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ABSTRACT XRD Rietveld analysis shows that La,Mgs_,Nig(z=1.0—2.3) alloys consist of a main
phase with hexagonal PuNiz-type structure and a few impurity phases (mainly LaNi; and MgNiy),
increasing x leads to an increase in both the lattice parameters and the unit cell volume of the niain
phase. The hydride of the alloys preserves the PuNij type structure, but shows a large unit cell volume
expansion. The electrochemical measures indicate that the desorption plateau pressure (P.y) of the
alloys decreases noticeably as ¢ increases, while the maximum discharge capacity (C.x) increases from
88.3 (z=1.0) to 397.5 (x=2.0), and then decreases to 230 mA-h/g (x=2.3). For the alloys with Cy,.x >
348 mA-h/g (¢=1.7—2.2), the high rate dischargeability (HRD) of the electrodes at (=400—1200
mA /g decreases with increaseing z. The slower decrease of HRD is mainly attributed to the decrease
of eletrocatalytic activity due to the charge—transfer reaction, and the more rapid decrease of HRD of
the alloys with z >2.0 is related to the lower hydrogen diffusion rate in the bulk of alloy. The rate
of capacity retention (Sigp) of the alloys after 100 charge/ discharge cycles is around 55.7%—62.9%,
the rather fast cycling capacity degradation is mainly due to the corrosion of La and Mg and the large
unit cell volume expansion in the hydride phase.

KEY WORDS La-Mg-Ni hydrogen storage alloy, PuNiz—type structure, PCT curve, electrochem-

ical property, hydrogen diffusion rate
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Table 1 Crystallographic parameters [or LayMgNig with a

space group R3m{Z=3)

Atom Site Metal atom position Occupy
T v z
lal  3a 0 0 0 1
La?2 6o 0 8} 0.14753(13)  0.455
Mgl Ge 0 0 0.14753(13)  0.343
Nil 6 0 0 0.32581(23) 1
Ni2 3b 0 0 0.5 1

Ni3 18k 0.4941(4) 0.5039(1) 0.08276(15) 1

# 2 La,Mgs_ Nig(e=1.0 =2.3) 0y E &L
Table 2 Lattice parameters of La, Mgs_ . Nig(z=1.0 —2.3)

alloys
e a, nm ¢, nm V,onm? c/u
1.0 0.49466 2.38494 0.5054 1.82
1.2 0.49614 2.39129 0.5098 1.82
1.4 0.49832 240187 0.5165 4.82
1.6 0.50047 2141118 0.5231 1.82
1.7 0.50096 2.41317 0.5245 1.82
1.8 0.50147 2.42250 0.5276 1.83
1.9 0.502581 2.4251% 0.5310 1.82
2.0 0.50336 2.42759 0.5327 1.82
2.1 0.50411 213145 0.5352 1.82
2.2 0.50483 243785 0.5381 1.83
2.3 0.50631 2.44710 0.51433 4.83
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Table 3 The rate of expansion of lattice parameters, equi-
librium hydrogen pressure (p.y) and hydrogen
(H/M) La, Mgz »Nig

(xr=1.7—2.3) alloys with hydrogen absorption

storage capacity for

x  AV/V, % Aaja, % Ac/e, % peq, MPa  H/M
1.7 23.6 6.75 .45 0.0244  0.869
1.8 23.3 6.67 8.31 0.0101 0.921
1.9 24.3 6.90 3.74 0.0095 0.993
2.0 24.8 6.90 9.32 0.0093 1.027
2.1 25.3 6.88 9.72 0.0035 1.015
2.2 25.9 6.80 10.5 0.0042 0.932
2.3 27.8 5.32 15.2 0.0095 0.733
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Table 4 Electrochemical properties of the prepared La;Mgs_ ,Nig(x=1.0-2.3) alloys

x Cinax N, HRD,% Iy, mA/g S100, %
mA-h/g =400 mA /g =800 mA /g 1=1200 mA/g

1.0 3%.3 7

1.2 105.3 3

1.4 198.9 10

1.6 309.5 3

1.7 34%.5 3 90.1 79.8 62.3 119.8 62.2
1.8 3%81.7 2 89.2 73.9 53.2 93.4 61.9
1.9 393.8 2 8%.0 74.9 56.7 96.5 62.9
2.0 397.5 2 84.9 72.8 52.7 82.5 60.6
2.1 384.7 2 76.8 62.5 35.2 72.1 60.4
2.2 349.1 2 66.4 51.6 26.5 63.2 55.7
2.3 230.0 2

Note: Cax—maximum discharge capacity, Na—activation cycles, HRD-high—rate dischargeability, Io—

exchange current density, S1go-the capacity retention rate after 100 charge/discharge cycles
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Fig.4 The discharge potential curves of La,Mgs_,Nig
(z=1.0— 2.3) electrodes at discharge current den-
sity of 100 mA /g (298 K)

ABHIA DM E L A S E T (R AR R
AT E, BaaH BEAIAAMERE. BEE o AV,

e R A ITRR R, 5 & e AT A b
T NTIFE AR —2L L g5 R4, Kadir
5 N HERYy LaMgaNig &4 (PaNis TIL5 ) g it
RAL (H/M=0.20), A TEEIME (peq=0.13 MPa),
A e T KO BEf ) 88.3 mA-h/g, ANBEH
& Ni/MH s ook rba i FHER. (Bl A
il La/Mg LLBIay et thib, @& &9 500 AR R A
LA v B RIS M KLU, nff La-Mg-Ni £
ABs W =0T & S L7 S PR RE R F] g R L AU
TR Ed, L o=1.7—2.2 (4 5 SH0RA R (>348
mA-h/g), H BAT R ARG EMERE (20 3 IKHFR). T,

LayMgNiy 5 &R R ML 3975 mAh/g, LT

Tidh (LAY ABs B @007 (320 mA-h/g) $25
T 24% L b, B—FE R A T R R BT
AT I R R,

232 HEFibiig MOBEBIFTE Y 7 42 ik
T ILRR AL A1 348 mA-h/g ({14 (e=1.7 —
2.2), SRERCR AR N 400, 800, 1200 mA/g OEIGEN
MR T o &ty & PR rEaE (HRD), ¢ Ramg 4
firs. RPEGELLE S, B S &Ritny HRD (i
Wi ACER L IALAT B R /S, W AE2R 2 BT BT,
G artke) HRD X &4 La & LEAHE InmipEAIL,
HUA e=2.1 -2.2 Y AR RIERE R . MR BRI
800 mA/g (Y4 |- 2C ) AR, Ham
WAy HRD i 2=1.7 f9 79.8% ZF R LT =2.0 §
72.8%, RN NIEREFAMRF] 2=2.2 Ry 51.6%. Mihd
TG AF] 1200 mA fg i, %4y HRD fE AR R

WFge gy PO oot B, e A A Y
TP TR ) A A r R AT AY A AT IR RS N A A
O EFRIYECER. AT B LA &8 fFER
AERE v & La & Lrd8 nmipe aeay BEIN, 4 e —45
AT G siRay S B E R Lo FEUE G EPa
A D, 375 ety S fFRrEaed 7 e [ 5 8
La, Mgy, Nig(x=1.7—2.2) (T &M& W Lihzk. o
KU T SRR AGINRE, R R L,
LR N

Iy = (RT/F)(]/U)rrN) (4)
S, BT R 5B #aBRTE, Faraday
RO RAL, T oAb B, B S ayEk



16 B om o i
Pt (L2l fo”WﬁTHJI (I/n) w[ilfh i &
h B8y »LW”LHIL.LJ 10 Ty W& 4 s, =Ll &, bl 0 - —

La & UrAYs I, i iemy et sl s e Ty il o=1.71
119.8 mA/U i (ﬂmﬁk/]\ﬁ r=2.2 1y 68.2 mA /g, pil] [k
T G By AR SRR o (ARG I ] SRR RR. 7] 6
A IR Ty e e R 1200 mA /g iy RN
4 HRD oo "5 sl T Lo W 0002k W5 ol VLT
i, r’fll'tl.?’ 2.0 BYMAGEIEM, 7 afiedy HRD 00
5 Z LA AR Mo F, HRD a0 BE 1y ¥

ma»mut/mez&zmm. U ,?1>%I1$A’<F|/~JW%:%~T'F?T’1‘EI
AR 1 R A B L TR um_ R 1]
<l’>2~UEU|/|\£|Hr1, o HRD 200 5 Lo ZIRIAYH £ ﬂﬁ]

{5 [+ U”f A, Ay HRDlzno W 1o B
ﬁrluk/l‘lm SRIERAG, VR e[ BES AU G Ay )RS e
UES

{7 Ml s La,.Megg  Nig(e=1.7 - 22) 4
Hop 1]

ek e e nak—

mf}_\l( f,l +300 mV %ﬁf\/[)’}/I‘Lﬂj{];‘éjh[fﬂt“m (lg ]>
. s .

(1) Ao

B 5 La,Mgs_.Nig alloy (z=1.7--
e I AIIIES*
Fig.5 Linear polarization curves of La,Mgs_ . Nig alloy

(r=1.7—2.2) electrodes

2) ik

75

15 . . L
80 90 100 10

.. mA/g

130

120

B 6 La,Mg;_,Nig alloy (2=1.7 2) O By s
Aathg TTIRD 100 5 i il & K9 G A

Fig.6 High-rate dischargeability (ITRD} at 1200 mA/g
of La,Mg;_ . Nig allov {(#=1.7—2.2) as a function

of exchiange current density (/)

g (i, A)

Time, 10° s

B 7 La,Mgy_ . Nigalloy (2=1.7—2.2) 3 &/ +300
mV IR YA - R I £k

Fig.7 Anodic responses  for alloy
trodes La,Mg; »Nig(x=1.7-2.2) after +300 mV

potential-step

current -time elee-

PFERBRAETER O MR AR RDA) 1, 075 Gl

LSBT 2 i M, 3500l G iy U T g
J MO (T 200 7 G R Y 0 A WA B R 0 T Y )

,./-4;, L7 WO, (3 & MR G 25

51, I/TﬁZ"LWX{i FO (S 0 Y P AL B (] A 28 (1 8 10
HIENED T
lg i =1g((6F'D(Cy — 1))/ (da*)) =

72 /2.303)(D/a?) (5)
AL D NSRS YL em? /sy Co NGl A

W, mol/em?  Cu N T & 00 2%, mol/em™:
d N ERVETE,  g/em® a Ky SRV 'Hfi, o
KEEMPROLACETE, Algs t NFOURIR,  s. MIE

TR BN, 2enh I SRR, Yo i 5ot 2w
AP E PSS A S, TR O Al R A 2
TR T (5) SR D/, YU A G

PeAf a IFRERf R 5 G0y SRR R D RO

FE B (Malvern Mastersizer 2000) 4256 5 (8
WA IRFR IR LaxMeNig g by A2 1802 55 fir,

AT 07 (TR )Y A 26.12 . §RGERNESE Y (3
S EAT 2 R R S 40 A1, 3 Gtk gy ) pAR N

13 g, 3R A Y SR RLR L D e 5 R,

rf AT, T T SR RO D R o (LAY ik
N, WY A A T RS 2 (TR RS RN R
1, 4 R G B I ROE YERE o I3 nimi RS iy
WAL 2 LG, A 2=1.7 2.0 ALY
SEIINL DAY AR, (HY e {(LE B3 AR
2.1--2.2 1, D ELRGRCNE A IS e DAY

1/3 72, BALU o >2.0 (T i iods
fit. PsLel Uy, 2 2 >2.0 /Y,

LR
AT GE GIRR:



11t B La-Mg-Ni AU SR (7 0 A5 1 5 (e 47
(D SRR R By LI AP I FE 2 RS0 (s O Lo i Mg AOTSRITTRE AS(EL 22 B AE (e b,

SR B FEPR R T EL

233 AR EIFAR A M &8 AfrEik
La, Mgz, Nig(z=1.7—2.2) gy 7L 5L IFFRIK
Wane ek, BTG, A S e RiEse 2— 3
VCAGFR T RD w35 51 TE AR ZE 1 (Clunx=348.5—397.5
mA-h/g), {F7% S 0y 7 S BE R PR 3 I 414+
[ FREEAYBE AR, & RYAYIE AR LA itz 100 1K
IR A 2 R S100(= Cloo/Cmax: Crloo M ET
W42 100 WKIEH S ﬁ’)ﬁﬁ‘:ﬁﬁﬁl ') BT Tre AR ] R 4
AfAE N, fF e=17—2.1 fAGER P, A 2RI
SEMERBE (S)00=60.4%—62.9%), "4 o {85 NF] 2.2 it
T SR FRE M — BRI (51[)0:'5 %), WE LA
N TP S A SR ER AR FES 58
FMT Y 70 Z DL K A 4 T A Sk A AR A 8 i b 5
M Z A AHEFRATLA R LS 5—50 W7 LasMgNig
el XRD & XPS A& 21, 1+ 222 2 ims
I IR +E PuNis Bk, (HAE 2R T La(OH);

I Mg(OH) o 4, HIS i 8B AG E  3
nmiss . uikh, ’T/‘LPE/JT%'Z“E’T-WE%T La f1 Mg

AR LTS Il R S 8 BB (7 A ER 78 L B AY H S IR

# 5 La.Mgs,Nio(e=1.7-22) & D/a? UL AT MR
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