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Abstract 

In the last decades improving the performance of polymeric membranes, for example adding inorganic nanoparticles 

in polymer matrix is one of the predominant concerns of the researchers. In the present work, the separation of 

oxygen, nitrogen, methane and carbon dioxide gases by PVC/silica nanocomposite membranes were investigated. 

Silica nanoparticles were prepared via sol-gel method. Membranes were prepared by thermal phase inversion 

method. The prepared nanocomposite membranes were characterized using FTIR, SEM and TGA methods. The 

results demonstrate a nano-scale and good distribution of silica particles in the polymer matrix. This confirms the 

desirable mixing of the silica in polymer and also a good compatibility between the two phases. The thermal 

properties of PVC membranes were also improved by adding silica particles. The performances of prepared 

membranes in gas separation were measured at pressure of 10 barg and temperature of 25 ◦C. The obtained results 

showed that the permeability of all gases increased. Also by entering silica nanoparticles in PVC matrix, the 

performances of separation of CO2 from CH4 and separation of CO2 from N2 were increased.  
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Introduction 

Poly (vinyl chloride) (PVC) is one of the commodity polymers of highest worldwide consumption. The utilization of 

PVC in a wide variety of applications derives from the good properties of this polymer, especially high 

compatibility with additives, easy processability and recyclability. Although the low cost and the good properties of 
PVC have contributed to extend the use of this material to different applications of commercial importance, studies 

on the performance of PVC films in gas separation are scarce. Earlier work carried out in our laboratories showed 

that PVC membranes exhibit low permeability to gases accompanied of rather high selectivity [1-3]. 

Polymer–inorganic nanocomposite materials, herein defined as inorganic nanofillers dispersed at a nanometer level 

in a polymer matrix, have been investigated for gas separation, and have the potential to provide a solution to the 

trade-off problem of polymeric membranes [4-5]. For example, many polymer–inorganic nanocomposite 

membranes show much higher gas permeabilities but similar or even improved gas selectivities compared to the 

corresponding pure polymer membranes [6]. The nanocomposite materials may combine the advantages of each 

material: for instance, the flexibility and processability of polymers, and the selectivity and thermal stability of the 

inorganic fillers. Additionally, the gas separation performance of nanocomposite membranes can be further 

enhanced by chemical modification [7].  

 

Exprimental 

1. Material 

PVC polymer purchased from Vinythai Co (THAI), Dimethylformamid (DMF) as a solvent, Tetraethoxysilane 
(TEOS), 3-glycidyloxypropylterimethoxy silane (GOTMS), hydrochloric acid (HCl) and ethanol required for 

preparation of silica particles were provided from Merck (GERMANY). 

2. Dense Membrane Formation 
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A solution casting method was used to prepare the dense film [8]. The average thickness of the films was 35 

microns.    

 

3. Preparation of silica nanoparticles and PVC–silica composite membrane 

Silica nanoparticles were prepared via the hydrolysis of tetraethoxysilane (TEOS) in ethanol at the presence of 

hydrochloric acid as a catalyst. Initially, tetraethoxysilane (25 g) and a coupling agent 3-glycidyloxy 

propylterimethoxysilane (GOTMS) (4 g) were mixed together in dry ethanol (30 ml) at a temperature of 70 ◦C for 1 

h. Consequently, a mixture of ethanol (30 ml), deionized water (7.5 g) and hydrochloric acid (0.83 g) was added 

drop-wise to the reacting mixture. TEOS was hydrolyzed under continuous agitation at 80 ◦C for 1 h leading to the 

formation of a clear and transparent silica-sol. PVC–silica nanocomposite membranes were prepared by the same 

method following the addition of the silica-sol in different weight fractions to the polymer solution. 

 

Result and discussion 

1. FTIR spectra 

The analysis of PVC-silica showed peak at 435 cm-1 (attributed Si-O-Si Rocking), 1077 cm-1 (attributed Si-O-Si 

asymmetric Stretching) and 3438 cm-1 (attributed Si-OH Stretching).  Fig 1 shows the FTIR spectra of prepared 

structures. The obtained results show that the peaks related to nanosilica increased by increasing the nanoparticles 

content in membranes.  

2. TGA analysis 

The thermal properties of PVC-silica membranes were determined by DSC and TGA analyses. Fig 2 showed that Tg 

and Td increased with adding nanoparticle.  

3. SEM analysis 

Figure 3 shows the SEM micrographs PVC-silica membranes. The figure shows that PVC-silica led to a 

homogeneous structure. The uniform dense membrane without any defects makes these membranes acceptable for 

our gas permeation studies. The nano scale distribution of particles have been appeared in the figures. 

 

 
 

Fig.1- FTIR spectra of membrane 
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Fig.2- SEM of pure PVC and PVC-silica 

 

 
 

Fig.3- TGA analyses of membranes 
 

4. Gas separation properties  

The permeability of gases was determined using constant pressure/variable volume method. The performances of 

prepared membranes in gas separation were measured at pressure of 10 barg and temperature of 25 ◦C. The obtained 

results showed that the permeability of carbon dioxide, oxygen, nitrogen and methane gases increased from 0.105, 

0.023, 0.0066 and 0.005 barrer in pure PVC to 0.1908, 0.048, 0.0105 and 0.007 barrer in the composite membrane 

containing 30%wt silica particles respectively. The permeability values increased about 82%, 108%, 59% and 40% 

for carbon dioxide, oxygen, nitrogen and methane gases respectively.  

Also by entering silica nonoparticles in PVC matrix, the performances of separation of CO2 from CH4 and 

separation of CO2 from N2 were increased. Furthermore, the obtained results revealed the fact that incorporation of 

silica particles in the polymer matrix, i.e. increasing the number of polar OH groups as well as morphological 
changes induced at the silica–PVC interface, leads to the enhancement of the gas solubility in such membranes. The 

smaller the penetrant kinetic diameter, the higher should be the penetrant mobility through the polymer gaps should 
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be, to reach a new site. The results show an adequate correlation between the permeation coefficients PCO2 > PO2 > 

PN2 > PCH4 and their kinetic diameters   σkCO2 < σkO2 < σkN2 < σkCH4. 

 

Table1. Permeability coefficients and permselectivities at P = 10 barg and T = 25 °C 

Structure permeability coefficient (Barrer)
a
 permselectivity 

 CH4 CO2 N2 O2 CO2/N2 CO2/CH4 

Pure PVC 0.0050 0.1050 0.0066 0.0230 15.9 21.0 

PVC-10S 0.0052 0.1295 0.0092 0.0361 14.1 22.5 

PVC-30S 0.0070 0.1908 0.0105 0.0480 18.2 27.3 

a
  1 Barrer = 1 × 10−10 cm3(STP)cm/cm2 s cmHg 

 

Conclusion 
 

In this study, the effect of incorporation of silica particles on the permeability of CO2, CH4 and N2 in 

Polyvinylchloride (PVC) membranes has been investigated. The permeability of all gases enhanced as 

nanocontentes increased. Furthermore, the obtained results revealed the fact that incorporation of silica particles in 

the polymer matrix, i.e. increasing the number of polar OH groups as well as morphological changes induced at the 

silica–PVC interface, leads to the enhancement of the gas solubility in such membranes, while the diffusivity of the 
gases in the nano-composite membrane is reduced due to the obstructions made by the particles.  
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