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This project focuses on fundamental research associated with the NAWI 
Electrified Treatment Process Challenging Area E1. It aims to develop a novel, 
low-cost, modular, chemical-free EMF pretreatment for removing hardness and 
other weakly charged ions (e.g., dissolved silica) from membranes through an 
improved understanding of the mechanisms affecting the EMF efficiency for 
PRIMA water qualities. The long-term goal is to develop energy-efficient, low-
cost EMF technologies to reduce the carbon footprint and chemical use of water 
treatment and infrastructure, e.g., membranes, heat exchangers, and pipelines.

NAWI Leverage
NAWI has enabled utilizing the resources at national labs to determine the 
changes in fluid structures and dynamics leading to the EMF effect. We also used 
Small Angle X-ray (SAXS) measurements at SLAC for real-time monitoring of 
nucleation in EMF and with antiscalants. 
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Membrane scaling is a key impediment to the 
successful implementation of desalination 
technologies. Conventional chemical treatments for 
scale control are expensive and may cause health 
concerns and ecological implications. 
Electromagnetic field (EMF) treatment is a simple, 
low-cost, chemical-free, modular, anti-scaling 
technology with low or no energy demand. 
However, there are no systematic studies of the 
fundamental science of EMF treatment. The 
mechanisms of how EMF works and the underlying 
complex physicochemical mechanisms involved in 
water treatment processes are not well 
understood. This project will focus on modeling, 
bench-scale experiments, and developing a suite of 
real-time, advanced characterization methods to 
elucidate the mechanisms and limitations of EMF 
for membrane scaling control
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Figure 2. EMF-enhanced membrane cleanability in gypsum and silica
desalination

Optimizing operational parameters to enhance 
EMF efficiency in scaling control

• EMF forms porous gypsum crystals and larger silica particles, enhancing 
membrane cleanability and reducing flux decline.

• EMF mitigates gypsum scaling with hydraulic flushing and silica scaling 
under both HF and non-HF conditions.

• Higher voltage, frequency, and custom waveforms enhance ferrite-core 
AC-EMF efficiency, while coil-based devices require experimental 
frequency optimization.

• This study offers the first comprehensive guide linking EMF design, field 
parameters, and water chemistry for effective scale control.

Figure 3. EMF altered gypsum and silica scale morphology

CaCO3 crystallization experiments using self-
made EMF device

Brown boxes indicate 

positive effects, red 
boxes indicate negative 

effects, green 

boxes represent 
proposed effects 
requiring further 

validation, and purple 
boxes indicate 

negligible effects.

NMSU – Xuewei Du, Huiyao Wang, Yanxing Wang, Fangjun Shu, Helani Perera, Lucija Josipovic, and Pei Xu*
ORNL - Larry Anovitz, Ke Yuan

https://thesource.nrel.gov/publishing/disclaimers.html
mailto:pxu@nmsu.edu
mailto:anovitzlm@ornl.gov
mailto:huiyao@nmsu.edu
mailto:xueweidu@nmsu.edu

	Slide 1

