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ABSTRACT

Two important issues in application of ultrafiltration (UF) membrane, i.e. study of
fouling mechanism and synthesis of low fouling membrane have been performed. Study on
fouling mechanism was done by investigation of membrane—solute interactions (static
adsorption) and membrane—solute—solute interactions (UF) using dextran and myoglobin
as the model for polysaccharide and protein, respectively. Low fouling UF membranes
have been synthesized by photograft copolymerization of water soluble monomers,
poly(ethylene glycol) methacrylate (PEGMA) and N,N-dimethyl-N-(2-
methacryloyloxyethyl-N-(3-sulfopropyl) ammonium betaine (SPE), onto polyethersulfone
(PES) membrane with and without cross-linker monomer N,N’-methylene bisacrylamide
(MBAA). Commercial polyethersulfone (PES) and cellulose—based UF membranes were
used during fouling mechanism study whereas two commercial PES UF membranes with
different nominal cut—off were used as the base membrane upon surface modification.

In both studies, the membranes were characterized with respect to the membrane
chemistry (by IR-ATR spectroscopy and elemental analysis), surface wettability (by
contact angle), surface charge (by zeta potential) and pure water permeability, pore
structure and surface morphology (by hydraulic permeability and rejection measurements,
scanning electron microscopy, and atomic force microscopy). In addition, in the fouling
mechanism study, quantification of solute attached on the membrane surface was
performed by simultaneously diffusion adsorption measurements (SDAM).

The results obtained from fouling mechanism study showed that significant changes
in membrane characteristics and water permeability were observed for PES membranes
after static adsorption using dextran. However, such changes were not observed for
cellulose—based membrane. Good correlations were obtained between the water flux
reduction (RFR) caused by dextran adsorption and the quantitative data for bound dextran
on the PES membranes. Further, a pronounced effect of dextran size on adsorptive
membrane fouling was identified. Contact angle and zeta potential measurements with
non—porous films, where solute entrapment in pores can be ruled out, gave additional clear
evidence for dextran binding on the PES surface. Complementary data for adsorption and
fouling of PES membranes and non—porous films by the protein myoglobin indicate that

the larger fouling tendency for protein than for dextran is due to a higher surface coverage
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of PES by the adsorbed biomacromolecule layer. Data for UF confirmed the conclusions
from the static contact experiments because significant fouling was observed for PES
membranes (more severe for myoglobin than for dextrans), while no fouling was observed
for a cellulose—based UF membrane with the same nominal cut—off. Finally, two
mechanisms for the attractive PES—dextran interaction — multiple hydrogen bonding

involving the SO2 groups of PES and “surface dehydration” of the relatively hydrophobic

PES — are discussed. Study on the synthesis of low fouling UF membrane suggests that
PEGMA/SPE-modified membranes showed much higher fouling resistance evaluated by
using protein, sugarcane juice, dextran and humic acid solutions than unmodified
membranes having similar and larger nominal cut—off. However, contribution of
membrane pore structure on membrane—solute interactions was still clearly observed. In
some cases, the presence of cross-linker could improve both flux permeate and rejection
during ultrafiltration. Modified membranes prepared using “period 2” for the first batch
and PEGMA-modified membrane (PES-g-PEGMA) and PEGMA-modified with low
concentration of cross-linker (PES-g-PEGMA/MBAA) for the second batch showed the
best performance during evaluation. Furthermore, modified membranes prepared with an
“old generation” non fouling material, PEGMA, showed better performances than
modified membrane prepared with a “new generation” non fouling material, zwitterionic
SPE. The surface chemistry as well as surface wettability of modified membranes did not
change after incubating in sodium hypochlorite solution for a period of 8 days. Finally,
their combined high fouling resistance and high rejection supported by chemical stability
by cleaning suggest that those modified membranes were very attractive as new generation

of thin layer composite low fouling UF membranes.
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