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Abstract — In this study, isothermal (350, 375, 400, 425, 450, 500, 850 °C) experiments were carried out using a cus-
tom-made thermobalance to analyze the thermal decomposition properties of refuse plastic fuel (RPF), which is to be
used as a cofiring fuel with a sub-bituminous coal at commercial circulating fluidized bed (CFB) boiler in Korea. In iso-
thermal pyrolysis results, no change in the reaction model was observed in the temperature range of 375~450 °C and it
was revealed that the first order chemical reaction (F1) is the most suitable among 12 reaction models. The activation
energy shows similar results irrespective of application of reaction model in that the activation energy was 39.44 kcal/
mol and 36.96 kcal/mol when using Arrhenius equation and iso-conversional method (0.5<X<0.9) respectively. Mean-
while, the devolatilization time (t,,,) according to particle size (d) of RPF could be expressed as t,,=10.38d*%% at
850 °C, operation temperature of CFB and for even distribution and oxidation of RPF in CFB boiler, we found that the
relationship of average dispersion distance (x) and particle size was x<1.58d"44,
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Table 1. Reaction models used in this study to describe the solid state
processes

Reaction model Symbol fiX) 2X)
Power law P4 434 X
Power law P3 3X?3 X3
Power law P2 2x1? X2
One-dimensional diffusion D1 12X X2
Mample (first order) F1 1-X -In(1-X)
Avrami-Erofeev A4 41-X)[-In(1-X)PP* [-In(1-X)]"*
Avrami-Erofeev A3 3(1-X)[-In(1-X)]*?  [-In(1-X)]"?
Avrami-Erofeev A2 2(1-X)[-In(1-X)]"?  [-In(1-X)]"?
Three-dimensional diffusion D3 2(1-X)**[1-(1-X)"*]" [1-(1-X)"*]
Contacting Sphere R3 3(1-X)%3 1-(1-X)13
Contacting Cylinder R2 2(1-X)12 1-(1-X)"2
Second order F2 (1-X)? 1-xy1-1
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Fig. 1. Schematic diagram of thermobalance used in this study.
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Table 2. Fuel analysis results of Korean RPF and sub-bituminous coal

Korean RPF Sub-bituminous coal
Proximate, % (As air dry basis)
Moisture 0.78 153
Volatile matter 95.50 40.5
Ash 1.12 2.5
Fixed Carbon 2.60 41.7
Ultimate, % (As dry basis)
C 84.90 69.8
H 13.10 49
N 0.01 1.0
S 0.40 0.3
(0] 0.47 21.0
Ash 1.12 3.0
HHV(kcal/kg) 10,204 5,580
IDT(°C)* 1,230 1,150
*IDT: Initial Deformation Temperature of the ash
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Fig. 2. The curve of weight loss (a) and conversion (b) according to
temperature of RPF at the heating rate of 5 °C/min under
nitrogen atmosphere.
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Table 3. Comparison of R-squared values for reaction models described in Table 1 through linearization procedure for five isothermal experimental data

in the conversion range of 0<X<0.95

Temperature (°C)

Symbol of Reaction Model

375 400 425 450 500
P4 0.7119 0.7018 0.7073 0.7436 0.9550
P3 0.7403 0.7346 0.7364 0.7739 0.9724
P2 0.7882 0.7871 0.7842 0.8167 0.9844
D1 0.9668 0.9653 0.9662 0.9686 0.8399
F1 0.9966 0.9982 0.9983 0.9944 0.8158
A4 0.9245 0.9007 0.8962 0.9049 0.9838
A3 0.9457 0.9271 0.9240 0.9322 0.9818
A2 0.9748 0.9633 0.9631 0.9677 0.9554
D3 0.9833 0.9860 0.9796 0.9690 0.6821
R3 0.9887 0.9833 0.9849 0.9860 0.8858
R2 0.9726 0.9663 0.9668 0.9705 0.9120
F2 0.8519 0.9061 0.8727 0.8236 0.5300

*350 °C results were not here due to absence of data in the range of 0.7<X<0.95.
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Fig. 6. The reaction rate constant per each temperature in the range of
375~450 °C.
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Fig. 7. The Arrhenius plot for F1 controlled thermal decomposition of
RPF.
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Fig. 8. The relationship graph of Int and 1/T at different conversion
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Table 4. Kinetic parameters (E, A) of RPF pyrolysis derived from iso-
conversional method as a function of conversion to four
isothermal reactions of 375, 400, 425, and 450 °C

X E(kcal/mol) InA (A:sTh* R?

0.2 19.36 7.55 0.9514
0.3 24.50 11.37 0.9415
0.4 29.02 14.77 0.9660
0.5 34.06 18.45 0.9837
0.6 36.71 20.39 0.9875
0.7 37.75 21.14 0.9846
0.8 38.10 21.44 0.9863
0.9 38.16 21.50 0.9876

Average 3221 17.08

*A value was calculated as a result of applying F1 model.
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Fig. 9. The relationship between devolatilization time and particle
size at 850 °C.
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Nomenclatures
a : experimental constant [s/cm”]
: pre-exponential factor [s!]
d : fuel particle size [cm]
D, : dispersion coefficient [m?/s]
E : activation energy [kcal/mol]
f(X) : function of X, depending on the particular decomposition
mechanism
g(X) :integral function of conversion g(X)= jdX/ f(X)
k : reaction rate constant [s']
n : experimental constant [-]
R : gas constant [1.987x107 kcal/mol-K]
R? : square of regression coefficient
t : reaction time [s]
ey : devolatilization time [s]

: transport time [s]

T : absolute temperature [K]

W, : initial weight of the sample [mg]

W, : weight of the sample at time t [mg]

Weo : weight of the sample at equilibrium [mg]
X : average dispersion distance [m]

X : degree of decomposition [-]
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