Mineral Recovery Potential from Hypersaline Brines via Eutectic Freeze

Crystallization
Adel Sumjath, Amira Nemmour, Isam Janajreh”
Department of Mechanical and Nuclear Engineering, Center for Membranes and
Advanced Water Technology, Khalifa University, Abu Dhabi, United Arab Emirates

Isam.janajreh@ku.ac.ae

Abstract: The management of hypersaline brines generated from natural saline waters as well
as desalination represents a growing environmental and solid waste challenge. Increasing
volumes of reverse osmosis reject and concentrated brines require sustainable treatment
strategies that minimize ecological risks while allowing resource recovery. This study uses OLI
thermodynamic modelling to comparatively analyse and evaluate eutectic freeze desalination
(EFC) as a potential technology for the recovery of mineral and water resources from four
distinct brine sources: sea water, reverse osmosis reject, the Great Salt Lake and the Dead Sea,
per table 1. Equilibrium cooling simulations were conducted at atmospheric pressure over a
temperature range from room temperature to -40°C to predict salt crystallization and ice
formation in these complex multi-component systems. The modelling provides the
crystallization sequences depending on the initial composition in equilibrium conditions
providing upper bound estimates for mineral recovery. Results indicate that sea water and
reverse osmosis reject predominantly form hydro halite (NaCl.2H,O) and mirabilite
(Na;S0,4.10H,0) whereas hypersaline natural sources such as those form in the Great Salt Lake
and the Dead Sea exhibit more complex precipitation pattern including magnesium
(MgCl,.12H,0) and potassium salts (KCl) alongside sodium chlorides and sulfates. This
modelling highlights the significance of mineral diversity and recovery potential across the
sources. Eutectic freeze desalination enables us to recover both water and controlled salt
production transforming brines into valuable mineral streams. These findings support freeze-
based processes as a promising strategy to mitigate environmental hazards associated with
brine management while advancing sustainable solid waste management and valorisation.
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Table 1: Major ionic composition (g L=Y) of different brine waters: Seawater, Great Salt Lake, and Dead Sea

Ion Sea Water Great Salt Lake Dead Sea

@@L (91) @@L

Chloride (CI7) 23.84 140 233

Sodium (Na*) 11.1 85.6 39.83
Sulfate (SO ,27) 3.09 16.4 -

Magnesium (Mg?*) 1.3 7.2 50.34

Potassium (K*) 0.41 4.07 8.29

Calcium (Ca?*) 0.41 0.241 17.19
Bicarbonate - 0.251 -

(HCO,")

Silica (SiO,) - 0.048 -

Bromide (Br~) 0.09 - 6.19
Nitrate (NO3™) 0.04 - -
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