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Evaporation of High-salt Solution

Under Electric Field
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Abstract: Recent studies show that an applied electric
field can significantly alter the evaporation process and
evaporation rate of pure water. In order to investigate the
effect of the applied electric field on the microstructure
and evaporation properties of high salt solutions,
molecular dynamics simulations (MD) were adopted to
simulate pure water and LiCl, KCl and CaCl, salt solutions
in parallel (x-direction) and perpendicular (z-direction)
directions to the liquid. Based on the simulation results,
the influence of the electric field on the evaporation

speed, the orientation of water molecules, hydrogen
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bonding and hydrated ions was analyzed, and the motion
of different ions in the solution under the electric field was
detected and compared. The electric field in the x-
direction can significantly increase the proportion of free
water molecules in the salt solution. When the electric
field in the x-direction modulates from O to 0.3 v-nm, the
proportion of free water molecules in LiCl, KCI and CaCl,
solutions augment by 48%, 38% and 56% respectively,
effectively enhancing the evaporation rate of the high-salt

solution.

Keywords: saline solution; evaporation; molecular

dynamic simulation; gas-liquid interface
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Fig. 1 Schematic diagram of the simulation system
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Tab.1 Potential energy parameters of copper atoms

and ions
BT &/ (kealsmol ') s/1071 q/e
Li" 0.1649 1.505 +1
K’ 0.1000 3.331 +1
Ca’" 0.4500 2.361 +2
Cl™ 0.1000 4.4000 —1
Cu 1.9297 4.7200 0

e 1.602176565 X 10°C.,
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Fig. 2 Variation of the number of evaporated mole-
cules in pure water system with time under
different electric fields
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Fig. 4 Velocity probability distribution of water
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ent electric fields
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Fig. 6 The effect of electric field direction

on the arrangement of water molecules
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Fig. 7 Influence of water molecule arrangement

direction on its hydrogen bond formation
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Fig. 9 Variation of evaporation molecules of salt solution with time under different electric fields
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Fig. 10 Influence of the presence of electric field on the arrangement of water molecules around ions
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Fig. 11 Variations of evaporation molecules of salt solution with time in different electric fields
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Tab. 2 Different proportions of water molecules in

the three salt solutions under an electric

field of 0.3 v-nm™ in the x and z directions

At/ % A B LKIB)R 56 2K1E)2
R Kor¥ Ko+ Kor¥
LiCI TR 22.9 36.3 40.8
LiCI#+0. 3 venm 'E, 33.9 30.8 35.3
LiCI# +-0. 3 venm ' E, 21.8 36.5 41.7
KCI#F 24.0 38.0 38.0
KCHAW 0.3 venm 'E, 33.1 33.9 33.0
KCHEW+0. 3 venm 'E. 24.5 38.3 37.2
CaCl, i 13.5 51.1 35.4
CaCL R +0. 3 venm ' E, 21.0 45.4 33.6
CaCLIER 4-0. 3 venm ™' E, 13.2 51.2 35.6
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Fig. 15 Combination of K* and CI hydrated ions
under the x direction electric field
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