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Abstract
Calcium carbonate scaling in industrial water systems poses significant economic 
and operational challenges, costing billions annually. This white paper explores the 
application of magnetic fields to mitigate scale formation by influencing calcium 
carbonate crystal structures. By promoting the formation of aragonite over calcite, 
magnetic fields reduce scaling tendencies, offering a sustainable and effective 
solution for industrial water systems. This paper reviews the underlying 
mechanisms, empirical evidence, and practical implications of magnetic field 
technology for scale control.
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Abstract 

Calcium carbonate scaling in industrial water systems poses significant economic and operational 
challenges, costing billions annually. This white paper explores the application of magnetic fields to 
mitigate scale formation by influencing calcium carbonate crystal structures. By promoting the 
formation of aragonite over calcite, magnetic fields reduce scaling tendencies, offering a sustainable 
and effective solution for industrial water systems. This paper reviews the underlying mechanisms, 
empirical evidence, and practical implications of magnetic field technology for scale control. 

 
1 Introduction 

Calcium carbonate scaling is a pervasive issue in industrial water systems, leading to significant economic 
losses estimated in many billions of dollars annually. Commonly known as scaling, the deposition of 
calcium carbonate occurs due to its reverse solubility, where solubility decreases with increasing 
temperature, causing precipitation in heated systems. This white paper examines the role of magnetic 
fields in altering the crystal structure of calcium carbonate precipitates to reduce scaling, focusing on the 
transition from calcite to aragonite structures. We present scientific evidence and propose the adoption 
of electro-magnetic field technology as a viable solution for scale management in industrial applications. 

 
2 Background on Calcium Carbonate Scaling 

Calcium carbonate exhibits three primary crystal structures: calcite, aragonite, and vaterite. Calcite, with 
its trigonal structure, is thermodynamically stable at ambient temperatures and forms dense, scale-like 
deposits. Aragonite, with an orthorhombic structure, and vaterite, with a hexagonal structure, are 
kinetically favored but less adhesive to surfaces. Scanning Electron Microscope (SEM) images (1) reveal 
that calcite forms brick-like structures conducive to scaling, while aragonite’s needle-like morphology 
binds weakly to flow surfaces, reducing scale accumulation. 
 
The scaling process is driven by calcium carbonate’s reverse solubility, where higher temperatures in 
cooling systems reduce solubility, leading to precipitation. The variability in crystal form, particle size, and 
electro-kinetic potential further complicates scale formation, with calcite being the primary contributor 
to persistent deposits. 

 
3 Magnetic Field Effects on Crystal Growth 

Magnetic fields influence the crystallization of calcium carbonate, favoring the formation of aragonite 
over calcite. Research indicates that magnetic fields induce charge separation or polarization in the 
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components of calcium carbonate, altering crystal growth patterns. Although the precise mechanism 
remains under investigation, empirical studies consistently demonstrate that magnetic treatment 
promotes larger aragonite crystals, which are less likely to form scale. In systems with existing scale, 
magnetic fields facilitate a shift in chemical equilibrium, converting calcite to aragonite through 
dissolution and recrystallization. This process is supported by the prolonged effects of electro-magnetic 
treatment, lasting several days post-exposure, allowing continuous scale reduction during regular system 
blow-down processes. 

 
4 Empirical Evidence 

Studies have shown that electro-magnetically treated water systems exhibit a significant reduction in 
calcite concentration, with calcium levels dropping from 1.6 ppm in untreated systems to 0.9 ppm in 
treated systems. Larger aragonite crystals formed under magnetic influence disrupt the equilibrium 
between dissolved calcium carbonate and existing scale, reducing scale adhesion. Additionally, the 
increased particle size of aragonite aggregates enhances their removal during system maintenance, 
further mitigating scaling. 

5 Practical Applications 

The application of magnetic field technology offers a non-invasive, cost-effective solution for scale control 
in industrial water systems. By integrating electro-magnetic devices into existing infrastructure, industries 
can reduce maintenance costs, improve system efficiency, and extend equipment lifespan. The technology 
is particularly beneficial for cooling towers, heat exchangers, and other systems prone to high-
temperature scaling. 
 

6 Conclusion 

The application of magnetic fields to industrial water systems provides a scientifically supported method 
for reducing calcium carbonate scaling. By promoting aragonite formation and facilitating the removal of 
existing calcite deposits, this technology addresses a critical challenge in industrial operations. Adoption 
of magnetic field solutions can lead to significant economic and operational benefits, making it a 
compelling option for industries worldwide. 
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