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Oxygen-enriched air can increase the combustion efficiency, boiler efficiency, and sulfur
absorption efficiency of atmospheric fluidized bed combustion (AFBC) boilers which use
high-sulfur coal, and other combustion systems that use coal. Devolatilization is the first
step in the gasification or combustion of coal. In this work, devolatilization characteristics of
five run-of-mine (ROM) coals of North-Eastern India having particle-size between 4mm and
9 mm are reported. The experiments were performed under fluidized bed conditions at
1123 K in enriched air containing 30% oxygen. The devolatilization time was correlated with
the particle diameter by a power law correlation. The variation of mass with time was
correlated by an exponential correlation. It was observed that the average ratio of yield of
volatile matter to the proximate volatile matter decreased with the increase in volatile-
content of the coals. A shrinking-core model was used to determine the role of film-
diffusion, ash-diffusion and chemical reaction. The experimental results indicate the
likelihood of film-diffusion to be the rate-controlling mechanism in presence of oxygen-
enriched air. A cost-analysis was carried out to study the economy of the process.

© 2008 Elsevier B.V. All rights reserved.
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1. Introduction

Fluidized bed combustion and gasification are two recog-
nized technologies for the utilization of coals containing
high amounts of sulfur and ash. Amongst the fluidized bed
technologies, atmospheric fluidized bed combustion (AFBC)
is simple and economical because it can use particles of
large size, offers flexibility in the type of the fuel used, and
reduces erosion and corrosion. Though the other types of
fluidized bed, i.e., pressurized and circulating fluidized beds
are more efficient in combustion as well as sulfur-capture
because of lower particle size, higher recirculation rate, and
presence of higher amount of air, yet the costs of production
are comparatively higher than AFBC. By the application of
oxygen-enriched air in AFBC, the deficiency in combustion
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and thermal efficiency can be removed, and can be made at
par with the pressurized and circulating fluidized bed
combustors. In oxygen-enriched environment, devolatiliza-
tion and combustion of coal particles are likely to occur
faster than that with air. Also, there occurs increase in
combustion of coal char and volatiles because of the
presence of extra oxygen in the combustion system, which
increases the combustion efficiency [1,2]. Thermal efficiency
of the system also increases due to the reduction of the total
volume of the flue gas leaving the combustion chamber [3].
Oxygen-enriched combustion method is an effective
method to produce a flue gas rich in carbon dioxide which
can be separated easily [4,5] and sequestered [6]. It is also
known that the use of oxygen-enriched air and recycle of
char help a gasifier to increase the heating value of the
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product gas and cold gas efficiency. The ratio of conversion
of carbon to CO2 and CO increases with the increase of
oxygen concentration in the combustion chamber [7]. Air
enriched with oxygen can reduce the emission of carbon
monoxide in the flue gas of a fluidized bed combustor. In
some works, secondary air was injected for combustion of
volatiles in the free-board to bring the emission of carbon
monoxide below the pollution limit [8]. The amount of
unburned carbon in the flue gas reduces considerably in
presence of extra oxygen. However, the cost for oxygen-
enrichment is higher, owing to the cost involved in the
liquefaction of air [9].

Combustion studies related to pulverized coal with
enriched air have revealed that there is an increase in the
flux of oxygen molecules from the bulk towards the particles.
As a result, the temperature of the surface of the particles
becomes higher. This increases the pyrolysis rate, Stefan flow
and oxidation in the boundary layer [10]. But there is a
difference between higher oxygen concentration and higher
excess-air condition; the latter leads to a higher fluidization
velocity. At higher fluidization velocities the rate of release of
volatile matter is slightly higher because of the better
convective heat transfer to the particle [11]. As nitrogen does
not participate in combustion, at higher fluidization velocities,
the volume of nitrogen is quite high and the sensible heat is
lost, which is carried away by the excess nitrogen.

During the heating process of the coal particles in fluidized
bed, the average heating rate of the individual coal particles
depends on their size. From the data reported in literature [12]
it is observed that the average heating rate of large particles is
lower than the average heating rate of small particles. It is also
reported that the differences in temperature history of the
center of the coal particles aremostly influenced by the type of
coal and the particle size [13].

Heat transferred from the fluidized bed media to the coal
particle is utilized in the drying of the coal particle and the
endothermic reactions leading to the formation of the
volatiles. Exothermic reactions in the combustion of char
cause increase in the temperature of the particle and thereby
increase heat transfer from the particle to the surrounding
medium. Increase in particle temperature increases the rate of
drying and devolatilization of coal. In presence of excess
oxygen, exothermic reactions release sensible heat from the
combustion of volatiles and char. This can accelerate drying
and formation of volatiles. Hence it is important to study
devolatilization of coal of different particle size relevant to
fluidized bed under enriched-oxygen conditions.

Devolatilization is a general term signifying the removal of
volatile matters from the coal matrix. It is stated that
pyrolysis-like conditions are encountered by the coal particles
prior to ignition even under oxidizing conditions [14]. From the
foregoing discussions it is evident that the increase in oxygen
concentration in the fluidizing gas increases the exothermic
reactions as well as the devolatilization rate. Hence the
characteristics of devolatilization are not similar in inert
atmosphere, air, and air enriched with oxygen. In the present
work, we have studied coals of five collieries located in the
North-Eastern part of India. Particles having diameter
between 4 mm and 9 mm were studied. The continuous loss
of mass wasmeasured in oxygen-enriched (30% oxygen in the
air) environment under fluidized bed conditions. From these
data, the characteristics of devolatilization of large coal
particles in oxygen-enriched environment were determined
quantitatively.
2. Experimental

2.1. Devolatilization time

In this work, devolatilization time is defined as the point of
intersection of the two linear portions of themass versus time
curve [15]. It is known that the methods by which the end of
devolatilization in fluidized bed combustor is determined can
influence the results [16]. Some of these are explained as
follows. Visual detection of the disappearance of a visible
flame around the coal particles at the bed surface may be
erroneous due to the varying residence times of different
particles in the bed. The measurement of mass of the particle
by interrupting the process can also lead to erroneous results
because the devolatilization process continues up to the
moment of the actual measurement. When the temperature
of the combustion products is measured, estimates of the end
of the combustion of the volatiles can be seriously in error.

2.2. Analysis of the coal samples

The proximate and ultimate analyses of the coal sampleswere
carried out by the methods outlined in IS: 1350 and IS: 1351,
respectively. The calorific values were determined using the
methods prescribed in IS: 1350. The results of these analyses
are presented in Table 1.

2.3. Determination of particle diameter

A range of particle mass (e.g., 0.145 g−0.155 g) was chosen for
each of the coal samples to obtain the mass-equivalent-
volumetric diameter. In each range, about 20 coal particles
were present. The diameters of the particles studied in this
work were between 4 and 9 mm, as mentioned in Section 1.
The density was determined by estimating the volume of
water displaced, as per the procedure described in ASTM
D854-06. While calculating the volume of water, the density
corrections corresponding to the room temperature were
taken into account. About fifty coal particles for each size
range were collected and dried in an electric oven in nitrogen
atmosphere for 1 h at 378 K. They were preserved in sealed
bottles for future analysis so that they were not oxidized by
air.

2.4. Experiments on devolatilization

The devolatilization apparatus used to carry out the experi-
ments was similar to the apparatus used in literature [17]. It is
shown in Fig. 1. Instead of a gas pre-heater, the fluidized bed
was used to raise the temperature of the fluidizing media to
the desired temperature as described by Zabrodsky [18]. The
fluidized bed consisted of a cylindrical tube made of sillima-
nite having 25 mm internal diameter and 600 mm length. It
was housed inside a mild steel casing, which was packed with



Table 1 – Proximate and ultimate analyses of the coal samples

Analysis Parameter (%) Colliery

Baragolai Ledo Tikak Baragolai A Tirap

Proximate analysis (air-dried) Volatile matter 31.2 40.8 37.8 35.4 38.1
Fixed carbon 36.5 46.9 43.8 43.0 45.6
Ash 28.8 10.1 16.7 19.3 14.4
Moisture 3.5 2.2 1.7 2.3 1.9
Gross specific energy (MJ/kg) 21.39 28.97 27.3 25.6 28.07

Ultimate analysis (daf) Carbon 81.0 79.9 81.0 80.4 81.6
Hydrogen 5.7 5.7 5.8 6.0 5.3
Nitrogen 1.5 1.4 1.1 1.3 1.3
Sulfur 4.0 4.6 3.5 5.4 4.9
Oxygen (by difference) 7.8 8.4 8.6 6.9 6.9
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insulating brick. The casing had 20 cmdiameter andwas 60 cm
long. The total resistance of the heating element [make:
Kanthal (UK)] was 55 Ω, which delivered a maximum of 1 kW
power. The furnace had provisions for heating up to 1273 K.
Digital temperature controllers [make: Max-Thermo (Taiwan)]
were used for recording and controlling the temperature of the
furnace. A steel tube of 19 mm diameter and 101.6 mm height
having perforations of 2 mm diameter at its periphery (~3%
open area) was used as the gas distributor at the bottom of the
cylindrical sillimanite tube. Calcined lime particles of approxi-
mately 0.72 mm diameter were used as the bed material for
fluidization. The minimum fluidization velocity of the bed
material was 0.53 m/s. High purity moisture-free air and
oxygen were mixed such that oxygen concentration in the
mixed air was 30%. The air and oxygen were supplied to the
system directly from two gas cylinders. The flow rates of the
gases were measured by rotameters. An online Zirconia
oxygen gas analyzer [make: Fuji Electric Co. (Japan)] having
response time of 10 s was used to monitor the oxygen
concentration of air. A water manometer was connected to
the gas line tomeasure the pressure drop across the rotameter.
Fig. 1 –Experimental setup used f
The coal particle under investigation was held in a basket
of 12 mm diameter and 20 mm height. It was made of a
platinum–rhodium net, and was suspended with the help of a
platinum wire from the hook of a microbalance [make: AND
(Japan)]. The response time of the microbalance was 0.3 s. The
microbalance was connected to a personnel computer via the
RS-232 data interface. The data-capturing software enabled us
to record the weight measured by the balance in a continuous
manner. The position of the suspended basket was such that
when the vertical furnace was lifted with the help of the lifting
device, the coal particle in the basket was placed just above
the fluidized bed and experienced the conditions of the hot
furnace instantly, as a particle would experience in a typical
fluidized bed. A chromel–alumel thermocouple was inserted
into the freeboard section of the bed to measure the
temperature as well as to control the furnace temperature. It
was inserted to such a depth that it was positioned just above
the expanded bed.

Initially, the power input to the electric coil was adjusted to
give a uniform temperature (1123 K) inside the furnace. After
this, purging of the enriched air was commenced. It was
or the devolatilization studies.



Fig. 4 –Mass vs. time profiles of Ledo coal for different particle
size.

Fig. 2 –Dependence of mass-equivalent-volumetric diameter
(dv) on the mass of the particle (M) for the five coals.
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adjusted such that the velocity of the fluidizing gas was 1 m/s.
Once the velocity of the gas and the temperature were
stabilized, the empty basket with the platinum wire was
suspended from the balance hook and the furnace assembly
was lifted with the help of the lifting device as described
before. The empty run was recorded and the furnace was
lowered. As soon as the empty basket and the platinum wire
assembly cooled down to room temperature, the pre-weighed
coal sample was put into the basket. The furnace assembly
was liftedwith the help of the lever and the systemwas locked
at that position. The weight was recorded continuously. The
time versus weight data were analyzed.
3. Results and discussion

3.1. Determination of the mass-equivalent-volumetric
diameter (dv)

Themass–equivalent–volumetric diameter (assuming the coal
particles to be spherical) was calculated following the proce-
dure given in the literature [19], and described in Section 2.3.
Fig. 3 –Mass vs. time profiles of Baragolai coal for different
particle size.
The average diameter was plotted against the averagemass of
the particles for all five coal samples, as shown in Fig. 2. The
data were fitted by the following polynomial equation.

dv ¼ 37:51M3 � 46:35M2 þ 25:10Mþ 3:43 ð1Þ

where M is the mass of the coal particle. Eq. (1) fitted the data
well (coefficient of determination, R2=0.99).

3.2. Analysis of the data on devolatilization time

The mass of the particles of five coals of different size during
devolatilization in enriched air with respect to time are given
in Figs. 3–7. It can be observed from these figures that the
curves consist of two distinct linear segments. The first
segment is due to devolatilization and the second segment is
due to char combustion. In this paper, only the devolatiliza-
tion segments were analyzed. Fragmentation of particles was
not observed in any of the experiments. Devolatilization time
(as defined in Section 2.1) tv was correlated with the particle
diameter dv as tv=Advn, where A and n are constants.
Fig. 5 –Mass vs. time profiles of Tikak coal for different
particle size.



Fig. 6 –Mass vs. time profiles of Baragolai A coal for different
particle size.

Fig. 8 –Comparison of devolatilization time in fluidized bed at
1123 K in different atmospheres.
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Regressing the data from all coal samples (Fig. 8), it was found
that A=0.34 and n=2.16. There is no work reported in the
literature on devolatilization of coal under fluidized bed
conditions in presence of oxygen-enriched air. However,
there are reports on devolatilization in presence of inert gas
[12,20] and air [12,19,21–23]. The present data appear to be
reasonable in comparison with these results. In oxidizing
atmosphere, there is reduction in the devolatilization time
because of the increase of surface temperature by the
combustion of volatiles at the surface. The correlations
reported in the literature for inert gas as well as air differ
from one another considerably. The probable reason for this
difference lies in the type of coal used, and the experimental
methods attempting to simulate the fluidized bed conditions.
Best-fit correlations were derived using these correlations. For
inert atmosphere, we found A=6.684 and n=1.197, and for air
we found A=2.08 and n=1.47. From Fig. 8 it can be observed
that the devolatilization time decreased with increase in
concentration of oxygen. It was found that A decreased
Fig. 7 –Mass vs. time profiles of Tirap coal for different
particle size.
linearly with the concentration of oxygen (CO2
) as given by

the correlation:

A ¼ �0:2195CO2 þ 6:9155; R2 ¼ 0:99 ð2Þ

and n increased with increase in oxygen concentration
following the correlation:

n ¼ 9� 10�5C3
O2

� 2:7� 10�3C2
O2

þ 0:0276CO2 þ 1:197; R2 ¼ 1 ð3Þ

The correlations given by Eqs. (2) and (3) are shown in Fig. 9.
Most of the values of A and n reported in the literature vary
between 4 and 10, and 1 and 1.5, respectively, for devolatiliza-
tion in inert atmosphere. Similarly, most of the values of A
and n vary between 1.5 and 4.5, and 1.1 and 1.8, respectively,
for devolatilization in air. The values of A and n reported by
Salam et al. [23] for a fluidizing gas containing 3% oxygen differ
widely from the values reported in the other works. These
values were not considered in developing the correlations
given by Eqs. (2) and (3). It is evident from Figs. 8 and 9 that the
oxygen-content in the fluidizing gas has considerable effect on
the devolatilization time. With increase in concentration of
Fig. 9 –Variation of the parameters A and n with oxygen
concentration in the fluidizing gas.



Fig. 10 –Variation of the ratio of yield of devolatilization to
proximate volatile matter with the volatile matter of the
coals.
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oxygen in the gas, the concentration gradient of oxygen
increased. This resulted in more diffusion of oxygen through
the gas film surrounding the particle. With the increase in
diffusion of oxygen, reaction was enhanced and the release of
sensible heat increased. Thus, the loss of volatiles was faster.

The fractional loss of mass [i.e., the fractional release of
volatile matter at time t, v(t)] with fractional time (ζ) was fitted
by a simple profile,

v tð Þ ¼ 1� exp �bfmð Þ ð4Þ

where, b and m are constants. These constants were obtained
by fitting the experimental data involving coals from five
collieries having a wide range of size. v(t) is defined as,

v tð Þ ¼ V � V0

Vl � V0
ð5Þ

where, V is the mass at any time, and V0 and V∞ represent the
total mass before and after devolatilization, respectively. The
fractional time ζ is defined as,

f ¼ t
tv

ð6Þ

The values of b and m were determined by minimizing the
mean square average deviation (Δ), defined as,

D ¼
P

v tð ÞExpt � v tð ÞModel

h i2

N
ð7Þ

where, v(t)Expt is the experimental value of the fraction
devolatilized, v(t) model is the value of the fraction devolati-
Table 2 – Experimental results

Colliery Size
(mm)

Total
devolatilization

time (s)

Yield of
devolatilization

(%)
vo

Baragolai 4.2 9.3 58.2
6.2 16.8 43.5
6.9 19.5 44.2
8.0 35.4 49.7
8.6 38.7 43.7

Ledo 4.8 7.2 50.0
6.1 19.2 34.0
6.8 22.2 49.8
7.8 23.1 37.2
9.3 55.8 49.3

Tikak 4.2 7.8 44.1
5.0 16.1 60.3
6.3 19.8 49.3
8.0 35.7 50.0
9.1 39.0 44.0

Baragolai A 4.0 6.3 46.2
4.9 9.9 38.2
6.9 15.6 35.5
8.0 30.9 47.0
8.6 29.4 38.3

Tirap 6.1 17.7 45.0
6.8 17.1 44.9
7.8 29.4 49.2
lized predicted by the Eq. (4) and N is the number of data
points. The values of b and m were found to be 3.15 and 1.1,
respectively, for the coals used in this study. Eq. (4) can be
converted to a generalized correlation between the fractional
release of volatile matter v(t) and the elapsed time (t) as,

v tð Þ ¼ 1� exp �ctmð Þ; 0 V t V tv ð8Þ

where, c is related to tv by the following equation.

c ¼ b
tvð Þm ; b ¼ 3:15;m ¼ 1:1 ð9Þ

The ratio of the yield of volatile matter to the proximate
volatile matter has been found to vary between 0.83 and 1.86
Proximate
latile matter

(%)

Ratio of yield of volatile
matter to proximate

volatile matter

c(s-m) Δ×102

31.2 1.86 0.341 0.72
1.39 0.135 0.60
1.42 0.105 0.89
1.59 0.074 2.03
1.40 0.062 2.45

40.8 1.23 0.248 0.12
0.83 0.140 1.13
1.22 0.108 1.40
0.91 0.078 1.44
1.21 0.052 3.56

37.8 1.19 0.341 0.18
1.59 0.225 0.56
1.31 0.130 0.64
1.32 0.074 2.13
1.16 0.054 3.15

35.4 1.30 0.382 0.15
1.08 0.236 0.61
1.00 0.105 1.31
1.33 0.074 1.86
1.08 0.062 3.57

38.1 1.18 0.140 0.68
1.18 0.108 1.45
1.29 0.078 1.73



Fig. 11 –Variation of (1−X)1/3 with t /τ for the experimental data, and the different controlling mechanisms according to the
shrinking-core model.
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(Table 2). The average ratio for 23 coal sampleswas found to be
1.264.

Eqs. (5) and (8) can be used to determine the mass of a
single coal particle at any instant until the completion of
devolatilization, as shown below.

V ¼ V0 þ Vl � V0ð Þ 1� exp �ctmð Þ½ �; 0 V t V tv ð10Þ

The total yield of volatile matter, (V0−V∞), can be taken as
1.264 times the proximate volatile-content of the coal. The
mass of coal samples as calculated by Eq. (10) is shown by the
lines in Figs. 3–7. Themean square average deviations for each
particle size are given in Table 2.

The ratio of the yield of volatile matter to proximate
volatilematter (Table 2, column 6) decreasedwith the increase
in volatile-content of the coals. The average values of the ratio
(for the coal samples of one colliery) have been plotted against
the volatile-content of the coals, as shown in Fig. 10. It can be
observed from this figure that the ratio showed a decreasing
trend with the increase in volatile-content. Similar observa-
tions can be made from the results reported in literature
[17,24,25]. This is probably because of the difference in specific
heat of the coals with different volatile-content. The specific
heat of the low-volatile coals is lower than the specific heat of
the high-volatile coals [26]. The rate of increase of temperature
Table 3 – Comparison of cost involved in various combustion te

Sl.
No.

Technology Cost P
effic

(Canadian
$/MWh)

(

01 Subcritical pulverized coal combustion 43.30 33
02 Supercritical pulverized coal combustion 42.94 38–4
03 Atmosphere fluidized bed combustion 42.45 36
04 Atmospheric fluidized bed combustion

with 30% oxygen-containing air
44.91 n/a

05 Pressurized fluidized bed combustion 45.58 42
06 Integrated gasification combined cycle 46.04 45
of the low-volatile coals is higher than the high-volatile coals.
In our experiments, the effective rate of heating was quite
high due to the presence of oxygen. It has been reported in the
literature [27] that the rapid increase of temperature during
high heating-rate decreases the residence time of volatile
matter, diminishes the influence of cracking, and more tarry
liquid is produced. The yield of light hydrocarbon gases,
however, remains nearly constant. It has also been reported in
literature [27] that the increase in the yield of tar with increase
in heating rate is higher for the low-volatile coals than that for
the high-volatile coals, which also supports the fact that low-
volatile coals are heated more rapidly than the high-volatile
coals. Therefore, the residence time of volatile matter of the
low-volatile coals is lower than that of the high-volatile coals,
which is reflected in the higher yield of volatile matter for the
low-volatile coals. Therefore, the ratio decreased with the
increase in volatile-content of the coals.

It has been shown in the literature that devolatilization of
coal can be modeled by the shrinking-core model with no
change in the size of the particle [28]. The value of the
exponent n (≡2.16) suggests that coal devolatilization in
enriched air is either ash-diffusion or film-diffusion controlled
[29]. To find out the rate-controlling step of devolatilization
(i.e., whether film-diffusion, chemical reaction, or ash-diffu-
sion is the controlling mechanism) we have calculated the
chnologies

lant
iency

CO2

emission
SO2

emission
NOx

emission
Particulate
emission

%) (kg/MWh) (kg/MWh) (kg/MWh) (kg/MWh)

1000 1.6 2.1 0.5
3 870–770 1.4 1.8 0.4

920 0.3 0.5 ~0.4
n/a n/a n/a n/a

790 0.1 b0.7 0.1–0.5
735 ~0.0 0.3–0.5 ~0.0
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fractional conversion at any point of time using the following
equations [29]:

t film alone

sfilm alone
¼ X ð11Þ

t reaction alone

sreaction alone
¼ 1� 1� Xð Þ1=3

h i
ð12Þ

tash diffusion alone

sash diffusion alone
¼ 1� 3 1� Xð Þ2=3þ2 1� Xð Þ

h i
ð13Þ

where, tash diffusion alone is the time of devolatilization for any
conversion considering ash-diffusion controlling alone, tfilm
alone is the time of devolatilization for any conversion consider-
ing film-diffusion controlling alone, and treaction alone is the time
of devolatilization for any conversion considering reaction
controlling alone. The τ -terms (≡tv) represent the times of
devolatilization for complete conversion. X is the fraction
converted in time t. The fractional conversion, X, is defined as,

X ¼ V0 � V
V0 � Vl

ð14Þ

For the spherical particles of constant size,

X ¼ 1� dc=dvð Þ3 ð15Þ

where, dc is the diameter of the unreacted core. The predic-
tions from the shrinking-core model by Eqs. (11)–(13) have
been compared with the experimental data in Fig. 11. It can be
observed from this figure that the experimental data lie close
to the film-diffusionmodel (Eq. (11)). Therefore, it is likely that
film-diffusion is the controlling mechanism.
4. Cost analysis

Approximate capital cost of our system was calculated using
the data presented byM/S Alstom Power Inc. [9]. The unit costs
were comparedwith thedata given byWongandWhittingham
[30], as shown inTable 3. From this table it can be observed that
the unit cost of the AFBC system is lowest. When an AFBC is
upgraded with additional requirement of oxygen (as in our
system) the unit cost becomes higher than the subcritical and
supercritical pulverized coal combustion systems, and the
atmospheric fluidized bed combustion system. However, the
cost is lower than the pressurized fluidized bed combustion
system and integrated gasification combined cycle. Since the
devolatilization time in oxygen-enriched air is shorter in
comparison with air (as shown in our study) the combustion
efficiency and boiler efficiency are likely to be higher than that
in AFBC. The plant-efficiency of our system is anticipated to be
marginally lower than AFBC because of the consumption of
power for air-separation. A comparative study of CO2, SO2, NOx

and particulate emission has also been presented in Table 3.
5. Conclusion

This work has presented new results on devolatilization of
coals from five collieries of North-Eastern India in presence of
oxygen-enriched air under fluidized bed conditions. It can be
concluded from the present study that devolatilization is
considerably faster in presence of enriched air having 30%
oxygen than inert gas or air. This can increase the combustion
efficiency and heat transfer from the bed. Further work is
necessary for optimizing the oxygen concentration in the
fluidizing gas for optimum devolatilization time.

Devolatilization time (tv) was correlated with the particle
diameter (dv) by a power law correlation: tv=Advn. The experi-
mental data were fitted well with A=0.34 and n=2.16. A
comparison with other power law correlations reported in the
literature in inert gas and air indicated that A decreased and n
increased with increase in oxygen-content of the fluidizing gas.

The mass-loss characteristics were studied in enriched air
for the five coals having different particle size. An average
value of the yield of volatile matter was determined, which
was used to calculate the release of volatiles with time
theoretically. From the mass- loss characteristics and devola-
tilization time (determined from its correlation with dv), it will
be convenient to optimize the size range of the feed particles,
and the static bed height of a fluidized bed combustor.

The ratio of yield of devolatilization to the proximate
volatile matter was found to decrease with the increase in
the volatile-content of the coals. It is due to the higher yield
of volatile matter for the low-volatile coals than the high-
volatile coals. The shrinking-core model was used to study
the mechanism of devolatilization. It was found that the
experimental data matched closely with the film-diffusion
mechanism.

The cost of fluidized bed combustion with 30% oxygen-
enriched air was compared with other combustion technolo-
gies. It was found that the cost is higher than atmospheric
fluidized bed combustion, and subcritical and supercritical
pulverized coal combustion technologies. However, the cost is
lower than pressurized fluidized bed combustion, and inte-
grated gasification combined cycle technologies.
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