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Abstract—Concept of the transfer lag was introduced to a basic form of the Arrhenius-type rate equation
to interpret the results of plastics pyrolysis in a thermogravimetric analyzer. A first-order system with time
constant t was assumed between ambient temperature and sample average temperature changes and t was
varied with the degradation of the sample This type of model successfully described most features of plastics
pyrolysis with various heating methods of the thermogravimetric analyzer. But the model was still incomplete
to express the degradations when the secondary reactions were important, such as those in the latter phase
of pyrolysis and those at lower temperatures.
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Fig. 1. Schematic illustration of plastics pyrolysis.
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periment expressed by equation (2).
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Table 1. Estimation of plastics pyrolysis model parameters

A(mg!~*/min) E(kcal/mol) n b(min/mg) m
ABS 1.362x 101 4240 0.767 0.0204 0.227
PS 4.926 10" 55.86 0.928 0.0180 0.074
HDPE ] 5.086 X< 107 76.56 0.751 0.0155 0.072
PVC(HCl evol.y* 1.501 X 10% 55.24 1.052 0.0221 0.429
(2nd degr.) 6.743X10% 37.15 0.829 0.0010 1.155

*w1,=0.715
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L Table 2. Plastic samples used in the TG pyrolysis
A5o] At el XA

Plastics Trade name Shape Manufacturer

8% 9v]E AYx 9ok ABS  HF 350 Powder Lucky Ltd.
sy e 7}054111 203 AL £l & PS Daylak Bead Lucky Ltd.

X 9] overshoot 5 Ay Az Asx s} ol A} HDPE M 690 Bead Korea Petrochem.
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Fig. 4. Variation of T,.. as a function of heating rate.
Symbol represents measured value and line repre-
sents calculated value. Solid symbol and solid line
indicate sample weight is 32 mg while open symbol
and dashed line indicate sample weight is 12 mg.
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of isothermal temperature. Sample weight is 12
mg.
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NOMENCLATURE

1

A : frequency factor [min~! in equation (1) and

min~'mg' ™" otherwise]

b : constant in equation (11) [min/mg]

E : activation energy [kcal/mole]

F : objective function defined by equation (17) or
(18)

m : exponent of w in equation (11)

N - number of experiments used for estimating
model parameters

n : reaction order

R : ideal gas constant [1.987 X 10~ kcal/mole- °K]

r : radial coordinate [mm]

S : variable of Laplace transformation of t

T : temperature [degree]

AT :change from initial temperature [degree]

T, :average temperature of the sample [degree]

T,  :isothermal temperature [degree]

T, :ambient temperature [degree]

T, :initial temperature [degree]

t : time [min]

te : time required for T, to increase from T, to
T. [min]

W :weight [mg]

w : weight fraction

W, :initial weight of the sample [mg]

B : heating rate [C/min]

T : time constant [min]

[0} . difference between measured and calculated
values defined by equation (16)
:i-th component

k : k-th experiment

max]1

: initial value
: maximum degradation rate for constant heat-
ing

max2 : maximum degradation rate when maintaining

10.

11.

12.

. McCaffery,

constant temperature after heating
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