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ABSTRACT AND INTRODUCTION
Currently, reverse osmosis (RO) is the main technologies used for seawater desalination which has high energy
requirements. There is a need to develop novel technology to lower the energy requirement for seawater desalination. In
this project, a dual salt technology was proposed for the FO process, to harness the strengths of both salts.

AIM AND HYPOTHESIS
This project aims to develop a novel hybrid forward osmosis (FO) - nanofiltraton (NF) technology for seawater
desalination and to propose a suitable dual salt draw-solute in optimal proportion. It is hypothesized that a dual salt
draw solution will perform better than a single salt draw solution in terms of achieving a higher water flux in FO and
salt rejection in NF.
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Fig 1: Schematic diagram of the FO and NF process
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Fig 5: Comparison of energy consumption of RO and FO-NF

Effect of draw solution concentration
on FO water flux

Fig 2: Graph of FO water flux against draw
solution concentration

MgCl2-MgSO4 (3:1) and MgCl2MgSO4 (1:1) yielded high FO flux
Na2SO4-MgSO4 yielded low FO flux
∴ MgCl2-MgSO4  more ideal dual
salt draw solute combination.

Effect of feed solution
concentration on NF water flux

Fig 3: Graph of NF water flux against feed
solution concentration

As proportion of MgCl2 ↑ FO flux↑
NF flux ↓
As proportion of MgSO4↑ FO flux↑
NF flux ↓
∴ Considering both FO and NF,
1:1  Optimal proportion

Fig 4: Table for prediction and comparison
of water quality

Most second-pass permeates
meet WHO guidelines
1:1 produced 274µs/cm
∴ 1:1 MgCl2-MgSO4  Comparable
to drinkable tap water

CONCLUSION
The FO-NF process is a recyclable process with a low energy requirement and high salt rejection. A dual-salt draw
solute is recommended to achieve high water flux in FO and salt rejection in NF. MgCl2-MgSO4 (1:1) is proposed to be
the optimal dual salt draw solute. FO-NF is a promising alternative technology for seawater desalination to produce
drinkable product water that meets the WHO drinking water guidelines.

FURTHER RESEARCH
Additional improvements can be made to the membrane structure such as to make the porous layer as thin as
possible while not compromising membrane stability
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