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Abstract  Composite membranes have attracted increasing attentions owing to their potential applications for CO2 
separation. In this work, ceramic supported polydimethylsiloxane (PDMS) and poly (ethylene glycol) diacrylate 
(PEGDA) composite membranes were prepared. The microstructure and physicochemical properties of the compos-
ite membranes were characterized. Preparation conditions were systematically optimized. The gas separation per-
formance of the as-prepared membranes was studied by pure gas and binary gas permeation measurement of CO2, 
N2 and H2. Experiments showed that PDMS, as silicone rubber, exhibited larger permeance and lower separation 
factors. Conversely, PEGDA composite membrane presented smaller gas permeance but higher ideal selectivity for 
CO2/N2. Compared to the performance of those membranes using polymeric supports or freestanding membranes, 
the two kinds of ceramic supported composite membranes exhibited higher gas permeance and acceptable selectiv-
ity. Therefore, the ceramic supported composite membrane can be expected as a candidate for CO2 separation from 
light gases.  
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1  INTRODUCTION 

The separation of carbon dioxide from light gas 
mixtures is an important environmental and energy 
issue, which has attracted considerable research inter-
est in recent years [1]. Compared with conventional 
absorption, adsorption, and cryogenic distillation tech-
niques, membrane separation presents inherent ad-
vantages such as high efficiency, low cost and small 
footprint. Thus, it is considered to be a better candi-
date for the CO2 separation [2-4]. 

Gas separation membranes work on the principle 
of selective permeation that gases are separated due to 
their different solubility and diffusivity in polymers. 
Generally, gas solubility in polymers is higher with 
increasing gas condensability. CO2 typically exhibits 
higher solubility than light gases like hydrogen and ni-
trogen since its higher condensability in polymers [5, 6]. 
Siloxane-based polymers are widely studied because 
of their low surface energy and low glass transition 
temperature, which sounds high flexibility and gas 
diffusivity [7]. Recently, polymeric materials contain-
ing ether oxygen groups, such as pure poly(ethylene 
glycol) (PEG), PEG-containing copolymers and acry-
lated PEG, have been extensively investigated in CO2 
separation fields [8-20]. Those materials containing 
polar moieties, ether groups, have an affinity for CO2 
for dipole-quadrupole interactions [21]. Lin and Free-
man [16-18] prepared symmetric pure PEG and acry-
lated PEG membranes, and those membranes exhib-
ited high CO2/light gas selectivity. 

Although the gas permeation performance for 

various membranes mainly depends on the properties 
of the membrane materials, the types of membrane 
structure also have an influence on the membrane 
performance which should not be neglected. In indus-
trial application, composite membranes that consist of 
a porous support layer with a thin dense skin layer on 
top are predominantly used because of their higher gas 
permeability and mechanical strength compared to 
symmetric organic membranes or inorganic membranes. 
To date, most of the membranes reported for CO2 
separation are porous polymeric supported or free-
standing. The major drawbacks of these membranes 
are low mechanical, chemical and thermal stability. 
The stability of the composite membranes is deter-
mined by not only the separation layer but also the 
interface between the separation and support layers. In 
the cases of high temperature or high pressure, poly-
meric supports cannot constraint the shear stress at the 
interface, thus the separation layer may delaminate 
from the support with elapse of the operation time. 
However, the rigid ceramic supports can confine the 
polymer that penetrates into the pores, which improves 
the stability of the composite membrane with the con-
finement effect [22]. In addition, ceramic supports can 
provide sufficient mechanical stiffness to support a 
thin selective layer even at high pressure. The low 
transport resistance of ceramic support could enhance 
the gas permeance as well. Because of the above men-
tioned advantages of ceramic supports, numerous 
studies have been focused on the preparation of or-
ganic/inorganic composite membranes [23-32], which 
combines the advantages of both polymeric and inor-
ganic membranes. Our previous works have developed 
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a series of ceramic supported polymer composite 
membranes. The separation materials include polydi-
methylsiloxane (PDMS) [27-30], poly (vinyl alcohol) 
(PVA) [25, 26], chitosan (CS) [25] and polyelectrolytes 
[31, 32]. The applications of these composite mem-
branes contain the bio-fuels recovery, gasoline desul-
furation, pervaporation coupled process, and dehydra-
tion of alcohols and esters [25, 27-29]. Those ceramic 
supported composite membranes exhibit remarkable 
high performance, especially high permeate flux. This 
is attributed to the thin polymer separation layer and 
ceramic support with low transport resistance. Major 
disadvantages of the ceramic support are high cost and 
low packing density. Development of low cost ceramic 
membrane and recycling of the support through ther-
mal decomposition of the polymer on the ceramic sup-
port can decrease the cost. To highly increase the pack-
ing density, hollow fiber membrane can be employed. 

To date, most of the gas separation membranes 
are freestanding or using porous polymeric membranes 
as the supports. Therefore, the objective of this work 
is to try to use the ceramic supported PDMS and PEGDA 
composite membranes for CO2 separation from light 
gases. The preparation conditions including polymer 
concentration and amount of the cross-linking agent 
are systematically optimized and the gas separation 
performance of the as-prepared membranes is studied 
by pure gas and binary gas permeation measurement 
of CO2, N2 and H2. 

2  EXPERIMENTAL 

2.1  Materials 

Hydrogen, nitrogen, and carbon dioxide, with purity 
99.999% (except for carbon dioxide: 99.5%) were pur-
chased from Nanjing Special Gases Company and were 
used as received without further purification. Alumina 
powders (particle size of −400 nm) and tubular asymmet-
ric ZrO2/Al2O3 composite membranes (average pore size 
of top layer, 0.2 μm) were supplied by Membrane Sci-
ence & Technology Research Center in Nanjing Univer-
sity of Technology. α,ω-Dihydroxypolydimethylsiloxane 
(viscosity, 5000 mPa·s; wM =  60000) was purchased 
from Shanghai Synthetic Resin Company, China. Tet-
raethyl orthosilicate (TEOS), n-heptane and dibutyltin 
dilaurate were of analytical grade from Sinopharm 
Chemical Reagent Co., Ltd, China and were used 
without further purification. Poly (ethylene glycol) dia-
crylate (relative molecular mass 700) was purchased 
from Aldrich Chemical Company. 1-hydroxylcyclohexyl 
phenyl ketone (HCPK) was supplied by Nanjing 
ChungHoSung Technology Co., Ltd, China. The 
chemical structure of PEGDA is presented as follows: 

 

2.2  Preparation of ceramic supported composite 
membranes 

2.2.1  Ceramic supported PDMS composite membrane 
Tubular asymmetric ZrO2/Al2O3 composite mem-

branes were used as supports. PDMS polymer was 
dissolved in n-heptane, then cross-linking agent TEOS 
and catalyst dibutyltin dilaurate were added into the 
polymer solution. The solution was stirred at 30 °C. 
Subsequently, the cross-linked PDMS solution was 
coated onto the outer surface of ceramic supports by a 
dip-coating method. The membranes were dried for 24 
h under room temperature, and then introduced into an 
oven to remove any residual solvent and to complete 
cross-linking at 120 °C for 12 h. 

2.2.2  Ceramic supported PEGDA composite mem-
brane 

Alumina disks were used as supports for PEGDA 
composite membranes. Alumina powders were uniax-
ially pressed at 200 MPa to prepare green disks. The 
green disks were then sintered at 1200 °C for 2 h to 
form the porous supports. The permeation cell used 
for PEGDA membrane was stainless steel with an ef-
fective area of 3.8 cm2. 

0.1% (by mass) initiator (HCPK) was added into 
PEGDA in an amber glass jar to prepare prepolymeri-
zation solution. After stirring, the solution was mixed 
with a predetermined amount of water to form the 
target composition. The resulting polymer solution 
was coated onto one surface of the Al2O3 support by 
dip-coating method for 30 s and then the resulted 
polymer layer on the surface was polymerized by ex-
posure to UV light for 90 s. Various PEGDA concen-
trations (by mass) of 100%, 80%, 60%, 40% in pre-
polymerization solution were used for the preparation 
of cross-linked PEGDA composite membranes. 

2.3  Characterization 

The surface and cross-section morphologies of 
the composite membranes were characterized by 
scanning electron microscopy (SEM, QUANTA-2000). 
The dried composite membranes were fractured in 
liquid nitrogen and then sputtered with gold in vac-
uum. Symmetric PDMS and PEGDA layers were pre-
pared for Fourier Transform Infrared Spectroscopy 
(FT-IR, AVATAR-360) and X-ray diffraction (XRD, 
Bruker D8 Advance) characterization. FT-IR of PDMS, 
symmetric PDMS layer, PEGDA monomer and sym-
metric PEGDA layer were recorded using the KBr 
pellet method at room temperature. Symmetric PDMS 
layer, poly (ethylene oxide) (relative molecular mass 
10000), and symmetric PEGDA layer were analyzed 
by XRD with Cu Kα radiation. The diffraction was 
collected at room temperature in the range of 5°≤2θ
≤40° with the step width of 0.05° and scan rate of 0.2 s 
every step. To measure the shrinkage of PEGDA mem-
brane area before and after cross-linking, the photo-
graph of cross-linked membrane was meshed, and 
then the membrane area was estimated. The shrinkage 
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was calculated based on the changes in membrane 
area before and after cross-linking. 

2.4  Gas permeation experiments 

Pure gas permeation measurements were con-
ducted in ambient conditions to evaluate the gas sepa-
ration performance of the composite membranes. The 
permeation rate was measured by a bubble flow meter. 
Beside pure gas tests, binary gas tests were also per-
formed on the membranes at 35 °C and feed total 
pressures of 0.2 MPa. The feed was kept in continuous 
flowing condition through partial opening of the valve 
on the retentate line and the flow rate of individual 
gases was controlled by mass flow controllers (Seven-
star). The composition of the permeate gas was ana-
lyzed using a gas chromatograph (Agilent, 7820A). 
The permeance was calculated by: 

2 1( )
VP

At p p
=

−
             (1) 

unless otherwise specified, V is the volume of perme-
ated gas at the standard temperature and pressure con-
ditions (STP), A is the effective membrane area, t is 
the experiment time interval, and p2 and p1 are the 
upstream and downstream partial pressures, respec-
tively.  

The separation factor was defined as their per-
meance ratio: 

A
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3  RESULTS AND DISCUSSION 

3.1  Physicochemical properties characterization 

In order to investigate the intrinsic physico-
chemical properties of the separation materials, sym-
metric PDMS and PEGDA layers were prepared by 
casting the solutions on the flat-bottom glass dishes, 
and cross-linked in the same method as described in 
Section 2.2. The resulted layers were characterized by 
FT-IR and XRD. 

3.1.1  FT-IR analysis 
Figure 1 is the FT-IR spectra of pristine PDMS 

and symmetric PDMS layer, and Fig. 2 presents the 
FT-IR spectra of PEGDA monomer and symmetric 
PEGDA layer. Compared to the pristine PDMS, the 
relative peak intensity at 1060 cm−1 (asymmetric 
stretch of Si O Si) in the spectra of the symmetric 
PDMS layer increases compared to the peak at 1250 
cm−1 which is due to the twisting vibration of Si CH3, 
nonreactive group during cross-linking. PDMS con-
tains a large number of Si O Si groups，and the 
Si O Si generated by cross-linking only account for 
a small amount, therefore, its change of vibration in-
tensity is not very obvious. In addition, in Fig. 1 the 

peak intensity at around 3500 cm−1 (hydroxyl) [29] 
decreases. These indicate that several hydroxyl groups 
disappear and more Si O Si bonds form during the 
cross-linking reaction between PDMS polymer and 
TEOS. This result confirms the cross-linking of 
PDMS membrane. For PEGDA monomer in Fig. 2, 
the peaks at 812 cm−1 (twisting vibration of the acrylic 
CH2 CH bond), 1410 cm−1 (deformation of the 
CH2 CH bond), and 1190 cm−1 (acrylic C O bond) 
are attributed to the stretching of acrylate groups [16]. 
The peak at 1100 cm−1 is often referred to C O C 
stretching. After the PEGDA layer is exposed to UV 
light, as displayed in Fig. 2, all of these characteristic 
peaks for the acrylate groups are disappeared, sug-
gesting the occurrence of cross-linking reaction. 

3.1.2  XRD analysis 
The crystal structure of semi-crystalline polymers 

could be characterized by XRD analysis. Both 
cross-linked PEGDA and poly (ethylene oxide) (PEO) 
contain high ethylene oxide content. The XRD pat-
terns of PEO, symmetric cross-linked PEGDA and 
PDMS layers are given in Fig. 3. The XRD pattern 
indicates that PDMS is amorphous [33]. For PEO, at 
2θ values around 17°-19° and 22°-24°, there exits 
sharp characteristic peaks, which suggests that PEO is 
a semi-crystalline [16]. However, the absence of obvi-
ous peaks in the cross-linked PEGDA pattern indicates 

 
Figure 1  FT-IR spectra of pristine PDMS and symmetric 
PDMS layer 
1—pristine PDMS; 2—symmetric PDMS layer 

 
Figure 2  FT-IR spectra of PEGDA monomer and sym-
metric PEGDA layer 
1—PEGDA monomer; 2—symmetric PEGDA layer 
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that it is amorphous at room temperature [16]. Owing 
to its amorphous nature, the cross-linked PEGDA ma-
terial with flexible chains could be prepared as de-
fect-free membrane easier than semi-crystalline poly-
mer, such as PEO, and could induce high gas diffusiv-
ity [16]. PDMS amorphous halo appears at lower 2θ 
values than PEGDA, corresponding larger d-spaces 
value based on Bragg’s equation [34]: 

2sin
d λ

θ
=                 (3) 

where λ is the wavelength of Cu Kα radiation and θ is 
the angle of the reflection peak. The d-spaces value 
characterizes the chain-to-chain distance in the poly-
mer [35], therefore the chain packing of PDMS can be 
considered to be looser than PEGDA. 

3.2  Ceramic supported PDMS composite mem-
brane 

3.2.1  Morphology of the membranes 
Figure 4 shows the SEM micrograph of the ce-

ramic supported PDMS composite membrane. It can 
be seen that the active PDMS layer is uniformly 
coated on the surface of ceramic supports. The surface 
of the composite membrane is dense and defect-free 

[Fig. 4 (a)], and the membrane structures (ceramic 
layer, PDMS layer) can be observed clearly [Fig. 4 
(b)]. The PDMS layer is well adhered to the porous 
ceramic support layer. 

3.2.2  Optimization of preparation conditions 
Polymer concentration and the amount of cross- 

linking agent have significant effects on the rheology 
of PDMS solution and the thickness of polymer layer, 
thereby affect the gas separation performance. In order 
to optimize the preparation condition, the effects of 
PDMS concentration and amount of cross-linking 
agent on membrane performance are investigated. 

As seen from Fig. 5, the ideal selectivities of 
CO2/N2 and CO2/H2 raise with increasing PDMS con-
centration, while the gas permeance decreases. Higher 
concentration of PDMS leads to not only increased 
thickness but also denser chain packing. As a result, 
the gas mass transfer resistance becomes higher with 
reduced gas permeance. The reason that the ideal se-
lectivity increases is contributed to solubility of sorb-
ing penetrant (CO2) in the membrane is higher due to 
the denser chain packing, and increased thickness of 
polymer layer could decrease the possibility of defects 
existed in the PDMS separation layer. 

From Fig. 6, the ideal selectivities of CO2/N2 and 
CO2/H2 increase with increasing the amount of cross- 
linking agent, while the gas permeance decreases. 
When the cross-linking agent is added to the PDMS 
solution, the chemical connection occurs between 
macromolecules and the reticular spatial structure is 
formed. Then, the mobility of macromolecules and 
chain segments are weakened with lessened interchain 
free volume, which accounts for the decrease of gas 
permeance. However, because of CO2 having stronger 
affinity to the membrane, the permeance of the CO2 
decreases more slowly than that of light gases. Hence, 
the selectivity increases with the addition of cross- 
linking agent. Considering both gas permeance and 
selectivity, PDMS concentration at 15% (by mass) and 
the amount of cross-linking agent at 20% (by mass) 
should be more practical. Under this condition, the 
ideal selectivities of CO2/N2 and CO2/H2 are 8.6 and 
3.8, respectively, while the permeance of CO2 could 
reach 3.08×10−7 cm3·cm−2·s−1·Pa−1. 

 
Figure 3  XRD patterns of PEO, symmetric PEGDA layer
and symmetric PDMS layer 
1—PEO; 2—symmetric PEGDA layer; 3—symmetric PDMS 
layer 

  
(a) Surface of the ceramic supported 

PDMS composite membrane 
(b) Cross section of the ceramic supported 

PDMS composite membrane 
Figure 4  SEM images of the ceramic supported PDMS composite membrane 
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Composite membranes that prepared under the 
optimized condition were tested with different feed 
containing CO2, N2 and H2. Compared to the ideal gas 
selectivity, the mixed gas selectivity is lower. Figs. 7 

and 8 indicate that the membranes selectivity and CO2 
permeance for both gas pairs decrease with increasing 
CO2 content in the feed gas. Because of the strong 
interaction between CO2 molecules, as well as CO2 

  
(a) Effect of PDMS concentration on permeance of CO2, N2 
and H2

 

 CO2;  N2;  H2 

(b) Effect of PDMS concentration on ideal selectivities of 
CO2/N2 and CO2/H2 

 CO2/N2;  CO2/H2 
Figure 5  Effect of PDMS concentration on gas separation performance of the ceramic supported PDMS composite mem-
brane [crosslinking agent: 20% (by mass), temperature: 35 °C, upstream pressure: 0.2 MPa] 

  
(a) Effect of amount of cross-linking agent permeance on per-
meance of CO2, N2 and H2

 

 CO2;  N2;  H2 

(b) Effect of amount of cross-linking agent on ideal selectivi-
ties of CO2/N2 and CO2/H2 

 CO2/N2;  CO2/H2 
Figure 6  Effect of amount of cross-linking agent on gas separation performance of the ceramic supported PDMS composite 
membrane [PDMS concentration: 15% (by mass), temperature: 35 °C, upstream pressure: 0.2 MPa] 

  
Figure 7  Binary (CO2/N2) gas mixture separation perform-
ance of PDMS of different composition (temperature: 35 °C, 
upstream total pressure: 0.2 MPa) 

 separation factor (CO2/N2);  CO2 permeance 

Figure 8  Binary (CO2/H2) gas mixture separation perform-
ance of PDMS of different composition (temperature: 35 °C, 
upstream total pressure: 0.2 MPa) 

 separation factor (CO2/H2);  CO2 permeance 
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and the membrane, the CO2 diffusion resistance in-
creases with increasing CO2 content in the feed gas. 
As a result, the permeance of CO2 decreases. However, 
the feed gas composition has less effect on N2 and H2 
diffusion resistances due to the non-selectivity of the 
membrane toward the less condensable gas and the 
weak interactions between the molecules. Thus, the 
selectivity decreases with increasing CO2 content. 

3.3  Ceramic supported PEGDA composite mem-
brane 

3.3.1  Controlling of membrane Morphology 
Ceramic supported PEGDA composite membranes 

were fabricated by coating PEGDA solution onto ce-
ramic porous supports. Different from PDMS as sili-
cone rubber, the chains of PEGDA were not as flexible 
as PDMS. In addition, PEGDA shrunk after cross-linked. 
To optimize the membrane structure, the effect of 
PEGDA concentrations on membrane structure was 
investigated. During the polymerization process, the 
PEGDA was cross-linked and the force between PEGDA 
molecules changed from van der Wales to covalent 
bond [36]. Thus, the distance between PEGDA mole-
cules decreased, which resulted in the volume shrink-
age of polymer. The shrinkage of PEGDA spreading 
on the support with concentrations (by mass) of 100%, 
80%, 60% and 40% were 7.3%, 33.5%, 53.5% and 

85.3%, respectively. These results indicated that the 
shrinkage decreased with increasing PEGDA concen-
tration. In PEGDA solutions, low concentration led to 
the farther distance between PEGDA molecules. 
Therefore, after PEGDA molecules were linked with 
covalent bond by polymerization, lower PEGDA con-
centration could result in larger change of distance, 
which meant higher shrinkage of the PEGDA layer. 
When the concentration was less than 80%, the shrink-
age was so high that the cross-linked PEGDA layer 
could not spread well on the ceramic surface. Because 
the addition of polymer to the prepolymerization solu-
tion could decrease shrinkage [37, 38], 2% (by mass) 
based on water of poly (ethylene oxide) (PEO) (Mn =  
100000 g·mol−1), which has many ether oxygen 
groups, was added to the solution with low concentra-
tion (40%, 60%). And it was found that the spreading 
of cross-linked PEGDA layer was promoted greatly.  

Figure 9 (a) is the SEM image of the surface of 
porous ceramic support. As shown in Fig. 9 (c), it can 
be seen that when PEGDA mass concentration is 100%, 
the polymer separation layer is successfully coated 
onto the support. It is obvious that the membrane sur-
face is dense and crack-free. From the cross-section 
image [Fig. 9 (d)], it is found that there is clearly an 
interface layer formed by the penetration of polymer 
solution into the ceramic support. This interface layer 
reinforced the adhesion strength between the coating 

  
(a) Surface of ceramic support (b) Cross section of ceramic supported PEGDA 

[60% (by mass), PEO added] composite membrane 

  
(c) Surface of ceramic supported PEGDA 

(100%, by mass) composite membrane 
(d) Cross section of ceramic supported PEGDA 

(100%, by mass) composite membrane 
Figure 9  SEM images of surface of ceramic support, cross section of ceramic supported PEGDA [60% (by mass), PEO 
added] composite membrane, surface of ceramic supported PEGDA [100% (by mass)] composite membrane and cross section 
of ceramic supported PEGDA [100% (by mass)] composite membrane 
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layer and ceramic support, therefore, the structural 
stability of the membrane is improved greatly [22]. 
However, the addition of PEO into the PEGDA solu-
tion with lower concentration results in poor adhesion 
between the organic separation layer and the supports 
as shown in Fig. 9 (b). The main reason could be that 
the viscosity of PEO added solution, such as 60% (by 
mass) PEGDA, is 123.5×10−3 Pa·s, which is higher than 
10% (by mass) PEGDA with 66.6 ×10−3 Pa·s. And the 
high viscosity could reduce the penetration into the 
pores of ceramic supports. 

Therefore, high PEGDA concentration of pre-
polymerization solution can promote the spreading of 
PEGDA layer on the ceramic support surface due to 
the low shrinkage. In addition, the interface layer 
formed by polymer penetration can distinctly enhance 
the interfacial adhesion between polymer layer and 
ceramic support. 

3.3.2  Pure gas permeation 
Figure 10 presents the effect of upstream pres-

sure on gas permeance of ceramic supported PEGDA 
(100%, by mass) composite membrane at 35 °C. The 

gas permeances for N2 and H2 were essentially inde-
pendent of pressure, indicating that the membrane was 
defect-free. However, as the upstream pressure in-
creased, the permeance of CO2 became larger which 
could be attributed to the fact that the solubility of 
sorbing penetrant (CO2) in the membrane increased 
with increasing pressure. In addition, the plasticization 
of the polymer matrix could also induce the similar 
result. Nearly no permeated N2 could be detected, so 
the ideal selectivity of as-prepared membrane for CO2/N2 
was much high. The ideal selectivity of CO2/H2 in-
creased from 3.7 to 4.1 with the upstream pressure 
ranged from 0.3 to 0.6 MPa. Compared with ceramic 
supported PDMS membranes, PEGDA composite 
membranes presented smaller gas permeance and 
much higher selectivity of CO2/N2. The high gas per-
meance of PDMS attributes to the looser chain packing 
of PDMS as the XRD analysis proved and the smaller 
thickness of polymer layer. The polar ether oxygen 
groups contained in PEGDA, which can favorably in-
teract with CO2, result in the high selectivity of PEGDA 
membranes. To further enhance the selectivity, fol-
lowing key factors should be improved: the control of 
polymerization process, the membrane continuity and 
the adhesion between PEGDA and ceramic support. 

3.4  Comparison of gas separation performance 
with the literature 

Based on the comparison of PDMS and PEGDA 
membranes using other polymeric supports or free-
standing membranes reported in Table 1, the ceramic 
supported composite membrane can be considered to 
have higher gas permeance, while the separation fac-
tor is also relatively good. There are several reasons 
for the high permeance. First, the asymmetric structure 
of the ceramic supported membranes with a thin selec-
tive layer that enhances the gas permeance compared 
to that of the thick membrane reported in literature, 

Table 1  Gas separation performance of different PDMS and PEGDA membranes 

 Type of membrane 
Temperature

/°C 
Permeance×1010

/cm3·cm−2·s−1·Pa−1
CO2/N2 

separation factor 
CO2/H2 

separation factor Reference

top layer: PDMS PDMS (unavailable microporous support) 35 815.8 9.5 4.2 [7] 

 PDMS/cellulose acetate (CA) 25 884.2 8.2 —
① [6] 

 PDMS 35 352.6 7.5 3.5 [39] 

 PDMS/CA 25 1050.4 —
① 9.8 [40] 

 PERVAP 4060 35 3576.7 8.4 —
① [5] 

 PDMS 35 170.7 —
① 4.5 [41] 

 PDMS/ceramic 35 3082.7 8.6 3.8 this work

top layer: PEGDA PEGDA 25 1.65 50 7.3 [16] 

 PEGDA 35 2.03-5.49 55 7.0 [19] 

 PEGDA 35 1.50-2.33 —
① 7.0 [20] 

 PEGDA/ceramic 35 5.71 infinite 4.1 this work

① No result. 

 
Figure 10  Effect of pressure on pure gas permeance in 
ceramic supported PEGDA composite membrane (35 °C) 
▲ CO2; ● H2; ■ N2 
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while in practical application, asymmetric structure 
membranes are predominantly used. Second, the po-
rous ceramic possesses a high porosity and a low mass 
transfer resistance. To further improve the CO2 per-
meance, the developments of high permeability poly-
mer materials or ultra-thin membranes are essential. 

4  CONCLUSIONS 

Ceramic supported PDMS and PEGDA compos-
ite membranes were prepared and characterized for 
separation of CO2 from H2 and N2. When the concen-
tration of PDMS and crosslinking agent were 15% (by 
mass) and 20% (by mass), the ideal selectivities of 
CO2/N2 and CO2/H2 were 8.6 and 3.8, respectively, 
while the permeance of CO2 could reach 3.08×10−7 
cm3·cm−2·s−1·Pa−1. The selectivity and gas permeance 
for both gas pairs in the mixed gas were lower than 
that in the pure gas. Compared with ceramic supported 
PDMS composite membrane, PEGDA composite 
membrane presented smaller gas permeance, but much 
higher selectivity for CO2/N2. The gas permeances of 
the two kinds of ceramic supported composite mem-
branes were higher than that supported by polymeric 
supports or freestanding membranes, and at the same 
time, the selectivities were acceptable. The results 
demonstrated that the ceramic supported composite 
membranes can be expected as a candidate for CO2 
separation from light gases.  

NOMENCLATURE 

A effective membrane area, cm2 
wM  average molecular mass 

P permeance of gas, cm3·cm−2·s−1·Pa−1 
PA permeance of gas A, cm3·cm−2·s−1·Pa−1 
PB permeance of gas B, cm3·cm−2·s−1·Pa−1 
p1 downstream pressures, Pa 
p2 upstream pressures, Pa 
t experiment time interval, s 
V permeate volume, cm3 
αA/B ideal selectivity 
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