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Safety performance of mercury-free alkaline Zn/MnQO; button cells

DING Shu-rong, LI Xin-hai, WANG Zhi-xing, GUO Hua-jun, PENG Wen-jie, HU Qi-yang

(School of Metallurgical Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The influence of battery formula and technology parameter on the safety performance of mercury-free alkaline
Zn/MnO, button cell was explored. Short circuit test and overdischarge test were used to study the safety performance of
battery produced with varied formula and technology parameter. The factors affecting the safety performance of battery
were studied. The optimal technology parameters are confirmed as follows: capacity ratio of anode to cathode is 0.9:1,
KOH electrolyte content is 43% (mass fraction), content of ZnO %f dissolved in KOH electrolyte is 7%, content of ZnO
added in zinc gel is 0.8%—1.0%, content of electrolyte added in zinc gel is 40%—42%, content of binder added in zinc gel
is 1% and the mass ratio of polyacrylate sodium to polyacrylic acid is 6:4, content of inhibitor added in zinc gel is 0.01%.
The mercury-free alkaline Zn/MnQO, button cell produced under this technology condition does not explode after short
circuit test and its distortion does not exceed 0.12 mm of its stated maximal height.
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Fig.1 Influence of capacity ratio on overdischarge safety

performance
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Table 1 Influence of capacity ratio on short circuit safety
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Table 2 Influence of electrolyte concentration on short circuit

performance safety performance
Capac1ty Expansion of cell/% w(KOH)/ Expansion of cell/%
ratio of o
anode to /o 0 1d 2d  4d  6d 8d
0 1d 2d 44 o6d 8d
cathode 38 35 8.8 192 Explosion — —
0.8:1 3.6 4.5 57 69 69 6.9
41 2.6 6.2 18.7 18.7 18.7 18.7
0.9:1 5.2 12.6 126 12.6 126 12.6
. 43 52 12.6 12.6 126 12,6 12.6
1.0:1 53 11.8 15.7 18.2 20.8 Explosion
1L1:1 6.2 Explosion — o o _ 45 4.7 11.8 20.2 Explosion — —
1.2:1 59 Explosion — - — - 50 4.8 Explosion — - - -
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Fig.2 Influence of electrolyte concentration on overdischarge

safety performance
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Fig.3  Influence of ZnO%’ content in electrolyte on

overdischarge safety performance
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Table 3 Influence of ZnO%’ content in electrolyte on short

circuit safety performance

W(ZnO %7 ) Expansion of cell/%
% 0 1d 2d  4d 6d  8d
0 6.2 159 19.4 Explosion — —
2 6.3 164 18.7 Explosion — —
5 56 146 163 18.6 20.1 Explosion
7 52 126 12.6 12.6 12.6 12.6

Saturated 6.3 145 158 18.3 20.4 Explosion
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Fig.4 Influence of electrolyte content on overdischarge safety

performance
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Table 4 Influence of electrolyte content on short circuit safety

performance
Ratio of Expansion of cell/%

electrolyte
to zinc 1d 2d ad 6d 8d
powder

0.35 32 9.8 16.7 Explosion — —

0.40 4.8 103 148 15.4 15.4 15.4
0.42 52 12,6 12.6 12.6 12.6 12.6
0.45 6.1 13.7 155 16.6 16.6 16.6

0.50 6.8 156 168 17.6 19.2 Explosion
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Table 5 Influence of content of ZnO added in zinc gel on

short circuit safety performance

Content of Expansion of cell/%
ZnO in zinc
gel/% 0 1d 2d 4d 6d 8d
0 6.8 11.3 164 17.8 18.6 18.6
0.2 52 9.8 129 162 162 16.2
0.5 5.3 102 134 148 148 148
0.8 52 9.6 126 126 12,6 12.6
1.0 42 8.6 112 123 123 123
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Fig.6  Influence of binder ratio on overdischarge safety

performance
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Table 6 Influence of binder ratio on short circuit safety
performance

Ratio of Expansion of cell/%

QP-3 to

PW-150 1d 2d 4d 6d 8d

3:7 6.8 14.6 19.8 Explosion — —

4:6 69 138 157 15.7 15.7 15.7
55 56 147 152 15.2 15.2 15.2
6:4 52 12,6 126 12.6 12.6 12.6

7:3 52 13.6 169 19.1  Explosion —
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Table 7 Influence of inhibitor content on short circuit safety

performance

Content of Expansion of cell/%

inhibitor in

zinc gel/107* 0 1d 2d 4d 6d 8d
0 62 84 124 157 183 Explosion
0.5 54 126 168 168 168 16.8
1 52 126 126 126 126 12.6
2 64 115 13.6 174 174 17.4
3 58 124 149 18.8 Explosion —

3 g

1) MR T ZSECh: SRS IER A R
BCEEA 0.9:1, KOH HMFBIARE R 43%, HIME T 4
AR IR AU I, 28 7%, BEE T UREER
BINE AEER TR (1) 0.8%~1.0%, FLAAR T Bk &
) 40%~42%, HEBHF) BRI 1%, HrPRNIER
WS RNIERI R LR 6:4, SEUR N Bk Y
0.01%.

2) UL L2441 i3I0 JE 7R Fn s A v it &
EEIER G ANERLE s RS RS AR T AN
B KRS 0.12 mm.
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