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ABSTRACT Four rare earth based ABs typed alloys, La(Ni, Co, Mn, Ti)s, Ce(Ni, Co, Mn,
Ti)s, Pr(Ni, Co, Mn, Ti)s and Nd(Ni, Co, Mn, Ti)s, were prepared and then their unit cell volumes
(Veell), standard enthalpies of metal hydride formation at 298 K (AH3ygs ), and main electrochem-
ical characteristics, such as activation cycle number (n,), maximum discharge capacity at 50 mA/g
charge/discharge rate (Cso,max), high-rate-dischargeability « (includes &, and ), rate of decay (-dC/
dn) were measured and analyzed to reveal the effects of the rare earth elements on the electrochemical
properties. The results show that the unit cell volume is the key factor in determination of the alloys’
thermodynamics and electrochemical properties. The standard enthalpies of metal hydride formation
at 298 K (AHSy, i) are proven to vary linearly with the unit cell volume, and the four electrochemical
parameters, na, C50,max, ~dC/dn and &, are dualistically affected by it. The change of unit cell volume
is in accord with the periodic law of the rare earth element.
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1 XRAZE

FEHRL (hFEIHEL) ANEZRIRFkeH
HtiR+ (500 kPa ESRYY) BHFE. AERI T, &
TMEEHSEE 3R, BHESHEARKHEEA,
BT (1050+10) C H#grdnuR ok 10 h. ¥rB& &bt
SRR, i 300 HE, B 100 mg, % 1:2 H1FHE
5 360 HELMaAKR &SR 9.8x107 Pa B§ES
THERERNY 10 mm BF F, BABK T RS H1E
K LI AR

B ek ae iR e H RF 0 = dadfk R4k
7, WEVEAR YR E X NIOOH/Ni(OH), Mk, BEM
% 6 mol/L KOH /K, £tk 6 mol/L KOH, A
%t Hg/HgO Bk, ¥NMEZBTKBHPER. FiE
SIEWT: Ll 50 mA/g #EFKH 7.0 h, kik 10 min
JELA 50 mA/g WEBEREEBIEEL (-0.6 V, X
Hg/HgO #4k); SR AR EEESY 150 mA/g
250 mA /g, HERE. B MIFEEF M 100 )R, WG
B TR R IE IR RN SR i IR IE R na, R ABAR
Cs0,max MARFIRFEE —-dC/dn, IBIEERERET
HE—FRAREHRIR). ZXAX=1E50FIRER
B EREILIERE. MEBEARMERREE. na 8K &
EMMEEL; —dC/dn X, EFREERE. SEERH
YRR K 7E58 20 MEFFRHIIR, A (Cls0 ma/g/Cs0,max) X
100% #1 (Ca50 ma/g/Cs0,max) X 100% RR, 7HIEIE
K k1 F k2.

Fefb¥pmE&E&E 25 40 M1 60 CTHBE
PCT g4k, REBBRETHVFEEE peq 5HH Van't
Hoff ## In peq = AH°/RT — AS°/R R &M

PRAEAE RS AHC FIfH AS°.

& &R HEME/E Rigaku D/Max-B X §1£k
g L3 T, TYERER 35 kV, ik 25 mA, Cu
K, 8, 353Ky 0.01°. stlRfs7E 20°—130° Y 26
TEEARL 8°/min KEFEFAK LI, EREFASEHA
CaCus BIEHANFEMLLE, B 25°—50° #9 20 TE
AL 0.1°/min gEEEEN 101, 110, 200, 111 1 201 &
AMTETIEEAT R, FrBciliE A DBWS 9006 1
WYRIET version 3 3B 4B & 4347 Rietveld £
mE, HiHEERREHSE. FRITERER 200
[6].
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2.1 HBAR Veen

Rietveld 4= il-& e84 RE(Ni, Co, Mn, Ti)s
44 (RE=La, Ce, Pr, Nd) f3 il a¥$5T%& 1. i
REHERER Ve MIEMHEEHTFRETURA, N
& 4FB Ce(Ni, Co, Mn, Ti)s 4b, HEEAMEEMH
REFAETFEREEFFROEmMTmER.  Ce(Ni, Co,
Mn, Ti)s BJEREFA BN, ATRES Ce MIEH MR +4
MEX, B Ce (LEH—M H BFRHHERE. =
b, BEBRAIEFRS La®t >Pr3t >Nd3+ >Cett
BFHETERRRTF—E.

2.2 EHRIEREERS

SRR EE RS RER SR EREHHN
BEEHE, mMEERSRA, ShBRE AL 27
PES, RE(Ni, Co, Mn, Ti)s 44 (RE=La, Ce, Pr,
Nd) & etemfiFE: La>Pr>Nd>Ce B 1%

# 1 RE(Ni, Co, Mn, Ti)s & &M %MK SMARY 12 HHHLETFLE 7 ik

Table 1 Correlation of unit cell prameters of RE(Ni, Co, Mn, Ti)s alloys with effective ionic radius r; g (coordination

number=12) [7] of the four rare earth elements

Alloy Unit cell parameter, nm Veell Tieff, OM
a nm?3 3+ 4+
La(Ni, Co, Mn, Ti)s 0.49967 0.40032 0.08656 0.1032 —
Ce(Ni, Co, Mn, Ti)s 0.49055 0.40127 0.08363 0.1020 0.087
Pr(Ni, Co, Mn, Ti)s 0.49887 0.39875 0.08594 0.0990 0.085
Nd(Ni, Co, Mn, Ti)s 0.49827 0.39826 0.08563 0.0983 -

% 2 RE(Ni, Co, Mn, Ti)s ASERFERE FHBET G EHFIXEELDH RS 2HE
Table 2 Plateau pressures peq of RE(Ni, Co, Mn, Ti)s alloys in hydrogen adsorption and the calculated thermody-

namic data of the corresponding hydrides

Alloy Plateau pressure, kPa Thermodynamic data
25 C 40 C 60 C AH®, kJ/(per mol H3) AS°, J/(per mol Hz)
La(Ni, Co, Mn, Ti)s 34.845 80.901 193.31 —40.36 -126.73
Ce(Ni, Co, Mn, Ti)s 53.732 110.600 229.98 -34.74 -111.12
Pr(Ni, Co, Mn, Ti)s 39.693 86.961 206.14 -38.88 -123.21
Nd(Ni, Co, Mn, Ti)s 42.925 95.950 213.11 —-38.51 -121.92
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Fig.1 Linear relationships of the plateau pressure (peq) of
RE(Ni, Co, Mn, Ti)s alloys in hydrogen adsorption at
25 C and the standard formation enthalpy of corre-
sponding hydrides AHZy, ¢ to the unite cell volume
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Fig.2 Charge/discharge cycle curves of RE(Ni, Co, Mn, Ti)s
alloys under 50 mA/g rate at 25 C
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Table 38 Discharge and cycle properties of RE(Ni, Co, Mn,
Ti)s alloys at 25 C (data from Fig.2)

Alloy Ciet Na C50,max -dC/dn
mA-h/g cyc mA-h/(g-cyc)
La(Ni, Co, Mn, Ti)s 197.952 30 289.2 1.108
Ce(Ni, Co, Mn, Ti)s 39.740 100 59.0 0.000
Pr(Ni, Co, Mn, Ti)s 230.397 15 299.4 0.877
Nd(Ni, Co, Mn, Ti)s 222.004 11 306.6 1.711
#E -dC/dn.
2.3.1 EiLMdt g% 3 4 RE(Ni, Co, Mn,

Ti)s & ELBIFRE na R L ITE AR B4,
NdA(Ni, Co, Mn, Ti)s By1% {k#ERERSF, Ce(Ni, Co, Mn,
Ti)s BYTEILIRER . & 2 741, Ce(Ni, Co, Mn,
Ti)s 7E 100 R AEFFES B B 25 B A B TR SRR B2 18 18
AUk, R 100 KIEFMAREF R TR2E L. KR 1
ik 3 AfLAKRM, B& Ce(Ni, Co, Mn, Ti)s 48, RE(Ni,
Co, Mn, Ti)s #ELIEHFRE n. S EITRKERMHE
L% —3BL.

FEhE A &ML ETIEX, BRUREHKA. ([EF
SRS A S R R, BN S RERSEX, &
HEE&ROENEHER. BRENERE. WAL, Eiks
RiEERE, §EfERREELENRERE. Bk
HEEMEHEEEREELEA OV SR, &E
B Rk 7™ e 0 B 7 i A LB BRI BRI, i LA R
Bk, MEHEL, NGB BEFREKS 2k
AR, & ERERRK, GBAR/D. TRl Et
S RARAYXCRR: BREATRK, n. HRBK,
BN & &gk,

Ce(Ni, Co, Mn, Ti)s 8EEHFH A ETEZEE: —
REH&EERL D, KARET CHRER, RN
NIARRE RS/, Pr4E % & kBT BRI AR/, B
UEEELER 5—EREES&E&0EIERX BT Ce
B 4f RFEAER, NGRT &RETRGMEIER, #
BETaemPusEREE 12, #a4R0nit, €K
THEILE.

232 mA#LEE X 3%, RE(Ni, Co,Mn,
Ti)s A&7 25 CHMBAKBEAR Cso,max FELK
FS5ELEFRE na BB LKFEMR. H4, Ce(Ni,
Co, Mn, Ti)s BB ARR/M, (W 59 mA-h/g, RE
=R A SRR A BRI, 75 300 mA-h/g EA.

BEABRSREEAFH M IREERR, —BEALATA
I FEEEE “REBL, B> B, SAWERR
AH° @, 44REARNHEN N, REERK;
HEpRiae, SRAGHE. MTEhERns
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MEKXMEE, BRAOKERCBEEESESPHTEE
#, SHYBRE, HEEERLBA, EHRRGHR
BREET, WRERMAERR/D 1. pFue—cR
ET, AH® #E—TRMEH. T RE(Ni, Co, Mn,
Ti)s &4, 25 CEMEEELES Nd §&MUE, N
-38.51 kJ/mol, A 3a 5. $iB Nd(Ni, Co, Mn,
Ti)s EREABMMSGES 2 BIBE T T4, HARNER
BRHMRER, M EARASERERERAREERE
. 81 F RE(Ni, Co, Mn, Ti)s §&i AH°® 4 3HEEH
TRREBHFNIKIF A La>Pr>Nd>Ce(% 2), FFUAER 3a
&1, Ce(Ni, Co, Mn, Ti)s i FELRH LT, Pr(Ni, Co,
Mn, Ti)s M1 La(Ni, Co, Mn, Ti)s i FHLM LY. X
B Ce(Ni, Co, Mn, Ti)s B AR/NMNEEITCHR
&/, Pr(Ni, Co, Mn, Ti)s # La(Ni, Co, Mn, Ti)s
BB A &t Nd(Ni, Co, Mn, Ti)s #4/b, BEREITE
ALY E R E, 7 25 CHAETRIBEREFRERY.
REHERYBETURKSCYNREE FXRLE
BREBE.

B 4 3 RE(Ni, Co, Mn, Ti)s &4 25, 40
60 CTHHARMIL. NETUEE, BEEREY
®’E, La(Ni, Co, Mn, Ti)s f1 Pr(Ni, Co, Mn, Ti)s
B ARG/, 76 40 TR BIAR B KH 341.9
1 320.1 mA-h/g; Ce(Ni, Co, Mn, Ti)s M Nd(Nj,
Co, Mn, Ti)s W EARNFEERE BE TR IMERE
B, 7£ 40 CHY, MEBMKABRZ RN THESERZE La
a&MiE, Pr(Ni, Co, Mn, Ti); #1 La(Ni, Co, Mn,
Ti)s 7 FE BBt FF IR 4 SFE AR A BE 2B . MR, ik
F A OB T S B S N B . EE SR EE
B (Im 60 C), MF& &M BHEARYEHZ TR

BT -AH® 5REHZAEENRERR, &K
B AR ERERM L (B 3b) 5HE -AH° M2
ft (H 3a) B—3H.

233 F#REik% RE(Nj Co, Mn, Ti)s §&
WABRFBER ~dC/dn #HH LT EHFIHRF R Ce<
Pr<La<Nd. H4, Nd(Ni, Co, Mn, Ti)s # ~dC/dn
EEK, RHEMEARREERE. NE 2 %E, £ 100K
#&¥ /5 Nd(Ni, Co, Mn, Ti)s A &Y 168.5 mA-h/g,
(IRREAER 55.0%. % 3 ¥iEXRH, Pr(Ni, Co, Mn,
Ti)s 1 La(Ni, Co, Mn, Ti)s # -dC/ dn 7R L3,
X#H el La, Pr & Nd s—##+ 8 ma RE(Ni, Co,
Mn, Ti)s B & &HEAREERE. £ 3 F Ce(Ni, Co,
Mn, Ti)s #y -dC/dn {E3 0, REH & 4T E4LHA.
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Fig.3 Relationships between the maximal discharge capacity
C50,max of RE (Ni, Co, Mn, Ti)s alloys and standard
formation enthalpy AH® of hydride (a), and the unite
cell volume V1 (b) under 50 mA-h/g and at 25 C
(dot line being the parabola fitted curve)
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Fig.4 Variation of the maximum discharge capacity Cs0,max
of RE(Ni, Co, Mn, Ti)s alloys with electrode temper-
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Fig.5 Correlation of discharge capacity decay rate —dC/dn
with unit cell volume Ve in RE(Ni, Co, Mn, Ti)s
alloys (dot line being the parabola fitted curve)
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HETE 150 1 250 mA /g B ER TR EERBREE
k1 M ko mFHE 6. NETFLLEE, Ce(Ni, Co, Mn,
Ti)s # Pr(Ni, Co, Mn, Ti)s HEFEREKBIEREE,
La(Ni, Co, Mn, Ti)s f1 Nd(Ni, Co, Mn, Ti)s #&%
FR e ERERcE. 7E 250 mA /g MECEEER T, Ce(Ni,
Co, Mn, Ti)s gEixH 83.3% WA RE; Pr(Ni, Co, Mn,
Ti)s EEHHE 74.0% KA E; Nd(Ni, Co, Mn, Ti)s

EREER RS, RERY 35.3% MAR. 134
BE, k1 M ok HRPMESEFHLTRHEFTIFES
Ce>Pr>La>Nd, § —dC/dn $#X/MEFIRFEH K,
HE5BERKERTED -AH® RiLEA.

AH® #3MERNEE, SESETHTBREUN
WA T wERAL, FRFBREIERBRIESRL (-0.6V,
vs Hg/HgO), MK T A RE. La(Ni, Co, Mn,
Ti)s #3 k2 HAUK 50.4%, FHERESE TEW -AH° E
gk. Ce(Ni, Co, Mn, Ti)s #y ~AH® {HHE/ND, Bk
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