, WP RHREMARE. &k, HkEAs) K
e 2 SR — kR P BR B) (0 L- K R 0 AR ik
R 4 8 S AP e VU EWems (THFD  HLY AR BE 11 22
S, RN HRE (Do 1EEA LZEAREYZ 11 b
T3RTF 4~5 nm BN MgH, 99K B0RL, JF H7E 8 5 1)
TERR, ORI R 4F, {815 MgH, 75 30 CIE T~
(RT3 i SR R BN 6.7% . XS5 RN T Mg ik
SUPPRE SR 2 MR K 1 R

BT Bk RS, Mg BT ELER S A E
B N R A . fEEAH, Mg 5 EREL
HAER MY BEBUE 1 MgO i, T X Mg ) il & 1
R AE AN, DRt Mg PRI ST 7R ZE S AL AR EE .
Z AR 2 HEALER R T AR T, BS,
Han %O T HGE KR SIS L HLEE, Bl Ak 35
Mg 2 [T H BB A 58 FF 288 R A 003 T R 10 e o

i PA_E S5 R AT LA Y, MgH A0 K RORE B RS R0
MRGFR s EE, AR TR AR, Fit, &
BEEH & s, BERTHEIENRS. 7
B R 40 = I MgH 9K iR . Ry 7 5 33— 2D 4
EMgH, I i A Mk R, BRI LAE & A 7 %% )y, K
75 N T 4 A 21

2 Mg/MgH, E& gl

I ESE LS ELEYERMELTIES
MgH, 5 &, /& —Ma )2 T g Mg B6 i & 1
BEM AR T B . LR Mg BI99K RSP30S %F Mg
FM R R A M e — R E L, R AR 2 R
FRBAREE L (AR BREBRSS A ELT
IR RS, RAEZRR STk [21]h & TR 4. B
e Ah, “REEI N E Mg/MgH, & 4 il E 6 kR N
Rk AR R IEE EEIEN. Liv £PARHEASH
Tk % T Mg-7.5%Nb 2 &#k . BT Nb (1 bk
(1.6) & Mg I H AU (1.3), Nb-H 841 %+ F Mg-H
o Wi, itk NbH AR5 T MgH, A, i Nb

SRR, K MgH, T H B 2. [RIFE,
A3 3 T R 2 P30 SR PR T R — M [ AR i o 4%
TR Ak Mg@Pt E4& M K. Pt 7 Mg [
O FE R I H RN, TR A I FLEE
K 120goR. Hai Mg M, fEHIFRIZET Mg@Pt
£ 300 CH AR ZIREL 2.5 fF.

FAh, WEREANIRE ST S SR 2 )
B, SR dESRS TFREMHERE, &
flEARIE ME AL . i Zhang 25 K Ni 34644 (NisC.
NisN. NiO F1 Ni,P) 5 MgH, &4, KIL Ni 51KH
Btk TE R 45 A 1 NisC A4 F T MgH, A

W E WA S I A RE Y E R HS MgH, &
%o Kumar 2290 BT RS SRS FLI Nb,Os
Xt MgH, WS AR « BTl A 7L Nb,Os I LR
AR, TEBREE 12 s AT LA MgH, 58 45 JEOA R LA
FRI4K Nb F1NbO, 1 i A ZS ] Nb,Os IFH 438 J5, 471
AT MgH, 210 R, 4E 7S5 RS Nb,Os A1 L,
MgH, IR ST & BRI T 20 2.4%, {2 2 R4k 7%t
Mg-MgH, [T ERE S I AN K o« 5 2 HEALATER AR AL,
T, XK B AR PR T RS O ERIR L EBREE R
24 50 nm ] Nb,Os #4671 o 53 5 MgH, TEERES 2% T IR
Ao WFRERY, FHHEIR NbOs B A 5 m g k.
BE— AR R, IR PLEK N 324 Nb,Os 1F i
FH, FAERESTE 70 °C. 5 MPa F o2&, 5 EFE
A CE BB 2 R A A ) NBNgOg.1» T N AT Nb 3
FIFEF, 227 FE RN, X7ERE 2P tha] LU
Ho Nb-N-O & FEMAIEL T Nb-O & &R AELL I
FEdh, (EFOKTMHT BA S A%, AR T2
fREANEA, it R EH, AP B
55 N-Nb,Os 1A JGE AT, P STE 25 C .5 MPa

K1 Mo@Pt il Z 74 2 ¥ A L3R 7R = 1
Fig.1 Schematic diagram of the catalytic mechanism of Mg@Pt

hydrogen storage system[*]
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Fig.3 Schematic diagram of the catalytic mechanism of Ti and

Ni in a MgH; hydrogen storage system*]
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Fig.5 TEM image of the microstructure of the partially CeHz7s-
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Table 1 Hydrogen absorption/desorption properties of Mg-based hydrogen storage materials

Kinetic Thermodynamic T Cycling
Material (mass faction)  Size/nm Abs Hy Des H, E.(abs)/Ea(des) AH(abs)/AH(des) % stability/ Refs.
(/%) tate("C, min) (/%) rate('C, min)  (kJ mol™) (kJ mol™) cycle
MgH, 15~20
Mg-BCNTs BerTogo  3:56(100,60) 3.84(300, 60) ~197.97 ~168.92 220 10  [15]
- 0,
MgH;-10% 3 5.2(250,10, 2 MPa)  5.1(325, 20) /118.9 - - - 6]
graphene nanosheet
MgH, 4~5 6.7(30, 400) 6.7(30, 2500) 28/80 1595 30 50 [19]
Pt 6(225, 2 X 60) 6.5
Mg@Pt 3 6.5(300, 2% 60) (350, 20) 118.2/152.8 (23]
CszOs
Mg-6%Nb,0s MNb,Os - - —164 —-75/82 - - [25]
MgH,-10% nano-ZrMn, 500 5.3(100, 10) 6.7(300, 5) 22'1%77/82'& - 190.7 - [31]
MgHa-10% nano-FeCo Fggo 6.7(300, 1) 6 (300, 9.5) 53'41;14'07/ 653 . 200 - [32]
. FeNi 5.5 (250, 20) ; 42.343.3/93.6
MgH,-5%FeNi/rGO %0 5 4(125, 20) 6.5(300, 10) 5, - 230 50  [33]
MgHa-10% nano-ZrCo erco 4.4(120, 10) 6.3(300, 5) 57'61111'06/ 904 . 200 - [34]
. 5.5(150, 10,
MgH,-10% NiMoO, 3_(2 MP2) 6 (300, 10) /85.88 - 2433 10  [63]
MgH,-10%NiTiOs NI ; ; 174 - 235 10 [29]
MgH2+10%N-Nb;Os 6(70, 120, 5 MPa) 5(250, 3) - 176 170 10 [27]
MgH2-10% N-Nb,Os@C
NN, Os@C 1020 6.0(25, 42>60) 5.5(175, 840) /8143 /744+03 175 50  [28]
Mg-TiCx@C 50 5.5(250, 25) 4.5(300, 60) 54.7/56.5 - - 10 [37]
MgH,-%ZrO, /C gfi’é 4.01(100, 10) 5.38(235, 70) /1007 - 200 - [38]
MgH,-fITiO.@C f;lgf 6.3 (150, 40) 4.86(225, 60) 167.10 ; 1803 - [39]
MgHz
o 200~300 5.4(125, 0.42) ]
MgH,-Ni@Ti-MX N (25, B60) 5.2(250, 15) 56:44/7343.5 175 10 [41]
<50
MgH,-5%Ni30/FL Ni
T, 6-16 5.83(100, 28.3) 5.83(250, 30) 41.36/96.36 - - 10 [42]
. 6.7(280, 3)
-50, - ! -
MgH2-5%K;TisO1s 6.5(200, 0.5) >.7(200.3) /105.67 175 10 [43]
MgH, -65.641.1/  -65.641.1/
MgH.@CoS-NBs 510 1.26(175,2>60)  300(1.67,16.7) o1l Co 11l [44]
MgH:+LiBH.- 200 8(360, 30) 8(360, 30) /139.3 -/62.8 276 20 [48]
L|3A|H5
AMgH,-LiAIH,TisC,  100~200 3.5(310, 16.7) 5.3(300,10.8) 65.7/128.4 _7'(;%5'7%1' , 60 - [49]
Mg.NiPd 1044 0.7(PCT,32°C)  0.7(PCT, 32°C) - - - - [56]
MgsoCe1sNi; ; 3.5(25, 2.5) 3.5(275, 25) /6343 769403/~ - 500 [57]
LaMg.Cu - 3.3(300) 2.6(250) -1117.7 /-72.35 - - [59]
YMg.Cu - 2.6(100) 3.0(277) -1122.1 1-72.3 - - [60]
MgazsNisCu /71.38 -64.40/68.24 240
MgstXNigCu - - - _ . B ) ' - [61]
(as-spun alloys) 166.13 60.90/64.29 218
Mg-Ce-Y+6%Fe@C - 4.73(300, 2) 4.5(280, 40) -/84.9 ~180.6 - - [62]
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Research Progress of Mg and Mg-Based Alloy Hydrogen Storage Materials

Wu Xiaojuan ', Xue Huaging?, Peng Yong? Deng Jifeng', Zheng Jie’, Li Xingguo®
(1. Beijing National Laboratory for Molecular Sciences, State Key Laboratory of Rare Earth Materials
Chemistry and Applications, College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China)
(2. Research Center of New Energy, Research Institute of Petroleum Exploration & Development, Beijing 100083, China)

Abstract: Mg-based hydrogen storage materials have attracted much attention because of their low price, high hydrogen storage capacity
and fine safety. However, its higher temperature of hydrogen absorption and desorption and slow Kinetic properties limit its further
research and application in hydrogen storage. Recent research mainly focuses on exploring different modification methods to obtain low
cost, large quantities, small particles and high stability of nano MgH,, and some progress has been made; however, it is still a great
challenge to obtain magnesium-based alloy hydrogen storage materials which have ideal thermodynamic properties and practical
application value at ambient temperature. In this review, we summarized recent progress in the research on magnesium-based alloy
hydrogen storage materials, and further categorized reported methods on changing thermodynamic and Kinetic properties of
magnesium-based alloy, to provide better empirical and theoretical support for obtaining magnesium-based hydrogen storage materials
with high capacity and excellent kinetic & thermodynamic properties in hydrogen adsorption & desorption.

Key words: magnesium-based hydrogen storage materials; kinetic property; thermodynamic property; research progress
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