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Abstract 

Special grade alumina are commonly used in a range of application, such as ceramics, 

refractories, glasses and polishing agents.  The production of these materials require calcination at 

higher temperatures that what is used to produce Smelter Grade Alumina (SGA), and often also 

the use of mineralisers.  Particularly for small or mid-sized alumina refineries tapping into 

alternative revenue streams is an attractive option in case there is additional capacity in the 

upstream refinery processes. In 2014, Outotec was engaged by ETİ Aluminyum Inc. to design a 

calciner capable of producing both Smelter Grade Alumina for use in their own smelter as well as 

Ceramic Grade Alumina (CGA).  This required a dual purpose-built plant to cater for the required 

wide range of processing conditions to produce these very different alumina qualities. This paper 

explores some of the design challenges, provides solutions that Outotec developed to overcome 

these, and also discusses the performance of the plant after commissioning. 

Keywords: Alumina Calcination, Ceramic Grade Alumina, Circulating Fluidised Bed, Alumina 

Quality, Smelter Grade Alumina. 

1. Introduction

Special grade alumina are commonly used in a range of application, such as ceramics, refractories 

and polishing agents. The production of these materials require calcination at higher temperatures 

than what is used to produce Smelter Grade Alumina (SGA), and often also the use of 

mineralisers. By adjusting calcination parameters, mainly calcination temperature and retention 

time some of the key properties can be controlled. Particularly for small or mid-sized alumina 

refineries tapping into alternative revenue streams is an attractive option in case there is additional 

capacity in the upstream refinery processes. 

In 2014 Outotec was engaged by ETİ Aluminyum Inc. to design a calciner capable of producing 

both Smelter Grade Alumina for use in their own smelter as well as Ceramic Grade Alumina 

(CGA).  This required a purpose-built plant to cater for the required wide range of processing 

conditions to produce these very different alumina qualities. The success of the challenging 

project was only possible through a very close cooperation between Outotec and ETİ Aluminium 

in all stages, from design and engineering, through to construction and commissioning. Most 

importantly, focusing on getting the design aspects right in the early stages of the project was a 

key to the success. In this the experience of both parties was crucial.  
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Implementation of the project comprised understanding of the functional target of the plant over 

the definition of engineering aspects to be re-engineered and reinforced. This involved interaction 

of all disciplines, process, plant layout, equipment design, materials, instrumentation, 

programming, controls, operation and maintenance. This paper explores some of the design 

challenges, provides solutions that Outotec developed to overcome these, and also discusses the 

performance of the plant after commissioning. 

 

2. Process Parameter 

 

Establishing the required process parameters to obtain products with the desired characteristics 

was one of the most important activities in the early stages of the project. This defines not only the 

design parameters of the main vessels but also the sizing of several key vessels.  It is well known 

that calcination time and temperature impacts on the alumina properties [1], and this is also 

utilized in the calciner control, for example by adjusting the furnace temperature to achieve the 

target SGA properties. 

 

Several chemical and physical properties such as loss of ignition (LOI), specific surface area 

(BET) and alpha alumina are related to each other. A typical relationship as derived in Circulating 

Fluid Bed (CFB) calcination, is shown in figure 1, in which BET and LOI are represented with 

blue and green lines, respectively, and alpha alumina with a red line.  As can be seen in the 

relatively narrow temperature range (used for SGA production) the BET and LOI appear to 

follow an almost lineal trend inversely proportional to the temperature.  Alpha alumina formation, 

on the other hand increasing exponentially with calcination temperature. Impurities and 

mineralisers can further enhance/catalyse or inhibit this phase transformation reaction.  As an 

example, fluoride which is often used as a mineraliser has a strong influence in catalyzing the 

conversion to alpha alumina.  

 

 
Figure 1. Development of BET, LOI and alpha alumina as a function of calcination 

temperature in a CFB (at fixed residence time). Typical range for SGA production 

indicated in the shaded area. 

 

However, these relationships are highly idealized as the development of alumina microstructure 

and properties are influenced also by other factors [2]. Most notably for a Bayer refinery would be 
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