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ABSTRACT The structure and electrochemical properties of the super—stoichiometric Ti-based
hydrogen storage alloys (TiggZro2)(Vo.533Mng.107Cro.16Ni0.2) (=2, 3, 4, 5, 6) have been studied.
It is found by XRD and EDS analysis that these alloys all mainly consist of two phases: a Cl4
type Laves phase with hexagonal structure and a V-based solid solution phase with bcc structure.
The lattice parameters and unit cell volumes of the two phases all decrease with increasing . The
electrochemical studies show that the maximum discharge capacity, the discharge potential, the high
rate dischargeability (HRD), the cyclic stability, the exchange current density I; and the limiting
current density I, of the alloys all increase with increasing z from 2 to 5. When z reaches 6, the
discharge potential, HRD and cyclic stability are still increasing proportionately, while the maximum
discharge capacity, Iy and Ii, all decrease. Furthermore, the alloy electrodes become more difficult to
be activated for the higher stoichiometric alloys.

KEY WORDS Ti-based hydrogen storage alloy, super—stoichiometry, C14 type Laves phase, V-
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FHERARERESHKED S BRE&SH bt —F
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S ERHEEFKURRES SRS, REER
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FENSESEHME RS KN EE Philip X 54
WM ARTEA Ei# T (CuK, §4R). MHXEHRE 100 mg
fE¥5 400 mg RERME S SGESL 25 MPa [
1 RS, B ERHA 10 mm, EFEY 1 mm. B2
MK E= B R R HHIT, ZESH LIEERKR (MH
Bik), #e45 Ni(OH)2/NiOOH #B stk f Hg/HgO 2
HEE R AR, HRARCY 6 mol/L @y KOH A, HBER
#7E 30+1 €. Hg/HgO SHHBREEZTESEHNE
(Luggin capillary), A7 Ab2EPTEMR S0 S
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JFEg L) o 5 mV. FEt7E Solartron SI1287 fHEL{37{X
b, e, BEEER 50% BHEKEM -5 mV 3
5 mV(HAXMFFEEHEA) L 0.1 mV /s f @R RE s L,
G BARA KRB ZR; LI M 0 3 1200 mV (48
X FFREEAL) L5 mV /s B RRFHEN, FEMRE
M 4 B AR AL B 2R .

2 RERRITE

2.1 E&HFHNEH

B 1 2 (TigsZrg.2)(Vo.sssMng 107Cro.16Nig.2)
(z=2, 3, 4, 5, 6) &M X FFLEMEFE. AEHHEL
EFii, A FEERAFEEHA Cl4 B Laves
R GSL A5 R AR BV AR AL, PR RIS A&
AR (3R 1) WEE « EHARKTEUDS. Rt EE
z K, &% Cl4 # Laves P & BB TR
B AR & B K.

F 1 5 THEHE (EDS) pyar s R. hREB W,
FEE = EAK, Ti §&E Cl4 B Laves AP EE
A PER L, Mn fl Ni f9& BAFHESBEEMD m
V # Cr gy & &1 Cl4 & Laves 1 E/, HEEE
M. WAL, ik T MEREL, Zr EREEE
KB ILEATEE, FARRF B MSTEAN¥M, Zr &
C14 ® Laves & BRWHEE « (AT, |
R Zr JLFE&WHFEET C14 B Laves .

2.2 Bt

2 47 (Tip.sZro.2) (Vo.533Mng.107Cro.16Nig.2)x (
=2,34,5, 6) %&%*&B’Jﬁﬂ:ﬁﬁlﬂ]% H2IET
BEERBRNBRAHBAER. R 2 8%, Lo HE2 3
5 MTEE N ZE KR, §&BRPBRKEBEARIN Y
M. Tsukahara ZEA (19 w358, & FARESEMLIT
M, RMAEE S A E KOH L E a8k
FHEHAR. (BEMRAEE A mR R 7
MERWESEAY R EMTEE, i TiNi 4= C14 B

+ :V-based solid solution
Others:C14 Laves

* x=6 -

Intensity, a.u.

N
1 1 1 1 1

20 30 40 50 60 70 80

20, deg

1 (Tip.8Zro.2)(Vo.533Mng.107Cro.16Nio.2)x (=2, 3, 4,
5, 6) 448 XRD fi741E

Fig.1 XRD patterns of alloys (Tio.8Zro.2) (Vo.533-
Mn0_107Cr0_16Ni()_2)1 with =2, 3,4, 5,6
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* 1

(Tio.8Zro.2)(Vo.533Mng.107Cro.16Nio.2)z (=2, 3, 4, 5, 6) S EAIHEW. RS HNSRREYK

Table 1 Phase structures, phase compositions and lattice parameters of the (Tig.gZro.2)(Vo.533Mng.107Cro.16Nig.2)=

(z=2, 3, 4, 5, 6) alloys

g

Sampe Phase Composition (atomic fraction, %) Lattice parameter Cell volume
Ti Zr \% Mn Cr Ni a, nm ¢, nm nm?3

=2 Cl4 30.39 12.52 23.96 7.29 8.05 17.79 0.5023 0.8190 0.1790

bee 14.31 0.03 59.51 6.81 16.79 2.55 0.3012 0.02733

r=3 C14 27.38 11.59 20.16 8.83 5.08 26.96 0.4967 0.8105 0.1732

bec 7.54 0.00 61.36 8.03 19.74 3.33 0.2986 0.02662

=4 Cl4 24.85 11.04 18.94 8.88 5.05 31.24 0.4933 0.8057 0.1701

bec 6.52 0.02 61.56 8.29 20.08 3.53 0.2977 0.02638

=5 C14 22.84 10.55 18.14 8.92 5.02 34.53 0.4920 0.8017 0.1681

bce 5.58 0.04 61.79 8.48 20.30 3.81 0.2973 0.02628

=6 Cl4 21.36 10.14 17.74 8.95 5.01 36.80 0.4897 0.7983 0.1658

bee 4.71 0.07 61.98 8.57 20.39 4.28 0.2962 0.02599
HEEFHEMERENER, S B0 S0 HiEwm HEE
o 400 BB EEEN AR G sERRSE
5 oo AR © (AT AP LU B F LA A & R
5ol HENLL RS2 45 8y C14 71 Laves BA0FF L2 MATATA, B
g 200 % o AR, & SRR O & R A, T
5 150 Cl4 % Laves 4847 & RIGLWMS, FY ¢ HHAT 6
}:; 100 B, SEERMBRRBCERRRW FREX—HR, WiAK

o

[=}

50 100 150
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(=}

B 2 (Tio.8Zro.2)(Vo.s33Mno.107Cro.16Nin.2)z (=2, 3, 4,
5,6) AEHBRMBEER - BB AR (T=303K)
Fig.2 Discharge capacity
(Tio.8Zro.2)(Vo.533Mno.107Cro.16Nin.2)z (=2, 3, 4,

5, 6) alloy electrodes at 303 K

#* 2 (Tip.gZro.2){(Vo.533Mng.107Cro.16Nip.2)z (z=2, 3, 4,
5, 6) SaditagdLibEtERe

Table 2 The electrochemical properties of the alloy electrodes
(Tig.8Zro.2)(Vo.533Mno.107Cro.16Nig.2)= (=2, 3, 4,

vs cycle number for the

5, 6)
Sample  Cmax Nal) V;qm» mV  Ci00/Cmax Reogor
mA-h/g (vs Hg/HgO) % %
=2 225.5 3 -909 40.62 17.10
=3 336.9 5 -914 42.42 32.55
r=4 360.2 9 -919 57.66 44.57
=5 379.8 11 -925 69.43 57.22
r=6 320.3 15 —-931 85.79 67.79

1) the cycle numbers needed to activate the electrodes;
2) the open circuit potential (OCP) with DOD=50%;
3) the high rate dischargebility with discharge current
density 73=600 mA /g

Laves #, A E#HFFAHERE KOH B8R heigib i+
AR KB E. A TERIFRA S &R Cl4
B Laves fHMIAAZERE FIA AN AEBEBEIFEMEFER
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BRI IME — A Fe K, B G TR, ZEAFR TIES, X4
z=5 IR E&HERMBEAR AR AME 379.8 mA-h/g,
% z=6 B+EI TP 320.3 mA-h/g.

MK 2 PIEAILLE W, BEE = HMK, GBke
EARREEBR T #E, M krEeEEAE 2. Y4 =6 B,
2 100 W RMHBEIHEHF S EROBBEABNRFERK
{E#Y) 85.79%, (HHNFEE 15 KIFHF R T 2EL. il
iH, CriiEMESRECSSEERMIEIIEEEMY
FH XFERHAT Cr ERESEBR P BFREE
HM—ERENEIE, AMESZHL4TENELRE, 1
EERA T LR 2V, SRR EMNIEERRS
&9 Cr SRR, B5—FH, HLENFED
FEI T s RAYTE L PERE.

HE 3 ATLLEY, MELFITRE = HAEK, K
HMZRFEMTEENES. A& 2 PRAUEHRSE
& (DOD) & 50% Bty gz (OCP) thpE = &
BT &,

F 4 48T HEERkEEEREHRE (HRD), 5
B [4=600 mA/g it &4 & E&kA HRD wP|F&
2 . BFFEERE, BEELEITRE « HAEX, S8R
B ERENBEERNES. Ni TEEA RFMEML
EE, AR TIEPH &S TRE#EE C14 &l Laves
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Fig.3 Discharge curves for the alloy electrodes
(Tio.8Zro.2) (Vo.533Mno.107Cro.16Nig.2) (=2, 3, 4,

5, 6) at 303 K
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B 4 (Tio.sZro.2)(Vo.533Mno.107Cro.16Nio.2)e (=2, 3, 4,
5, 6) & BB EEHEEBEIER (HRD)(T=303 K)
Fig.4 High rate dischargeability (HRD) of the

(Tio.82r0.2)(Vo.533Mno.107Cro.16Nio.2)z (=2, 3, 4,
5, 6) alloy electrodes at 303 K

#Ioh Ni & BN, X SRS SHRE SRR R
REWIEFRRE. BEHRE Mo TREESSSHE
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M-S [E AR BT, T H S E R X 4ok B 9K
WX R F & &R T RIS, A 5 ik, (KX
FkFIR R BREE © fN 2 B 5 QB RTTE MU,
BEE Y o # KD 6 R XBE AR, XFEH, X4 o (HE 2
7 5 WIEE M, BE o EeA, SRR TE R
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B 5 (Tip.sZro.2)(Vo.533Mno.107Cro.16Nio.2)e (2=2, 3, 4,
5, 6) S&BRIEMBHEE (DOD) N 50% i1k
Wi (EIS)(T—298 K)

Fig.5 Electrochemical impedance spectra of the
(Tig.8Zro.2)(Voa.533Mno.107Crg.16Nio.2)= (=2, 3, 4,
5, 6) alloy electrodes measured at the 50% depth of
discharge (DOD) and 298 K
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B 6 (Tio.sZro.2)(Vo.533Mno.107Cro.16Ni0.2)z (=2, 3, 4,

5, 6) & WA HRIRE (DOD) ¥ 50% BEHEIER It
#h£k (7=298 K)

Fig.6 Linear polarization curves for the (Tio.s8Zrg.2)-
(Vo.533Mnp.107Cro.16Nin.2)z (=2, 3, 4, 5, 6) alloy
electrodes measured at the 50% depth of discharge
(DOD) and 298 K

e 5 i TS AR —3 R 3 FHUT
THAREE o WitHER, L s FHAR Mg
BE|

IRT

Iy = Fn (1)

R R, T,F,n 53R EE, ®xEE, Faraday &
B AL BB EEE Iy A 64.4 mA/g (z=2) k
FHF 161.4 (x=5) SRS THEF| 148.8 mA /g (z=6).

B 7 hremRihsl, WNEFESUREHEEEE I
BME, FIFE 3 . WEBEFAEFE L A 509.4 mA/g
(r=2) L#3F 16083 mA/g (x=5) RETHEZ
1548.8 mA /g (x=6).

(Tio.8Zro.2) (Vo.s3sMng 107Crg.16Nig.2)z (z = 2,
3, 4,5, 6) A&BkEfEEK B (HRD) 535Hks R
BE L SERBEREE L ZEEER B ELAA.
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# 3 (Tio.sZro.2)(Vo.s3aaMng_107Cro.16Nio.2)z (=2, 3, 4,
5,6) AL HERMHREREE I IRRERTE I
Table 3 The exchange current density Ip and the lim-
iting current density I of the (Tio.gZro.2)
(Vo.533Mno.107Cro.16Nio.2)= (x=2, 3, 4, 5, 6) alloy

electrodes
Sample Io, mA /g IL, mA/g
=2 64.4 509.4
=3 121.5 999.2
r=4 125.1 1065.9
=5 161.4 1608.3
=6 148.8 1548.8
1800 o

900

600

Anodic current, mA/g

300

L

ol & ; " . 1
-1000 -800 -600 -400 -200 0 200 400
Potential, mVv

7 (Tio.8Zro.2)(Vo.533Mno, 107Cro.16Nig.2)= (=2, 3, 4,
5, 6) G HERWHERFE (DOD) % 50% AFRIBE R L
£k (7=298 K)

Fig.7 Anode polarization curves for the (Tip.s2rp,2)-
(V0,533Mn0,107Cr0,16Nio,2)r (9::2, 3, 4, 5, 6) alloy
electrodes measured at the 50% depth of discharge
(DOD) and 298 K

WHIFTR, f&mk HRD {2 E « HAK KRS,
TG B To MIRRBFEE IL #7E v=5 Lik3)
BREHGY =6 MW T

AR EMAERE Y 2 HREREDA SR
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LR RR N RERA G &HT TR, BT ks
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%) Laves AHFI A B AR AR AW I, & S HRKF
FKEPRAMZEHE K. BTN, &8k HRD
HEREFE = <5 BbpesE T HAFSRAFRE Mk idvEfn SO kil
M, MY z A3 6 HFEERE TR, X7 LUHF
BLAZGHEREE Io . MBHEAFE IL 5 HRD #
RERL AN —BA PR,
3 e

B ERE S 4% (TiosZro2) (Vo.s3sMng 107
Crg1gNig2): (=2, 3, 4, 5, 6) XRD fit EDS 4#r %

B, A G EER T Cl4 B Laves MfI{k
LALLM EESEEMEAR. BE - HHEK, 6
tr C14 & Laves Y& B/ M EE E F B a0 & &%
. AL FEPERE IR R, M AETE 2—5 WHEEIRE
iy, &R RAOMEAE, BEBRA, SEENEERE
(HRD) | 153 F 2, SR EE Io MIRERFEE
I, #bEE ¢ A KRS, BUdke® ik o EY, &
B AL, HRD HEEMIEFRE RN ZIb, &R
WA, I M I HBUh. WA, EELFITER
HRK, &&BRAELEEEE.
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