CHAPTER 5

RESULTS AND DISCUSSION

In this work

‘ //E parameters : heat capacity,

kinetic parameters a v were investigated. The

operating conditi three variables were

carried out to study ull pyrolysis.

The types © ected were

1. weigh ‘111 or rice hull char,

initial and equil
2. the bul

hull bed at furnace wall, and

at distances

} as a function of

3

time.
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jnitial temperatures of 32, 40, 46 and 56 °Cc with 0.11, 8.49, 16.35,
and 24.04% moisture content for rice hulls and for one sample rice
hull char. Heat capacity values were calculated using equation
(3.1). Figure 5.1 shows that heat capacity depends on the
temperature and moisture content and indicates that it increases

with increasing temperature and moisture content. The effect of
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moisture content on the hest capacity values are more predominant

than the temperature effect.
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Figure 5.1

Whemsubjectirg ,he heat capaﬁy values to regression
g
analysis, ﬁﬂﬁ ngvl‘gwgwtﬂhﬁ temperature were
establishe q] or oth rice hul at various moisture contents and
e = o
YW TANNITU TV TR~ = =

In alll equations, T is the temperature in degree Celsius and C‘B is

the heat capacity in cal/g ‘c.
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Table 5.1 Summary of Heat Capacity Equations

Egn.No. Regression equation % Moisture content

1 €_=0.2005+0.00085xT 0.11
2 C_=0.2177+0.00161xT 8.49
3 16.35
4 24.04
5 CHAR

\\ \; ure on heat capacity of

é-\'—’ compared. Some work on

eported by Beall (1968) at the

Due to non-availabi
hulls, th m‘““‘
rice hulls, e oblaifed re -
d 2
the heat capacity o -d l&ﬁg
same temperature and mo.¢ : eTit, the heat capacities of rice
hulls in this & 87-0.4151 €81/€ °C, were within the

0.338 cal/g ‘C).
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as sta ed in section 2.3.1, 8 simple kinetic model (equation (4.5))

range of the re

was used to attempt at representing pyrolysis. The important
parameters in the kinetic model consist of a pre-exponential factor
(A) and an apparent activation energy (E). These kinetic parameters

are used to demonstrate the bulk density change during pyrolysis.
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Figure 5.2 Bulk Densi Che ol ves 8.49% Moisture Content
o,
120
“» JOISTURE CONTENT
o 41\ %= - D 2404%
1o 1635%
O 8.49%
100 - i
S J BN o.ll %
£
~ 90 -
g AU
&
%z 80494
&
o i
< FRVANN
2 9q : —a
i
s >
D
50 i 1] | i 1
o) 20 40 60

Time , min

Figure 5.3 Bulk Density Change Curves at 350 'C Temperature
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The bulk density change curves in Figures 5.2 and 5.3

present- clearly the strong effect of the pyrolysis temperature
and moisture content on the pyrolysis rate. The obtained results
indicate that at +the same moisture content and initial bulk
density, the time to complete pyrolysis and the mass of residual

char decrease with increasing pyrolysis temperature. The pyrolysis

pyrolysis are ; = ion energy value and
pre—exponential of several reactions.
From the fittin rimental data it was
found that the a ign ener 1:3 : \ ce hull pyrolysis was

6715 J/mol and the p ‘; e ui'; _ 0.45 i1/min at 350-

S, ﬂmﬁ fl?[? i R
= AR AT I 1

In zone 1, the preheated zone, the rice hull is heated
by conduction heat transfer from the furnace wall. The temperature
inside the rice hull bed is increased until heat flow is balanced
by the energy requirements for evaporétion of moisture which occurs

in zone Il. In this zone I little actual drying will usually occur.
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Figure 5.4 Tempen enter of Rice Hull Bed

Zone about 90—94°C. the

temperature canfiot rise above this un ' & surface and unbound

ﬂ‘ﬂ?_"_"" _____ o

moisture have be;q a = . 2ir amount of enersgy is
| i
oL
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required to vaporlie the mozsture.

ﬂ%ii’& Wb WB'%ﬂ‘ithe rice a1 55

pyrolysed to gases, tars g and chi aRs. The eased enersy

reasetirs bl Ghoele BN resutts in

1ncreased temperature. The effects of variables on the temperature

history are discussed as follows :



53

5.3.1 Moisture Content

Figure 5.5 shows the temperature profiles

obtained during pyrolysis of a 113.50 kg/ms bulk density sample

with 8.49% moisture content up to a temperature of 350 °C. These

profiles may be compared e shown in Figure 5.6, recorded

during an experiment itions, except with a rice

hull moisture con i ‘ h@.er case the drying time

increased total ti ; 1y 3s. the. pyrolysis period is
shifted.
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Figure 5.5 Temperature Profiles at 350 C Temperature with
113.5 kg/m3 Bulk Density for Mcoisture Content

of 8 049%
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it is observed thsat

drying occurs iE the same temperature rara (90-94°C) and this

occurs alsﬂ?uﬁﬁw%{w‘ﬁqﬁﬁpp@ndix B) which

indicates that the mozs‘c.ure in rice hull evaporates at this
tempﬁ%’?ﬁ"&ﬂ‘imum’mma&l

5.3.2 Temperature and Bulk Density

From Figures 5.7 and 5.8 it is shown that the
change in pyrolysis .temperature and bulk density have an effect on

the drying time as well as moisture content. The obtained results
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parameter Which represents the abili mater:al to transfer

- RN TN YT 8 - =
obtaln d by fitting the pyrolysis model with the experimental
curves. for +the temperature changes inside the rice hull bed. By
using a deepest descent algorithm and a minimized least squares (€)
as the optimization criteria, the thermal conductivity value during
pyrolysis was expressed as follows ¢ k = 3.1x10_3 + 4.5%10 "

(p- 0.,152 + 1.9x1o-5(T - 20) with € = 0.19 where 6§ is the standard
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deviation equal to /e*/n (n = number of experimental points). In
this relationship, p is the bulk density in g/cc and T 1is the
temperature in degree Celsius.

For this relationship the simplified model predicts well

the temperature profile in the rice hull bed as shown in Figure 5.9,
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Figure 5.9 Compaﬁason of Temperature Profiles for Theoretical
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The relationship obtained indicates that thermal
conduciivity value during pyrolysis cannot be treated as a constant
value. The changes in temperature, shape and chemical composition
of rice hulls during pyrolysis cause a thermal conductivity

variation with time.
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