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BIOMASS/ PYROLYSIS/ CONICAL PBOUTED BED/ LOW TEMPERATURE

CATALYTIC GASIFCATION

The overall objective of this thesis research was to perform a systematic study
on the biomass pyrolysis in a conical spouted bed and study the low temperature
gasification of coconut shell with carbon dioxide (CO;) and potassium hydroxide
(KOH). To achieve this aim, the following tasks were included in this work: pyrolysis
of biomass using a free fall reactor, studying the hydrodynamic behavior of air —
coconut shell under different conditions in a laboratory unit and via the simulation
program of CFD (ANSYS CFX 10.0), pyrolysis study of palm shell using a conical
spouted bed reactor, and studying the low temperature catalytic gasification of
coconut shell for the purpose of combined production of syngas and activated carbon.

The biomass pyrolysis in a free fall reactor showed that higher temperature and
smaller particle size increased the gas yield but decreased the char yield. Cassava pulp
residue gave more volatiles and less char than palm kernel and palm shell. Increasing of
sweeping gas flow rate in the range of 100 — 200 cm’ N»/min gave increased liquid yield
and less gas yield. Prediction of pyrolysis kinetics by the two — parallel reactions model

gave a good fitting with the experimental data for all pyrolysis conditions.



IV

The hydrodynamic study of a conical spouted bed system indicated that the
minimum spouting velocity increased with the increase of static bed height, gas inlet
diameter, conical base angle, and particle size. The increasing in particle size led to
the pressure drop increasing for all air inlet diameters and conical base angles. On the
contrary, the pressure drop decreased with the increase of the air inlet diameter for all
static bed height, particle size and conical spouted bed geometry. In addition, the
minimum spouting velocity predicted from CFD simulation agreed very well with the
experimental measurements.

The pyrolysis of palm shell in a batch conical spouted bed reactor showed that
pyrolysis temperature and time had a significant effect on the pyrolysis product, while
particle size and static bed height had no significant effect on the pyrolysis product
yields. The maximum liquid yield of 65 wt% was obtained from palm shell pyrolysis
at 650°C, palm shell feed rate of 5 g/min, particle size of 1.55 mm and N flow rate of
9.6 L/min in a continuous spouted bed mode.

The low temperature catalytic gasification of coconut shell in a fixed bed
reactor indicated that KOH and carbonization step exerted a significant effect on the
composition and amount of gas product. The chemical weight ratio, gasification
temperature and carbonization step played an important role on the extent of porosity
development of activated carbon. The optimum -conditions to obtain high H,
composition and solid surface area were gasification at 600°C for 60 min with
carbonization step and using chemical weight ratio of 3.0. This condition gave the H,
composition up to 27.90 wt% of gas produced and activated carbon with the specific

surface area of 2,650 m?/g.
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