
* Corresponding author.

1944-3994/1944-3986 © 2021 Desalination Publications. All rights reserved.

Desalination and Water Treatment 
www.deswater.com

doi: 10.5004/dwt.2021.26798

215 (2021) 1–9
March

Two strategies for freeze desalination of seawater by progressive 
and block techniques

E. Hernándeza,*, A. Santosa, N. Pazmiñoa, M. Raventósa, M. Blancob, F.L. Morenoc, 
Y. Ruizc, A. Richd, S. Samsurie

aAgri-Food Engineering and Biotechnology Department, Universitat Politécnica de Catalunya-BarcelonaTech, C/Esteve Terradas,  
8. 08860 Castelldefels, Barcelona, Spain, Tel. +34 93 5521077; emails: eduard.hernandez@upc.edu (E. Hernández),  
s.andreina@hotmail.com (A. Santos), natalie.pazmino@hotmail.com (N. Pazmiño), merce.raventos@upc.edu (M. Raventós) 
bDepartment of Mathematics, Universitat Politécnica de Catalunya-BarcelonaTech, C/Esteve Terradas, 8. 08860 Castelldefels,  
Barcelona, Spain, email: monica.blanco@upc.edu 
cUniversidad de La Sabana, Faculty of Engineering, Grupo de Investigación en Procesos Agroindustriales,  
Campus Universitario del Puente del Común, Km 7 Autopista Norte de Bogotá, Chía, Cundinamarca, Colombia,  
emails: leonardo.moreno@unisabana.edu.co (F.L. Moreno), ruth.ruiz@unisabana.edu.co (Y. Ruiz) 
dLaboratory of Water and Environment, Team of Thermodynamic, Catalysis and Surfaces, Chemistry Department,  
Faculty of Sciences, University Chouaïb Doukkali, El Jadida (24000), Morocco, email: rich.anouar7@gmail.com 
eChemical Engineering Department, Universiti Teknologi PETRONAS, Seri Iskandar, Perak 32610, Malaysia,  
email: shafirah.samsuri@utp.edu.my

Received 18 July 2020; Accepted 9 November 2020

a b s t r a c t
This work is focused on the study of desalination of salt solutions (as a simulation of seawater fluid) 
through progressive stirred freeze concentration (PSFC) and block freeze concentration (BFC). 
The first strategy studies the effect of the initial concentration (C0), agitation speed (ω) and refrig-
erant temperature (T) on the parameters of the PSFC process: ice concentration (Ci), impurity ratio 
(K̄), and removal efficiency (RE). The results show that all the studied factors affect the final result of 
the solids concentration on ice, being the concentration of solids in the initial fluid the most relevant. 
Considering that the concentration 3.5% w/w is the same as seawater in Mediterranean Sea, based on 
the regression equation for Ci, and taking the parameters ω (rpm) and T (°C) at its optimum value, 
there could be a scheme of progressive freezing in three stages. At the end of the three stages, ice with 
an electrical conductivity below the limits set by Directive 98/83/EC (2.5 mS/cm), to be considered 
safe water for human consumption can be obtained. Likewise, the use of vacuum-assisted BFC is 
analysed by combining different pressures and vacuum times on samples of salt solutions to simulate 
seawater. The absolute pressure of 10 kPa and an extraction time of 45 min allows obtaining ice with 
conductivity <2.5 mS/cm in three stages. Finally, the results obtained suggest that it is possible to 
combine the two techniques (PSFC + vacuum assisted BFC) in the same equipment.
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