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Abstract

Municipal Solid Waste has become a serious environmental
problem troubling many cities. In this paper, a mathematical model of
combustion kinetics of municipal solid waste with focus on plastic waste
was studied. An analytical solution is obtained for the model. From the
numerical simulation, it is observed that the heating rate g is proportional
to the heating temperature and the conversion rate of the system. It is also
observed that the conversion rate increases as the pre-exponential factor
increases while it decreases as the activation energy and reaction order
increases.
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1.0 Introduction

The study of the combustion characteristics of Mipal Solid Waste (MSW) is
interesting because of its advantage of maximurumaelquantity reduction and energy
recovery. The typical combustible components of MSW¢lude wood, paper, food,
Polyethylene (PE) and Polyvinyl Chloride (PVC).

The entire weight loss process of typical MSW congmis consists of one to three
distinct combustion stages, two stages for biowésteste paper, wood, food), one stage for
plastic waste (PE) and three stages for PVC. Tis §tage of biowaste involves volatile
release and combustion; the second stage invohesacombustion. Because plastic does not
contain fixed carbon, it has only one stage. Thigdoss of PVC is more complicated, the
first stage mainly involves release of Hydrogendtide; the second stage involves release of
benzene, toluene and other hydrocarbons (Wu e7]gl the third stage may involve char
combustion and decomposition of inorganic material.

The combustion of typical components of MSW could rhodeled by one to three
independent reactions. The corresponding parametesgical components of MSW are the
activation energy, pre-exponential factor, andtieawrder.

Thermogravimetric analysis is one of the most usellniques to study the combustion
kinetics of fuel. Most kinetic studies use simptaction models in different temperature range,
which will inevitably lead to a breakpoint in thalculation in order to obtain satisfactory fits to
the experimental results and usually could notygglod results for complex and diverse MSW
(Li et al [5];Cozzani et al [2]; Fritsky et al [3jhd Narukawa et al [6]).
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Jin et al [4] proposed a new consecutive kinetidehdor the combustion of MSW
based on the hypothesis that each stage of weightstands for a reaction of a component of
the sample and that the kinetic parameters of eaa@ttion remains constant over the whole
temperature range of the experiment. The correspgrmhrameters of typical components of
MSW such as activation energy, pre-exponentialofadnd reaction order were determined
experimentally.

In this present study, we will focus on the plasgtistej = 1 and provide an analytical
solution of the problem. We investigate the combieéects of heating rate, activation energy
parameter, pre-exponential factor and reactionraydehe temperature rise and conversion rate
of the system.

2.0  Mathematical model
Following [1], the equation for each pseudo-pagiiven by

da, _ 1-a,) ex;{— %} (2.1)

where for PVC,i = 1,23; for biowastej = 1, 2; for plastic waste (PE)= 1, a, is the degree
of transformation of the pseudo-partn; is the reaction order of pseudo-parsy is the pre-
exponential factor of pseudo-paytE; is the apparent activation energy of pseudo-paR is
the gas constant, is heating temperature.

Heating rated is a constant since the temperature is raisedrlinehat is

_dr
A= 2.2)

|
The combustion of each sample can be writtenas a = Z Z,0Q, (2.3)
i=1
a is the general conversion rate of the samplevatii is the number of pseudo-parts, is
the ratio of the weight of pseudo-parto the global loss weight of the sample.
Combining (2.1) and (2.3) and for plastic wastel, we can write

da E
— = 1-a,)* exg —— 2.4
o = Azll-a) { m} (2.4)
satisfying the initial conditionsT(0) =T, ,a(0)=0 (2.5)
2.1 Non-dimensionalisation analysis
E RT,
Let 6=—2 (T—TO),t':l, 0=—2¢ (2.6)
0 r El

Using the dimensionless variables (2.6) in (2.2) gh4), we obtain the dimensionless equation

da
fter dropping of pri — = 1-a, ) 2.7
(after dropping of prime) as " Azlo( 0’1) exp(l_l_mgj (2.7)
dé
— = 2.8
o B (2.8)
6(0)=0, a(0)=0 (2.9)
_ B A E,
here, 5, =——, A= A exp -
where, S, ar, A x;{ RT.
3.0  Method of solution
Combining (2.7) and (2.8) we have
da _ Az, 1-a,) exp{ j (3.1)
de g 1+08
a(0)=0 (32)
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The solution of (3.1) is obtained as

a(e):Aziﬁ—Dgl)"l( meex;{% Dmgj E@ﬁ)*{%ﬁ

e (i) 6

where Ei is the exponential integral. Solving (2.8), we:aii, H(t) = [t (3.4)
The solution of (2.7) now becomes

L o
mellogitef) o

The results presented in figures 4.1 to 4.6 dematesthe effect of heating rate, pre-
exponential factor, activation energy and reactmder on the heating temperature and
conversion rate profile.

4.0 Result and discussion

Figure 4.1 shows the heating temperature profikéreg timet for different values of
heating rate; and figures 4.2 — 4.5 show the conversion ratdilpsoagainst timet for
different values of heating rafi, pre-exponential factoh, activation energyl and reaction
ordern; while figure 4.6 shows the conversion rate prefégainst temperatufefor different
values of activation energy.

Figure 4.1 displays the heating temperature mrdfir the different values d¥; at
0=001 A=25n =12. It is shown that the heating rate is proportiottathe heating
temperature this shows that temperature raisearline

Figure 4.2 reveals the conversion rate profila éiked [J= 001, A= 25n, =12
for varying values of;. It is shown that the heating rate is proportidoahe conversion rate.
This is as a result of increase of heating tempegatvhich tends to lead to the entire weight
loss of the process.

Figure 4.3 displays the conversion rate profiletfar different values oA at [1= 001,
Bi=1,n =1, 2... It is shown that the conversion rateeases with increase in pre-exponential
factor. This shows that as the pre-exponentiabfdacreases the conversion rate increases.

Figure 4.4 reveals the conversion rate profila fikedp, = 1,A = 2.5,n, = 1, 2 for
varying values of 1. It is shown that the conversion rate increasél décrease in activation
energy, that is, as tHé —» 0 the maximum conversion rate is achieved.

Figure 4.5 displays the conversion rate profilether different values af; at (0= 001,
B;=1,A=25. Itis shown that the reaction order is ety proportional to the conversion
rate. This shows that as the reaction order ofpgeudo-pari increases the conversion rate
increases.
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Figure 4.1 Heating temperature profiagainst time for
various values oB..
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Figure 4.2 Conversion rate profil® against time for
various values of..
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Figure 4.3: Conversion rate profile against time for
various values cA
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Figure 4.4: Conversion rate profile against time for
various values c[].
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Figure 45: Conversion rate profile against time for
various values offl;.
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Figure 4.6 Conversion rate profile against temperatugfor
various values cL].

Figure 4.6 reveals the conversion rate profila éixedp; = 1,A=2.5,n;, = 1, 2 for
varying values of 1. It is shown that the conversion rate increaseb decrease in activation
energy, that is, as thé — 0 the maximum conversion rate is achieved.
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5.0 Conclusion
Mathematical model of combustion kinetics of mipat solid waste with focus on

plastic waste was studied. The analytical solutisnzovided, the effect of varying the values
of heating rate parameter, activation energy paramere-exponential factor and reaction
order on the heating temperature profile and caioprrate profile of MSW was investigated.
The result in [4] indicated the entire weight Igsscess of each typical component of MSW
consist of one to three distinct combustion stagesm our findings, it is observed that the
heating temperature and conversion rate rise withiease in the heating rate. Also the
conversion rate increases with decrease in adaivathergy and reaction order while it is
increases with increase in pre-exponential factor.
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