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In recent years, new sustainable energy, especially bioethanol, has received wide attention. As a
“green” approach, the preparation of bioethanol from lignocellulosic biomass by enzymatic
hydrolysis and bio-fermentation is very popular, due to the environmentally friendly and low
production cost. Cellulase is an important role in the biodegradation of cellulose to glucose.
Because the enzymatic hydrolysis could be effectively and specifically conducted under mild
conditions. However, some factors limit the application of free cellulase, such as changes in pH,
temperature and ionic strength, product inhibition, and difficulty in recovering from the reaction
medium. Therefore, it is meaningful to improve the stability and reusability of cellulase. The use of
immobilization technology can improve the stability of the enzyme and enable it to be recycled and
reused. The key point of this technology is the choice of the immobilization method and support. In
this study, porous biochar (obtained from bagasse) combined with chitosan and magnetic particles

to prepare several functional carriers for cellulase immobilization via covalent bonding or
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adsorption. The effects of chemical characteristics and morphology of the support on the cellulase
activity recover and recycle were discussed.

In chapter 1, the research background and the construction of this thesis are described. The
objectives of the research are to study the preparation of functional porous biochar and its
application for cellulase.

In chapter 2, the properties of materials used in this thesis, experimental methods, and
characterization are presented.

In chapter 3, porous biochar derived from sugarcane bagasse was prepared and then coated with
different amounts of chitosan (C@CS) for cellulase immobilization. Cellulase was covalently
immobilized on the support by using glutaraldehyde as a linker. The chemical characteristics and
morphology of the samples were determined by SEM, BET, FT-IR and XPS. The properties of
immobilized enzyme were evaluated by activity recovery, optimum pH value and temperature, and
recyclability. The results showed that all the three kinds of immobilized cellulase did not change the
optimum pH value of 4 and temperature of 60 °C, and they also exhibited good activity and
reusability. Especially for C@CS25 (the feeding ratio of porous biochar to chitosan was 0.5 g : 25
mg), the support retained the morphology of porous biochar well. The corresponding immobilized
cellulase kept 67% activity of free cellulase at pH = 4 and 60 °C, and showed a glucose productivity

of 90.8% even after 10 cycles.

In chapter 4, because of the high specific surface area, polyporous structure and ease of
preparation, porous biochar from lignocellulosic biomass is popular for being used as support for
enzyme immobilization. In this work, polyporous biochar combined with magnetic particle y-Fe203
was prepared by calcination and then used as support for cellulase adsorption. The effects of
calcination temperature and time on the properties of magnetic polyporous biochar were
investigated and the optimum preparation condition was obtained. For the cellulase adsorption, the
immobilization capacity for the magnetic support reached as high as 266 mg/g with a relative

activity of 73.6% compared with free cellulase. The behavior of cellulase adsorption showed that an
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endothermic process occurred more easily at high temperatures, which resulted in a high adsorption

amount.
In chapter 5, the porous biochar was obtained from sugarcane bagasse by alkali activation and

pyrolysis and then magnetized with y-Fe2O3 by calcination. After functionalization with chitosan
and activation with glutaraldehyde, the as-prepared chitosan/magnetic porous biochar was served as
support to immobilize cellulase by the covalent bonds. The immobilization amount of cellulase was
80.5 mg cellulase/g support at pH=5 and 25 °C for 12 h immobilization. To determine the
enzymatic properties, 1% Carboxymethylcellulose sodium (CMC, dissolved in 0.1 M buffer.) has
been considered as a substrate for hydrolysis at different pH values (from 3 to 7) and temperatures
(30 to 70 °C) for 30 min. The results have shown that the optimum pH and temperature of the free
and immobilized cellulase did not change, which was pH 4 and 60 °C, respectively. The
immobilized cellulase has a relatively high activity recovery of 73.0%. However, it also exhibited a
higher Km value and a slower Vmax value comparing to the free enzyme. In the reusability assay,
the immobilized cellulase showed initial glucose productivity of 330.9 mg glucose/g CMC and kept
86.0% after 10 uses. In conclusion, the chitosan/magnetic porous biochar has great potential

applications as support for enzyme immobilization.

In chapter 6, general conclusions of the study are made.
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