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ABSTRACT

This research work is carried out to design the fast pyrolysis reactor and select
the suitable controlling parameters to the production. Three types of dry freshwater
algae, Spirulina Spp, Spirogyra Spp. and Cladophora Spp. were used in this study.
Before pyrolysis, each sample was characterized by the ultimate and proximate
analyses to investigate the chemical and physical properties. It could be seen that the
main compositions of Spirulina Spp. were similar to those of Spirogyra Spp. while
those of Cladophora Spp. were different. The thermo-decomposition property of algae
by thermogravimetric analysis (TGA) showed that Spirulina Spp. had a higher mass
loss rate at the volatilization than those of Spyrogra Spp. and Cladophora Spp. When
compared the algae decompositions with other biomass, it could be seen that the
pyrolysis reaction of the algae could occur easier with lower energy input. The
maximum Yyield of decomposition was lower than other biomass which indicated that
the amount of volatile matter from the algae or the yield of bio-oil is lower. Slow
pyrolysis of algae in this present study was carried out with a fixed bed reactor. The
effect of pyrolysis temperature was investigated by pyrolysing Spirulina Spp. at the

temperatures of 450 - 600°C. It was found that the maximum yield of the bio-oil



occurred at around 550°C. Liquid products yielded from Spirulina Spp and Spirogyra
Spp were higher than that from Cladophora Spp.The main compounds of the bio-oil
from algae were similar to those of others biomass. But high in oxygen content and
low in heating value were considered. The main components from Spirogyra Spp. bio-
char were similar to those from other kinds of algae.

Production of bio-energy products by fast pyrolysis process from algae in a
porous bed reactor was performed at various controlled parameters such as heating
temperature (400 - 600°C), algae particle size (less than 1 and 3 mm.), N, gas flow
rate (0.5 — 2 1.min™") and type of algae. It was found that maximum yield of bio-oil
and bio-char were obtained at the pyrolysis temperature of 500°C, N, gas flow rate of
1 I.min™ and the algae parameter size of 1 — 2 mm. The chemical composition and the
functional group composition of bio-oil from Spirulina Spp. and Spirogyra Spp. were
closely similar to those of algae bio-oil reported from the literature. The bio-oil
properties, higher carbon content, higher heating value and lower content of oxygen
from fast pyrolysis were compared with those from slow pyrolysis. The bio-char from
slow pyrolysis had higher carbon content than that from fast pyrolysis thus the
previous one had higher heating value. The result of Scanning Electron Microscopy
(SEM) showed that the bio-char obtained from slow pyrolysis had thicker wall
particles while the fast pyrolyzed bio-char particles had fragile thin wall.

Kinetic reactions on the decomposition of algae under slow and fast pyrolyses
in this present study were carried out. Results were compared with those from the
literatures. The kinetic parameter such as activation energy (E;) and the frequency
factor (A) were found to be close to those from fast-paralyzed lignin but lower than
those from other biomass. The kinetic equation for Spilurina Spp. could be

dx/dt = 92.48 (x.-x)e™M. The energy recovery in pyrolysis production was

calculated as the ratio of the energy carried by bio-oil and bio-char product to the
energy contained in the algae placed into the reactor. The average value of the energy
recovery for the fast pyrolysis of Spirulina Spp. at each temperature was higher than

those for the slow pyrolysis.
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