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ABSTRACT

The pyrolysis characteristics of celluloses and plastics. which are the principal
materials contributing to the municipal solid wastes(MSWs), was investigated with a
thermal gravimetric analysis reaction system. The experiments were carried out in a
nitrogen atmosphere in the temperature range of 400~900K at various experimental
conditions. Also, a modified pyrolysis model for compressed MSWs has been proposed.

Varing the heating rate to 20, 30, 40K/min, reaction orders of MSWs main
component were around 1.1~1.9, activation energies were 117~166kJ/mol for cell-
uloses and 187~239kJ/mol for plastics. Char yield was proportional to the heating
rate, particle size, and compressed ratio. The model proposed in this study. which is
applying Arrhenius equation and thermodynamics, is closer to the experimental
results than the conventional model.
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Table 1. Reaction characteristics of cellu-
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Woods, Leathers etc. etc.
Solid Solid
Reaction | Activation | Activation
S:e Active Solid Active Solid
P v N Pyrolysis | Pyrolysis
Char  Tar, Gas Tar, Gas
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Pyrolysis Pre, Main, Post Main
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Fig. 1. Schematic step of pyrolysis model in
compressed solid.%'®
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Table 2. Chemical properties of pure solids
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Density (g/em®)

Specific heat (J/kg ‘- K)

Thermal conductivity (W/m - K)

Cellulose 650 1112 + 4.85T
Lignin 650 1112 + 4.85T
Hemicellulose 650 1112 + 4.85T
Poly(ethylene) 250 2100

Char 350 1003 + 2.09T

Volatile

1100
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0.183-(1%109T
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Fig. 2. Experimental apparatus of pyrolysis
reaction.

Table 3. Experimental conditions of pure
materials
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71822 10cm? ¥FHB ¥l W18 43 Plastics
Nz gasigon. 4o A8E YBANES T Textiles | N, 100 | 20.30.40
A3 EWs LR GAM(T.C0E AN 33— o (neomeressed) i | K/min
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Leather
Table 4. Experimental conditions of MSWSs' pyrolysis reaction
Condition Experiment Conditions
F\Z :icgt}il:n Moisture 30% Comments
Component Solid Condition Carrier Gas Heating Rate
Papers 41%
Plastics 29%
Textlles s g??:ss.s?gcm N, 100mL/min | 20 30- 40 | Vr=final volume
Wood 9% ViVo = 0.25.0.1 K/min Vo = initial volume
Leather 4%
Rubber 3%
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Table 5. Pyrolysis reaction constants at the 30K/min

Constant] Ea(kJ/mol) A n
Materials Temp.(K)| 20 30 40 20 30 40 20 | 30 | 40
Printing{ *r | 144.1 | 137.1| 132.4 {1.17x10""] 3.22%x10"| 1.00x10" | 1.40 | 1.20 | 1.32
Paper | °r | 140.6 | 134.1]130.1 | 2.19%10° | 2.04x107 { 1.00x10" | 1.50 | 1.42 { 1.45
Tissu n 135.1 | 120.6 | 120.6 |1.99%x10"| 4.09x10° | 4.00x10% | 1.12] 1.40 | 1.52
¢ rz 1133212531176 |540x107| 7.04x10° | 1.07x107 | 1.48 | 1.60 | 1.25
Coating| r | 162.0} 155.8| 150.1 |4.20x10%%]| 8.90x10" | 2.89%10" | 1.45 | 1.60 | 1.71
Paper r; |115.1]120.0|145.1 | 1.00x107 | 1.29x10°* | 1.99x10° | 1.51 | 1.50 | 1.27
Cellulose
Textile | ™ 165.5 | 161.5 | 159.0 |1.60%10'%| 9.71x10" | 3.76x10" | 1.20 | 1.18 | 1.68
rz | 1635 157.0] 153.9 | 8.20x10°| 1.01x10° | 5.21x10' | 1.40 | 1.58 | 1.78
Wood ol 151.1 | 141 | 140.0 {2.29x10"| 9.80%10* | 4.20x10°| 1.71 | 1.76 | 1.54
r2 |144.1] 137 | 136.0|9.00x107 | 1.20x10° | 1.00x10® | 1.60 | 1.88 | 1.35
Leather n 160.1 ] 153.7 | 157.5 {7.89%x10"'| 1.20x10" | 1.90%x10" | 1.43] 1.85| 1.70
€ o | 156.4|150.3|152.0 | 2.20x10°| 1.09x10° | 1.80x10° | 1.71 | 1.53 | 1.25
o Plastic - ] 239.0]233.0}228.05.21x10%] 6.95%10" | 1.55%10'®| 1.32 | 1.60 | 1.30
astic
Rubber - | 202.01197.0] 187.0 |4.55x10"] 8.00x10" | 6.95x10%{ 1.21 | 1.40 | 1.21
*r1: Main pyrolysis rate, °rz: Post pyrolysis rate
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Fig. 5. Comparison of residual mass frac-
tion curves predicted from proposed
model, with experimental data for
pyrolysis of mixed municipal solid
wastes.
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Fig. 7. Mass loss rate of compressed muni-
cipal solid wastes.
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Fig. 8. Mass loss rate of municipal solid
wastes according to the compres-
sion ratio.
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GeEAEs dE2e2Ade] dA FERle] €
£ Wgo] dojun], dxng gl wgo] FYd
A AYH3 ded oA vLFA 243 e
€ §Aolh.

5.4 &

&% ARYAZ|RS] F¥ P& ngs
71 918 @Y Eel 7§, dHSA ¥ W E,
a2ln A&E si71Ee FEANE A A5 nel
A4 33 o3 22 F&€ 49t
1) EARYHEE e Y Ee 4
& B4 & golr] A8 $e4=§ 20, 30,
40K/minZ W33t 4¥¢ £ d3,
Wgale ne 1.1~1.99 ¥Hd Un, ¥4
oA E.& #Folf7l 117~162kJ/mol,
Afe 153~166kd/mol, EAE 136~151
kJ/mol, 28]3 H¥o] 152~160kJ/mole]
HHagen #2228 Re ¥Rt 187~202
kJd/mol, &e}2€lo] 228~239kJ/mol2
125 4= 3

2) +L&EI} AE=ANIEe) SRl v
€ 9% Loty ¥ $24558 20, 30,
40K/min2.2 ¥A7EM 2408 E 53
F A3, 472 0.9cm, % 873KelA char
F&E 15.9, 16.6, 17.5%2 &7138Qn, &
gagAde] wgo] ARHE x5 %



620. 650, 700KZ F7}3tdc}.

3) €24%7t 30K/min. Vi/'Vo = 0.1¢ 9 ¢

4)

7ol 0.3, 0.6. 0.9cm& Z7¢el wWea} char
o &8 12.9, 15.7, 16.6%= <%t F7}3}
= A4%E 8oy, $#&4% 30K/min, ¢
73 0.9cmoll A ¢&BE 0.25. 0.12 F7HA
7198 char®] $&& 13.3, 16.6%= Z7}5t
o} 4723 ¢&u)7t F7181E chargl F2&9)
ol B8 aALW2 B char®) Y4HS
gaz de 4 ¥8¢ + ot
L&A Y st 8] GReA GE W
EES UE 7 Ue AN g¥Y e R
€ Alde |d¥d7t fdse 800K P =0l
o, AATA DYVl 8] ¢2YEN A&
Arrhenius?] 3 @A golE€ °l4¢ Zdel
AL dx JlEe Rduc 49299 o
2 A8 e 2d@Ae Y charst #d
qEAY £&2 538 + U

JNEHdH

: heating rate( d7/49¢)

. residual weight of single solid after
reaction

: initial weight of single solid

¢ initial volume

: final volume

. time

. absolute temperature

. activation energy

: residual weight of mixed solid after
reaction

. initial weight of mixed solid

: weight fraction of component i

: final temperature

: initial temperature

. activation energy of component i

: gas constant

. reaction order of component i

¢ component of solid

A& sADYNY B AL KY 917

+ & ! impurity factor

T() : temperature of divided solid j

. Agrawal,

. Agrawal,

: lﬂl—%ﬁ;‘— weight fraction of divided

solid j

3m

F1gs

. Shafizadeh, F. and Bradbury, A. G. W.,

“Thermal degradation of cellulose in air
and nitrogen at low temperatures.” J.
Appl. Polymer Sci., 23, 1431~1442(1979).

. Simkovic, I., Durindova, M., Mihalov, V.

and Konigstein, 1., “Thermal degradation
of cellulose model compounds in inert
atmosphere,” J. Appl. Polymer Sci., 31,
2433~2441(1986).

. Calahorra, M. E.. Cortazar, M., Eguia-

zabal, J. I. and Guzman, G. M., “Thermo-
gravimetric analysis of cellulose: effect of
the molecular weight on thermal decompo-
sition.” J. Appl. Polymer Sci.. 37, 3305~
3314(1989).

R. K.. “Kinetic of reactions
involved in pyrolysis of cellulose. I: The
three reaction model,” Can. J. Chemical
Eng., 66, 403~412(1988).

R. K.. Kinetic of reactions
involved in pyrolysis of cellulose. II: The
modified Kilzer-Broido model.” Can. J.
Chemical Eng., 66, 413~418(1988).

. Michael, J. A. and Jr. Gabor V., “Cel-

lulose Pyrolysis Kinetics : The Current
State of Knowledge.” Ind. Eng. Chem. Res.,
34(3), 703~717(1995).

. Valerio, C. and Cristiano, N., "Modelling

and Experimental Verification of Physical
and Chemical Process during Pyrolysis of
a Refuse-Derived Fuel,” Ind. Eng. Chem.



918

10.

11.

12.

. Truls,

HAE - &Y - 23 - olYUY - 235

Res., 35(1), 90~98(1996).

L. and Krister, S., "Modeling of
Coal Pyrolysis Kinetics.,” AIChE, 40(9).
1515~1523(1994).

Colomba, D. B.. “Kinetic and Heat Trans-
fer Control in the Slow and Flash Pyroly-
sis of Solids.” Ind. Eng. Chem. Res.. 35(1).
37~46(1996).

Koufopanos, C. A.. “Modelling of the Pyroly-
sis of Biomass Particles. Studies on
Kinetics, Thermal and Heat Transfer
Effects,” Can. J. Chemical Eng.. 69, 907
~915(1991).

i, dFFEAYI(TGA)] 9§ 71 =
A2d7le] dEs Bdol B A7, LAY
o A= §(1995).

Yuans, A.. Introduction to Thermodyna-

13.

14.

15.

16.

mics and Heat Transfer, The McGraw-Hill
Companies, Inc., New York(1997).
Chang. C. Y., “Pyrolysis Kinetics of Un-
coated Printing and Writing Paper of MSW."
Journal of Environmental Engineering,
112, 299~305(1986).

Wu, C. H.. "Pyrolysis Kinetics of Paper
Mixtures in Municipal Solid Waste,” J.
Chem. Tech. Biotechnol., 68, 65~74(1997).
Cozzani, V., “Influence of Gases Reactions
on the Products Yields Obtained in the
Pyrolysis of Polyethylene,” Ind. Eng. Chem.
Res., 36(3), 342~348(1997).
Koufopanos, C. A., “Kinetic Modelling of
the Pyrolysis of Biomass and Biomass
Components.” Can. J. Chemical Eng., 69,
75~84(1991).



