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In the early 1990s, Pinnau and Koros (1992) had developed a theory for skin formation and

developed a forced convection technique to produce thin defect-free active layer. They postulated
that at low residence times, skin formation and coalescence of the polymer-rich phase is
incomplete. As the residence time increased, the skin layer will be matured and properly formed.
Thus, the selectivity increases while the pressure-normalized flux will decrease (Puri, 1996).
Previous studies have shown that the forced convection resident time (FCRT) and coagulation
bath temperature (CBT) have significantly influenced the permeability characteristics of the
membrane, thus affected the membrane performances. From the experimental data obtained, the
varying of forced convection resident time and coagulation bath temperature has an effect on the
performance of asymmetric membrane produced.

The morphological characteristics of the filament, such as the presence of macro pores and
non-circular cross-sectional shapes, are greatly influenced by coagulation conditions. The
coagulation temperature is one of the elements to change the layer shape, due to the different
temperature of coagulant in the coagulation process (Urn et al., 2004). In addition, the coagulation
bath temperature can also be considered as an important parameter in the coagulation process
because it governs the porosity and density of the membrane (Broens et al., 1980).

In this study, forced convection resident time and coagulation bath temperature were study in
UF membrane fabrication in order to investigate their influence in membrane permeability and
morphology. The UF membrane were characterized in term of pure water permeability by using
dead-end permeation cell and measured as pure water flux. The morphology of membranes were
investigated via scanning electron microscope (SEM).

Experimental

Materials, Membrane Preparation and Characterization

A ternary dope formulation of 14.4% Polysulfone (PSF) (Odel - PI700), 81.6% N-methyl-2
pyrrolidone (NMP) (Merk), and 4% water was cast by a dry/wet phase inversion process using an
electrically controlled flat sheet membrane casting machine set up by Atrish Technic Services
Sdn. Bhd and UMT. The membrane cast has been applied with various forced convection resident
time (FCRT) and different coagulation bath temperature (CBT). The nitrogen was flushed across
the membrane surface for lOs, 15s and 20s. The membrane then immersed into coagulation bath
with different temperatures which at 10°C, 30°C and 50°C for one day. Then, the membrane was
soaked in ethanol solution for eight hours to remove the residual left.

After that, the membrane was left dried in the ambient air. The membrane fabricated was
tested using pure water to measure the flux and permeability and has been tested with salt solution
with the concentration of 0.01 M to evaluate it rejection performance and it selectivity
respectively. The tests were done in a dead-end permeation cell (Sterlitech HP 4750) with I - 5
bars operating pressure. The test of each flat sheet membrane was repeated for at minimum three
times to ensure that the results were reproducible. The membranes were characterized according
to its morphology via Scanning Electron Microscopy (JSM PIN HP475) in the cross section
images.

Results and Discussion

Pure Water Permeability

The measurements of water flux as a function of applied pressures were used to investigate the
stability and hydraulic properties of UF membranes. The slope of the fitted scatter displayed the
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Notation

The following symbols are used in this paper:

r
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t

= Averaged solute volume over membrane surface, rn/s

Applied pressure, bar
Pore size, m

Effective membrane thickness, m

Membrane porosity (dimensionless
Ratio of solute radius to membrane pore radius
Tortuosity (dimensionless)
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