
1      INTRODUCTION

The gas separation process by asymmetric polymeric
membranes has received much attention during the
last decades because it is more energy efficient than
other conventional separation processes. The mem-
brane gas separation processes can be used in a wide
range of applications, including hydrogen recovery
from ammonia purge gas, enrichment of O2 and N2 from
air and the removal of CO2 from natural gas. Hollow
fibers are the most favored membrane geometry owing
to their high surface area per unit volume of membrane
module. Two key elements determine the potential and
applications of asymmetric hollow-fiber membranes:
firstly, inherent properties of the membrane material;
secondly, membrane structural properties mainly in-
cluding pore size, pore distribution, selective layer
thickness, molecular orientation and freedom from de-
fects. The second key elements can generally vary de-

pending on conditions during fabrication of fibers. Ac-
tual gas separation process occurs in dense skin layer,
therefore its thickness and structure is crucial for gas
separation and plays an important role in fiber separa-
tion performance. The selective layer thickness deter-
mines the membrane flux [1] and the molecular struc-
ture affects selectivity. For an asymmetric membrane
fibers to be useful in separating gases, its active layer
thickness must be within 10-1000 nm and have as few
defects as possible [2].
         It is not a trivial task to fabricate defect-free hollow
fiber membranes with an ultra-thin dense-selective
layer. Phase inversion is a common method to form hol-
low-fiber asymmetric membranes. The resulting mem-
branes have a dense skin layer that is generally bonded
in series with a thick porous substructure. Fibers are
produced by the dry-jet wet-spinning process. This in-
volves the extrusion of a more or less concentrated
polymer dope solution through a spinneret annulus in
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The gas separation process by asymmetric polymeric membranes has received much attention during the last decades because
of its more energy efficiency than other conventional separation processes. Hollow fibers are the most favored membrane
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flowing through concentric annulus of spinneret during hollow fiber spinning process. The rotational rheometer was used to
characterize rheological properties of spinning solutions. Newtonian behavior of the spinning solutions with arbitrary com-
position was shown. The effect of spinning solution and spinneret dimension on flow profile in spinneret was investigated.
The Newtonian character of the spinning solutions caused constant velocity profile resp. shear rate profile regardless of dope
composition when flowing through a spinneret with some flowrate. It has been shown the spinneret dimensions and geometry
play a crucial role in controlling the shear flow in spinneret. The phase behavior of the PEI/NMP/EtOH dope system at a tem-
perature of the hollow fiber spinning process (40 °C) was studied.
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3.3    PHASE DIAGRAM FOR PEI/NMP/ETOH SYSTEM

The phase behavior of the ternary system PEI/NMP/EtOH
was determined by four cloud point measurements at a
temperature of 40 °C. The compositions of the cloud
points refer to the position of the binodal curve (Figure 7).
From obtained cloud points the appropriate linear cloud
point correlation (LCP) in Equation 9 describing the bin-
odal curve was generated using least square fit. The LCP
parameters for this ternary system at room temperature
were also reported [15].

                                        (9)

4     CONCLUSIONS

In order to develop asymmetric PEI hollow fiber mem-
branes with high performance for gas separation, the
influence of dope composition on rheology was studied
for PEI/NMP/EtOH dope system. The effect of spinning
solution and spinneret dimension on flow profile in
spinneret was investigated. The phase behavior of the
PEI/NMP/EtOH dope system was examined. Newtonian
behavior of the spinning solutions with composition in
range 25 – 30 wt% of polyetherimide and 9 – 13 wt% of
ethanol in N-methylpyrrolidone was shown. The viscos-
ity of the dope solutions increases non-linearly with
polymer mass fraction. The Newtonian character of the
spinning solutions causes constant linear velocity pro-
file and shear rate profile regardless of its composition
when flowing through a spinneret with some flowrate.
The spinneret dimensions and geometry play a crucial
role in controlling the shear flow in a spinneret. For con-
sidered spinnerets the shear rates on the wall signifi-
cantly differ during flow of the same flowrates (for ex-
ample from 500 1/s in big spinneret to 14000 1/s in small
spinneret with flowrate of 1 ml/min). The Newtonian
character of the spinning solutions causes linear rela-

tion between the shear rate respective shear stress and
the distance from the axis of rotation (the radius) in a
concentric annulus of spinneret. The phase behavior of
the dope system at a temperature of the hollow fiber
spinning process (40 °C) has shown there is some more
“space” for the solution composition to get closer to the
relevant binodal curve. Obtain data will be used to op-
timize in production of hollow fibers membrane for gas
separation.
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Figure 7: The binodal curves for PEI/NMP/EtOH system. Bin-
odal curve for 25 °C (Data from [15]).

Table 4: The LCP parameters for PEI/NMP/EtOH system.
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