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ABSTRACT

Characteristics of crushing and magnetic separation on the spent batteries, were investigated for reclaiming spent carbon-zinc
and alkaline manganese dioxide batteries. Crushing of carbon zinc battery was easier than that of alkaline MnQO, battery using
impact type crusher with rotary blades. Most of magnetic products were distributed in the range of +8 mesh size. With crushing
1 ton of spent carbon-zinc and alkaline MnO, batteries respectively, magnetic separation of 8 mesh oversize particles, we can
get 214 kg and 235 kg of magnetic products which is composed of 94% and 88% of Fe.
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Table 1. Quantities of Production, Shipment, Inventory, Domestic and Export on the Primary Battery.

(unit : each)

year production quantity | shipment quantity | inventory quantity domestic quantity export quantity
1996 695,939,000 714,205,000 9,308,000 481,146,000 233,059,000
1997 637,853,000 644,487,000 10,549,000 388,675,000 255,812,000
1998 653,999,000 652,035,000 19,701,000 365,465,000 286,570,000
1999 647,917,000 664,942,000 11,363,000 360,354,000 304,588,000
2000 599,661,000 608,550,000 8,632,000 315,695,000 292,855,000
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Table 2. Chemical compositions of primary batteries

Battery Anode Electorlyte Cathode Volt.(V) Case
Carbon-Zinc Battery Zn(Hg,Pb,Cd) NH,Cl * ZnCl, MnO, 1.5 Steel(Fe,Sn)
Alkaline MnO, battery Zn(Hg,Pb,Cd) | KOH or NaOH MnO, 15 Steel(Fe,Ni)
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Spent Carbon-Zinc/Alkaline MnO, Batteries

Crushing (under 10, 15, 20mm)
Screening (8mesh Sieve)
Undersize Oversize
Magnetic Separetion
!
T I

Magnetic Non-magnetic
Products Products

Fig. 1. Flowsheet of physical treatment for spent battery recycling.

Table 3. Size distribution of crushed carbon-zinc battery particles

Screen size 109 15¢ 200
Mesh g A % g %
+8 237.77 322 295.53 40.6 377.84 49.5
8/14 40.63 5.7 3212 4.4 3220 43
14/20 106.78 14.7 86.49 119 82.01 10.7
20/28 48.6 6.7 41.19 57 36.31 4.8
28/35 32.76 4.5 2777 3.8 24.57 32
35/48 75.39 10.4 64.70 8.9 56.81 7.4
48/65 46.96 6.4 42.45 5.8 3591 4.7
-65 141 194 137.6 18.9 117.01 154
total 725.89 100 727.85 100 762.66 100
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Fig. 2. Variation of metal components at each particle size

range of crushed carbon-zinc battery.
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Table 4. Size distribution of crushed alkaline manganese dioxide battery particles

weight percent (%)
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. 3. Variation of metal components at each particle size
range of crushed alkaline manganese battery.
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Screen size 100 15¢ 200
Mesh g % g % g %
+8 207.88 27.2 289.74 40 305.16 41.8
8/14 61.96 8.1 56.23 7.8 43.40 6
14/20 174.43 229 149.68 20.6 127.40 17.5
20/28 75.96 10 58.31 8 5241 7.2
28/35 44.42 5.8 3173 4.4 31.59 4.3
35/48 87.35 115 60.58 8.4 67.36 9.3
48/65 43.41 5.7 29.31 4 37.72 5.2
-65 67.30 8.8 49.66 6.8 62.80 8.6
total 762.71 100 725.24 100 727.84 100
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Table S. Results of magnetic separtion on the crushed carbon-zinc battery particles

Magnetic component Non-magnetic component

mesh weight(g) wi% total % weight(g) wt% total %
+8 2,969 947 214 3,307 30.7 23.8
-8/16 94 3.0 0.7 1,028 9.6 7.4
-16/30 22 0.7 02 1,521 142 11.0
-30/50 20 0.6 0.1 1,429 13.3 10.3
-50 31 10 02 3,464 322 250
total 3,136 100 22,6 10,749 100.0 774
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Table 6. Results of magnetic separation on the crushed alkaline MnO, battery particles

Magnetic component Non-magnetic component
mesh weight(g) wit% total % weight(g) wit% total %
+8 3,442 84.1 235 1,312 125 9.0
-8/16 222 54 1.5 1,654 15.7 11.3
-16/30 128 3.1 0.9 2,716 25.8 18.6
-30/50 111 2.7 0.8 2,252 214 154
-50 192 4.7 1.3 2,596 247 17.8
total 4,095 100.0 28.0 10,530 100.0 72.0
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elements
Fig. 6. Variation of metal components in the magnetic
products at each particle size range of crushed
alkaline MnQO, batteries.
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Fig. 7. Variation of metal components in the non-magnetic
products at each particle size range of crushed
alkaline MnO, batteries.
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