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Acetobacter xylinum
(A Study of Composite Membranes between Chitosan and Cellulose Produced by
Acetobacter xylinum)
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Abstract

This work deals with a preparation of composite membranes from cellulose
and chitosan. There are two parts: one on preparation of cellulose membranes from
bacteria Acetobacter xylinum and the other on coating method of chitosan solution on
the previously prepared membranes.

On preparation of cellulose membranes, a standard Schramn&Hestrin (BSH)
solution was used in comparison with coconut juice which was supplemented with 4%
sucrose. With the same cell density, it appeared that cellulose membrane was formed
at a faster rate in the coconut juice. When varying cell density from 1x10® to 2x10°
cfu.m!”, C12 membranes produced from coconut juice medium with less cell density
provided greater water flux, although the thickness of membranes produced from the
high density medium C25 was similar. From a scanning electron microscope, it
appeared that both membrane surfaces possessed different pore density. The skin
layer showed denser surface, and hence smaller pores, which allowed water to pass
through slightly less than from the sub layer. However, when the SEM was analyzed
for pore size and porosity, using a computer Canoy program, it showed similar
average pore size. Moreover, membrane porosity did not seem to agree with the cell
density used during cell culturing. A trial was, therefore, made by using impedance
spectroscopy method to reveal how electrical meaning could be ufilized to explain the
membranes. This experiment was carried out under an assumption that cellulose
threads would obstruct current passage when the membrane was immersed in an
electrolyte. The results showed that C25 membranes possessed two times greater
impedance than C12 membranes, indicating that C25 contained more cellulose
threads and possibly inter-twining at a faster rate and the cellulose thread must be so
fine that it could not reflect in term of membrane thickness.

When C12 and C25 membranes were used to filter 2.5 pm Chlorella sp. and
0.1% BSA with globular size of 64 angstrom, it was found that both membranes could
filter the cell by 100%. The C25 membrane rejected BSA nearly 100%, where as the
C12 membrane could retain the protein by 70%

Three levels of chitosan solution, 0.5%, 1.0% and 2.0% in 1% acetic acid were
prepared in this study. For coating the solution onto the cellulose support, four
methods of trials were performed. These were by immersion, slip casting, gravity
method, and pressure extrusion. Only for the slip casting that a viscous chitosan
solution of 2.0% was used. The 0.5% chitosan was used in the pressure extrusion
method. This study found that the immersion method was not suitable for making the
composite membrane. This was due to the fact that chitosan covered all the pores on
the sub-layer, which would obstruct permeate water flux. By manually slip casting,
chitosan formed a dense layer on the cellulose support, but the thickness was not
homogeneous. This also happened to the coating with the gravity method. It was
found that the pressure method required less chitosan. Only 0.7 liter of 0.5% chitosan
was needed to coat 1 m” of cellulose membrane under 100 kPa. Membrane thickness
produced by this method was about 5 uym. The prepared membranes possessed an
average of 1.4-1.8% porosity and its porosity was reduced to about 0.9% after the
membrane was coated with chitosan. In this connection, the larger pores were
reduced in size and the smaller pores were closed.

It was noted that both cellulose and chitosan membranes- absorbed water
easily. The smaller pore size was expected when a composite membrane was used
during filtration. After being coated with chitosan, the composite membrane made
from C12 cellulose was expected to reject BSA far better than the porous C12 one.
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In addition, the dense chitosan on top of cellulose support might be beneficial to an
application, which separates water from a mixture solution.
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