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Abstract—Multilayer types of thin film composite(TFC) membranes were prepared. Poly(dimethylsiloxane)
and poly-4-methyl-1-pentene were used as a coating material and polysulfone was used for a porous support
membrane. Permeation data of oxygen and nitrogen through TFC membranes at different pressure and
thickness ratio of coating layer were obtained and the relationship between structure of membranes, permea-
bility and selectivity were analyzed by applying resistance model. The values of permeability coefficient and
ideal separation factor predicted by resistance model were well fitted with the experimental data. Oxygen
was enriched up to 34.5% in the permeate stream under the condition that pressure difference and cut
were 5kg/cm? and 0.05 respectively. The ideal separation factor of this three-layer TFC membrane was
3.4 and the permeability of oxygen was 1.9X10~3[cm3(STP)/cm?-sec-cmHg].
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Fig. 1. Resistance model analogue for (a) Monsanto’s
prism separator membrane and (b) PS/PDMS/
PMP composite membrane, taking into account

the contribution of defects in the surface layer.
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Fig. 2. Permeation modes of penetrant in two-layer com-
posite membranes (a) diffusion parallel to the gra-
dient (b) radial diffusion.
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Fig. 3. Schematic illustration of pore dimensions, for si-
ngle pore unit, within a membrane represented by
repeating pattern of right circular cylinder.
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Fig. 4. Membrane test apparatus.
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Fig. 5. Scanning electron photomicrograph of the surface
of porous polysulfone membrane.

Fig. 6. Scanning electron photomicrograph of the cross
section of PS/PDMS/PMP composite membrane.
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Fig. 7. Permeabilities of oxygen, nitrogen and air versus
pressure difference for PS/PDMS composite mem-
branes.
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Fig. 8. Ideal separation factor versus pressure difference
for PS/PDMS composite membrane.
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Fig. 11. Permeabilities of oxygen, nitrogen and air versus
pressure difference for PS/PDMS/PMP compo-
site membranes.
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a :pore radius [cm]
A, Ar:surface area and total surface [cm?]

A’ : effective surface area fraction [-]
Ap :area exposed by defects [cm?]
A, :surface area of pores [cm?]

b :cell radius [cm]

d :asymmetric membrane skin thickness [cm]

f :fraction of surface exposed by defects in top la-
yer [-]

F :two dimensional factor {-]

I, I; :layer thickness [cm]

p :pressure [cmHg]

P, P; : permeability coefficient [cm3(STP) cm/cm? sec
cmHg]

P :permeability [cm*(STP)cm/cm? sec cmHg]

P, :apparent permeability coefficient [¢cm*(STP) cm
Jem? sec cmHg]

P. :permeability coefficient of a gas in the coated
layer [em*(STP) cm/cm?® sec cmHg])

P, :effective permeability coefficient of a gas within

the pores of a porous substrate [cm®(STP)

cm/cm’ sec emHg]

P, : permeability coefficient in the substrate polymer
[em?*(STP) cm/cm? sec cmHg]

R, R, : resistance to gas flow [sec cmHg/cm®]

R; :total resistance [sec cmHg/cm®]

Rc :resistance of layers connected in series [sec
cmHg/cm®]

Rp :resistance of the PDMS region exposed by de-

fects in the PMP layer [sec cmHg/cm®]
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Q.

™

D M On <

: ideal separation factor [-]

: rate of cell radius to pore radius [-]
: ratio of permeabilities [-]

: ratio of pore length to pore radius [-]
: substrate porosity [-]

: thickness ratio [-]
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