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Abstract—Separation of propylene-propane mixture using
immobilized liquid membrane was investigated. The effect of trans-
membrane pressure and carrier concentration on membrane
separation performance was studied. It was observed that for 30:70
(vol. %) propylene-propane mixture, at pressure of 120kPa and
carrier concentration of 20wt. %, a separation factor of 474 was
obtained.
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. INTRODUCTION

IGHT olefins such as ethylene and propylene are

produced in great quantities in petrochemical plants. An
important step in the manufacture of olefins is large-scale
separation of the olefin from the corresponding paraffin.
Currently, this separation is carried out by distillation, which
is highly energy-intensive due to the cryogenic temperatures
required for the process. Distillation columns are often up to
100 meter tall and typically contain over 200 trays. With
reflux ratios greater than 10, a very high energy input is
required for the distillation process [1], [2].

Membrane technology has been proposed as an alternative
approach to the conventional distillation process for
olefin/paraffin separation [3]. Polymeric membranes [4]-[7]
and facilitated transport membranes [8]-[11] have been
developed for olefin/paraffin  separation. A detailed
description of their performance for this specific separation
can be found in literature [12]-[15].

In Fig. 1 a schematic diagram of facilitated transport
mechanism for olefin-paraffin separation in an immobilized
liqguid membrane is depicted.

In this paper, the performance of an immobilized liquid
membrane system for the separation of propylene-propane
mixture was investigated.
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Fig. 1 Schematic diagram of the facilitated transport mechanism in an
immobilized liquid membrane

Il. EXPERIMENTS

A. Feed Gases

Industrial grade propylene from Tabriz Petrochemical
Company (99.74 mole %) and industrial grade propane from
Tehran Refinery Complex (99.79 mole %) were used as feed
gases and pure nitrogen was used as sweep gas.

B. Carrier Solution

Silver Nitrate (AgNOs;, GR Pro Analysis) which was
purchased from Merck Co., was used as the carrier of
propylene. An aqueous solution of silver nitrate was prepared
by dissolving silver nitrate in deionized water.

C. Flat Sheet Membrane Module

Polyvinilydene diflouride (PVDF) flat sheet membranes
(Durapore from Millipore, filter diameter 142mm) were used
as the support of the liquid membrane. After being immersed
in the carrier solution, the membrane filter was sandwiched
between two compartments of the module. Once prepared, the
membrane filter could be used for 3-4 weeks with no change
in separation and permeation properties.

D. Experimental Apparatus and Procedure

The schematic diagram of the experimental setup is shown
in Fig. 2. All tubing used to connect all parts of the setup was
stainless steel (AISI 316). The experimental procedure is as
follows. Propylene and propane, after passing through mass
flow controllers (Brooks Instruments, model 5850S), were
mixed and entered the humidifier. The humidified feed passes
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Fig. 2 Schematic diagram of the supported liquid membrane system

through a temperature control system and enters the
membrane cell. A combination of a heater and a cooler were
used as the temperature control system. The feed gas was
introduced to the upper compartment of the cell and the sweep
gas, nitrogen, was supplied to the lower compartment. The
main product, permeate, was collected from the lower
compartment and the secondary product, retentate, was
collected from the upper compartment. A back pressure
regulator (BPR, Tescom, Germany) was used on the retentate
line to control the pressure of the system. During all
experiments, sweep gas was at atmospheric pressure. The
experiments were conducted at room temperature (298+5K).
All the experimental data were obtained after an initial
permeation period of 4-6 hr.

E. Analysis

The gas composition was determined by a Gas
Chromatograph (Agilent 6890N) equipped with a Flame
lonization Detector (FID, Agilent Technologies Inc. column,
HP Al/S, 0.53 mm in diameter, and 50 m in length).

I1l. RESULTS AND DISCUSSION

The effect of trans-membrane pressure and carrier
concentration on membrane performance is shown in Figs. 3-
5. Different mixtures of propylene-propane were used as feed
gas.

Facilitated transport is a combination of two processes:
absorption (on the feed side) and stripping (on the permeate
side). Increasing the pressure is in favor of absorption and
decreasing the pressure is in favor of stripping. Thus, the more
the pressure on the feed side, the more the absorbed propylene
on the feed side. Due to the pressure difference between feed

side and permeate side, the complexed propylene is
decomposed on the permeate side. Therefore, the more the
trans-membrane pressure, the more the driving force for
separation. Hence, more propylene was transported across the
membrane and separation factor was increased.

In facilitated transport membranes, propylene permeation
occurs via two mechanisms: Fickian diffusion and facilitation
transport. In the absence of carrier (Ag") in the membrane,
propylene was permeated only via Fickian diffusion. When
carrier was added to the membrane system, propylene was
permeated via Fickian diffusion and facilitated transport.
Based upon facilitated transport mechanism, when more
carriers are available in the membrane, more propylene can be
transported along the membrane thickness and this will cause
membrane to have a better separation performance.

In an immobilized liquid membrane with a constant carrier
concentration and at constant trans-membrane pressure, when
a few concentration of propylene was in the feed stream, the
separation factor was higher in comparison with the case
when a large concentration of propylene was in the feed
stream. The reason is that, in the former case, most of the
propylene molecules can react with carrier molecules and can
transport across the membrane via facilitated mechanism, but
in the latter case, as more propylene molecules were in the
membrane, all of them cannot react with the carrier molecules
and cannot transport across the membrane via facilitated
mechanism. Hence, separation factor in the former case is
greater than in the latter case.
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Fig. 3 Performance of membrane system for the separation of 30:70
vol.% propylene-propane mixture
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Fig. 4 Performance of membrane system for the separation of 50:50
vol.% propylene-propane mixture
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Fig. 5 Performance of membrane system for the separation of 70:30
vol.% propylene-propane mixture

IVV. CONCLUSION

A series of experiments were carried out on the separation
of propylene-propane mixtures using immobilized liquid
membrane containing aqueous solution of silver nitrate
(AgNOs3). The influence of trans-membrane pressure and
carrier concentration on membrane performance was
investigated. It was found that increasing the trans-membrane
pressure and carrier concentration is in favor of separation
factor and a more purified product was obtained.
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