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Research on pyrolysis of spent alkaline zinc manganese

dioxide batteries in a rotary kiln

Qu Zhaozhou Zhao Zengli Li Haibin Zhou Zhouyu Chen Yong

(Guangzhou Institute of Energy Conversion, Chinese Academy of Sciences,Guangzhou 510640 )

Abstract

rotary kiln were studied under different conditions. The effects of temperature, residence time and flow rate of

Pyrolysis characteristics of the spent alkaline zinc manganese dioxide batteries in a bench scale

carrier gas on Hg removal rate were investigated. The law of the Hg absorption, the content of the tail gas and the
form change of the spent Zn/MnO, batteries were investigated. The most efficient condition is: temperature 690
°C ,residence time 100 min, flowrate of carrier gas 0. 06 m’/h. The most influential factor is residence time. The
less influential factor is temperature. Flowrate of carrier gas has a footy factor on Hg removal rate. The absorption
solution absorbs almost all the Hg in the tail gas. Approximately 95% of the Hg absorbed in the absorption solu-
tion is simple substance. Much crystalline solid is found in the pyrolysis residue. The metallic element is low
valent.
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Table 1 Primary element content in Zn/MnO, batteries
gL R &t (mg/kg) 7t R &t (mg/kg)
Zn 18 000 ~387 000 As 2 ~239
Mn 28 800 ~ 460 000 Hg 118 ~8 201
K 25 600 ~ 56 700 Pb 16 ~58
Fe 50 ~327 300 Cr 25 ~1 335
Cu 5~6739 Ni 13 ~4 323
Sn 26 ~ 665 In 9 ~100
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Fig.2  Flow chart of the pyrogenation experiments
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Fig.3 Thermogravimetric curve of the

used Zn/MnO, batteries
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Table 2 Hg removal rates of pyrolysis experiments
L BRIRE VR ARURE bt 5

HEY (min)  (m'/h) (%)
1 350 15 0.02 85.4
2 350 30 0.04 87.2
3 350 45 0.06 96.3
4 350 60 0.08 96.3
5 500 15 0.08 85.4
6 500 30 0.06 91.2
7 500 45 0.04 96.2
8 500 60 0.02 96.3
9 650 15 0.04 90.0
10 650 30 0.02 94.2
11 650 45 0.08 95.1
12 650 60 0.06 95.6
13 800 15 0.06 90.0
14 800 30 0.08 91.2
15 800 45 0.02 96.3
16 800 60 0.04 96.0
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Table 3 Statistic analysis of Hg removal rates

Jhi R AR I fE (% )
A AR I 1] BAE
s1 91.3 87.7 93.1
52 92.3 91.0 92.4
S3 93.7 96.0 93.3
54 93.4 96. 1 92.0
R 2.1 8.4 1.3
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Fig.5 Hg removal rate when residence time increases
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Table 4 Valence and distribution of Hg in

absorption solution

W WS T Hg L& WS A5 (% )
A Hg** 0.52
B Hg® 8.73
C Hg’ 76. 64
D Hg’ 9.92
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Table S Content of tail gas pyrolyzed from
used Zn/MnO, batteries by tube furnace

I a] CH, CH, H, Co €O,
(min) (%) (%) (%) (%) (%)
3 5.2 2.5 32.1 55.6 4.6
6 2.4 0.5 5.9 90.9 0.3
9 0 0 4.3 94.0 1.7
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Table 6 Relative content of samples from

diffraction spectrums

Fedh 1 FEAR 2 RERR 3 FEM4 KRS

Zn0 25.8  29.5  32.5 38.1 387
MnO 6.4 8.7 19.8  38.6  38.9
HAb4E S 32.2 28.7  19.4 4.6 4.6
HoA ¥y o 35.6 33.1 28.3 18.7 17.8
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