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Abstract The isothermal pyrolysis characteristics of
lump coal used in COREX was studied by the self-devel-
oped thermos-gravimetry analysis device varying the
temperature from 900 to 1200 °C. The results indicated
that pyrolysis temperature had a significant influence on the
pyrolysis rate of the lump coal, but have a little influence
on the weight loss ratio. The results obtained by nonlinear
fitting of mechanism functions indicated that the pyrolysis
process of lump coal satisfied the two-dimensional random
nucleation and nuclei growth model. The pyrolysis kinetics

equation is  §% = —1.03082 exp(—z%3%)[(1 — o)(—1In

(1 —«))*%], and the pyrolysis activation energy is
46.63 kJ mol™". In addition, the average activation energy
calculated by iso-conversional method is 47.06 kJ molfl,
which proves that the kinetics equation determined by the
master curve method is reliable.

Keywords COREX - Lump coal - Rapid pyrolysis -
Master curve method - Iso-conversional method

Introduction
The COREX process is the new ironmaking technology

which has realized industrialization with lump coal instead
of coke to access to high-quality hot metal, so the
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dependence on coking coal resources is reduced. The
industry practice of Baosteel in China and Arcelor Mittal in
South Africa indicated that the quality of the lump coal had
a great effect on COREX performance [1, 2]. Lump coal is
charged into gasifier by the burden distributor, as shown in
Fig. 1. The lump coal falls by gravity into the freeboard
and goes through the fluidized bed and moving bed. At last,
most the coal chars are burned in the raceway, and a few of
them are reacted with slag and hot melt. The ascending gas
transfers heat to the descending solid burden [3]. The
recycled dusts and oxygen are injected through the dust
burner. In order to ensure the cracking of volatile matters
released from the lump coal, the dome temperature is kept
at around 950-1100 °C. Thus, the pyrolysis process in
upper space of gasifier is one of the main reasons for the
performance degradation of lump coal. It is important to
understand the pyrolysis process of lump coal at high
temperature for improving the production efficiency of
COREX process. The behavior of the lump coal in melter
gasifier was investigated in the past few years. Gupta et al.
[4] found that the heat consumption in the melter gasifier
increased by 1.68 GJ h™' as volatile matter of the lump
coal increased by 1 %. Kim et al. investigated the pyrolysis
and crack process of five Australian lump coals with dif-
ferent content of volatile matter. The study demonstrated
that the swelling of lump coal had some relationship with
its crack behavior, the lump coal with less swelling could
be more easily cracked [5]. Mikin et al. studied the for-
mation mechanism of different semi-coke from six lump
coals at 200-800 °C as well as the relationship between
the structure and its properties of semi-coke. It indi-
cated that the strength of raw coal was between these of
semi-cokes formed by coking coal and non-coking coal
[6]. Campbell et al. investigated the agglomeration phe-
nomenon of large coal (8 cm3) of three South Africa coals.
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Fig. 1 Lump coal falling in the COREX melter gasifier [3]

It was found that time did affect lump coal agglomeration.
The higher the vitrinite, liptinite and volatile matter con-
tents of the coal, the greater tendency of the lump coal to
agglomerate [7]. Coetee et al. studied on transient swelling
behavior of large South African coal by X-ray computed
tomography and mercury submersion measurement. The
free swelling index of the pulverized coal did not correlate
with the swelling and deformation of lump coal [8].
Fu et al. studied the transient swelling and shrinkage
behavior of two types lump coal during pyrolysis by a
digital camera. The volumetric behaviors of the raw and
processed coal were different under the same conditions
[9]. Sahoo et al. investigated the deterioration of weathered
coal and its influence factors. The drop strength of lump
coal was proposed to evaluate its cold crushing perfor-
mance [10, 11].

Many other researchers have made significant contri-
butions in coal pyrolysis field. Char formation mechanism
[12, 13], char structure [14—16] and property [17, 18] were
reported by many investigators. However, little informa-
tion is available in the literature on the pyrolysis mecha-
nism of large coal particle especially used in COREX
gasifiers. Kim et al. [5] have investigated the influence
factors of coal pyrolysis, but the reaction kinetics param-
eters were obtained based on the first-order reaction model,
and no further discussion about the correctness of the
reaction model was presented. Zhang et al. have investi-
gated on the pyrolysis kinetic of lump coals and the optimal
kinetic mechanical function. It was found that the three-
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dimensional diffusion was the primary restrictive link in
the whole pyrolysis process of XLZ and DT lump coals.
However, the research was focus on the pyrolysis process
of multi-particles (about 50 g coals), and there was no
detailed model validation and mechanism discussion [19].

Based on the previous research, this article explores the
optimal kinetic mechanical function of single-particle lump
coal under high temperature condition by master curve
method. The kinetic parameters of pyrolysis of single lump
coal calculated by the optimal kinetic mechanical function
were verified by iso-conversional method. In addition, the
reaction mechanism of fast pyrolysis of lump coal under
high temperature was discussed. The overall aim of this
research is to investigate the pyrolysis mechanism of lump
coal (20 x 20 x 20 mm) used in COREX under fast
thermolysis conditions (900-1200 °C). The research will
attempt to ascertain: (1) The influence of high temperature
on lump coal pyrolysis behavior; (2) Determine the
mechanism function of pyrolysis of lump coal under fast
thermolysis conditions; (3) Verify the accuracy of this
mechanism function, and determine apparent activation
energy of lump coal during the pyrolysis.

Experimental
Raw materials

Owing to the Baosteel COREX-3000 has relocated in
Xinjiang region in China, a new lump coal resource in local
is the main fuel used in COREX. So a typical lump coal
from Xinjiang province was chosen as a parent coal in this
study. The «coal was shaped into coal cake
(20 x 20 x 20 mm) by manual grinding, as shown in
Fig. 2. A symmetric cubic shape was used in order to keep
the identical physical dimensions and ensure the same
experimental condition. All the samples were dried in
drying cases at 313 K for 10 h. The following analysis
methods of coal properties were applied: (1) Maceral
analysis (GB 8899-88); (2) Reflectance of vitrinite (GB/T
15591-1995); (3) Ultimate analysis (GB/T214-2007, GB/
T476-2008); (4) Proximate analysis (GB/T212-2008).
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=

Fig. 2 The coal cake for pyrolysis experiment
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Experimental

In order to simulate the pyrolysis process of lump coal
under high temperature in COREX gasifier, new experi-
ment equipment was invented. The self-developed thermo-
gravimetry analysis device, which is consist of gas control
system, heating furnace, electronic balance, temperature
control system and computer acquisition system, are shown
in Fig. 3. The heating furnace, the heating unit of which is
MoSi,, can reach at 1600 °C at most. The weighting scope,
accuracy class and sampling frequency of the electronic
balance are 1 kg, 0.001 g and 6 times per second, respec-
tively. The furnace was heated to experimental temperature
and kept at special level for all the experiment process. The
inert gases, which protected the coal from burning during
the experiments, flowed from the bottom of the heating
furnace to top at a rate of 2 L min~' for 15 min. The
crucible linked with the balance was kept at the constant
temperature zone to ensure the accuracy of pyrolysis
temperature. The electronic balance was located above the
heating furnace. There was a hook used to hang the sample
at the bottom of the electronic balance. The crucible was
linked to the electronic balance through the molybdenum
wire chain. Before the experiment, the electronic balance

Fig. 3 The schematic of
experimental facilities for
pyrolysis experiment

should be adjusted to ensure the crucible was located in the
center of heating tub and avoided the collision with the tub
wall. When the temperature in the heating furnace reached
to the setting value, the crucible with lump coal was
carefully put into the furnace and hung on the hook at the
bottom of the electronic balance, and the experiment data
were began to collect by computer at the same time. By the
end of the experiment, the data were firstly saved, and then
the crucible was quickly taken out and placed into the N,
container.

Repeatability of the experiment results

It is important to guarantee the stability of the experiment
environment for accuracy of the results. Therefore,
repeatability of the experiment data was investigated by
preliminary experiments. Pyrolysis experiments of the
lump coal (20 x 20 x 20 mm) were conducted at the
same conditions for twice, and the repeatability of the
results was analyzed. The pyrolysis convention ratio
curves, namely the ratio of pyrolysis instantaneous mass
loss to total weightlessness, which are obtained under the
pyrolysis process of lump coal at 1000 and 1200 °C,
respectively, are shown in Fig. 4. The two curves in each
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figure are overlapping together well, which indicates that
the experiment results have good repeatability at the same
conditions. The data obtained through the experiment are
reliable.

Results and discussion
The coal chemistry and petrology

The properties of the lump coal sample are listed in
Table 1. Compared with the traditional lump coals used in
the Baosteel COREX-3000 [19], the volatile content of HY
lump coal is similar (34.45 %), which ensure the gas pro-
duction in gasifier. The advantages of the HY lump coal are
lower ash content, lower water content, lower sulfur con-
tent and higher fixed carbon content, which benefit to
reduce the heat loss caused by the fuel composition.

From the maceral composition analysis, the vitrinite
content is highest (62.93 %), followed by inertinite content
(33.20 %), and the liptinite is rare in HY lump coal. The
coal is ranked hight-volatile bituminous by mean-maxi-
mum vitrinite reflectance (0.60 %).

The influence of temperature on pyrolysis

Mass loss ratio curves of HY lump coal during pyrolysis at
different temperatures, namely the ratio of pyrolysis
instantaneous mass loss to initial sample mass, are shown
in Fig. 5. It indicates that the pyrolysis curves move to the
left and the slope of the curves increase when the pyrolysis
temperature increases from 900 to 1200 °C. The inflection
points of the curves move to the left as well, which indi-
cates that the pyrolysis rate of the lump coal increases
gradually with the pyrolysis temperature increase. Further,
it can be also seen from Fig. 5 that the final mass loss ratio
has almost no change as temperature increases, which is of
the same order as the mass loss obtained by proximate
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analysis in laboratory (in Table 1). It indicates that pyrol-
ysis temperature has a little influence on mass loss ratio in
the range from 900 to 1200 °C. This conclusion is also
consistent with the results of Kim’s experiments [5].

Pyrolysis conversion rate curves during pyrolysis of HY
lump coal at different temperature are shown in Fig. 6. It
can be found that the conversion rate curves move to the
left as the pyrolysis temperature ranges from 900 to
1200 °C, and the peak is narrowed gradually, the peak
value increases. This phenomenon indicated that the
intensity of the pyrolysis process increases with the
pyrolysis temperature increase. As the peak value moves to
the left, the severely reaction moment occurs earlier. What
is more, the time of maximum conversion rate and pyrol-
ysis completion time can both be calculated. These calcu-
lated results are listed in Table 2. It is worth noting that the
maximum pyrolysis rate is at the moment of 68 s at
1200 °C, and pyrolysis completes within 168 s. However,
it should take 138 s to reach the maximum pyrolysis rate at
900 °C and all the pyrolysis process consumes 386 s. The
maximum pyrolysis rate value under 1200 and 900 °C are
0.0105 and 0.0047 s, respectively. The results indicate
that pyrolysis temperature has a great influence on pyrol-
ysis rate of lump coal.

The relationship between conversion and conversion
rate

The relationship between conversion and conversion rate at
different pyrolysis temperatures are shown in Fig. 7. It
indicates that conversion rate increases at the initial stage
and then decreases as conversion increases. This is due to
that the reaction rate depends on the reaction temperature
before the peak value of the conversion rate. However,
when the pyrolysis reaction approaches to a certain extent,
surface area and activity center of lump coal are reduced.
Meanwhile, the inhibit effect of surface area and activity
center of lump coal are greater than the promotion effect of
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Fig. 4 Repeatability of the experiment results for pyrolysis of lump coal
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Table 1 Properties of the coal sample

Proximate analysis/mass%, dry basis

Ultimate analysis/mass%, dry basis

Moisture,q Volatiles Ash Fixed carbon C H N S (0]
2.06 34.45 2.83 62.72 77.25 5.16 1.04 0.25 13.13
Maceral analysis/%
Vitrinite Liptinite Inertinite Mineral Reflectance of vitrinite
62.93 0.62 33.20 4.05 0.60
between conversion rate and pyrolysis temperature. So the
0.40 - time of reaching same conversion is less, as the pyrolysis
r SRR T .
0.35 - 5 S temperature increases.
L éfég
0.30 $ Kinetic model
2 025
= Method 1: determining the optimum mechanism function
8 020 by the master curve method
2
g 015 ) )
L 5— 900 °C The pyrolysis of coal has been studied by many
0.10 —o— 1?88 g researchers in the past few years [22-25]. Volatile matter
7AY © .
0.05 1200 °C separates out and the semi-coke forms due to the com-
plex physical and chemical reaction during pyrolysis
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Fig. 5 The relation between mass loss ratio of lump coal and
pyrolysis time
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Fig. 6 The relation between pyrolysis rate of lump coal and pyrolysis
time

temperature. So the conversion rate decreases with the
increase in conversion after the peak value [20, 21]. The
peak becomes sharper as pyrolysis temperature increases,
which indicates that there exists positive correlation

process of coal. The process of gas evolution and car-
bonizing may occur simultaneously during rapid pyrolysis
at a high temperature level for the lump coal with large
particle size used in COREX process, which can be
regarded as solid-phase reaction. Pyrolysis process for
lump coal in COREX is very complex due to the influ-
ence of mass and heat transfer, thus the macro-kinetics
model is established in the present work. The pyrolysis
mechanism for lump coal used in COREX is described as
following formula:

Lump Coal — Volatiles + Char (1)

The conversion rate of lump coal during isothermal
pyrolysis is the function of pyrolysis time and temperature,
and it can be expressed as:

do
T = kT () @
where d—f is conversion rate, s~ '; k(T) is the rate constant,
which is the function of temperature; f(«) is the differential
form of pyrolysis mechanism function; ¢ is pyrolysis time,
s; o is pyrolysis conversion ratio.

k(T) is calculated by Arrhenius equation:

k= Aexp (— %) (3)

where A is the pre-exponential factor, which is positive to
reaction rate, s_l, E is the activation energy, kJ mol_l; and
R is standard molar gas constant, kJ mol ' K1,
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Table 2 The values of pyrolysis parameters at different temperatures
1/°C 900 1000 1100 1200
Maximum conversion rate time/s 138 100 87 62
Pyrolysis completion time/s 386 261 233 168
Maximum conversion rate/s™" 0.0047 0.0066 0.0075 0.0105
0.012 one. The mechanism functions frequently used in solid-
v vy 5 900 °C phase reaction are listed in Table 3 [26, 27].
0.010 - oY v o 1000 °C
v v ];88 :g Method 2: apparent activation energy calculated by iso-
7, 0:008 - 4 v N conversional method
o v
[ v
g 0.006 |- v v Iso-conversional method is used frequently to calculate the
‘B 00000y v . . . . . .
2 VAP @ og o000, v activation energy in thermal analysis kinetics [28]. The
> . ; . .
S 0.004 - VVOOOOODDDD L i following equation can be got by the integration of Eq. (2):
S o t
0.002 - V¢ do E
_— = G o) = A - €X —— dt
fog= 0= [A-ew ( RT)
0000 | & 0 0 (7)
1 1 1 1 1 1 1 1 1 1 1 E
0.0 02 0.4 0.6 0.8 1.0 = A-exp|— RT| t
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Fig. 7 The relationship between conversion and conversion rate

The pyrolysis conversion ratio is calculated by the fol-

lowing formula:
mi — myg

= 4
e (4)
where m; is the initial mass of lump coal, g; m, is the instant
mass of the sample during experiment, g; m, is the sample
mass after experiment, g.

The following formula can be got by Egs. (2) and (3):

o= e (- o) 5)

Equation (5) is regarded as the relationships between
pyrolysis conversion rate and conversion ratio. The corre-
sponding activation energy and the pre-exponential factor
can be calculated from experimental data by employing
nonlinear least-squares fitting method. The objective
function can be expressed as follow:

where (dd_j() is experiment data; (%) is value cal-
1) exp,i 1/ calc, i

culated by model; and N is the number of data. If theo-
retical curves calculated by model fit well with the
experiment curves, it indicates that the mechanism function
which the theoretical curve stands for is the most optimum

@ Springer

Take natural logarithm on both sides for Eq. (7):
Al E
G(a)|] RT

—In(t) = ln{

where
G(a) = /—dcx 9)

is the integral form of the pyrolysis mechanism function.

Activation energy E can be obtained from the slop of the
plot In(#) to 1/T, and pre-exponential factor A can be
obtained by the intercept of that line. It can be analyzed
that the advantages of iso-conversional method for the
calculation of the activation energy is not need to deter-
mine the mechanism, and it can also reflect the change of
activation energy at different pyrolysis conversion.

The activation energy of pyrolysis process of lump coal
in COREX is calculated using the two methods based on
above mentioned in the present work.

Kinetic analysis

Determining the optimum mechanism function by mater
curve method

The relationship between conversion rate and conversion
are shown in Fig. 8. Fourteen kinetic control functions are
obtained by taking the mechanism functions (listed in
Table 3) into Eq. (5). Activation energy E and the
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Table 3 The common mechanism functions in pyrolysis reaction

Mechanism Code Differential form Integral form
Chemical reaction
n=1 F1 (1 —a —In(1 — o)
n=2 F2 1 — a)? Qa-o'=-1
n=>3 F3 a-a? [aA-o'=12
Diffusion
The two-dimensional diffusion control D2 [—In(1 — a)]™! o+ (1 — o) In(1 — a)
The three-dimensional diffusion control (Jander function) D3 151 — 0?1 — (1 — o) 7! - -o”P
The three-dimensional diffusion control D4 15[ — o) = 117! =23 -1 —a??
(Ginstling—Brounshten function)
Random nucleation and nuclei growth
Two dimension A2 2(1 — w)[—In(1 — a)]? [—In(1 — a)]'?
Three dimension A3 3(1 — w)[—In(1 — 2)]*? [—In(1 — o]
Exponential nucleation
Power series law, n = 1/2 P2 20'? 12
Power series law, n = 1/3 P3 3023 ol3
Power series law, n = 1/4 P4 43 ol
Phase boundary reaction
One dimension R1 1 o
Cylindrical symmetry R2 2(1 — 9()1/2 1-01 - oc)”2
Spherical symmetry R3 3(1 — a)?? 1—(1—o”

corresponding pre-exponential factor A are calculated by
nonlinear fitting based on the data in Fig. 8, and the results
are shown in Table 4. “Negative value” of R” in Table 4
indicates that the fitting effect is very poor by the selected
mechanism function; the symbol “-~” in Table 4 indicates
that the calculation cannot get convergence solution. Four
different mechanism functions (A2, P3, R2 and R3) were
selected for the model fitting calculation. Figure 8 was the
experimental conversion rate curves of HY lump coal and
those calculated with four models. From Table 4 and
Fig. 8, it can be found that the imitative effect by two-
dimensional random nucleation and nuclei growth model is
the best, and the correlation index of which is 0.9839. The
results obtained by fitting indicate that the pyrolysis
mechanism  function of HY lump coal is
2(1 —cx)[—ln(l—oc)]”2 (differential form)at the temperature
range of 900 to 1200 °C.

The activation energy and pre-exponential factor cal-
culated by two-dimensional random nucleation and nuclei
growth mechanism function are 46.63 kJ mol~' and
1.03 s™', respectively. Control equation of pyrolysis of
lump coal can be obtained by taking A and E into Eq. (5):

dOC_ 46630 0.5
== 1.03082exp< 8.314T) [(1 2)(—In(1 — %)) ]

(10)

The conversion ratio at different temperature was taken into
kinetic equations and having the integral for Eq. (10). Then the
conversion curves through theoretical calculation can be
obtained. As shown in Fig. 9, it is the comparison between
theoretical curve and experimental curve of conversion for
pyrolysis based on four models. From Fig. 9, it can be found
that the theoretical calculation curves almost overlap with the
experimental one by two-dimensional random nucleation and
nuclei growth mechanism function, which verifies the accu-
racy of this model. As the pyrolysis reaction proceeds at high
temperatures, the liquid phase within the lump coal will form,
and then the generated liquid phase transforms into solid state.
During this process, the solid particles are capable of acting as
the nuclei and being wrapped by the liquid phase. Then the
aggregation and growth of these small clusters will continue to
occur. These behaviors satisfy the random nucleation and
nuclei growth model. The schematic diagram of reaction
mechanism of pyrolysis process is shown in Fig. 10.

Verifying mechanism function by iso-conversional
method

Rapid pyrolysis for HY lump coal in a high temperature

level mainly occurs before conversion ratio reaching 0.95,
thus the conversion ratio value are taken in the range from
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Fig. 8 Experimental conversion rate curves of lump coal and those calculated with different models

Table 4 Kinetic parameters fitted by different mechanism function

Mechanism Code E/kJ mol ™! Als7! R?

Reaction order

n=1 Fl1 44.99 0.36 Negative value

n=2 F2 44.49 0.34 Negative value

n=3 F3 44.57 0.32 Negative value
Diffusion control

The two-dimensional diffusion control D2 1.74 x 10° 3.59 x 10" Negative value

The three-dimensional diffusion control (Jander function) D3 - - -

The three-dimensional diffusion control (Ginstling—Brounshten function) D4 - - -

Random nucleation and nuclei growth

Two dimension A2 46.63 1.03 0.9839

Three dimension A3 44.14 0.34 Negative value
Exponential nucleation

Power series law, n = 1/2 P2 47.93 0.41 Negative value

Power series law, n = 1/3 P3 46.38 0.28 0.3999

Power series law, n = 1/4 P4 48.21 0.43 Negative value
Phase boundary reaction

One dimension R1 - - -

Cylindrical symmetry R2 45.44 0.36 0.2789

Spherical symmetry R3 46.65 0.05 0.3950
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Fig. 9 Experimental conversion curves of lump coal and those calculated with four models

Fig. 10 The schematic diagram
of reaction mechanism of
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0.1 to 0.95 during calculation. The reaction time corre-
sponding to different conversion ratio at different temper-
ature is calculated according to the data obtained from
rapid pyrolysis experiment, and then In(¢) is got, as shown
in Table 5. Activation energy at different conversion ratio
and average activation energy for the whole process of
pyrolysis can be determined by data fitting, and the results

Pyrolysis time

are listed in Table 6. The relations between In(¢) and 1/T
can be found in Fig. 11. The hollow label represents
experiment data and straight line represents the fitting one.
It can be seen in Table 6 that the correlation coefficients R*
for activation energy calculation at different conversion
ratio are all greater than 0.99, which indicates good cor-
relation and high credibility for the results.
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Table 5 Reaction time and corresponding to different conversion ratio at different temperatures
o 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 0.95
1/°C
t/s
900 69 98 127 152 180 210 239 276 328 375
1000 49 71 90 108 127 148 170 195 228 257
1100 33 52 64 71 88 102 119 135 159 180
1200 26 38 49 59 68 77 90 102 123 141
T/°C
In(?)
900 4.23 4.58 4.84 5.02 5.19 5.35 5.48 5.62 5.79 5.93
1000 3.89 4.26 4.50 4.68 4.84 5.00 5.14 5.27 5.43 5.55
1100 3.50 3.95 4.16 4.34 4.48 4.62 4.78 491 5.07 5.19
1200 3.26 3.64 3.89 4.08 4.22 4.34 4.50 4.62 4.81 4.95
Table 6 Activation energy at different conversion ratio and average
activation energy during pyrolysis 4
o Intercept ~ Activation R? Average activation 50
energy/J mol ™ energy/J mol ™
0.1 5748.25 47,790.99 0.9934  47,059.76 Tg) S0
0.2 5432.41 45,165.04 0.9943 % 8 I .
03 552637 4594625 0.9988 s | A\ _ _ _ _ .{._\__/_ e
0.4 5490.31 45,646.42 0.9987 g a6 \ .-
0.5 5683.13 47,249.56 0.9973 § L -/
0.6 5840.91 48,561.29 0.9972 g 44
0.7 5674.64 47,178.99 0.9975 o
08 579207 48,1553 0.9973 42t = Activation energy
0.9 5714.55 47,510.81 0.9983 ‘0 . | . | . | . | . |
0.95 5700.39 47,393.01 0.9978 0.0 0.2 0.4 0.6 0.8 1.0
o
Fig. 12 Relationship between activation energy and conversion ratio
o 0.1
60F 203 -
A The average activation energy of HY lump coal calcu-
o5l q08 lated according to iso-conversional method is
’ 2o 47.06 kJ mol ™', which agrees with the result calculated by
oo, J random nucleation and nuclei growth model. From the
S0 calculation results, it is possible to verify that the mecha-
= | nism function determined by curve-fitting method is
£ 451 accurate. It can be seen from Table 6 and Fig. 12 that the
I activation energy at different conversion ratio ranges from
40r 45 to 48 kJ mol ™! and has small changes.
35
Conclusions
3.0 L 1 L 1 L 1 L 1
0.00070 0.00075 0.00080 0.00085

1/T/s™

Fig. 11 Linear relation between In(z) and 1/T
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1. The pyrolysis rate increases as temperature increases in
the range from 900 to 1200 °C, while the maximum
mass loss ratio, which is almost the same order for all
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the temperature, have a little relation with pyrolysis
temperature.

2. Two-dimensional random nucleation and nuclei
growth model is well satisfied the pyrolysis process
of lump coal according to the nonlinear fitting results,
and the kinetic equation of pyrolysis is:

do 46630
& 1.03082 exp( —
dr 0308 eXp< 8.314T)

X [(1 — a)(—In(1 — a))“}

(11)

The pyrolysis activation energy of HY lump coal cal-
culated based on this kinetic equation is
46.63 kJ mol~". The results calculated by the theo-
retical kinetic equation coincide well with the experi-
ment, which indicates that this mechanism function
clearly describes the relationship between conversion
ratio and time for isothermal rapid pyrolysis of lump
coal at 900-1200 °C.

3. The average pyrolysis activation energy of HY lump
coal calculated according to iso-conversional method
is 47.06 kJ mol~'. The value agrees well with the
result calculated by random nucleation and nuclei
growth model. This result validates the correctness of
the pyrolysis kinetic equation of HY lump coal. The
pyrolysis activation energies of HY lump coal at
different conversion ratio have small changes (ranging
from 45 to 48 kJ mol ™).
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