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ABSTRACT. The presence of gypsum scale formations on the technological equipment surfaces is a common problem in industrial technological processes. The 
scale formations contaminate equipment surfaces, reducing the processes’ effectiveness and cause higher maintenance costs. The paper presents the results of a 
study on the scale formation in machinery and equipment, used in hydrometallurgical operations and flotation, as well as technological possibilities for their 
elimination. 
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РЕЗЮМЕ. Наличието на гипсови отлагания върху повърхности на технологично оборудване е често срещан проблем при промишлени технологични 
процеси. Гипсовите отлагания замърсяват повърхностите на оборудването, намаляват ефективността на процесите и са причина за повишаване разходите 
за поддръжка. В доклада е представено извършеното проучване на формирането на гипсови отлагания в машини и съоръжения, използвани при 
хидрометалургични операции и флотация на руди, както и технологични възможности за елиминирането им. 
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Introduction 
 
   Scale formation or deposition of inorganic salts from aqueous 
solutions onto surfaces is a widespread problem in many 
industrial processes. These formations can be hard, crystalline 
and strongly adherent deposits, or soft porous, loosely held 
sludge (Hasson, 1981). Scale formation is an issue because it 
fouls equipment surfaces, reducing process efficiency and 
increasing maintenance costs. Industries and processes where 
scale formation is most common include oil and gas 
production, geothermal energy production, desalination 
operations, steam generation, heat transfer systems, water 
supply systems as well as hydrometallurgical and flotation 
operations.  
 
   The main objective of the paper is to review the gypsum 
scale formation in machinery and equipment, used in 
hydrometallurgical and flotation operations, as well as to 
identify possible technological approaches for the elimination 
of these formations. 
 
 
 

Gypsum scale formation in hydrometallurgical 
operations 
 
   In hydrometallurgical operations, a wide variety of scale 
formations are commonly encountered. High temperatures and 
high ionic strengths make their formation unavoidable .One 
example is the formation of hematite and alunite scales on 
autoclave walls during high temperature leaching of 
nickeliferous laterites. (Perdikis, 1996). Another example from 
the field of hydrometallurgy is the formation of calcium sulfate 
scales, mostly dihydrate (CaSO4.2H2O), but also semihydrates 
(CaSO4.1/2H2O) and anhydrite (CaSO4), depending on the 
temperature and operating conditions.  
Due to the very low solubility of the calcium sulfate hydrates, 
the scales are deposited almost anywhere where calcium and 
sulfate are present in aqueous solutions. The result is fouled 
reactor walls, impellers and pumps, as well as clogged pipes. 
Gypsum scales are formed even at low pH and can only be 
removed mechanically (Nulty, 1991) 
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Conclusion 
 
   Based on the research studies carried out, it was found that 
as soon as formed on the industrial equipment surfaces, 
gypsum scale formations can only be effectively removed 
mechanically. 
 
   Regardless of the fact that the scale formation mechanism 
and the factors that affect it are identified, gypsum scale 
formation is inevitable when calcium-containing bases such as 
quicklime and slaked lime, and sulfuric acid are mixed.  
 
   Once the scale formation is deposited on the equipment 
surface, it becomes extremely impervious to chemical removal 
and is only removable by most established mechanical 
methods, which in general are labor-intensive and costly.  
 
   In order to find viable technological approaches for the 
elimination of gypsum scale formation during the pyrite flotation 
a comprehensive research study has been initiated. The study 
surveys both mechanical and chemical techniques for 
activation of depressed pyrite. 
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