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Abstract

Forward osmosis (FO) process is a separation process by means of membrane that uses natural 

osmosis. forward osmosis membrane FO process has a number of eminent benefits. This review paper 

summarized the recent advances of forward osmosis technology by using Magnetic Nanoparticles as Draw 

agent forward osmosis desalination, and it will deepen the understanding to forward osmosis technology, and 

provide comprehensive information for the scientific researcher and application engineers, to promote the 

practical applications of FO technology for the wastewater purification. 
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1. Introduction 

Recently Pollution problems have raised 

due to an increase in the use of chemical materials 

in several aspects of life (Ali, 2019). There are 

thousands of pollutants have been exhibited in the 

aqueous climate (Basheer, 2018a). They can cause 

the endocrine and hormonal disruptions in living 

organisms (Basheer, 2018b), Basheer and Ali 

(2018). Removal of   pollutants is needed because 

they can lead to decrease the clarity of water, be 

infectious factors, and have toxic materials 

adsorbed to their external surfaces (Andrea 

Achillia Tzahi, 2005). 

Diverse separation membrane operations 

have been reinforcd and using for the wastewater 

therapy. There are two groups of membranes with 

regard to separation operations were obtainable; 

Pressure Driven Membranes (PDM) (which  

*Corresponding author: Alaa F. Sulaiman 

contain Ultrafiltration (UF), Microfiltration (MF), 

Nanofiltration (NF) and Reverse Osmosis (RO) 

and Osmotically Driven Membrane (ODM) such 

as Forward Osmosis Membrane (FO) is a 

separation operation by means of membrane that 

using Osmotic pressure (Shuaifei Zhao, 2014). 

Forward Osmosis Membrane (FO) 

operation has a number of prominent advantages 

such as this processes could potentially consume 

only a few of the electrical energy needed by other 

water treatment operations and  may be able to 

using very low quality heat, like waste heat from 

power plants, as its energy input (McGinnis and  

Elimelech, 2007). In addition to FO operation may 

also have higher recovery, which leading to less 

brine discharge to the rivers (Ryan, 2007). In 

despite of benefits of the FO operations, its using 

in water treatment have been hindered by many 

challenging issues. 

http://www.jpsscientificpublications.com/
https://scholar.google.com/citations?user=t4ZIFUoAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=qG-oP7oAAAAJ&hl=ar&oi=sra
https://scholar.google.com/citations?user=qG-oP7oAAAAJ&hl=ar&oi=sra


Alaa F. Sulaiman/Life Science Archives (LSA), Volume - 8, Issue – 2, Page - 2360 to 2366                                  2361 

©2022 Published by JPS Scientific Publications Ltd. All Rights Reserved 
 

a) Draw or fed solutions that are have  height 

osmotic pressure by using materials that 

can be removed performance and do not 

completely  easily identified. 

b) Membranes engineered specifically for 

osmotically driven FO operation are 

necessary. 

c) Compared to plentiful study that have been 

happened on pressure driven membrane 

operation. These causing the improvement 

in FO technologies lag behind those in 

other membrane technologies (Baoxia Mi, 

2013).  

In FO operations, the thermodynamic 

driving force for flux is osmotic pressure, i.e.  the 

kinetic contributions to flow are relieved by 

concentration gradients, membranes. In addition, 

the kinetic properties of solution, like viscosity 

and diffusivity (Aaron, 2013). 

Osmotic energy, as a probable energy 

source with a few environmental effect, has pulled 

a lot of interesting in industrial and academic 

fields in last years (Qing Wu Long and Yan Wang, 

2015). FO processes are an advanced membrane 

technology in water treatment with new and 

recently expanding attention as a low-energy 

operation (Akther et al., 2015). In spite of the lack 

of sturdy membranes and membrane units for FO 

operation, basic study on FO operations and the 

evolution of new implementations for FO 

operations are steadily growing. Presently, the 

important measure to be taken to advance the field 

of FO operations is the evolution of novel films in 

both hollow and flat fibers configurations. The 

membranes need to supply high melt rejection, 

high water permeability, high internal CP 

reduction, high mechanical strength and high 

chemical stability (Tzahi Cath, 2006). 

Through the 1990s, a specific membrane 

for FO operations was advanced by Osmotek Inc., 

it has been examined in a variety of 

implementations by various research groups 

(Garcia Castello, 2011). It is also successfully 

used in commercial water purification applications 

for military relief, emergencies and entertainment 

(Biberdorf, 2004). This membrane is believed to 

be made of Cellulose triacetate (CTA). The 

membrane thickness is less than 50 μm which is 

claimed to reduce the effect of Internal Focus 

Polarization (ICP) due to the thick porous support 

layer of conventional RO membranes (Baoxia Mi, 

2011) and it is clear that the structure of the CTA 

FO membrane is quite good. good. Different from 

standard reverse osmosis membranes. Reverse 

osmosis membranes typically consist of a very 

thin (<1 μm) active layer and a thick, porous 

supporting layer. The CTA FO membrane lacks a 

thick support layer. Alternatively, an integrated 

polyester mesh provides mechanical support. The 

results of different investigations indicate that the 

CTA FO membrane made by HTI is superior to 

RO membranes operated in the FO mode. The 

main contributing factors are likely the relative 

thinness of the membrane and the lack of a fabric 

support layer (Tzahi Cath, 2006).  

2. Draw or Feed Solution (DS) 

         A Drawing or Feeding solution (DS) is any 

aqueous solution that exhibits a high Osmotic 

pressure. Several terms are used to name it such as 

osmotic agent, withdrawal solution, osmotic 

actuator, osmotic media, driving solution, sample 

solution, or just saline. Since the osmotic pressure 

of DS is the driving force in the FO process, it is 

critical to select an appropriate concentrated 

solution prior to any application. 

The pull solution in the forward osmosis 

process is the origin of the driving force and the 

essential part of the forward osmosis process, and 

the pull solution selection should follow the 

following principles: It must have a sufficiently 

high osmotic pressure to ensure a higher osmotic 

driving force, The draw solution should be easy to 

circulate by concentration and re-separation to 

ensure that the pure water is obtained and reused 

and it shall be non-toxic, cheap and stable, and 

shall not destroy the membrane by chemical 

means such as decomposition, nor by physical 

means such as pollution (Lin, 2017). 

The performance of FO membranes is 

routinely measured by the following parameters: 

The flow of water (measured in L/m2 h - also 
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written as LMH) from the low concentration side 

(the feed side) to the high concentration side. The 

reverse diffusion (g/m2h GMH) dissolves the 

intake from the intake side to the feeding side, and 

the Membrane rejection properties (%) towards 

particles on the feed side entering the intake side 

(Forward, 2021). The preferred materials used for 

synthesis of osmotic membranes are cellulose 

acetate and polyamides that are processed to make 

them reject salts and at the same time pass water at 

a reasonable rate. The ideal membrane has the 

following characteristics: high salt rejection, high 

water flux, resistant to biological attack, resistant 

to fouling by suspended material, mechanically 

strong, inexpensive, chemically stable, safe 

operation at high pressures, able to resist high 

temperatures, no internal leaks, and easy to clean 

(Cagla, 2021).                                 

3. Pollutants removal by using Nanomaterials 

Nanotechnology is now widely used 

throughout the electronics, environmental areas, 

medicine, pharmaceutical industry, robotics, tissue 

engineering and material science. The use of 

Nanoparticle (NP) materials offers many 

advantages due to their unique size and physical 

properties (Faraji, 2010), which are explored for 

using in wastewater. Purification   based on their 

functions in unit operations as show in Table - 1. 

 

Table - 1: Some of applications of nanotechnology in wastewater Purification 

 

4. Magnetic nanomaterials as an Imaging 

solution 

Particular attention has been paid in recent 

years to the new generation of DS based on the 

use of nanomaterials such as Nanoparticles (NPs) 

that facilitate recovery and reduce energy 

consumption (Alejo, 2017). Several chemical 

methods can be used to synthesize magnetic 

nanoparticles for medical imaging applications: 

sol-gel synthesis (Jing Xu Haibin Yang, 2007) 

microemulsions, co-precipitation, thermal 

decomposition, solvothermal, sonochemical, 

microwave-assisted, chemical vapor deposition, 

combustion, carbon arc, and laser pyrolysis, have 

been reported for the preparation of MNPs 

(Akbarzadeh, 2012). In addition, these NPs can 

also be synthesized by other methods such as 

electrochemical synthesis (Cabrera, 2008; Pascal, 

1999), laser pyrolysis techniques (Bomati-Miguel, 

2008), microorganism or bacterial synthesis 

(especially the magnetotactic bacteria and iron 

reducing bacteria) (Bharde and Parikh, 2008; Wu, 

2008). 

Magnetic nanoparticles (MNPs) mainly 

based on iron oxides are the most widely used 

nanomaterials in FO due to the advantage of 

magnetic recovery (Christian, 2008). Iron oxide 

nanoparticles have been widely used in 

biomedicine, for example drug delivery, 

biosensors, biomolecular separation, purification 

and cell labelling due to their strong magnetic 

properties (Levy, 2002; Budde, 2009). Addition of 

nano receptors to the surface aids in targeting the 

essential pharmacological agents to the 

specifically desired areas of the human body. 

Magnetic nanoparticles have been 

considered as potential solutes for clouds (Magro, 

2018) because they can be easily separated from 

permeabilities by an external magnetic field 

without chemical and thermal energy supply. The 

advantage of the magnetic draw solute is that it is 
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easy to separate from pure water and the draw 

solute can be reused without any subsequent 

treatments, which may reduce the operating cost 

of FO by suppressing the supply of disposable 

draw solute.  Prior searches of magnetic 

nanoparticles as solutes provided a simple way for 

designing solutes for drawing. However, they 

observed particle buildup during recycling via 

magnetic separators is disturbing. Integrated FO 

processes consisting of FO and either 

ultrafiltration membrane (Ling, 2010), membrane 

distillation (Ge, 2011), or additional FO have been 

demonstrated for efficient recycling of magnetic 

nanoparticles or cloud solutions based on 2-

methylimidazole without aggregation (Ge, 2011).  

Highly water-soluble magnetic 

nanoparticles coated with polyacrylic acid (PAA-

NPs), which can be separated from water in a 

magnetic science, were a new discovered in cloud 

solutes in FO (Ling, 2011). Hydrophilic polymers 

can show certain characteristic in water as 

examined in medical using, and thus can be used 

to modify the surface of magnetic nanoparticles to 

induce high osmotic pressures (Alejo, 2017).  

Citrate is a widely used ligand that 

provides repulsion and electrostatic stability to 

many different NPs, and thus has been explored as 

a solute stabilization solution for NPs. Citrate 

(magnetite) MNPs were first reported as DS in FO 

in 2014. New insights should be considered in 

order to determine the performance of 

conventional organic solutes versus their hybrid 

counterparts and then determine whether the 

MNPs are worthwhile for FO. However, the use of 

MNPs adds the advantage of magnetic separation 

to replace the use of membrane distillation. In 

addition, regeneration of a pure copolymer such as 

DS with membrane distillation requires a 

densification step that increases the overall cost of 

the process (Vayssieres, 1998). 

The water flow of PNIPAM allergenic 

hydrogels is low (0.96 L/m2 h) compared to other 

types of pulling agents. Adding Carbon particles 

or Reducing graphene oxide (rGO) to the 

PNIPAM hydrogel improved water flow and water 

recovery capacity. Low to be applied in 

desalination. Addition of MNPs to the PNIPAM 

hydrogel improved neither the water flow nor the 

swelling ratio compared to pure hydrogels. 

However, heating due to the magnetic field 

releases water and avoids the use of membrane 

distillation which increases process costs (Jiang, 

2004). The highest flux obtained from 0.5 g/L 

PEG-coated MNPs was 5.81 LMH, and 5.42 LMH 

from Tri sodium citrate-MNPs, which means that 

PEG-coated MNPs perform better than Tri sodium 

citrate-MNPs as DS. cit-MNPs are more efficient 

as DS than independent TSCs. Moreover, cit-

MNPs gave higher water fluxes than NaCl and 

HCOONa salts. The water flows were in the 

following order (Mokhtar Guizani, 2018). 

5. Conclusion 

Nanomaterials NMs, with unique physical 

and chemical properties, have a tremendous 

potential for contaminants removal. To bring the 

NMs development a step forward, NMs 

prioritization and further application prospect have 

been presented. FO has been widely studied and 

applied for wastewater purification, which has 

received increasing attention in recent years. In 

fact, there is much recent interest in the use of 

engineered iron oxide NMs as Draw or feed agent 

in forward osmosis procesess, and it will deepen 

the understanding to forward osmosis technology, 

and provide comprehensive information for the 

scientific researcher and application engineers, to 

promote the practical applications of FO 

technology for the wastewater purification. 
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