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Abstract: Low desalination rates and water production efficiency are key factors limiting the commercial application of freeze
desalination (FD) technology. To investigate the effect of refrigeration temperature on freshwater production efficiency in
freeze-gravity desalination (GD) technology, experiments were conducted with three refrigeration temperatures and two melting
methods to study salt distribution patterns during freezing and melting. Results indicate that during freezing, salt concentration in ice
crystals increases with decreasing the refrigeration temperature, yet the minimum desalination rate remains around 40%. During GD
melting, total dissolved solids (TDS) in meltwater exhibit exponential decay increasing meltwater volume. A hypothesis for
gravity-driven desalination of mixed ice meltwater was proposed. It was found that when TDS value of the mixed ice meltwater
equaled the target (1000mg/L), the water production (WP,) and water production rate (WPR;) were significantly higher than those
(WP; and WPR;) when the instantaneous TDS value of ice meltwater was below 1000mg/L, with the water production rate
increasing by over 21%. When combining FD and GD technologies for desalination and collecting meltwater using the method
proposed in the mixed meltwaterhypothesis, the freshwater production efficiency (FP) significantly increases with decreasing
refrigeration temperature. This resolves the conflict between the limitation of desalination rate during the freezing process imposed
by regrigeration temperature and the users' demand for faster ice production efficiency (IP).
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Table 1 Raw water quality parameters

febr TDS Na* K Cl SO’
WPE(mg/L) 811370 1918.89  110.23 1300.00  500.93
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Fig.1 Freezing device and unidirectional progressive icing test procedure
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Fig.2 Conventional melting unit, gravity desalination melting

unit and melting process
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Fig.7 Verification of TDS simulation results for mixed ice meltwater
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Table 5 WP, and WPR; at mixed ice meltwater TDS value (C) of 1000mg/L
AL WP,(1242-X,2)(mL) WPR(%)
©) Fy F> F; Fy Fs Fy F) F; F, Fs
-24 992.84 902.88 863.59 834.17 807.53 79.94 72.70 69.53 67.16 65.02
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