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ABSTRACT

Rice husk is an abundantly available biomass resource. The efficient conversion of
solid biomass to produce a gas for local use as well as transportation fuel would help in
reducing pollution as gaseous fuels can be combusted more efficiently as compared to solid
or liquid fuels. The emission of the greenhouse gas CO; is also reduced as the use of biomass
is considered carbon-neutral. The utilization of biomass will also help in energy security.
Fluidized bed gasification of rice husk with steam is a very efficient conversion process. In
this conversion process, flash pyrolysis, which is a rapid reaction, yields volatile matter
leaving char which gets converted to gas by a relatively slow reaction, gasification. In the
present research work, pyrolysis and gasification of rice husk have been studied; and a novel
configuration for steam gasification of rice husk in a Circulating Fluidized Bed (CFB) has
been developed.

Pyrolysis of rice husk has been studied for determining the kinetic parameters.
Isothermal experiments were carried out with rice husk grain sample in a silica tube reactor in
nitrogen medium at 300, 350, 400, 450 and 500°C temperatures. Non-isothermal experiments -
were carried out both with grain sample as well as powdered sample in a Perkin-Elmer
thermogravimetric balance -at heating rates ranging from 5 to 100°C/min in nitrogen medium.
Analysis of the isothermal data admitted the inference that the reaction follows second order
kinetics; and the activation energy obtained is 53 kJ/mol. From the analysis of non-isothermal
data, it is postulated that pyrolysis reaction exhibits a mutation through two distinct
temperature zones. It is also significantly observed that the transition temperature depends on
heating rate. A reaction order of 2 was judged as satisfying best fit criteria. The activation
energy values obtained are in the range 75-119 kJ/mol in the lower temperature zone and 6-
30 kl/mol in the higher temperature zone. It is also premised that a kinetic compensation

effect exists between the activation energy and frequency factors.



Experiments were conducted using a different experimental set-up, at 500, 600, 700,
750 and 800°C for determining the yield of gases during rice husk pyrolysis and their
composition; and data analysis was done for determining the kinetics. Results indicate that
the total volume of the gases increases rapidly upto a temperature of 750°C and then slows
down with further increase in temperature. The moles of CHs, CO and H, gases released
increased almost linearly throughout with temperature upto 800°C. The data was analysed
satisfactorily by 1*' order kinetic rate equation. The activation energies for rice husk and its
powder are 75.51 and 52.88 kJ/mol respectively. This analysis has been compared with
analysis of published data on rice husk pyrolysis in a fluidized bed which showed that at any
particular temperature, the rate constant is higher for pyrolysis in a fluidized bed as compared
to that in a tube reactor.

In an experimental setup' similar to that used for determining pyrolysis kinetic
parameters, gasiﬁcation reaction of rice husk char in steam was studied for determining the -
gasification kinetic parameters. The data has been analyséd based on the volume reaction
model and shrinking core model for slab type pellets. It is found that the volume reaction
model with second order kinetics satisfactorily represents the experimental data.A The
activation energy obtained is 88.93 kJ/mol. |

Cold fluidized beds of different configurations have been constructed and tested to
determine the best configuration for steam gasification of rice husk. A stainless steel
circulating ﬂu.idized bed has been constructed based on the chosen best configuration of the
cold fluidized bed. The novel features of this configuration are a char/ash separator for
separate char gasification in a bubbling fluidized bed and rice husk steam pyrolysis cum
gasification in a circulating fluidized bed. Quartz tube windows have been used for
measuring the solids circulation rate. The experiments led to the finding that thé L-valve

functions very well in a circulating fluidized bed having ~ single loop. However, for



operating two circulating fluidized beds in series, L-valves are not suitable as they are not
able to maintain a proper seal between the riser and the downcomer leading to reverse flow of
solids through the downcomer. Other non-mechanical solids flow devices such as seal pot,
loop seal or V-valve have to be used to provide a seal between the riser and downcomer
while absorbing the pressure fluctuations due to changes in the solids flow rates.

Residence time of rice husk in a cold circulating fluidized bed has been experimentally
measured and also theoretically estimated. The experimentally measured and theoretically
estimated residence time values are in the same range f(;r low superficial gas velocity and
high solids circulation rate, however at high superficial gas velocity and low solids
circulation rate, there is a considerable difference between the gxperimental and theoretical
values. The reason for this difference could be the idealized assumptions made for theoretical

analysis of the phenomena occurring in a CFB riser.
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