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Abstract

In this paper, ceramic planar membranes were modified with (3-aminopropyl)-triethoxysilane
(APTES) and methyltrimethoxysilane (MTMS), and then cross-linked with the glutaraldehyde (GA)
to obtain ceramic composite membranes. Finally, lipases were immobilized on these ceramic com-
posite membranes to prepare the enzyme membrane reactor. The samples were characterized by
Fourier transform infrared spectroscopy and X-ray photoelectron spectroscopy. The optimal con-
ditions for immobilization were determined as follows: APTES and MTMS concentrations of 0.1 M,
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GA concentration of 2%, and immobilization time of 3 h. The optimum operating pH and tempera-
ture of the immobilized enzyme were 7 and 55°C, respectively. In addition, the immobilized enzyme
had better thermal stability and reusability.
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Figure 1. Schematic diagram of the preparation of enzyme membrane reactor
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Figure 2. FTIR analysis diagram of membrane surface: (a) CM; (b) APTES/
MTMS-CM,; (c) GA-APTES/MTMS-CM; (d) EMR
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Figure 3. XPS full spectrum of membrane surface
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Figure 4. (a) TGA analysis diagram before and after membrane immobilization of the enzyme; (b) XRD analysis diagram
before and after membrane immobilization of the enzyme
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Figure 5. (a) Effect of silane modification on membrane hydrophobicity; (b) Effect of GA concentration on the activity of
immobilized enzymes; (c) Effect of immobilization time on enzyme loading
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Figure 6. (a) Effect of pH on the activity of free and immobilized enzymes; (b) Effect of temperature on the activity of free
and immobilized enzymes; (c) Effect of TA concentration on the activity of free and immobilized enzymes
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Figure 7. (a) Thermal stability of immobilized enzymes; (b) Reusability of immobilized enzymes
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