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Abstract

The whole world is facing a global water quality crisis. Population Received: 25 December 2023
growth, urbanization, and industrialization have accelerated Accepted: 14 June 2024
the consumption of fresh water. The removal of harmful oil compounds Page Number: 66-79

resulting from today's industrial discharges in waters is necessary to
protect humans, aquatic organisms, and water quality and prevent
ecological damage caused by pollutants. The main goal of this research is
to separate petroleum compounds (oil) from water using chitosan
polymer membrane synthesized from shrimp shells and modified chitosan
mixed matrix membranes. Shrimp shells were used to prepare chitosan
and then the mixed matrix membrane of chitosan modified with titanium
dioxide nanoparticles and cellulose acetate was synthesized.
The performance of five different membranes made with the names M1,
M2, M3, M4, and M5 was investigated, and the desired operating
variables are oil inlet concentration, amount of nanoparticles in
the synthesized membranes, and operating pressure. To investigate
the process, the parameters of the water flux and the amount of oil
pollutant removal were considered as the answer. According to
the comparison between the five synthesized membranes, the M3
membrane containing 3 % of TiO, nanoparticles with a removal
percentage of 94.8% at 3 bar pressure, and 10% (v:v) of oil had the best
performance.
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2. Hydrochloric Acid
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Table 1. Characteristics of synthesized membranes.

Membrane w.t % of w.t % of w.t % of w.t % of w.t % of
MCS LiCl solvent TiO2 NPs
M1 1.25 5 2 91.25 0.5
M2 1.25 5 2 90.75 1
M3 1.25 5 2 88.75 3
M4 1.25 5 2 87.75 4
M5 1.25 5 2 85.75 6
1. Xylene 2. Acetone
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Figure 1. Schematic of the membrane system.
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Figure 2. FT-IR spectrum related to (a): chitosan synthesized from shrimp shells, (b): modified chitosan membrane (M3).
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Figure 3. Water contact angle for (a): pure chitosan membrane; (b): modified chitosan membrane (M3).
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Figure 4. SEM analysis of (a,b) chitosan; (c,d): modified chitosan membrane (M3).
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Figure 5. Pressure effect on (a): Pure water flux (J); (b): The percentage of oil removal.
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Figure 6. The effect of initial oil concentration on the removal percentage of petroleum pollutants for
5 synthesized membranes (Pressure: 3 bar).
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Figure 7. The influence of nanoparticle concentration on the removal percentage of petroleum pollutants
(Initial oil concentration: 10% (v:v), Pressure: 3 bar).
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Figure 8. Removal percentage of petroleum pollutant in consecutive cycles for M3 membrane
(Pressure: 3 bar, initial oil concentration: 10 % (v:v).
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Table 2. The performance of some membranes reported in the articles to separate oil from water.

Membrane type

PVDF-PES nanofibrous membranes
modified with PANI-CMCD/TiO,

PVA/sodium alginate nanofiber membrane
decorated with MIL-88A(Fe)
Polyether sulfone hollow fiber

Polysulfone Modified with Cellulose
Nanocrystal

Cellulose acetate nanofibrous membranes
decorated with LDH nanostructures

Chitosan/cellulose acetate membrane
modified with TiO2

Operational condition Separation % Reference

Oil initial concentration: 1000 ppm 99 [14]

Oil initial concentration: 1 v/v% 99 [15]

Oil initial concentration: 300 ppm, Pressure: 3 bar 100 [24]

Nano particle w.t %: 1;

S . 98.5 25

Oil initial concentration: 250 ppm [25]

Oil initial concentration: 1 v/v%; Pressure: 3 bar 98.9 [28]
Oil initial concentration: 10 v/v%; Pressure: 3 bar 94.8 This work
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