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Preparation of low cobalt high rate discharge
hydrogen storage alloy MINis. g5Coo. 4sMng, 4Alp, 3Xo. 1( X= Mg, Si, Sn) v
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Abstract: The norrstoichiometric high rate discharge hydrogen storage alloys series MINi3, gsCog 45sMng 4Aly 53X, 1 ( M1

represents the lanthanum-rich mischmetal, and X= Mg, Si, Sn) were prepared. The XRD and EDS results show that the

high catalysis active miscellaneous LayNi; phase forms except for main phase LaNis in the alloy body. The high rate dis-

charge performance of hydrogen storage alloys electrode was improved because of the formation of La;Ni; phase. The dis
charge capacities at 0.2C, 1C and 5C discharge rate reach 320 mAh*g™ ', 300 mAh*g™ " and 260 mAh*g™ ' respectively

when X is (Mg+ Si). At the same scanning rate of circular volt —ampere testing, the surface anode oxidation peak cur-

rent and peak area of the alloy containing (Mg+ Si) electrode are far more larger than that of the high cobalt alloy M}

Ni3A SSCO()A 75M n()A4Al()A 3( ABS) .

Furthermore, the cobalt content of the hydrogen storage alloy containing (Mg+ Si) de

creases by 40% and the high rate discharge performance improves obviously compare to high cobalt ABs alloys, it is

promising that the hydrogen storage alloy containing (Mg+ Si) becomes to an ideal dynamic battery cathode material.
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1 INTRODUCTION

In recent years, Ni/ MH battery that is a new
generation battery with high energy density was
rapidly developed afterwards Ni/ Cd battery. With
the increasingly mature of Ni/ MH battery production
technique, it begins to join the field of high power
and great capacity cell, and becomes gradually the
most promising green dynamic cell that was applied to
electromotive motor. The hydrogen storage alloy, as
the key material of NI/ MH dynamic cell, must be
characterized by its high special capacity, high volt-
age platform, good catalyze activity, long cycle life
and lower cost'' . A lot of study have been fulfilled
by researchers inside and outside in order to improve
the performance index!*™® . In this paper, the dy-
namic type hydrogen storage alloy was prepared with
a view to the accession of microelement and nomrstor
chiometric method.

2 EXPERIMENTAL

2.1 Preparation of hydrogen storage alloy powder
Raw materials: lanthanum rich mischmetal M1
(La/ Re 299.5%), lanthanum-neodymium alloy ( La
52.49%, Ce4.41%, Pr5.10%, Nd 37.38%) and
rich cerium alloy ( La 27.51%, Ce 51.93%, Pr
5.06%, Nd 15.37%) were mixed to be the experr

mental commix rare earth according to a certain
proportion; the simple substance purity is Ni
99.95% , C099.97%, Mn99.8%, A199.7%, Mg
99.5%, S199.5% and Sn 99.99% respectively.

Preparation of hydrogen storage alloy powder:
according to the designed proportion, the alloy ingot
was obtained in 25 kg level intermediate frequency in-
duction furnace in argon atmosphere, the hydrogen
storage alloy powder whose granularity is less than
106 Pm was obtained via anneal, punch milling at liq-
uid medium, dryness techniques.

2.2 Preparation of single electrode and simulation
cell

The hydrogen storage alloy powder and nickel
pow der were equably mixed at the proportion of 2. 1,
according to quantitative PTFE latex of 1% concen-
tration, after drying in vacuum, a hydrogen storage
alloy electrode of 11 mm in diameter was compacted
on a pressing machine at pressure of 4 MPa. As the
simulation cell, the positive pole is a big superficial
sintering nickel, the negative pole is hydrogen storage
alloy electrode, the electrolyte is 6 mol* L™ ' KOH so-
lution. Cell order-control testing apparatus fulfilled
the electrochemistry capacity and cycle stability per-
formance, the testing condition is:

1) 0.2C charge under constant current for 4 h,
rest for 5 min, 0. 2C discharge under constant cur-
rent up to the cell end voltage reaches 1.05 V;

©®  Foundation item: Project (2001AA501433) supported by the National High T echnology R& D Program of China

Received date: 2002 =04 ~ 12; Accepted date: 2002 =09 =~ 19

Correspondence: Dr. LIU Karyu, Tel: + 86-731-8830886; E-mail: kaiyuliu@ 263. net



.« 246 + Trans. Nonferrous Met. Soc. China

0. 2C charge under constant current for 6 h, rest for
5 min, 0.2C discharge under constant current up to
the cell end voltage reaches 1. 00 V; 0. 2C charge un-
der constant current for 6 h, rest for 5 min, 0. 2C
discharge under constant current up to the cell end
voltage reaches 1. 00 V.

2) 1C charge under constant current for 72 min,
rest for 5 min, 1C discharge under constant current
up to the cell end voltage reaches 1. 00 V, cycle 5
times.

3) 1C charge under constant current for 72 min,
rest for 5 min, 5C discharge under constant current
up to the cell end voltage reaches 0. 90 V, cycle 5
times.

For above mentioned 1), 2) and 3), the last
discharge capacities are respectively regarded to the
0.2C, 1C and 5C electrochemistry capacity of alloy
electrode.

4) The cycle stability performance testing condi
tion: 3C charge under constant current for 25 min,
rest for 5 min, 3C discharge under constant current
up to the cell end voltage reaches 0. 95 V, cycle. Un-
til the discharge capacity decreases 70% of initial sta-
ble discharge capacity, its life ends.

The cycle volt —ampere testing was carried out
in threeelectrode system, the positive pole is a big
superficial sintering nickel, the negative pole is the
experimental hydrogen storage alloy electrode, refer
ence electrode is Hg/HgO (6 mol* L™ ' KOH), the
electrolyte is 6 mol*L™ ' KOH solution, scanning po-
tential range is from - 0. 30V to — 1. 30 V(vs Hg/
HgO).

2.3 Material structure and component analyses

The X-ray diffraction is carried out on the
Japanesemade D/ max-rA, Cu target, tube voltage is
36 kV, working current is 30 mA. The hexad-side
lattice constants was gained by means of the imitation
of five diffraction peak of (101), (110), (200),
(111) and (201) within 25°~ 50° degree of 20 using
the least quadric multiplication method.

EDS fulfilled the observation of alloy structure
and the analyses of alloy chemistry component.

3 RESULTS AND DISCUSSION

3.1 Microstructure analyses

Fig. 1 is the phase diagram of LaNis type hydrogen
storage alloy!”’, which shows that the phase should be
ABs and ABs when the liquid state alloy M was slowly
cooled down from 1 500 C to room temperature( approxi-
mately balance process). In practically, it is impossible
that the P: bundle crystal
(reaction 1) can ideally be performed under 995 C

reaction

because of the rapidly dropping temperature of
liquid state alloy , so, the P> and P53 bundle crystal
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Fig.1 Phase diagram of LaNis type
hydrogen storage alloy

reaction( reaction 2 and 3) will then take place:

Lp+ Sap,  Sas, (995 C) (1)
Lo+ Sap,  Sas, (955 C) (2
L+ Sas,  Sas, (795 ©) (3)

As a result, the agglomerating state structure of
casting alloy is constituted by the matrix phase ABs
and the secondary phase AB4, A,B;, AB,. When the
heat treatment is carried out under 1 000 C, reaction
1 acts conversely, it is in favor of the transformation
from secondary phase AB4 to matrix phase ABs.
When the heat treatment is carried out at 850 C, the
reaction SAB2 - Lp3+ SAsz and Lp2+ SAB4 - SAsz will
happen, it is beneficial to the forming of A;B7 phase.

Fig.2 is the XRD pattern of MINi3 g5 Coo. 45
Mng 4Alp. 3 (Mg+ Si)o.1 after heat treatment, it is
clear that the alloy secondary phase almost disap-
peared after 1 000 ~ 850 C two-step heat treatment,
the treated alloy is composed of matrix phase ABs and
secondary phase A,B5.

75 35 45 55 65 75 85
20/0)

Fig. 2 XRD pattern of MIN 13, 85C0(). 45M Ny, 4A1(). 3"
(Mg+ Si)g.; after heat treatment

The X-ray diffraction results show that the
structure of MIN1i3 g5 Coo.45 Mng 4Alg 3 X0, 1 (X= Mg,
Si, Sn) is CaCus type, there is secondary phase A;B;
peak besides the matrix phase ABs peak. Combined
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with the results of EDS analyses ( Table 1), the
structure of “matrix phase+ secondary phase” can be
discovered. In the charge and discharge processing,
the electrode can form the comparatively instability
hydride phase and the catalyze activity can be im-
proved, the absorb-expend hydrogen dynamic perfor-
mance can be modified because of the forming of sec
ondary phase' '

Table 2 lists the lattice constants of the experr
mental alloy. It shows that the lattice volume of al-
loys containing Mg, Si, Sn and (Mg+ Si) is appre
ciably smaller than that of the alloy with high cobalt
ABs type, the ratio of co/ ao is very approach.

Table 1 Results of EDS analyses for phases

(mole fraction, %)
Phase Re Ni Co Mn Al

Mg+ Si Phase

Matrix 19 5 698 42 5.1 1.2 0.5 ABs
phase

Secondary 22.366.7 4.0 4.9 1.3 0.8 A,B,
phase

Table 2 Lattice constants of MINi3 g5Cog.4sMng 4
Alp 3Xo.1 and ABs alloys

Alloy ao/nm  co/nm  co/ ag V/nm?

AB; 0.5020 0.4029 0.801 0.089 1

MINs. 85C00.4sMno. ) 505 5 0 401 0 0.798 0.087 5
Aly. sMgo.

MINis. 55Co0.4sMno s 55 ¢ 0.4027 0.801 0.088 9
Alp.3Sio.

MINs. s5Co0.4sMno ) 505 00,4005 0.798 0.087 2

Alp.3Sng,

MINi3 g5Cog, 4sMng_ 4

; 0.502 4 0.401 g 088 0
Al 3(Mg+ Si) g 502 4 0.4018 0.799 0.088

Table 3 lists the lattice constants of the experi
mental alloy after absorbing hydrogen, illuminating
that the lattice volume of the absorbed hydrogen alloy
increases in some degree, and the expending ratios of
lattice volume of alloys containing (M g+ Si) and Sn
reach 18. 53% and 19. 32%, it is
close to that of the high cobalt ABs type alloy
17. 63%, however, the expending ratios of lattice
volume of alloys containing Mg or Si only increase
distinctly compared to high cobalt ABs type alloy,
reaching 21. 88% and 20.35% respectively. The ex-
pending ratio of alloy will give rise to the cycle stabili-
ty of hydrogen storage electrode, therefore, the addr
tion of (Mg+ Si) or Sn can decrease the expending of
lattice volume of alloys after absorbing hydrogen, it
can not only improve alloy resistance ability of pulveriza-
tion, but also reduce the cobalt content of alloy to 60%
compared to the high cobalt ABs type alloy (from 0. 75
mol to 0. 45 mol) .

Table 3 Lattice constants of MIN1i3 g5Cog. 45
M ng, 4A1(), 3X0. 1 and ABs aﬂoys after
absorbing hydrogen

Alloy ag/nm  co/nm ¢/ ap V/nm® AV/V

ABs 0.5374 0.4189 0.779 0.104 8 17.63%
MIN13 5Co00. 45

A 0.547 3 0.417 7 0.763 0.106 6 21. 88%
Mng 4Aly 3Mgo. 1 ’
MING.ssCo0ss™ ) <101 0.418 9 0.776 0.107 0 20.35%
Mn()A4A]U, 3Si0A 1 ) ’ ) ) )

MINi3, g5sCog. 457

Mnyg, 4Alp 3Sng, |

MINi3, g5sCog. 457
Mno, 4Aly, 5
(Mg+ Si)g

0.5421 0.416 6 0.768 0.104 0 19.32%

0.5409 0.4157 0.769 0.104 3 18.53%

3.2 Results of cyclic volt —ampere

The electrode cycle volt-ampere results of the
high cobalt ABs type alloy and low cobalt alloy con-
taining (M g+ Si) are shown in Table 4. At the same
scanning rate, the anode oxidation peak current and
peak area of hydrogen on (Mg + Si) alloy electrode
surface is far more greater than that of the high cobalt
ABs type alloy electrode, which indicates that the ad-
dition of (Mg+ Si) to cobalt can distinctly improve
the discharge capacity and surface catalyze activity of
hydrogen storage alloy electrode. The larger the scan-
ning rate of the same electrode, the less the anode
peak electricity quantity, which indicates that the re-
lease of hydrogen in alloy is restricted along with the
increase of scanning rate. The anode peak current of
electrode can be increased and the surface electro-
chemistry reaction activity of electrode can be im-
proved by adding (Mg+ Si) to cobalt and non-stor
chiometric method. The increase of surface catalyze
activity and electrochemistry reaction activity of elec
trode guarantees the high rate discharge performance
of hydrogen storage electrode.

Table 4 Circular volt —ampere characteristics

of MH electrode

Scanning  Anodic peak Anodic peak
Electrode velocity capacity current
/(mVes Q/C Jp/ mA
100 1.80 311
64 2.14 218
ABs 36 2.53 167
16 3.25 104
9 4.57 69
100 6.53 133 5
MING: <C M 64 7.44 109 8
13.85C00.45Mno. 4~
o 50 50 4 36 9.26 712
16 14. 17 431
9 19. 88 309
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3.3 Electrochemistry properties

T he results of discharge special capacity at differ
ent discharge ratios, high rate discharge characteris-
tics and cycle stability properties of hydrogen storage
alloy electrode are listed in Table 5. The partial re-
placement of Mg, Si, Sn and (Mg+ Si) to cobalt in
alloy can certainly improve the high rate discharge
characteristics. By the way, although the cycle sta
bility properties of alloy electrode decrease distinctly
while only adding Mg or Si, which is identical with
Refs. [ 11, 12], the cycle stability properties of the
addition of (Mg + Si) alloy are very close to the high
cobalt ABs type alloy. The affecting mechanism is not
entirely clear at present, however, the experimental
results illustrate that not only the cycle stabilities can
not be affected, but also the electrochemistry capacity
and high rate discharge characteristics can be im-
proved and the product cost of hydrogen storage alloy
can distinctly be decreased if the cobalt is in reason

replaced by (Mg+ Si).

Table 5 Discharge special capacity, high rate
characteristics and cycle stability properties of
hvdrogen storage alloy electrode

Discharge capacity/

. = 1 *
Alloy (mAh*g” )  HRD® Cycle life
0.2C 1C  5C
ABs 317 290 226 0.713 450
WO 5 G Vi i
Uit QAL oS 300 281 235 0.761 328
Aly 3Mgo 1
MINis 5Co. 4sM o+
13- 8500 4510 4 311 288 227 0.730 394
Alp,3Sio
MINis ssCop 4sMng o+
a0 303 291 242 0.799 404
Alp.3Sng.
W5 ot W i
BuilatR L0 322 302 268 0.832 436

Al 1(Mg+ Si)g

* HRD= Csc/ Co.ac

4 CONCLUSIONS

1) In the charge and discharge processing, the
electrode can form the comparatively instability hy-
dride phase, the catalyze activity can be improved,
the absorb-expend hydrogen dynamic performance can
be modified, because of the formation of secondary
phase A,B;.

2) At the same scanning rate, the anode oxida
tion peak current and peak area of hydrogen on( M g+
Si) alloy electrode surface are far more greater than
those of the high cobalt ABs type alloy electrode, the
addition of (Mg+ Si) to cobalt can distinctly improve

the discharge capacity and surface catalyze activity of
hydrogen storage alloy electrode.

3) The partial replacement of Mg, Si, Sn and
(Mg+ Si) to cobalt in alloy can certainly improve the
high rate discharge characteristics.
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