












If oxalate is not maintained in solution, oxalate co-precipitates with alumina trihydrate 
(gibbsite) in all areas of the precipitation circuit (Figure 8). Oxalate crystals tend to be needle-
like (Figures 6 and 7) and cause various problems in a precipitation circuit: 
�x Increased nucleation of gibbsite fines in the circuit, which leads to weak alumina product 

and high in fines in the product. 
�x Oxalate causes both oxalate and gibbsite scales in pipework, tanks, overflow launders, 

precipitates on filter cloths and limit plant capability even at very low level of solid phase 
oxalate. 

 

     
                     Figure 6. Oxalate needles.                Figure 7. Gibbsite on oxalate needles. 

 

 
Figure 8. Oxalate scale in pipework. 

 
Oxalate is maintained in solution by adjusting precipitation parameters. The overall control is 
critical to precipitation stability and is monitored daily. 
 
To maintain an oxalate balance in the process liquor, oxalate is removed from the liquor through 
a side process called “organics and impurities removal unit” where oxalate and other impurities 
are removed from the liquor (see Figure 9). The capacity of this oxalate removal unit has 
doubled over the years to enable production increases, but the removal capacity is still relatively 
small when compared to refineries designed for a high level of organics. 
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Figure 9. Aughinish refinery overview. 

 
3.2 Inorganic Impurities – Control at the Refinery 
 
Both CBG and MRN are low in impurities and the technology selected at the time it was 
installed, was chosen to deal with mainly carbonates, sulphates and chlorides at a low input 
level. The main digestion reactions are sufficient to remove the inorganic impurities such as 
sulphates, carbonates and chlorides and this paper does not cover other impurities such as 
phosphorus, zinc or others, which can be contained at higher levels in some bauxite in other 
parts of the world.   
 
At Aughinish, the refinery relies on two process routes to control inorganic impurities: internal 
causticisation using milk of lime and desilication reactions both at low and high temperature: 
 
Internal causticisation is carried out using milk of lime, which reacts in the digester at 
optimised conditions with the sodium carbonate present in the liquor. This reaction produces 
calcium carbonate and sodium hydroxide (Equation 1). The calcium carbonate reacts further 
with the anatase (TiO2) in the bauxite to improve boehmite extraction at high temperature and 
form calcium titanate or perovskite (CaTiO3) (Equation 2).  
 

 Ca(OH)2 + Na2CO3  CaCO3  + NaOH (1)
   
 CaCO3  + Anatase (TiO2)     Perovskite (CaTiO3) (2) 

 
Desilication process – Extensive work carried out by Peter Smith from The Commonwealth 
Scientific and Industrial Research Organisation (CSIRO) in this field has demonstrated some 
key removal mechanisms [7]. Kaolin in the bauxite (the majority of reactive silica) reacts with 
sulphates, carbonates and chlorides via the desilication process (see Figure 10). The kaolin 
reacts to form hydroxysodalite or sodalite at low temperature and cancrinite at high temperature. 
Both of these compounds have “cage like” structures (shown in Figure 11) that can trap various 
cations from the liquor such as sulphates, carbonates or chlorides [7]. The amount of impurities 
removed is proportional to the percentage of reactive silica in the bauxite as shown by the model 
developed by CSIRO (Figure 12) [7]. In other words, a minimum amount of reactive silica in 
the bauxite is required to maintain these impurities in balance. 
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Figure 10. Carbonate, sulphate and chlorides trapped in cage structure. 

 

                                       
Figure 11. Structure of sodalite and cancrinite. 

 

              
Figure 12. Impact of silica on impurities removal through desilication. 

         
3.3 Impact of bauxite Quality on the Organic Impurities Balance 
 
If the organics input into the refinery were to increase through an increase in TOC or a 
reduction in alumina content, then the organic impurities would build up in the liquor. This 
would result in the requirement to increase the organics removal capacity.  
 
If the high temperature CBG bauxite consumed at AAL was to be replaced with other Guinean 
bauxite with lower extractable alumina and higher TOC, this would result in an additional 
bauxite input requirement for same production. The organics input would increase and the 
oxalate removal capacity would have to be increased to sustain production to match organics 
input. Figure 13 shows the impact of TOC and extractable alumina on oxalate input. 
 
If MRN (TOC of 0.04%), AAL’s sweetening bauxite, was to be replaced by other Guinean type 
bauxite with higher TOC (e.g. 0.13%), the oxalate removal capacity would need to be increased. 
A major programme of investment would be required to support such an increase in organics 
and new technology would need to be implemented in the entire precipitation area, classification 
and seed filtration circuit to manage oxalate co-precipitation. 
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Figure 13. Bauxite quality and impact on oxalate input. 

 
3.4  Impact of Bauxite Quality on the Inorganic Impurities Balance 
 
A reduction of silica in the sweetening bauxite by using a low silica Guinean bauxite instead of 
MRN would more than double the carbonate removal requirement. As a result, the liquor 
productivity would reduce significantly.  
 
The option to sustain production capability with 100% Guinean bauxite would require a major 
investment programme. The industry standard to increase carbonate removal capacity is with 
the installation of external causticisation (shown in Figure 14) [2]. Milk of lime is added to 
heated liquor stream from mud washing circuit in a reactor where lime reacts with carbonate in 
the liquor to form calcium carbonate and regenerate caustic (Equation 3). High lime 
consumption up to 45 tons per day would be required. Planning permission and a licence review 
would have to be undertaken.  
 
 CaOH2 + Na2CO3          CaCO3 + 2NaOH (3) 
 

 
Figure 14. External causticisation. 
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5.  Conclusions 
 
The selection of plant design and technology for an alumina refinery is based on the physical 
and chemical composition of the bauxite supply: technology and equipment to control 
impurities play a critical part in the selection process. A bauxite quality change has to be 
thoroughly assessed and the bauxite quality must be compatible with the refinery technology. 
 
The mine operation has a key role in controlling the overall bauxite quality and level of 
impurities, particularly its organics content. Optimised alumina, silica and TOC content with 
low variability in bauxite quality is critical to maintain production and performance in terms of 
product quality and costs. 
 
A refinery such as Aughinish is highly optimised for its current bauxite blend and any increase 
in the level of impurities would require the appropriate technology modifications to overcome 
the change. This would necessitate a major programme of investment.   
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