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Abstract — Devolatilization of the Refuse Derived Fuel(RDF) which is produced at WonJu in Korea was character-
ized in air atmosphere with variation of heating rate(10, 20 and 30 °C/min) in TGA. The results of TG Analysis have
shown that the pyrolysis and char combustion of the RDF occurred in the range of 350~700 °C depending on the heat-
ing rate. Activation energy of the RDF which was determined by using Friedman and Ozawa-Flynn-Wall method was in
the range of 14.44~18.40 kcal/mol. Also, reaction order(n) and pre-exponential factors(A) were 1.219 and 3.02x10° by
using Friedman method, respectively. In order to find out the devolatilization mechanism of the RDF, twelve solid-state
mechanisms defined by Coats Redfern Method were tested. The results of the Coats Redfern Method have shown that
chemical reaction is the effective mechanism by comparison with the value of the activation energy which was derived
from the Friedman and Flynn-Wall-Ozawa method and correlation coefficient from twelve solid-state mechanisms of
Coats Redfern Method. The solid state decomposition mechanism of the RDF was found to be a decelerated F,; type,
random nucleation with one nucleus on the individual particle.
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Table 1. Proximate and elementary analysis and Heating value of RDF

Initial Moisture (%) Volatile Matter (%) Ash (%) Fixed Carbon (%) Heating Value (kcal/kg, D.B)
1.3~1.6 53.8~62.3 29.8~31.0 5.1~7.4 4,160~4,420
Carbon (%) Hydrogen (%) Oxygen (%) Nitrogen (%) Sulfur (%) Chlorine (%)
36.9~39.2 3.5~5.1 24.0~25.5 0.1~1.1 0.08~0.15 0.56~1.5
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Symbol 2(X) Solid-state processes
Sigmoidal
A, [~In(1-X)]? Nucleation and growth (Avrami equation(1))
A, [-In(1-X)] Nucleation and growth (Avrami equation(2))
A, [~In(1-X)]* Nucleation and growth (Avrami equation(3))
Deceleration curves
R, X Phase boundary controlled reaction (one-dimensional movement)
R, 2[-In(1-X)"?] Phase boundary controlled reaction (contracting area)
R4 3[-In(1-X)"?] Phase boundary controlled reaction (contracting volume)
D, x? One-dimensional diffusion
D, (1-X)In(1-X)+X Two-dimensional diffusion (Valensi equation)
D, [1-In(1-X)"3}? Three-dimensional diffusion (Jander equation)
D, [1-(2/3)X]-n(1-X)*? Three-dimensional diffusion (Ginstling-Brounshtein equation)
F, —In(1-X) Random nucleation with one nucleus on the individual particle
F, 1/(1-X) Random nucleation with two nuclei on the individual particle
F; 1/(1-X)y? Random nucleation with three nuclei on the individual particle
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Fig. 2. The curve of conversion versus temperature at various heat-
ing rates.
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Fig. 3. The curve of rate of conversion versus temperature at various
heating rates.
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Fig. 4. TG and DTG graph of RDF at 20 °C/min heating rate.
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Table 3. Activation Energy and correlation on conversion level of RDF calculated by Friedman method

X E(keal/mol) R? X E(kcal/mol) R?
0.1 13.28945 1 0.55 8.261946 0.996
0.15 25.678 0.931 0.6 9.072642 0.999
0.2 21.09995 0914 0.65 10.26425 1
0.25 20.01704 0.972 0.7 10.92532 1
0.3 17.44288 0.971 0.75 11.17429 0.999
0.35 14.79262 0.987 0.8 11.17648 0.996
0.4 13.23739 0.993 0.85 14.90469 0.979
0.45 11.39545 0.999 0.9 22.41535 1
0.5 10.30538 0.999 Average 13.43842 -
1.6 40
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Fig. 6. Friedman calculation of the reaction order and the pre-exponen-
tial factor from experimental data.
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Fig. 7. Kinetic analysis by Flynn-Wall-Ozawa’s method.
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Table 4. Activation Energy and correlation on conversion level of RDF calculated by Flynn-Wall-Ozawa method

X E(kcal/mol) R? X E(kcal/mol) R?
0.1 25.05656 0.997 0.55 12.1974 0.971
0.15 26.04158 0.997 0.6 12.38231 0.977
0.2 28.71383 0.929 0.65 13.3695 0.986
0.25 27.54869 0.963 0.7 13.78892 0.991
0.3 25.27584 0.981 0.75 13.40257 0.992
0.35 22.58227 0.985 0.8 11.79278 0.989
04 20.11669 0.985 0.85 11.89851 0.992
0.45 17.94609 0.985 0.9 14.66342 0.999
0.5 15.96257 0.983 Average 18.39644 -
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Fig. 9. Curves indicating the solid-state mechanism by using Coats
Redfern Method.

Table 5. Activation energies of RDF obtained from the Coats-Redfern
method for several solid-state processes at 20 °C/min

Mechanism E(kcal/mol) R? A(min™)
A2 35.95477 0.9977 1.37E+10
A3 55.32802 0.9978 7.66E+15
A4 74.69928 0.9978 4.27E+21
R1 11.20449 0.9792 3.75E+02
D1 25.20112 0.9975 2.47E+04
D2 28.17963 0.9936 1.64E+07
D3 31.92712 0.9987 6.72E+07
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F3 22.75512 0.7889 1.72E+07
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IN= k=

A : pre-exponential factor[min~]
B, s © starting material
C,,sia © solid product during the disappearance of B,
Dy, : gas product during the disappearance of By,
E  : activation energy[kcal/mol]
f(X) : function of X, depending on the particular decomposition
mechanism
g(X) : integral function of conversion
n : decomposition orders
R : gas constant[1.987x10kcal/mol-K]
R?  : square of regression coefficient
: reaction time[min]
: absolute temperature[K]
o - initial weight of the sample[mg]

« : weight of the sample at equilibrium[mg]

t
T
\W%
W, : weight of the sample at time t[mg]
W,
X :degree of decomposition

p

: heating rate[°C/min]

Gl

O
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