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Abstract 

Hollow fiber membrane reactors offer advantage to integrate catalytic conversion, 

product separation and catalyst recovery into a single separation process with 

respect to conventional reactors. Various membrane materials from hydrophilic to 

hydrophobic 	such as nylon, polyacrylonitrile, polyethylene, polypropylene, 

cellulose and polysulphone fibers have been reported in the literature. 

Polypropylene (PP) hollow fiber membrane is a chemically inert and stable 

membrane with high potential for enzyme immobilization. The surface properties of 

polypropylene can be modified by radiation induced grafting. Lipases, known as 

triacylglycerol ester hydrolase play an important role in biotechnology. 

Immobilization of lipases improves the economics of the process and its thermo-and 

chemical stability. Numerous efforts have focused on the preparation of lipase in 

immobilized forms involving a variety of immobilization methods and support 

materials. This work investigates the surface modification of polypropylene 

membrane, which is in hollow fiber form as the matrix for lipases immobilization. 

An anion-exchange porous polypropylene membrane was developed by gamma 

irradiation of glycidyl methacrylate (GMA) with varying degree of grafting and 

subsequent conversion of the produced epoxy group into diethyl amino group acting 

as a spacer. Arthobacter lipase (ABL), isolated from Arthobacter sp. was bound to 

the ionizable polymer chains grafted onto the pore surface. After crosslinking of the 

enzyme with glutaraldehyde, ABL was assayed for activity, pH and temperature 

stability. 



In the first phase the grafting and amination conditions for polypropylene 

hollow fiber membrane by simultaneous gamma irradiation were optimized by 

variation of radiation dose, GMA concentration, solvent composition and 

inhibitor type. Grafting experiments indicated that the degree of grafting is a 

linear function of radiation dose. However, the radiation dose was varied from 

0.54 KGy/h to 1.08 KGy/h because radiation doses higher than 1.08 KGy/h 

increased the viscosity of the reaction mixture and also deteriorated the 

mechanical strength of the fibers due to increased crosslinking of PP chains. 

Degree of grafting increased with increase in the GMA concentration initially 

but saturation was observed at higher concentration due to formation of 

homopolymer. The analysis of solvent composition inferred that addition of 

water to methanol as a cosolvent accelerated grafting of GMA on polypropylene 

hollow fiber membrane. Maximum grafting was found to occur in 35% 

methanol concentration. The degree of grafting was found to be independent of 

pore size and inner diameter. However, DEA percentage conversion was found 

to be higher for hollow fiber with smaller pore size but larger inner diameter i.e. 

higher specific area. 

In the second phase the modified polypropylene membranes were 

characterized by DSC, TGA, X-ray, contact angle measurement, SEM and AFT 

to examine the effect of grafting and amine treatment on thermal, crystalline an 

surface properties. Thermal and crystallinty studies indicated that grafting ha 

taken place primarily in the amorphous regions of the PP membrane. AFI' 

studies revealed that grafting with GMA increases the surface roughness of th 



PP fiber. There was no significant change observed in the surface topography on 

activation of the grafted surface with amine, while the immobilization of lipase 

on the membranes surface had relevant effect on morphology, which 

represented a rougher profile. SEM micrographs indicated that the pore size 

decreased upon grafting. The study of contact angle using dynamic 

measurement method had shown that grafting with GMA and subsequent amine 

treatment significantly improved the wettability of PP fibers. In order to 

investigate the effect of grafting and amine treatment on mechanical properties 

of polypropylene hollow fiber membranes were assessed by tensile testing 

method. It was concluded that the tensile properties were not affected 

significantly by the gamma irradiation with the selected radiation doses and 

subsequent amine treatment. A marginal decrease in the tensile strength was 

correlated to the decrease in crystallinity due to dilution of the crystalline 

structure by amorphous graft chains. 

Finally, in the third phase the modified membranes with different pore size 

and inner diameter having varying degrees of grafting and diethyl amine 

conversion were used for immobilization of ABL lipase. An attempt to correlate 

immobilization with DEA density revealed that a high degree of grafting and 

diethylaniine conversion is required for efficient binding. It was also observed 

that the activity of ABL immobilized on DEA-EA membranes increased 

marginally with increase in pore size due to increased mass transfer of the 

substrate to the immobilized enzyme. As a matrix polypropylene porous 

membrane, containing ionizable polymer chains grafted onto the pore surface 



proved to be effective for immobilization of lipase enzymes. The enzyme was 

crosslinked to prevent leaching induced by changes such as pH and temperature 

of the surrounding solution. Thermal stability studies showed that the 

immobilized lipase retained its activity at levels of 21% at temperature as high as 

80°C during a 120 min incubation period. However, the native enzyme loses its 

activity after 50°C. pH studies revealed that the optimum pH for the immobilized 

enzyme remained unchanged. Furthermore, the pH profiles of the immobilized 

lipases were broader than that of the free enzyme that loses activity at pH 4.0, 

which means that the immobilization methods stabilized the enzyme activity over 

a wider pH range. 



Contents 
Topic 	 Page No. 

Chapter 1 	Introduction and literature surve 

1.1 Introduction 2 

1.2 Modification of polymers for immobilization 6 

1.3 Matrices for lipase immobilization 11 

1.3.1 Inorganic supports 12 

1.3.2 Polymeric supports 13 

1.3.2.1 Granular supports 13 

1.3.2.2 Ionic supports 17 

1.3.2.3 Porous beads 18 

1.3.2.4 Gels 25 

1.3.2.5 Microporous membranes 30 

1.4 Genesis and objective of research 41 

1.5 Format of thesis 45 

Chapter 2 	 Experimental 

2.1 Materials 	 47 

2.2 Preparation of anion-exchange porous membrane 	 48 

2.2.1 Mechanism of preparation of ABL lipase 	 49 

immobilized anion-exchange hollow fiber membrane 

2.3 Measurement and analysis procedures 	 51 



2.3.1 Epoxy content 	 51 

2.3.2 Gel content 	 51 

2.3.3 FT-IR spectroscopy 	 52 

2.3.4 Crystallization and thermal studies 52 

2.3.4.1 Differential Scanning Calorimetry (DSC) 52 

2.3.4.2 Wide Angle X-ray Diffraction (WAXD) 53 

2.3.4.3 Thermogravimetric Analysis (TGA) 53 

2.3.5 Surface chararacteriztion 53 

2.3.5.1 Scanning Electron Microscopy (SEM) 53 

2.3.5.2 Atomic Force Microscopy (AFM) 54 

2.3.5.3 Contact angle measurement 54 

2.4 Tensile testing 55 

2.5 Immobilization of ABL lipase 	 56 

2.5.1 Preparation of phosphate buffer solution 	 56 

2.5.2 Cell free extract preparation 	 57 

2.5.3 Immobilization of ABL lipase onto 	 57 

anion-exchange membrane 

2.5.4 Activity assay of lipase 	 57 

2.5.5 Protein estimation 	 58 

2.5.6 Standardization of the coupling time of ABL lipase 	 59 

2.5.7 Operational stability of immobilized ABL lipase 	 59 

2.5.7.1 Thermal stability 	 59 



2.5.7.2 pH stability 	 59 

2.5.7.3 Solvent stability 	 60 

2.5.7.4 Batch use of immobilized ABL lipase 	 60 

2.5.7.5 Storage stability 	 60 

2.5.8 Determination of kinetic parameters 	 60 

2.5.9 Determination of water activity 	 62 

Chapter 3 	Modification of polypropylene hollow fiber membrane 

3.1 Introduction 	 63 

3.2 Results and discussion 	 67 

3.2.1 Parameters affecting degree of grafting 	 67 

3.2.1.1 Radiation dose 	 .67 

3.2.1.2 Monomer concentration 	 71 

3.2.1.3 Solvent composition 	 74 

3.2.1.4 Inhibitor type 	 77 

3.2.2 Parameters affecting diethyl amine conversion 	 79 

3.2.2.1 Reaction time 	 79 

3.2.2.2 Pore size and inner diameter of hollow fiber 	 80 

membrane 

3.3 Summary 	 83 



Chapter 4 	Characterization of polypropylene hollow fiber membrane 

4.1 Introduction 	 84 

4.2 FT-IR spectroscopy 	 88 

4.3 Crystallinity and thermal properties 91 

4.4 Contact angle measurement 104 

4.5 Scanning Electron Microscopy 107 

4.6 Atomic Force Microscopy 114 

4.7 Tensile properties 116 

4.8 Summary 120 

Chapter 5 	Immobilization of ABL lipase on polypropylene hollow fiber 

membrane 

5.1 Introduction 	 123 

5.2 Factors affecting binding of ABL lipase 	 126 

5.2.1 DEA density of matrix 	 126 

5.2.2 Pore size of the PP hollow fiber membrane 	 130 

5.3 Standardization of the coupling time of ABL lipase 	 131 

5.4 Operational stability of immobilized ABL lipase 	 132 

5.4.1 Thermal stability 	 132 

5.4.2 pH stability 	 135 

5.4.3 Solvent stability 	 137 



5.4.4 Storage stability 	 138 

5.4.5 Batch use of immobilized ABL lipase 	 140 

5.5 Kinetic parameters 	 142 

5.6 Water activity 	 149 

5.7 Summary 	 151 

Chapter 6 	Summary and conclusion 

6.1 Background 	 153 

6.2 Summary 	 154 

6.2.1 Modification of polypropylene hollow fiber membrane 	154 

6.2.2 Characterization of polypropylene hollow fiber membrane 	155 

6.2.3 Immobilization of ABL lipase on polypropylene hollow 	157 

fiber membrane 

6.3 Conclusion 	 159 

6.4 Scope of future work 	 160 


