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 This study reported the preparation of newly low pressure active reverse osmosis (LP-
ARO) membrane by phase inversion technique. The effect of different concentration of 

Sodium Dodecyl Sulphate (SDS) surfactant on thermal property and performance of 

LP-ARO membrane were determined. Using brackish and seawater as samples, the 
membrane performance was evaluated in terms of PWP, flux and salt rejection. 

Experimental data revealed that 2.0 wt. % of SDS was found to be the optimum 

concentration for the production of LP-ARO membrane with good thermal property and 
high performance of brackish and seawater desalination.  

 

 
 

 

© 2015 AENSI Publisher All rights reserved. 

To Cite This Article: Nurul Syuhada Mohd Ali, Abdul Rahman Hassan, Rosli Mohd Yunus., Pressure Active Reverse Osmosis (LP-ARO) 

Membrane for Brackish and Seawater Desalination. J. Appl. Sci. & Agric., 10(5): 40-46, 2015 

 

INTRODUCTION 

 

Asymmetric membranes are used for 

ultrafiltration, gas separation and reverse osmosis 

processes because of their high selectivity, 

permeability and mechanical strength in high 

pressure application. They are prepared by phase 

inversion via immersion precipitation (Porter, 1990 

& Strathman, 1977). In this process, it involves the 

conversion of a homogeneous polymer solution 

consisting of two or more components to a two-phase 

system, the solid polymer rich phase and the liquid 

polymer poor phase. The solid phase forms the 

membrane structure while the liquid phase forms the 

membrane pores (Yuxin et al., 2011). The successive 

solidification of the phase separated solution leads to 

a porous, asymmetric structure. The morphology and 

performance of membranes depend strongly on the 

thermodynamic as well as kinetics of the phase 

inversion process (Rahimpour, 2007).  

One option for controlling the membrane 

formation process is introducing an additive in the 

casting solution. Generally the additives by far can 

be categorized into (a) polymeric additives such as 

polyethylene glycol (PEG) and polyvinyl pyrrolidone 

(PVP); (b) low molecular weight chemical which 

include salt such as lithium chloride (LiCl) and 

lithium perchlorate (LiClO4), organic acid (propionic 

acid) and inorganic acid (acetic acid, phosphoric 

acid); (c) weak co-solvent such as ethanol and 

acetone; (d) weak non-solvent such as glycerol and 

ethylene glycol; (e) strong solvent such as water as 

an additive in small amount (Shia et al., 2008). 

However, the roles of different additives vary in 

different polymer/solvent/non-solvent systems. 

 PVP is a well-known additive that can increase 

the viscosity of the polymer solution. This additive 

can influence macrovoids formation and dopes 

containing PVP have higher permeability (Aroon et 

al., 2010). Several studies have been made on the 

effect of PVP as additive on the morphology and 

performance of membranes. Study of Chakrabarty et 

al. (2008) showed that the addition of PVP increased 

the number of pore as well as porosity of the 

prepared membrane. Han and Nam (2002) studied 

the variation of thermodynamic and rheologic 

properties in PSF casting solution by adding PVP. 

The results indicated that when adding low content 
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of PVP, which is below than 5.0 wt%, the variation 

in thermodynamic property controlled the de-mixing 

process and led to the enhancement of phase 

separation. With further increment of PVP content, 

the de-mixing process was delayed due to the high 

viscosity of the casting solution. Jung et al. (2004) 

investigated the effect of molecular weight of 

polymeric additives on formation, permeation 

properties and hypochlorite treatment of asymmetric 

polyacrylonitrile (PAN) membranes. The results 

indicated that the top layer of the membrane and 

suppression of macrovoid formation strongly 

depends upon the molecular weight of PVP. 

Fontananova et al. (2006) and Curcio et al. (2006) 

reported that PVP was an effective permeation flux 

promoter, and the thermodynamic effect played a 

dominant role during the flat-sheet membrane 

formations of both polyvinylidine fluoride (PVDF) 

homopolymer and PVDF-HFP copolymer. 

Sivakumar et al. (2006) investigated the effect of 

additive concentration which is PVP on cellulose 

acetate (CA)-PSF ultrafiltration membrane. It was 

found that higher PVP concentration in blend 

polymer incorporates more number of pores more as 

well as the bigger pore size on CA membranes 

compared with that prepared in absence additive. The 

increasing pore size and increasing finger-like voids 

are only due to the increase in the concentration of 

PVP from 2.5 to 7.5 wt%. The preparation, 

morphology and performance of cellulose acetate 

(CA)/polyvinylpyrrolidone (PVP) blend asymmetric 

membranes has been studied by Saljoughi and 

Mohammadi (2009). It was found out that initial 

addition of PVP to the cast film solution (from 0 to 3 

wt %) results in increasing macrovoids formation, 

meanwhile further addition of PVP (from 3 to 6 wt 

%) results in suppression of macrovoids.  

Addition of surfactant as one of the materials 

necessary for membrane making formulation can be 

one of the effective strategies to produce high 

performance membrane with high selectivity. The 

effects of surfactants as additive in the process of 

membrane fabrication were reported in other studies. 

Sodium dodecyl sulphate (SDS) was added as 

additive into polysulfone (PSF) casting solution for 

gas separation and as gelatin media on the formation 

of polyethersulfone (PES) membranes by Yamasaki 

et al. (2000) and Alsari et al. (2001), respectively. 

Tsai et al. (2000) had reported the effect of addition 

of Span 80 on the morphology and pervaporation 

performance of asymmetric PSF membranes. It was 

found that the addition of Span-80 in the casting 

solution can suppress macrovoids in the asymmetric 

PSF membrane. The effects of temperature and 

concentration of cationic surfactant, which is cetyl 

trimethylammonium bromide (CTAB) in the 

formation of asymmetric nanofiltration membrane is 

reported by Mulijani et al. (2010). The result 

indicated that the formation of membrane pore 

increases as the addition of CTAB increases. Saedi et 

al. (2012) investigated the effect of three types of 

surfactant including SDS, CTAB and Triton X-100 

on structure and performance of PES membrane for 

carbon dioxide separation from methane. The result 

demonstrated that the addition of surfactants in the 

casting solution increases the formation of 

macrovoids and large finger-like pores in the sub-

layer of PES membranes. Rahimpour et al. (2007) 

reported that the small addition of SDS, CTAB, and 

Triton X-100 as additives in casting solution 

increases the porosity of the membrane support pure 

solution layer enhances pure water flux and milk 

concentration.  

Amirilargani et al. (2010) found out that 

addition of Tween 80 increases water content and 

porosity of the membrane support layer and enhance 

pure water permeability and also for PES 

ultrafiltration membranes the rejection ratio of 

bovine serum decreases while the flux recovery ratio 

of bovine serum albumin decreases, while the flux 

recovery ratio remarkably increases and the degree of 

irreversible fouling decreases (Amirilargani, 2009). 

Also, the influence of CTAB and Triton X-100 on 

morphology and separation nitrophenols using CA 

nanofiltration membrane was investigated by Ghaemi 

et al. (2012). Addition of surfactants as additive 

resulted in membranes with superior pure water flux, 

permeation and rejection in comparison to CA 

membrane.  

 

2. Experimental: 

2.1. Materials: 

Polysulfone (PSF (Udel-P1700)) supplied by 

Solvay was used as polymer, while N-methyl-2-

pyrrolidone (NMP) supplied by Merck was used as 

non-solvent for membrane preparation. The additive, 

Polyvinylpyrrolidone, (PVP, K29-32) was supplied 

by Acros Organics. Sodium Dodecyl Sulphate (SDS) 

supplied by Fisher Scientific was used as anionic 

surfactant for addition in the casting solution. 

Ethanol and n-hexane that used as the coagulation 

bath were supplied by Merck. Sodium chloride, NaCl 

supplied by Merck was used for the salt rejection 

test. 

 

2.2. Membranes preparation: 

Homogeneous dope solution of the PSF 

dissolved in NMP was prepared using PVP as 

additive and SDS as anionic surfactant by stirring for 

8 hours at room temperature. The stirring process 

was fixed at 300 rpm. The solution was poured and 

cast on glass plate using casting knife. The thickness 

of the membrane is about 150-200 µm. For 

immersion precipitation process, the membrane was 

immersed into the non-solvent bath which is water. 

In order to ensure complete phase separation, the 

membrane was immersed in water for 24 hours. 

Then, the membrane was immersed in ethanol for 24 

hours and n-hexane for 3 hours to ensure all the 

solvents is completely removed. These processes 
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were carried out at room temperature. As the final 

stage, membrane was dried for 24 hours. The 

composition of casting solution is shown in Table 1. 

 
Table 1: The composition of LP-ARO membranes solutions 

Membranes PSF (wt %) PVP (wt %) SDS (wt. %) 

M1 21 3 0 

M2 21 3 1.0 

M3 21 3 1.5 
M4 21 3 2.0 

M5 21 3 2.5 

M6 21 3 3.0 

 

2.3. Thermal Analysis of Membranes: 

Thermal property of membranes were 

determined by Thermogravimetric Analysis (TGA). 

TGA study was carried out using a Mettler Toledo 

thermal analysis system under nitrogen atmosphere. 

The heating rate was 10 ºC/min in the temperature 

range from 30 ºC to 800 ºC. The flow rate is about 20 

ml/min. The thermal stability of the samples were 

evaluated in terms of decomposition temperature. 

 

2.4. Desalination performance evaluation: 

The desalination performance in terms of pure 

water permeation (PWP) and salt rejection for the 

membranes were tested using lab-scale cross flow 

filtration apparatus with circular filtration cell having 

an effective area of 1.38x10
-3

 m
2 

.To begin with, the 

circular membranes loaded in the filtration cells were 

pressured at 5 bar with deionized water for at least 30 

minutes for compaction. Desalination tests were then 

carried out at 5 bar of operating pressure with 

aqueous solution containing 2,000 and 30,000 ppm 

of NaCl represent brackish and seawater, 

respectively. The PWP was determined by measuring 

the permeate volume collected over a certain period 

in terms of liter per square meter per hour (L/m
2
h) 

and calculated through the following equation: 

 

                                                (1) 

 

where, Jw is the volumetric PWP, A is the 

effective area of the membrane for permeation, and 

Q is the volume of permeation over a time interval (Δ 

t). The salt rejection was evaluated using the 

following equation:  

 

          (2) 

 

In which Cp and Cf are the salt concentrations in 

permeate and feed, respectively. The salt 

concentration was determined by measuring the 

electrical conductivity of the salt solution using a 

Conductivity Meter (CON 700, Eutech Instruments). 

 

RESULT AND DISCUSSION 

 

Surfactants constitute the most important group 

of detergents which are generally surface-active 

agents. They are comprised of a hydrophobic portion 

attached to hydrophilic functional group (Ghaemi et 

al., 2012). The addition of surfactants in the casting 

solution can affect the morphology and structure of 

the membrane. For hydrophilic coagulant, 

hydrophilic surfactant can improve the formation of 

macrovoids and the hydrophilicity of membranes. 

However lipophilic does not possess these properties. 

On the other hand, for a lipophilic coagulant, 

lipophilic surfactant are more effective in changing 

membrane structure than hydrophilic surfactants. 

Thus the formation of macrovoids can be controlled 

(Wan et al, 1998). In addition, positively or 

negatively-charged surfactants may slightly change 

the membranes surface charge due to their charges, 

and results in altering performance of the 

membranes. In this study, the effect of anionic 

surfactant which is Sodium dodecyl sulphate (SDS) 

concentration on the thermal property and 

performance of LP-ARO membranes for brackish 

and seawater desalination have been investigated.  

 

3.1. Thermal Study using Thermal Gravimetric 

Analysis (TGA): 

TGA graphs of PSF membranes without SDS 

and with different SDS concentration are shown in 

Figures 1 and 2, respectively. 

Figures 1 and 2 showed the TGA curves for the 

LP-RO membrane without SDS and with different 

concentration of SDS, respectively. The TGA curve 

of LP-RO membrane without surfactant (Figure 1), it 

resulted the only single step weight loss. The weight 

loss of about 68 % in a temperature ranges from 358 

⁰C to 688 ⁰C, assigned to the degradation of PSF 

polymer main chain (Devrim et al, 2009). 

Meanwhile, in the fabricated LP-ARO membranes 

with different SDS concentration as depicted in 

Figure 2, the degradation occurred in three steps. The 

first step indicated the removal of physically and 

chemically bonded water along with trace amounts of 

solvents in a temperature ranging from 150 ⁰C to 300 

⁰C with the total weight loss of 1 % for the 

membranes with 1.0, 1.5, and 3.0 wt. % SDS 

concentration. Furthermore, the fabricated LP-ARO 

membranes with 2.0 and 2.5 wt. % of SDS, the 

weight loss were found to be of about 2 %. The 

second gradual degradation from 380 ⁰C to 480 ⁰C 

was assigned to the loss of SDS group from the 

membranes. The weight loss is recorded of about 8 

% for all membranes, except for the concentration of 

1.0 wt. % which is 6 %. Then, as the SDS 
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concentration increased, the third weight loss 

occurred beyond 500 ⁰C were attributed to the main 

degradation of polymer, with the residual 

percentages of 21.3 %, 30.7 %, 39.4 %, 32.3% and 

38.4%. 

 

 

 
 

Fig. 1: TGA curve of LP-RO membrane without SDS 

 

 
 

Fig. 2: TGA curve of LP-ARO membrane with different SDS concentration. 

 

3.2 Effect of SDS surfactant on the desalination performance evaluation: 

 
Table 2: The pure water permeation, brackish and seawater fluxes, and salt rejection of membranes with different concentration of SDS. 

Membranes Pure water 

permeation 
(L/m2h) 

Brackish water (2000 ppm NaCl) Seawater (30 000ppm NaCl) 

Flux (L/m2h) Salt Rejection 
(%) 

Flux (L/m2h) Salt Rejection 
(%) 

Without SDS 

1.0 wt.% SDS  

1.5 wt.% SDS  
2.0 wt.% SDS  

2.5 wt.% SDS  

3.0 wt.% SDS  

23.41 

15.11 

20.14 
24.98 

44.8 

19.1 

26.79 

18.96 

21.65 
28.24 

43.3 

14.35 

77.8 

85.25 

79.85 
87.5 

86.3 

85.1 

6.14 

10.23 

18.17 
15.37 

18.3 

27.64 

80.95 

86.28 

84.2 
89.6 

82.95 

80.47 

 

3.2.1 Pure Water Permeation: 

Figure 3 shows the effect of SDS concentration 

on pure water permeation (PWP) of LPRO 

membranes. The PWP increases gradually by 

increasing the concentration of SDS in the casting 

solution, and reaches to a maximum at 2.5 wt. % 

which is 60.42 L/m
2
h and decreases afterwards. This 

indicated that addition of small amount of SDS 

promotes higher porosity of sub-layer of membranes. 

Hence, the higher flux membranes will be produced.

  

 

1.5 wt. %  
1.0 wt. %  

2.0 wt. %  
2.5 wt. %  
3.0 wt. %  
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Fig. 3: Effect of SDS concentration on pure water permeation. 

 

3.2.2 Brackish water Desalination: 

The brackish water flux and salt rejection of 

prepared membrane using different concentration of 

SDS is depicted in Figure 4. The addition of small 

amount of SDS into the casting solution increases the 

brackish water flux, reach a maximum at 2.5 wt. % 

of SDS concentration, which give value of flux about 

43.3 L/m
2
h. Meanwhile, when 3 wt. % of SDS 

concentration added to the membrane, the brackish 

water flux decreases. This is related to the finding of 

Saedi et al (2012) which state that higher surfactant 

concentration results in higher solution viscosity that 

prevents the penetration of non-solvent, and weakens 

macrovoid formation and therefore decreases 

membrane porosity and permeability. Meanwhile, the 

salt rejection improves from 77.8 % (without SDS) to 

85.25 % in the presence of 1 wt. % of SDS in the 

casting solution, then decreased at the SDS 

concentration of 1.5 wt. %. This is might due to at 

1.5 wt. %, surfactant molecules prefer to form 

micelles in comparison with polymer-surfactant 

complex, therefore higher casting solution viscosity 

result in lower membrane porosity and higher skin 

layer thickness. Increasing of the SDS concentration 

up to 2 wt. %, salt rejection was found to be 

increased and reached the highest rejection of about 

87.5%. The result discovered that the 2 wt. % is the 

optimum concentration of SDS in producing of high 

selective LP-ARO membranes for brackish water. 

This separation profiles might be due to the 

increasing of membrane porosity and lower skin 

layer thickness (Saedi et al., 2012). 

 

 
 

Fig. 4: Effect of SDS concentration on brackish water flux and salt rejection. 

 

3.2.3 Seawater Desalination: 

Figure 5 demonstrated the effect of SDS 

concentration on seawater flux and salt rejection. As 

the concentration of SDS increases, the seawater 

fluxes were increased. At 3.0 wt. % of SDS 

concentration, seawater achieved the highest volume 

flux of about 27.64 L/m
2
h. Saedi et al. (2012) 

reported that the higher miscibility of NMP with 

water in the presence of SDS keep the membrane 

porosity higher than the porosity of membrane 

without surfactant. Hence, it leads to higher volume 

of flux produced. On the other hand, for the salt 
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rejection, it is clearly seen that at 1.5 wt. % of SDS, 

the salt rejection reduced. This phenomenon had 

explained previously, which is similar to the case of 

the effect of SDS concentration on the brackish water 

rejection. Then, at 2 wt. % of SDS, the salt rejection 

reached the highest rejection of about 89.6 %. This 

result fairly agreed with the studied by Saedi et al. 

(2012).

 

 
Fig. 5: Effect of SDS concentration on seawater flux and salt rejection. 

 

Conclusion: 

From this study, it was found that the increments 

of 0.5 wt. % in SDS concentration produced higher 

pure water permeation and brackish water and 

seawater flux, and also enhanced the performance of 

the LP-ARO membranes. At 2.5 wt. % of SDS 

concentration, the LP-ARO membranes showed the 

highest PWP and brackish water flux up to 60.42 

L/m
2
h and 43.3 L/m

2
h, respectively. For seawater 

flux, the highest volume observed at 3.0 wt. % of 

SDS concentration. Meanwhile, for salt rejection, 

LP-ARO membranes achieved the optimum 

separation performance in brackish water and 

seawater at 2.0 wt. % of SDS concentration, which 

give value of 87.5 % and 89.6, respectively. 
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