
World of Metallurgy – ERZMETALL 67 (2014) No. 4220

Carsten Hillmann: Recovery of Zinc from Spent Batteries by the Treatment in a Shaft Furnace

1 Introduction

Most of the 32,400 t of batteries sold each year in Germany 
can be recycled to reclaim valuable metals. About 15,000 t 
of spent batteries have been collected by the German col-
lecting system “GRS” in 2013. Out of this amount, 80 % or 
11,900 t were of the type zinc/carbon and alkaline-manga-
nese respectively [1]. This paper describes one option for 
the recycling of such types of spent batteries.

2 The DK process

DK Recycling und Roheisen GmbH, founded in 1876 as 
Duisburger Kupferhütte, changed its process in 1982 from 
the recycling of pyrite cinders to the recycling of iron con-
taining waste oxides, mainly dusts and sludges from Basic 
Oxygen Furnace (BOF) steelmaking. Today DK processes 
about 460,000 t/a of different dusts and sludges using a 
sinter plant to transform the waste oxides into a form that 
meets the requirements for processing in a blast furnace. 
The liquid iron from the blast furnace is cast into pigs on a 
casting machine. The pig iron (280,000 t/a) is sold in Ger-
many, Europe and overseas to iron foundries.

The production of pig iron from waste oxides is a two-step 
process. After burden preparation and agglomeration, the 
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agglomerated oxides (sinter) are reduced in a blast furnace 
to liquid iron. The agglomeration of the fine oxides is done 
on a sinter plant at DK (Table 1). 

The most important steps in the sinter process are shown 
in Figure 1.

After the agglomeration of the fine oxides, the sinter is 
reduced in the blast furnace to liquid iron. Although DK 
has two blast furnaces (Table 2), only BF # 3 is operated. 
The main steps in the blast furnace process are shown in 
Figure 2.

Table 1: Sinter plant data

Year of construction 1981

Manufacturer Lurgi

Nominal Capacity 500,000 t/a

Strand length 32 m

Strand width 2.5 m

Effective suction area 60 m²

Number of suction boxes 16

Waste gas cleaning Electrostatic precipitator 
Semi-dry spray absorber 
Fabric filter

Production 1450 t/d
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3 Zinc recovery from batteries

Due to increasing zinc contents in the filter dusts and sludg-
es, the DK process has to cope with an extremely high zinc 
load. Since the sintering process does not remove notable 
quantities of zinc, the zinc input into the blast furnace 
amounts to 35 to 40 kg per ton of hot metal. Compared to 
a “normal” blast furnace, this is 250 times higher.

Due to intensive work on the process, it is possible to 
recover the zinc separately from the iron. Consequently 
it appeared to be reasonable, to recover zinc from spent 
batteries as well.

3.1 Types of batteries

Collected spent batteries consist of 80 % non-rechargeable 
(primary) batteries. In 2013 the quantity of this type of 

spent battery in Germany had been 11,900 t [1]. Alka-
line-manganese batteries account for more than 86 % of 

Fig. 1:  
Sinter plant flow sheet

Table 2: Blast furnace plant data

BF No. 3 BF No. 4

Year of construction 1974 1959

Working volume 580 m³ 460 m³

Tuyeres 12 9

Blast volume 60,000 Nm³/h 45,000 Nm³/h

Production 1000 t/d 550 t/d

Last relining 2011 1998

Blast pressure 0.8 bar 0.8 bar

PC injection yes no

Oxygen in blast 25 % 21 %

Blast temperature 1100 °C 1050 °C

Fig. 2:  
Blast furnace flow sheet
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this quantity. The construction of an alkaline-manganese 
battery can be seen in Figure 3.

Alkaline-manganese batteries contain valuable metals like 
manganese, zinc and iron (Figure 4).

Besides the alkaline-manganese batteries, zinc/carbon bat-
teries represent the second largest type of collected prima-

ry batteries. The construction of a zinc/carbon battery can 
be seen in Figure 5.

During the collection and separating process it is assured 
that no mercury containing batteries are delivered to DK. 
Besides the spent batteries, DK also processes some quan-
tities of degraded material from battery producers. Table 3 
shows the delivered quantities of the various battery types 
in the last year.

The quantity of processed batteries in the blast furnace can 
be seen in Figure 6.

3.2 Process of zinc recovery

Without any additional preparation, the batteries are 
charged together with sinter and coke directly to the blast 
furnace. While iron is converted to nearly 100 % to pig iron, 
about 80 % of the manganese can be found in the pig iron. 

Fig. 3:  
Alkaline-manga-
nese battery [2]

Fig. 4:  
Composition of an 
a lkal ine-manga-
nese battery [1]

Fig. 5:  
Zinc/carbon battery 
[2]

Table 3:  
Delivered batteries 
to DK in 2013 [t]

Degraded batteries 958

Zn/C 568

Alk/Mn 2899

Total 4425

Fig. 6:  
Usage of Alk/Mn and Zn/C-batte-
ries in the blast furnace [t/a]
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The remaining part of the manganese as well as the alkalies 
are transferred to the slag.

The zinc leaves the furnace with the blast furnace gas and 
is collected in the gas cleaning. The gas cleaning consists 
of two steps: a dry precipitation of coarse dust in the dust 
catcher and a wet one with the separation of fine and zinc 
carrying particles. The sludge of the wet gas cleaning is 
collected in the thickener and forms the second product of 
DK, the zinc concentrate. 

3.3 Zinc product

The sludge from the thickener is dried in a filter press and 
appears as a concentrate with 65 to 68 % of zinc and very 
little impurities (Table 4). Compared to other secondary 
zinc raw materials the low contents of fluor and chloride 
are an advantage. The annual production of 15,000 t is sold 
to various European zinc smelters.

4 Summary

DK has widened its capability for the processing of indus-
trial residues by the recycling of spent batteries. Like the 

Table 4:  
Analysis of DK zinc 
concentrate [wt.-%]

Zn 65-68

Pb 1-2

C <2.0

Fe <1.5

F <1.0

Cl <1.0

Na <0.10

K <0.15

Fig. 7: 1 ton of batteries contains …

340 kg manganese

250 kg zinc

140 kg iron
140 kg water

80 kg plastics

50 kg carbon

whole DK process, the recycling efficiency for the batteries 
shows excellent values with more than 98 % (Figure 7). 
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