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Abstract: Ultrasonic method was used to recycle nickel/ metal hydride( M H-Ni) batteries under undestroyed state.

The effects of ultrasonic on electrode material performance of MH-Ni batteries were investigated by using SEM,

EDAX and XRD. The results indicate that with the ultrasonic time increasing, there are obvious dispersing phenom-

ena in the positive and negative electrodes. This can make the inertia oxidation layer break off from the negative elec-

trode, and the fresh surface comes out. These changes can increase the reaction centers of the active materials, as

well as improve the catalysis capability and discharge ability. But if the ultrasonic time is too long, it can make the

active materials reunite and accelerate its pulverization, and lead to its degradation. The improvement of electro-

chemical performance for M H-Ni batteries is obvious by ultrasonic for 6 h continuously.
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1 INTRODUCTION

Since 1990s, the nickel/ metal hydride (M H-
Ni) secondary batteries have been extensively ap-
plied in various consumer and portable electronic
fields, especially in battery-powered electric vehi-
cles( EV) or hybrid electric vehicles( HEV), be
cause of their higher energy density, higher rate
capacity, longer cycle life and more friendly to en-
vironment than the conventional nickel/ cadmium
battery. The volume energy density for MH-Ni
batteries has doubled from 180 W * h * L™ " in 1990
to 360 W * h * L™ " in 1997, a value comparable to
that for lithium-ion battery' ™.

Therefore the consumption of MH-Ni batter-
ies is very large and might do great harm to our en-
vironment. The rechargeable batteries represent
8% of the European portable battery market.
Among the rechargeable batteries, nickel
metakhydride( MH-Ni) batteries represent 35% of
the European market'"™® . At present, the regener-
ation of MH-Ni battery is also receiving increasing
attention because spent batteries cannot be dis-
posed safely unless metallic materials are properly
removed from them due to their explosive nature.
As a result of new environmental regulations in
different countries around the world, some proces-

ses were developed to recycle batteries. T o identify
the chemical composition is important to promote
the recycling of batteries. Unfortunately there is
no relationship between the shape and size and the
composition'” * .

Hydrometallurgical and  pyrometallurgical
processes can be used to recycle metals present in
the batteries. These recycling processes are cur-
rently being studied in different parts of the world.
Recycling processes for MH-Ni batteries have be-
gun as a function of the economic value associated
with nickel, cobalt and rare earths recovery. In Ja-
pan, hydrometallurgical processes have been used
to recover metals'” . Mechanical processing to re-
cover nickel has also been evaluated '* ', Howev-
er, the existing regeneration methods are all on the
premise that the battery is disassembled. In this
study, a brand-new regeneration process which in-
volves undestroyed state has been first used to re-

cycle MH-Ni batteries.
2 EXPERIMENTAL

2.1 Preparation of electrodes and batteries
The hydrogen storage alloy MINis ¢Coo.7-
Mno.sAlo.s(where M1 denotes Larich mischmetal,

La64.6%; Ce 5.9%; Pr 26.6%; Nd 2.2%) was
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prepared by induction melting from a stoichiomet-
ric mixture of M1, Ni, Mn, Al and Co, followed
by a process of annealing at 1000 C. Then, the al-
loy ingot was mechanically pulverized into < 74
Pm. The alloy powder was immersed in a 6 mol/ L
KOH solution at 70 C for 18 h. The negative
electrode of Ni/MH battery was formed by mixing
the alloy powder with a small amount of nickel and
3% ( mass fraction) polytetrafluoroethylene ( PT-
FE), which was pressed into nickel foam sub-
strate. Positive electrode was prepared by filling a
nickel foam substrate with Ni( OH)2 mixed with
CoO and PTFE. A nonwoven polypropylene sepa-
rator was inserted between the positive and nega-
tive electrodes, and then spirally rolled into D-type
cylindrical battery cans. A 7mol/L KOH/1 mol/L
LiOH electrolyte was injected and then the batter-
ies were sealed.

2. 2 Charge discharge cycling and electrochemical
performance of MH-Ni batteries

The tests of the charge discharge cycling were
carried out with the scheme that consisted of a
charge with 1C for 1. 5h, a pause for 10 min, and a
discharge with 1C to 1. 0 V after charge-discharge
activation at low rate (0. 1C). The cycle life of the
battery was defined by the cycle number when the
discharge capacity was decreased to 80% of the
original capacity, which was considered failure and
ready to regeneration test by ultrasonic method in
undestroyed state. The ultrasonic method was per-
formed at 50 C and the medium was water. After
regeneration, the effects of ultrasonic on electrode
material performance of MH-Ni batteries were in-
vestigated by using SEM and XRD methods.

Scanning electron microscopy( SEM) and ener-
gy dispersive X-ray analysis( EDAX) were carried
out using a JSM model 6400 scanning electron mi
croscope equipped with a Noran -2 EDX unit. The
tests were performed to examine the original chan-
ges in surface morphology of positive and negative
electrodes.

The X-ray diffraction( XRD) patterns of elec
trodes were obtained on a Rigaku D/ max- [IIA dif-
fractmeter using Cu Kq radiation and graphite mon-
ochromatic filter at 40 kV and 100 mA. The scan
rate is 4. 000 (°)/ min.

3 RESULTS AND DISCUSSION

3.1 Effect of ultrasonic on electrodes

Fig. 1 shows the surface morphologies of the
positive electrodes after the ultrasonic process for
0, 2, 4, 6, 8h respectively. Table 1 represents the
EDAX analysis of the electrode surface. It is obvi-
ous that with the ultrasonic time increasing, there
are evident dispersing phenomena for the active

materials of positive electrode which can increase
the active center of the reaction, improve the elec
trocatalysis performance of the electrode, thus
leading to the capacity increasing. But the capacity
will decrease if the ultrasonic time is too long. The
Ni(OH)2 particles will reunite, which will reduce
the active contacted surface.

Table 1 Elements distribution on surface of
positive electrode( mole fraction, %)

Element Oh 2h 4 h 6h 8h

Mn 5.86 14.29 12.96 6.52 10. 29
Co 16.92 17.24 18.12 20.71 12. 16
76.02 77:55 68.79

Ni 69.79 72.77

Fig. 2 shows the surface morphologies of the
negative electrodes after ultrasonic process for 0,
2, 4, 6, 8 h respectively. It is obvious that the
surface becomes smoother and has evident metal
luster with the ultrasonic time increasing. This in-
dicates that ultrasonic can take effect on metal al-
loy particles of negative electrode penetrating
throueh the batterv case. Table 2 shows the ele
ments distribution on the surface of negative elec
trode( EDAX). It seems that ultrasonic can make
the rare earth oxide fall off from the surface of
negative electrode and come out fresh active sur-
face again. This improves the electricity catalysis
performance of the electrode and capacity of the
battery. Meanwhile, the same phenomenon ap-
pears at the positive electrode, and the capacity
will decrease if the ultrasonic time is too long. The
reason is that the metal alloy particles are pulver
ized because of excess concussion.

Table 2 Elements distribution on surface of
negative electrode( mole fraction, %)

Element Oh 2h 4 h 6h 8h

La 12.9 9.49 8.96 7.68 16.41
Mn 11.23 19.26 7.98 6.24 4.91
Co 9.19 9.33 11.78 12. 16 7.45
78. 16 55.00

Ni 66. 68 73.01 72.18

Fig. 3 shows the X-ray diffraction patterns for
the positive electrodes after different ultrasonic
times. The patterns show that the reflections cor-
responding to ¥NiOOH phase appear before and
after ultrasonic test. This phase is formed under
conditions of overcharge, high charging and dis-
charging rates, or high electrolyte concentrations.
A 449% volume increase is associated with the for-
mation of this phase, so that it causes the swelling
or volume expansion of positive electrode''”.
However, compared with the original phase, the

intensity of ¥NiOOH phase (003) and (006)
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decreases after ultrasonic for 2, 4 and 6 h respec
tively, and increases after 8 h. This is consistent
with the SEM results above. It is possible that the
ultrasonic can make the alkali metals ion, hydro-
gen ion and H.0 emerge out from the layer of
¥NiOOH, leading to minishing the distance be-
tween two layers to original BNiOOH. As a conse-
quence, the capacity will be resumed at a certain
extent.

Fig. 4 shows the X-ray diffraction patterns of
the negative electrodes after different ultrasonic
times. From the X-ray diffraction patterns for the
negative electrodes, it is shown that the alloy after
ultrasonic still retains the CaCus type structure as
the main structure. However, it is found that the
intensity of reflection corresponding to A1(OH)3
has no distinct change on the surface of negative
electrode, while that of the hydroxides of rare
earths( La(OH)3) decreases. This is due to that
the inertia oxide layers on the surface of negative
electrode can be broken off from electrode and the
fresh surface comes out by the process of ultrasonic

Fig. 1

positive electrode after ultrasonic

SEM morphologies of

processing for different times
(a)—0h; (b)—2h; (¢)—4 h;
(d)—6 h; (e)—8h

method' ™ ',

3.2 Effect of ultrasonic on electrochemical per-
formance of MH-Ni battery

The discharge capacity and cycle life of M H-
Ni batteries as a function of ultrasonic time are
shown in Fig. 5 and Fig. 6. It can be observed that,
after the ultrasonic processing for 6 h, the electro-
chemical performance of the battery is improved
obviously. The improvement of discharge capacity
at 0. 5C rate is 5%, 8.25%, 13.30% and
- 2.90% respectively, while that of 1C rate is
1%, 7.30%, 7.90% and — 2. 00% respectively. It
is thought that the new active section is formed on
the surface of both positive and negative electrodes
in order to improve the dvnamics performance of
alloy electrode. Fig. 6 shows the continuous cycle
life of batteries after ultrasonic processing for 6 h.
It is indicated that the cycle life of batteries is in-
creased for 103 cycles. The improvements of elec
trochemical performance will accelerate the devel
opment of lowering the cost of secondary batteries.
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Fig.3 XRD patterns of positive electrodes
after different ultrasonic processing times
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Fig.2 SEM morphologies of
negative electrode after ultrasonic

processing for different times
(a)—0h; (b)—2h; (¢c)—4 h;
(d)—6 h; (e)—8h
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Fig. 4 XRD patterns of negative electrodes
after different ultrasonic processing times
(a) =0h; (b) —2h; (¢) —4h;

(d) —6h; (¢) —8h
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Fig. 5 Comparison of electrochemical performance
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Fig. 6 Continuous cycle life of batteries
after ultrasonic processing for 6 h

4 CONCLUSIONS

An undestroyed regeneration method by using
ultrasonic was put forward for recycling spent
MH/ Ni batteries. Compared with the conventional
hydrometallurgical and pyrometallurgical tech-
niques, this new regeneration process has the po-
tential to provide a higher processing efficiency and
lower cost of recycling.

To a certain extent, the discharge capacity and
cycle life of spent MH-Ni batteries were regenera-

ted by using this new method. With ultrasonic
processing time increasing, the inertia oxidation
layer can be broken off from the negative elec
trode, and the fresh surface came out. But if the
ultrasonic time is too long, it can make the active
materials reunite and accelerate its pulverization,
and lead to its degradation again.
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