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PUTITA KATESRIPONGSA : GRAFTING OF POLY(N-ISOPROPYLACRYL-
AMIDE) (PNIPAM) ONTO NYLON POROUS FILM VIA MICROWAVE-
ASSISTED POLYMERIZATION FOR THERMO-RESPONSIVE GATING
APPLICATION. THESIS ADVISOR : ASST. PROF. TATIYA TRONGSATITKUL,

Ph.D., 100 PP.

POLY(N-ISOPROPYLACRYLAMIDE)YTHERMO-RESPONSIVE POLYMER
MICROWAVE-ASSISTED POLYMERIZATION/OIL-WATER SEPARATION

POROUS NYLON-6 (N6) MEMBRANE

The purpose of this work was to graft PNIPAm onto Nylon membrane using
plasma peroxide technique coupled with microwave-assisted polymerization method.
Effect of key parameters including microwave output power and irradiation time on
grafting performance were investigated. For grafting optimization, the output power
and time of microwave irradiation were varied from 100-800 watts and 5-15 minutes,
respectively. The effective grafting yield was achieved when the grafting temperature
up to 85°C. Microstructures of the PNIPAm grafted Nylon membrane from Scanning
electron microscope (SEM) revealed the membrane fracture after microwave irradiation
under 800 watts for 15 minutes. This was attributed to over heat to above the service
temperature of the Nylon membrane (135°C). Therefore, the microwave irradiation
under 800 watts for 10 minutes was the optimum condition for this grafting technique.
Effect of grafted PNIPAm structure and grafting yield on thermo-responsive gating
characteristics were investigated. Using the optimum condition for microwave
irradiation, monomer concentration was varied from 2, 3, 5, 7, to 10 wt% with and

without crosslinker. When NIPAm content increasing, the grafting yield increased in



v

both PNIPAm structures. The grafted PNIPAm chains located mainly on the top
surface and the pore entrance of the membrane. The PNIPAm chains also grafted on
the inner pore surface when grafting yield increasing. The thermo-responsive gating
performance was achieved from the water permeation experiment. The water flux
control ability of temperature response in the range of 25-45°C was measured under
100 kPa of operating pressure in cross-flow and direct flow. When the grafting yield
increasing, the water flux decreased because of smaller pore sizes. At the same grafting
yield, the linear PNIPAm gate effectively opened and closed across the lower critical
solution temperature (LCST) of PNIPAm (32°C). The linear PNIPAm chains with free
ends could respond quickly to the feedwater temperature. While the crosslinked
PNIPAm network structure was compact and slowly responded to the temperature. In
addition, the repeatability linear and crosslinked PNIPAm grafted membranes were
investigated. Both in cross flow and direct flow, the linear PNIPAm gate was the stable
and repeatable thermo-responsive open-close switch performance. Compared to the
crosslinked PNIPAm structure, water flux was nearly zero in fast within a small
number of the run in the cross-flow mode.

In the application of this smart membrane, the efficiency of oil-water separation
was investigated. The linear grafted membrane was able to separate the oil in water
emulsions with high efficiency of 99.7%. Therefore, this smart membrane was a good
choice for oil-in-water emulsion separation. In addition, the novel grafting technique
was also considered green and rapid synthesis which brought a new possibility to

fabricate more smart membranes for other applications.
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