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Abstract: Because of few enviromment pollution of Ni MH battery compared with Ni Icd battery, the demand of the high rate cylinder nickel
metal hydride battery is growing in high power applications and the annual consune amountis above 5 hundred millions. But now some perfor-
mances of Ni MH battery can 1 meet the requirement for usage of electrical tools especially the poor charge&discharge cy de life. So the devel-
opment of high rate nickel metal hydrde battery with high peformance is very important both in the scientific research and the market applica-
tions. The mainly contents in this paper are the study of effects on the charge &discharge cycle life and degradation of sub -C type Ni MH power
batteries. The change of impedance, temperature, and weight loss are investigated in the process of cycle life test. The cause for increase of
battery internal resistance is also analysis by SEM method. We think increase of the internal resistance of battery is the main problem to the
poor cycle life at high rate, besides the peformance deterorates of the electrode materials. Swell occurred on positive and pulverization on neg-
ative elecirode at high rate current, make the pore space increased and the electrolyte depleted. The restrains of swelling and the increase of

capacity of negative electiode can improve the performance of cycle life.
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1 Introduction

In light of the ever increasing calls for environment
preservation together with demands for the careful use of
natural resources, industries in the automotive and eneigy
seclors have been involved in the development of electric
vehicle (EVs) and hybrid electric vehicle (HEVs)'.
During the course of this development, the battery techn-
ologies have evolved dramatically. Visions for the battery
of the future have shifted from a conventional lead— acid
battery to high performance batteries. Among the high
performance batteries, nickel metal hydride (Ni MH) bat-
tery is superior in terms of performance, reliability and
safety .

On the other hand, the demand battery for power
tools is gowing in whole world. Now, the annual con-
sume amount is above 5 hundred millions. But a majority
of which is nickel vadmium battery. As it exhibits higher
energy storage capabilities than nickel vadmium at reason-
able cost and does not show any safety issue. the nickel -
melal hydride (Ni—MH) electrochemical system is pre-
dominant in a large range of poriable appliances. One of
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the key points for the commercial success of Ni MH bat-
teries is life durations especially for the power tools appli-

cation.

2 Experimental details

2.1 Preparations of batteries

A hydrogen storage alloy powder having a composi-
tion of MmNiass Coo s Mno.a Alo.s (SANTOKU JAPAN )
was used as the negative material of battery. Herein, Mm
is aMisch metal composed of 45 % by weight of Ce, 30%;
by weight of La, 5% by weight of Nd and 20 % by weight
of other rare earth elements. The alloy powder was im-
mersed for 0. 5 hour in an aqueous KOH solution having a
specific gravity of 1.30 g L which had been heated at
temperatures 80 ‘G, then, washed with water and dried.
The dried alloy powder was mixed with an aqueous solu-
tion containing 5% by weight of polyvinyl alcohol, and
the mixture was kneaded to give a paste. This paste was
applied on a subsirate made of a punched metal, dried,
and pressed to obtain a negative electinde comprising the
hydrogen storage alloy.

The sub C size batteries were manufactured having a
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nominal capacity of 3 A °h using the resulted negative
electrode. The positive electrode of the cell was obtained
by filling a paste comprising nickel hydroxide into a sub-
strate made of a foamed nickel sheet by an ordinary meth-
od, and drying and pressing it. As a separator; polyamide
nonwoven fabric which had been subjected to a treatment
to introduce sulfonic acid groups was used. An electrolyte
was used which was prepared by dissolving LiOH at a con-
centration of 20 g/L into an aqueous KOH solution having
a specific gravity of 1. 30 g/mL, followed by sealing this
case at the top thereof with a sealing plate.

The batteries first underwent five activation cycles by
charging at 300 mA (0. 1C) for 6 hours and discharging
at 300 mA (0.1C) to 1.0 V. Four bateries which dis-
chaiging capacity is 3 000 mA °h were tested.

2.2 Test condition

The ¢cle test condition A: The battery underwent
500 gycles by charging at 1500 mA (0. 5C) for 2. 5 hours
or to—AV=10 mV and discharging at 1500 mA (0. 5C)
to 1. 0 V. The cycle test condition B: the battery under-
went cycles by charging at 3000 mA (1C) to —AV=10
mV and discharging at 30 A (10) to 0. 8 V. All batteries
were tested on BS9300 Series Recharge Battery Test De-
vice (Guangzhou Kinte Industrial Co Ltd).

The temparature of battery at chaige &discharge was
recorded by the Hydra 2625 A data logger (FLUKE,
US); the impedance and weight of battery werwe both test-
ed during cycle life.

Both before cycling and after ¢ycling, the positive
electrode and negative electiode were characterized by the
scanning electron microscopy (SEM). Afier cycling, the
malerials of positive and negative electrode were character-

ized by XRD using Cu Karadiation.

3 Results and discussion

3.1 The cycling capacities
As Fig. 1 shown, the battery that tested according to
condition A died at 120 ¢ycles, while the ¢ycle life of the
battery which tested according to condition A attach to 500
gycles. There were some differences between two cycle life
of battery according to different testing conditions. The
gycle life of battery discharging at 10C is so short those
doses not satisfy the actual needs. In order to know the
cause, the impedance, temperature and weight of batteries
were investigated.
3.2 The changing of impedance, temperature and
weight
As shown in Fig. 2, the impedance of battery began to
increase after 100 cycles. If the impedance would reach
10 m€} itwas difficult that discharging of Sub € size bat-
tery at 10C. Thus the high impedance was the key points
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Fig 1 The cycling capacities of battery tested as different
conditions
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Fig 2 The change of internal resister of battery in cycle life

for the degradation. During chaie & dischaige cycles,
the electolyte was redistributed among the positive and
negative electrodes and separator due to an increase in
surface area and pore volume and swelling of positive elec-
trode. An extensive research on the electrolyte distribution
during chage & discharge cycling of Ni MH battery was
carries out by Singh[}] . The electolyte level of MH elec-
trode did not apparently change during cycle on the
whole, while that of positive and separator had an appar-
ent change. Namely, the electrolyte level of the positive
electrode increased and the electwlyte level of separator
decreased. Therefore, it might be believed that the quick
increase in ohmic msistance in the later stage of cycle
would be caused by the separator had already dried out.
Afier the degradation, the Ni MH batteries were disassem-
bled and it was found that the separator had already dried
out. The corwsion of the alloy in the electrolyte consumed
a small amount of water'* , which accelerated the drying
out of the separator. While the over high cell internal pre-
ssure made the gas in battery release out, leading to the
electrolyte losing. As shown inTable 1, the weight of bat-
teries decreased little by little during chage &discharge cy-
cle. And the weight losing rate of the battery A (charging
at 1C and discharging at 10C) quicker than the battery B
(charging at 0. 5C and discharging at 0. 5C).

The temperature of battery in charge & dischage cy-
cle was a key factor that restricted the batteries’ cycle
life. Figure 3 shows the temperature change of battery at
the course of charging, resting and discharging.
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Tab. 1 The weight of batteries during charge &discharge cycle
Cycle times Initial 50 100 150 250 300 350 400 450 500
Weight(A) /g 56.50 56.49 56.49 56.48 56.48 56.46  56.44  56.40 56.35 56.33  56.30
Weight(B) /g 56.73  56.68  56.62  56.60 - - - - — —

In testing, the chaiging current is 3A° (1C) and the
discharging current is 30A (10C), and the resting time
after chaging is 20 minutes and the resting time after dis-
chaging is 30 minutes. In one charge &discharge cycle,
the temperature of battery was above 50 ‘Clor 20 minutes.
The higher temperature leads to a decrease in the hydw-
gen storage capacity in the MH alloy because of the in-
crease of the absorption desorption plateau pressure. Fur-
thermorwe, the higher temperature leads to an increase in
the dharge transfer and mass transfer reactions at the MH
electrode /electlolyte interface and in the bulk MH alloy.
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Fig 3 The curves of charging & discharging and
temperature of battery in one cycle

Which may accelerate corrosion of MH alloy and the de-
composability of water in electolyte at the MH electrode
surface. Thus, the higher temperature can increase the
internal pressure and decrease the water in electrolyte in
battery. Chaging and discharging at high rate current can
make the increase of battery impedance.

In aword, the higher temperature and large current
can accelerate the increase of the battery impedance,
which is the key factor for degradation of battery discharg-
ing at high rate.

3.3 The form of the positive electrode and negative
electrode

Fig 4 displays the morphologies of the positive and
negative electrodes. After cycling, the both positive elec-
tiodes had swelled and the pore volume increased accord-
ing to two testing conditions. But the negative electrode
after 120 cycles discharging at 10C had split and the pore
volume increased. While the negative electrode after 500
cycles discharging at 0. 5C had been @rrupted and lost its
performance. Thus the degradation failure of the MH alloy
leads to the degradation of battery in the charge &dischae
cycle at low rate, but the materials wasn t failure when
the batteries’ life ended in the charge &lischarge cycle at
high rate.

Fig 4 The SEM photos of the positive and negative electrodes:
(a) the positive dectrode before cycling; (b) the negative electrode before cyding; (c) the positive electrode after 120 cydes

discharging at 10C; (d) the negative electrode after 120 cydes discharging at 10G

(e the positive electrode after 500 cydes

discharging at 0 5C; () the negative electrode after 500 cydes discharging at(Q 5C
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As Fig. 5 shown, XRD spectra both displays the structural
characteristics of the MH alloy was not change after
charge &discharge cycle at high rate. So the materials are
not the key point for the degradation of Ni MH batteries in

the cycles discharging at high rate current.

Fig 5 XRD spectra of the MH alloy after 120 cycles
discharging at 10C

4  Conclusions

NiMH batteries have a poor charge &discharge cy-
cle life at high rate discharging as compared with lower
rate discharging. Both before ¢ycling and after cycling,
the positive electrode and negative electivde were charac-
terized by SEM and XRD respectively. The materials did
not fail after 120 ¢ycles at high rate discharging. During
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chage & discharge cycles in higher temperature, the
electrolyte was redistributed among the positive and nega-
tive electrodes and separator due to an increase in surface
area and pore volume and swelling of positive electode.
Which make the battery impedance increase and lead to
the degradation of Ni MH batteries. The restrains of
swelling and the increase of capacity of negative electrode

can improve the perfomance of cycle life.

References:

[1 LAURE L G, PATRICK B. Llife duration of Ni MH cells for
high power applications [ J]. Joumal of Power Sources
2002, 105: 134— 138.

[2 TOMOHIKO I, NOBUYUKI S JUNICH M, et al. Muli—
step constant— current charging method for an electric vehi-
cle nickel/metal hydride battery with high-energy efficiency
and long cycle life [ J] . Joumal of Power Sources, 2002
105. 6— 12.

[3 SINGH D. Characteristics and effects of ¥-NiOOH on cell
performance and a method to quantify it in nickel electrodes
[ ] . J Elecrochem Soc; 1998 145 (1): 116—120.

[4 XU G R TANG Y G. Study on the reasons of falure for

(1. T N Mg e NG, J A& J 9 511483;

2. fed IFIE K,

3. REXF RIFIR,

MHNi battery [ J] . Battery Bimonthly, 2003, 33 (4).
238— 239.
Bz, BEAT, B
J & )M 510631;
X 300072)
2 5
. sC
. SEM. XRD



