CHAPTER 4

PYROLYSIS MODEL DEVELOPMENT

During pyrolysi ’ actions and heat transfer
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4.1 Model Formulation

A mathematical model 1is developed to attempt to
describe the physical and chemical processes which occur during

pyrolysis. The model is considered to be a one dimensional heat
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transfer through the radial direction of a cylindrical rice hull
pyrblysis unit. Figure 4.1 shows various heat £rans?er processes
which will be included in this model. Q, is the heat source with
heat transfer to rice hull from cylindrical furnace wall. Q, is the
heat conduction in the rice hull bulk and Q_ is the net heat of

reactions due to pyrolysis.

Figure 4.1 abif-Diagy >f the Heat Transfer Model
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neglié!ble,
4. The heat constant is constant,
5. The pyrolysis reaction is represented by a single
reaction of the first order of the Arrhenius type (as suggested by

Bamford et al).
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(solid reactant) (fluid product) (solid product)

The partial differential equation is obtained from the -
energy balance over a cylindrical shell of thickness Ar and length

L as follows @

qrz'““drur 27, = 2fira rLP—p—C& (4.2)
with

(4.3)

Dividing.by 27ar int : it as A approach zero gives

(4.4)
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accounts for the" hange in the sensible -.

de of‘ equation (4.4)
, while the first term

of the mﬂ&ﬁﬂ Twﬁmw Ejﬂ]ﬂﬁ’oion heat transfer

through thdllsolid. The last. term of the right hand side accounts
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The kinetics on the pyrolysis reactions represents the
rate of weight loss per unit volume which is a global first order

Arrhenius reaction (n=1) as follows
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4.2 Initial and Boundary Conditions

For a cylindrical sample, the 1initial and boundary

conditions are given as follows @

(4.6

(4.7)

fin \ ‘temperature, measured
A) \

the rice hull bed)

(4.8)

In tﬂ enersy equation(4.4), tﬂre are four parameters
¢ o o/

that accouﬁfu q.ygbwﬂ ﬂﬁmﬂﬁf heat capacity,

heat of reacliion, inetic parameters, and thermal conductivity.
, ¢ a o/
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model $rediction. As there was no availasble data published in the
literature, the heat capacity of rice hull used in equation (4.4)
was determined by undertaking experiment at various conditions.
During pyrolysis, chemical reactions occur in the
solid as result in change enthalpy represent in heat of reaction.

Heat of reactions in the mathematical model 1is divided into +two



46
ranges. In the first range at a local temperature below 200 °C, the
heat of reaction is assumed to equal the heat of evaporation. In

the second range at a local temperature above 200°C, the heat of

reaction is read from Figure 4.2.
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Figure 4.2 Expeéeri y Dﬁf of Heat of Reaction
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The ast. parameter in the n@,hematical model is the

thermal coﬁuﬂﬁqﬂ grwstw rEJm] ﬂ'ﬁe’oers that affects

the pyrol s system. The thermal conduct1v1ty is determlned by
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pro?x es.
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