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Abstract

Abstract

The relationship between smoking and healthy continues to pose a great
challenge to tobacco industry. Studying on the tobacco drying process, pyrolysis and
combustion reaction, and harmful constituents forming mechanism is very important
for tobacco industry development. Setting up a cigarette burning model to simulate
the temperature distribution, concentration distribution and the yield of harmful
component in smoke could provide a good platform to further investigate the effects
of cigarette combustion and also supply the necessary information for the
improvement of technological conditions and cigarette formulating.

This project includes three aspects: tobacco drying process optimization, kinetic
study of tobacco pyrolysis and combustion, and Numerical Simulation of a Burning
Cigarette. The main results obtained are as follows:

(1) In order to establish the effect of tobacco drying and pretreatment (water
washing, acid washing and alkali washing) on the tobacco composition and
subsequent pyrolysis and combustion properties, oven drying methods were applied.
The results showed that the high temperature drying in oven (at 150 and 170 ) led
to the considerable reduction of sugar, while producing new components that are
harder to decompose; pretreatment could reduce the amount of K, nicotine, total sugar
in tobacco composition and affect the tobacco pyrolysis and combustion behavior.

(2) A basic kinetic model of tobacco pyrolysis and combustion reactions was set
up, the model predictions and the experimental results are in good agreements in both
cases with and without the catalyst. The kinetic parameters of tobacco with and
without this catalyst were compared. After the addition of the catalyst, the activation
energies for the pyrolysis reactions of hemicellulose, cellulose and lignin were found
to increase but the activation energies for char combustion reactions were found to
decrease, indicating that the catalyst impedes the tobacco pyrolysis but promotes the
tobacco combustion as a result of the decrease of CO content in the cigarette burning
process. In further, a revised kinetic model was proposed, which could simulate the

relationship between conversion and temperature at different heating rates (25, 50, 75,



Abstract

100, 125, 150, 175 and 200 /min), which will supply more suitable kinetic
parameters for the following cigarette burning model.

(3) A 2D mathematical model of cigarette burning is described, which not only
includes the water evaporation, tobacco pyrolysis and oxidation reactions happening
in the burning process, but also the mass, heat and momentum transfers are involved.
The information about the temperature-time profiles, the concentrations of O,, CO,
CO;, and water vapor in the mainstream can be obtained from the model. The
numerical results show a good agreement with the experimental data on the burning
rate and the maximum temperature. This model firstly considers that the water vapor
will condense when it transports backward, because the temperature is lower than it in
combustion cone. The influence of condensation on water content is studied. The
change of water content is found, and the effect of condensation on water content is

proved.

Keywords:

Tobacco drying; Tobacco pretreatment; Component analysis;  Pyrolysis and

combustion properities; Kinetic study; Numerical simulation of a burning cigarette
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