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Abstract: The seawater desalination process currently uses membrane technology because of relatively lower investment 

and energy requirements. The process of seawater desalination using membrane process technology can be done in 3 methods, 

namely reverse osmosis (RO), distillation membrane (membrane distillation / MD) and pervaporation process (PV). This study 

will examine the performance of a hybrid membrane developed from natural zeolite-TiO2 with polyvinyl alcohol (PVA) in 

addition to polyethylene glycol (PEG) for desalination of seawater. The addition of PEG to the PVA polymer solution (dope) 

will increase the membrane resistance (Rm) and seawater rejection. The higher rejection is achieved of 93.77% at the addition 

of 6% PEG. Fouling resistance (Rf) isn’t affected by PEG concentration. The fouling resistance has good linearity and stability 

at the addition of 6% PEG. 
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1. Introduction 

The process of seawater distillation for industry usually uses 

multistage flash evaporators (MSF) or multi-effect distillation 

(MED). This method is not suitable for small industries or for 

household-scale because it requires large investment and 

energy. The seawater desalination process currently uses 

membrane technology because of relatively lower investment 

and energy requirements. The process of seawater desalination 

using membrane process technology can be done in 3 methods, 

namely reverse osmosis (RO), membrane distillation (MD) 

and pervaporation process (PV) [1]. 

Membranes used in the desalination process generally use 

the polymer membranes. However, this membrane has 

disadvantages such as low flux, low thermal and chemical 

stability. To improve polymer membranes, the hybrid 

membranes can be used, namely a mixture of polymer and 

non-polymer. One of the non-polymer membranes is a 

ceramic membrane. The ceramic membranes are porous, 

because of that, for the desalination process, the ceramics 

only as of the support membranes. The hybrid membrane can 

be achieved by the dip-coating process of the ceramics 

support membrane by using a polymer solution. The use of 

this composite membrane aims to increase membrane flux, 

thermal stability, and chemical stability. 

There were several researchers that use or produce hybrid 

membranes or ceramic composite membranes for any 

purpose. Gongping et al.[2] produced a hybrid membrane 

from ceramic support with several polymers such as 

hydrophobic polydimethylsiloxane (PDMS) and hydrophilic 

poly (vinyl alcohol) (PVA), chitosan (CS) and 
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polyelectrolytes for pervaporation process. Biron et al. [3] 

produced a hybrid membrane from polyamide 66 (PA66) 

deposited by dip coating on the inner surface of α-alumina-

based (Al2O3) micro-porous tube for ultrafiltration of 

protein. Jeong et al. [4, 5] produce pyrophyllite-alumina 

composite ceramic membranes for treating of municipal 

wastewater. 

The hybrid ceramic membranes or ceramic composite 

membranes can be used for desalination process [6 - 9]. The 

main problems in the membrane separation process are 

productivity and purity. The productivity of membrane 

process will decrease due to fouling of the membrane [10, 

11]. This study will examine the performance of a hybrid 

membrane developed from natural zeolite-TiO2 with 

polyvinyl alcohol (PVA) in addition to polyethylene glycol 

(PEG) for desalination of seawater. 

2. Materials and Methods 

2.1. Materials 

Natural zeolite and starch were purchased from the local 

market at Purwokerto, Indonesia. Polyvinyl alcohol (PVA) 

and citric acid were obtained from Merck. PEG 400 was 

obtained from Bratachem, Indonesia. 

2.2. Ceramic Membrane Development 

The development of ceramic membrane support was 

conducted by the methods as previous work [12]. 

2.3. Hybrid Membrane Development 

The composite membrane was developed by the dip-

coating process. PVA polymer and citric acid (crosslinker) 

were dissolved in the water and then homogenized and 

heated by an ultrasound bath at 60°C for 30 minutes. The 

PEG was added to the dope solution at various 

concentrations (0, 2%, 4%, 6%). Ceramic membrane support 

was dip-coated at the polymer solution for 24 hours. The 

hybrid ceramic membrane was drying at 60°C for 6 hours 

and then at 120°C for 2 hours [13]. 

2.4. Desalination Set up 

The desalination process was done by cross-flow proses 

(Figure 1). Seawater was filled in the feed tank. Then 

pumped to the flat sheet of hybrid ceramic membrane at the 

constant pressure. The permeate was collected and weighed 

periodically. The retentate was recycled to the feed tank. 

 

Figure 1. Experimental set-up. 

3. Results and Discussion 

3.1. Effect of PEG Concentration on Membrane Resistance 

(Rm) 

Membrane resistance is defined as the function flux of 

clean water during filtration. The permeate flux through a 

membrane is often described as the applied transmembrane 

pressure driving force, TMP, divided by the resistance to 

mass transfer, R, and the permeate viscosity. For pure water 

filtration, R will represent the resistance to mass transfer 

associated with the clean membrane [14]. Mathematically 

can be written as: 

�� =
���

�.	

                                    (1) 

Where Jo is the flux of clean water (m
3
/m

2
.s), TMP is 

transmembrane pressure (Pa), µ is the viscosity of clean 

water (Pa. s) and Rm is membrane resistance (m
-1

). 

Figure 2 shows the effect of the PEG concentration on the 

membrane resistances. The value of hybrid membrane natural 

zeolite – PVA is 5.20 × 1012 m
-1

. Biron at al. [3] reported the 

ceramic support developed from α-alumina showed the 

membrane resistance of 0.83 × 1013 m
-1

. The addition of 

PEG on the polymer concentration will increase the value of 

membrane resistance. The value of hybrid membrane are 

1.42 × 1013 m
-1

, 1.56 × 1013 m
-1

, and 1.95 × 1013 m
-1

 in 

addition of 2, 4, 6% PEG respectively. Biron et al. [3] also 

reported that the hybrid membrane of α-alumna - PA 66 had 

the value of membrane resistance of 2.85 × 1013 m
-1

. 

 

Figure 2. The value of membrane resistance at the various PEG 

concentrations. 

3.2. Effect of PEG Concentration on Membrane Flux and 

Rejection 

Figure 3 shows the flux of seawater during the reverse 

osmosis process. The flux of seawater is decreasing with the 

increase of PEG concentration. Figure 4 shows the rejection 

of seawater during the reverse osmosis process. The higher 

PEG concentration results in a higher rejection. Without the 

addition of PEG, the rejection of the natural zeolite-PVA 

hybrid ceramic membrane is only 63.16%. The maximum 
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rejection is achieved of 93.77% at the PEG concentration of 

6%. Kujawa et al. [9] reported that rejection of seawater 

achieved 98% by using TiO2 and Al2O3 membrane 

modification with alkylsilanes. Xie et al. [7] reported that at 

the utilization of a hybrid membrane from polyvinyl 

alcohol/maleic acid/tetraethyl orthosilicate (PVA/MA/TEOS) 

for pervaporation process of seawater, the salt (NaCl) 

rejection of the membrane achieved 99%. This was mainly 

due to the non-volatile nature of the NaCl compound and 

hydrophilic nature of the hybrid PVA/MA/TEOS membrane. 

In PV separation of aqueous salt solution, water molecules 

preferentially diffuse and permeate into the membrane. Al 

Mayyahi and Deng [15] reported that the rejection of NaCl 

achieved 98% at the desalination process using photo-

responsive ZnO polyamide thin film nanocomposite 

membrane. 

 

Figure 3. The flux of desalination of seawater at the various PEG 

concentrations. 

 

Figure 4. Rejection of seawater at the various PEG concentrations. 

3.3. Effect of PEG Concentration on Fouling Resistance 

(Rf) 

The permeate flux through a membrane during the 

filtration process is described as the applied transmembrane 

pressure driving force, TMP, divided by the total resistance to 

mass transfer, Rt, and the permeate viscosity. Mathematically 

can be written as: 

� =
���

�.	�
                                       (2) 

Where Rt is the sum of Rm + Rf. Rf can be determined by 

the equation: 

Rf = Rt – Rm                                    (3) 

Figure 5 shows the fouling resistance (Rf) during the 

desalination of seawater at the various PEG concentrations. 

The figure shows that the fouling resistance of the membrane 

with 6% PEG has good linearity and stability. While the 

fouling resistance of the membrane with 2% and 4% PEG are 

poor of linearity and stability. The fouling resistance 

increases significantly after 30 minutes. The linearity of 

membranes is shown in Table 1. The figure shows that at the 

time of 75 minutes, the fouling resistance at various PEG 

concentrations achieved the same value of 1.7 × 1013 m
-1

. 

 

Figure 5. The fouling resistance during desalination at the various PEG 

concentrations. 

Table 1. Linearity equation of fouling resistance. 

PEG Concentration Equation R2 

0 y = 1.1010x + 6.1011 0.5575 

2 y = 3.1011x – 4.1012 0.8933 

4 y = 3.1011x – 4.1011 0.8174 

6 y = 2.1011x + 2.1012 0.9967 

4. Conclusion 

The addition of PEG to the PVA polymer solution (dope) 

will increase the membrane resistance (Rm) and seawater 

rejection. The higher rejection is achieved of 93.77% at the 

addition of 6% PEG. Fouling resistance (Rf) isn’t affected by 

PEG concentration. The fouling resistance has good linearity 

and stability at the addition of 6% PEG. The characteristics 

of hybrid ceramic membrane form natural zeolite – 

PVA/PEG must be modified to increase the flux and rejection 

coeffiecient. 
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