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abstract In collaboration with the Vattenfall europe mining AG, the G.e.o.s. Freiberg mbH has designed
a pilot plant for microbiological synthesis of schwertmannite (sHm). This pilot plant has been in oper-
ation since 2007 in the lignite open pit mine of Nochten in Germany. By means of microbiological ox-
idation of ferrous iron, a pure schwermannite is precipitated in the pilot plant under pH conditions
between 2.85 and 3.1. During the process, a maximum load of 2.5 m³/h and an oxidation rate of
55 g Fe(II)/(m³∙h) were achieved. The produced schwertmannite has a low content of impurities and can
be used as a sorbent for removing arsenic from mine waters. For this purpose a pilot scale test in a mine
water treatment plant of an abandoned uranium mine was successfully performed. It was also shown
that schwermannite is an expedient substance for production of iron pigments. For this purpose schw-
ertmannite has to be processed by drying, calcination and milling. In cooperation with partners from
the ceramic and coating industry we have produced samples of roofing tiles, floor tiles and concrete
cobblestones as well as lacquer, synthetic resin paints and corrosion-protective coatings.
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introduction
schwertmannite can be precipitated from iron and sulphate rich mine waters by means of micro-
bial oxidation of ferrous iron. No treatment chemicals are needed in this process to perform the
oxidation of ferrous iron and the subsequent precipitation of schwertmannite. The water only
has to be aerated for the oxidation process. The oxidation process is enhanced by naturally oc-
curring bacteria in the groundwater which can grow and proliferate under acidic pH conditions.
No nutrients have to be provided for the autotrophic iron oxidizing bacteria that use dissolved
carbon dioxide as sole carbon source.

Due to the advantages of the microbial oxidation, the process efficiency should be evaluated
in a pilot plant under practice-related conditions. Another purpose of the investigations presented
here was to identify the requirements for a possible utilization of schwertmannite as raw material
for producing saleable products such as sorbents for As removal and iron pigments.

Lignite mine waters in Lusatia as a source of schwertmannite
The lusatian mining area is located in southeast Germany. This area comprises five active opencast
mines operated by the Vattenfall europe mining AG which produces more than 60 mio t lignite
per year. The production of coal in the lusatia requires a huge water lift between 4.4 to 11 m³ per
ton coal. The total amount of lifted water in the lusatian mining area accounted for 392 mio m³
in 2005 differing in the specific opencast pits (Figure 1).

In the opencast mine Nochten about 115 mio m³ mine water per year are pumped from the
subsurface and have to be treated using lime milk for precipitation of ferric hydroxide and neu-
tralizing the water. 20—25 mio m³ mine water per year are purified in the treatment plant
Tzschelln. This groundwater is lifted from the dump area and has high iron and sulphate concen-
trations. A typical analysis of this water is given in Table 1. The iron(II) and sulphate concentration
vary between 300 to 400 mg/l and 1,700 to 2,100 mg/l, respectively. such kinds of high iron con-
taining waters are suitable for schwertmannite recovery. If ⅔ of the iron load in the treatment
plant Tzschelln could be precipitated as schwertmannite a recovery between 8,000 and 14,000 t/a
of schwertmannite would be possible over a period of at least 30 years.
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Pilot plant for microbial oxidation of ferrous iron
The designed pilot plant (Figure 1) consists of an oxidation basin with removable growth carriers
as well as an aeration and a precipitation tank. The overall volume is about 10.5 m³ and the oxida-
tion basin has a capacity of 8.14 m³. Due to the high flow rate of the circulation pump (approxi-
mately 30 m³/h) low gradients of process parameters can be guaranteed. The water inflow is
intensively aerated by a CeNTRoX aerator. A chain cleaner assembled at the bottom of the oxida-
tion basin removes dropping schwertmannite to the sludge colllecting channel. From there the
sludge is pumped to a storage tank where the sludge can sediment and thicken. The thickened
sludge can be recycled to the oxidation basin or pumped into big bags for dewatering by gravity.

From the chemical engineering point of view, the designed pilot plant is a hybrid type of
bioreactor. It has physical characteristics of a fixed-bed reactor in parallel with a circulation reactor.
The advantages of this special reactor design are avoiding plugs in the fixed-bed (growth carrier)
and a free circulation inside the oxidation basin.
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Parameter Value  Unit 
pH-value 5.30  
electr. Conductivity (25°C) 2,930   
TIC 65 mg/L 
Chloride 34 mg/L 
Sulphate 1,970 mg/L 
Iron, total 382 mg/L 
Iron, dissolved 324 mg/L 
Iron(II), dissolved 324 mg/L 
Acidity 14.0 mmol/L 
 

  
 

 

   
    

      
 

             
     

   
   

 

 
    

        
      

    
  

 

           
     

    
 

   
 

 

  
 

Parameter Value  Unit 
pH-value 6.95  
electr. Conductivity (25°C) 2,260   
TIC 120 mg/L 
Chloride 57 mg/L 
Sulphate 780 mg/L 
Iron, total 5.7 mg/L 
Arsenic 1.0 mg/L 
Uranium 2.0 mg/L 
Radium 1,580 mBq/L 
 

   
    

      
 

             
     

   
   

 

 
    

        
      

    
  

Table 1 Exemplary analysis of the Tzschelln
treatment plant’s inflow

Table 2 Exemplary analysis of the Schlema-
Alberoda treatment plant’s inflow

 

           
     

    
 

   
 

 

  
 

 

   
    

      
 

             
     

   
   

 

 
    

        
      

    
  

Figure 1 Schematic drawing of the pilot plant
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characteristics of schwertmannite
The mineral schwertmannite precipitates at a pH between 2.8 and 4.5 (see equation 1, 2; Bigham
et al. 1996) and exhibits a molar ratio of Fe : so₄²⁻ of 8.00 : 1 or 4.57 : 1, respectively.

(1)

(2)

The mineral is composed of fine, 10 to 20 nm long and 2 to 5 nm wide needles, which form
hedgehog-like aggregates. The crystalline structure is related to the tunnel structure of akaganeite.
The first de-tailed characterisation of the mineral was carried out by Bigham and schwertmann
at the beginning of the 1990s (Bigham et al. 1990, 1994).

The schwertmannite generated microbiologically in the pilot plant (Figure 3) is a very pure
mineral nearly free of impurities and with a high specific surface. The schwertmannite sludge ex-
hibits a better dewatering capacity in comparison to the iron hydroxides. Dewatering by gravity
yields a dry matter content of 35—45%.

Determination of the oxidation rate
The microbially enhanced oxidation process in the pilot plant occurs both on the surface of the
biofilm carriers and in the free volume of the oxidation basin. The oxidation rate is influenced
by various parameters, e.g. oxygen supply, pH, temperature, sludge circulation, composition of
the inflowing mine water and surface area of the biofilm carrier. At technical scale only the sludge
circulation and the amounts of carriers can be used to accelerate the oxidation rate. so in a first
step the oxidation rate was determined in the pilot plant at different surface areas of the growth
carrier. In these experiments the oxidation rate was calculated according to eq. (3) from the total
amount of ferric iron (Fe(III)ges) formed during microbial oxidation and the residence time τ. The
results are presented in Figure 3. By drawing the oxidation rate as a function of AF/VF ratio it was
possible to distinguish νox₋F and νox₋V and to estimate these values.

In the next step sludge circulation was applied for increase of oxidation rate. At a ratio of sur-
plus to recycled sludge of 1:1 a overall oxidation rate of 55 g/(m³∙h) at 2.5 m³/h inflow was achieved.
However, the results could not be reproduced. Probably differences in the microbial activity of
the sludge are responsible for the low reproducibility. Heinzel et al. (2009) identified Ferribacter
polymyxa and Gallionella ferruginea as the most dominating strains in the pilot plant. Presently
we are elaborating a method for determination of bacterial counts and identification of
F. Polymyxa by FIsH to get more information about the microbial activity of the sludge.
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Figure 2 Schwertmannite produced in the pilot plant by microbial treatment of Lusatian minewa-
ter, A) Encrustatians on the growth carrier material, B) SEM picture of the formed mineral

schwertmannite
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AF         surface of the growth carriers and all other surfaces inside the reactor                      [m²]
Fe         (III)ges Total amount of ferric iron formed by microbial oxidation                              [g/m³]
QZu       Inflow                                                                                                                                                   [m³/h]
VR         Reactor volume                                                                                                                                    [m³]
νox        Total (overall) oxidation rate                                                                                                [g/(m³∙h)]
νox₋F    oxidation rate caused by oxidation at the carrier                                                      [g/(m²∙h)]
νox₋V    oxidation rate caused by oxidation in free reactor volume                                   [g/(m³∙h)]
τ         Residence time of water in the oxidation basin and aeration chamber                          [h]

Pilot test for removal of arsenic from mine water
The schwertmannite produced in the pilot plant Tzschelln was used to enhance the arsenic re-
moval from mine water in the abandoned uranium mine of schlema-Alberoda (east Germany).
The uranium mine water has to be purified from iron, arsenic, uranium and radium, iron and
manganese. The installed treatment technology is described by meyer, et al. (2009). The average
composition of mine water inflow is shown in Table 2. The required limit of arsenic for discharging
into the river mulde is £ 0.1—0.3 mg/l (dependent on flow rate of the Zwickauer mulde river). The
naturally occurring iron concentration is not sufficient for complete arsenic removal or to meet
the prescribed maximum value. Thus it was investigated, whether it is possible to enhance the
arsenic removal by dosing sHm as a diluted aqueous suspension. The results are given in Figure 4.
It was possible to improve the arsenic removal from 60% to nearly 90% by dosing 20—40 mg/l
Fe or 35—70 mg/l sHm (dry mass).
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Figure 3 Oxidation rate as a function of AF/VR

ratio 
Figure 4 Enhancement of arsenic removal by

dosage of schwertmannite suspension
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