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Abstract

The thermodynamic limitations and elevated energy consumption associated with conventional
desalination technologies have underscored the necessity for innovative methodologies, such as
directed solvent extraction (DSE). This study investigates the desalination of brackish water utilizing
octanoic acid as a solvent. Critical variables, including initial salt concentration, contact time, and the
solvent-to-aqueous phase volume ratio (ranging from 0.5 to 1.5), were analyzed for their impact on
extraction efficiency. The results demonstrate that the system approached quasi-equilibrium after 140
minutes, indicating that mass transfer may be predominantly influenced by molecular diffusion
resistance. Furthermore, the increase in solvent ratio exhibited a nonlinear relationship with extraction
efficiency. The optimal operational configuration was identified at a volume ratio of 0.5, which yielded
the highest solvent consumption efficiency index. This research elucidates the mechanisms involved
in the DSE process and establishes a framework for the design of energy-efficient desalination systems.

Keywords: Brackish water desalination, Directional solvent extraction, Octanoic acid, Mass transfer,
Process optimization
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Table 1. Comparison of selective investigations on directional solvent extraction for water desalination
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phase separation
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. : Water thermal loss
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. . . recovery modeling in heat
[33] carboxylic industrial process
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acids wastewater modeling and .
. 4 cycle primary process
simulation
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. Stable Characterization
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. brines at : performance structures and
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: . various S across minimization of
linear acids . equilibrium . .
concentrations o consecutive | solvent loss in the
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cycles final effluent.
Modeling
lonic liquid NaCl solutions Lower- Water yield, viscosity and
!\ (0.3-3.8 wt%) temperature ion rejection, | density effects on
[emim][ .
[35] and extraction and water two-phase
Tf2N Tf 2 e ;
N7 concentrated | (approx. 45-75 | solubility in | separation rate and
brines °C) solvent entrapped solvent
minimization.
DSE focused Int_roducmg
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X Hypersaline recovery, salt
[39] amine . T recovery, salt solvents for
saturated brine | crystallization, A .
solvent . crystallization | hypersaline and
and scaling 4 .
highly scaling-
control
prone feeds.




Extraction Systematic
temperature: Aqueous assessment of
50 °C; solvent | phase salinity initial salinity,
. ratio (SR ): dynamics, solvent ratio, and
Present Octanoic Synthgtlc NEE 0.5, 0.64, 1.0, extraction contact time;
. solutions (2.5 _ . .
Study acid 1.5; low-speed efficiency, evaluation of
and 5.0 wt%) o h . ..
agitation; time- | and solvent transient salinity
resolved utilization behavior and
salinity efficiency approach to quasi-
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Table 2. Characterization and thermophysical properties of materials and aqueous solutions used in
the DSE experiments.

Material /  Tem Molar Densit Dynamic Chemical
Solution (oc)p Mass ( /cm3))/ Viscosity  Solubility in Water ~ Formula /
(g/mol) g (mPa-s) ID
C8 H1 6 O
. 25 | 14421 @ 0.910 5.70 ULIES eliliitly , (CAS:
Octanoic (acid in water)
acid . 124-07-2)
50 : 0.890 255 | ZAASWHE i
(water in acid)
Distilled | 25 | 18.015 0.997 0.89 i Hz O (pH:
water 6.5-7.5)
50 - 0.988 0.55 - -
Sodium NaCl
; 25 | 58.44 2.165 - 36 g/100g (CAS: 7647-
chloride 14-5)
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d = F— Lt Ct' (6)
extracte C, x 106 Salt concentration
meg:
Feed solution mass
So:
Salinity oy _ S8 = So Initial salinity of the
enhancement E(%) = So x 100 feed (7
S[: Salinity at time t
m
Wate-r T] (%) _ w,ext.t % 100 (8)
extraction wiinit
S(_)Iyent Y(%) = Myater,extracted % 100 Mg,p,: Mass of the )
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Figure 2-a. Salinity versus time at different solvent ratios and at an initial NaCl concentration of

2.5 wt.

61000
60500
60000

® SR=0.50 e SR=0.64

SR=1.00 ®SR=1.50

59500
59000 °
58500 Jo .
58000 | e

57500 |

57000

Salinity, St, ppm
[}
[ )
{ ]
[}

0 50 100 150
Time, min

o S lST Sig0ue 0 B adgl cdale g alize sla Pl Cod j0 loj e (5H90 Y S
Figure 2-b. Salinity versus time at different solvent ratios and at an initial NaCl concentration of
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Figure 4-a. Enhancement in salinity relative to the initial NaCl concentration of 2.5 wt% versus
time at different solvent ratios
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Figure 5-a. Water extraction versus time at different solvent ratios and initial NaCl concentration
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Figure 5-b . Water extraction versus time at different solvent ratios and initial NaCl concentration
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