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ABSTRACT

Thermal gravimetric change characteristics and gas phase product - CO, NO, NOz,
VOCs - generated in the process of pyrolysis and oxidation, were investigated with
variation of process parameters including furnace reactor temperature both in
pyrolytic and oxidative conditions. For the thermal gravimetric change characteri-
stics, paper and wood were mainly decomposed at lower temperatures and they had
similar thermal gravimetric change trend due to their similar compositions: plastics
were mainly decomposed at higher temperatures: in the case of textile, natural
compounds were decomposed at lower temperatures and synthetic compounds at
relatively higher temperatures: food was decomposed in the wide range of
temperatures possibly due to their different kinds of components. For the analysis
results of gas phase product, the concentrations of NO, NOz were detected at higher
level at the oxidative conditions than at the pyrolytic conditions except that of CO,
which is due to complete combustion with sufficient oxygen at the oxidative
condition: food gave off CO, NO, NOz more than the other wastes. VOCs were
emitted more at the pyrolytic conditions than at the oxidative conditions.
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Fig. 1. Schematic diagram of experimental
apparatus utilizing TGA and sample
collection system.
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Table 1. Carrier gas and temperature conditions for pyrolytic and oxidative experiments

Condition Pyrolysis

Oxidation

Gas 90 cc No/min

80cc No/min + 10cc air/min

. equilibrate at 50C

. isothermal for 5min

Ot b W N e

Temperature mode . isothermal for 1min

. ramp 20C/min to 100C

. ramp 20C/min to 1,000C

. equilibrate at 80T

. ramp 50C/min to 100C

. isothermal for 1min

. ramp 50C/min to 300C

. isothermal for 7min

. ramp 50C/min to 1,000C
. isothermal for 10min

. jump to 800C

. isothermal for 15min
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Table 2. Conditions of temperature change utilizing aerotrap and cryofocusing module

Item Condition Item Condition
line temp. 250TC valve temp. 230TC
MCS line temp. 200C trap standby 35C
sample standby 33T trap cooldown -55C
sample sweep pre-cool sample sweep time 0.00
sample desorp time 8.00min sample desorb 280C
MCS desorb temp. 50T GC start DesEnd
cryofocus on GC cycle time 45.00min
cryo standby 200C cryofocus temp. -55T
inject time 2.00min cryo inject temp. 250C
desorb preheat 220C trap desorb time 3.00min
trap desorb temp. 240C sample bake 250C
trap bake time 3.00min trap bake temp. 250TC
MCS bake temp. 340TC

Table 3. Conditions of GC-MS analysis

Item Condition
column DB-1, 60mmX0.32mm
carrier gas He ( .5 nine degree)

2.4psi
He purge flow 1mL/min
carrier flow 1mL/min
inlet temp. 200C
detector temp. 250T
initial temp. | 40T(2min)
temp. . temp.
PIOBTAMMINE | programming | 270T(7C/min)
rate
mass range 30~425 m/z
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Table 4. Experimental results of sample properties

Physical composition
(unit : wt.%, wet base

Three component
(Unit : wt.%. wet base)

Elemental analysis Higher
(Unit : wt.%, dry base)

calorific
; lue
Sample Physical ~ Ya.
Physical | fraction Water |Combustible I;I:f;g?e c Hloln s a1 | ash (unit: keal/
fraction | without |component| component component a kg, dry
others po base)
paper 33.4 40.0 39.9 52.2 7.9 |39.3(6.639.4| TR*|ND**| 1.4 {13.1| 39774
plastics
(including 15.5 18.6 31.2 62.7 6.1 |73.8/9.3(ND|TR| ND [8.0|89} 8360.3
rubbers)
textile
(including 11.2 13.5 21.9 73.5 46 [65.118.3]17.8/0.3( ND |2.6|5.9| 5691.1
leathers)
food 22.0 26.3 66.6 22.5 10.9 |24.716.3{33.2/1.0] 0.3 ]1.9|32.6 3314.4
wood 14 1.6 35.4 58.9 5.7 154.116.8129.8/ ND| ND [ 0.5]8.8| 4586.4
others
(iron, etc) 16.5

*TR : Trace, **ND : Not detectable
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Table 5. Thermal gravimetric decomposition characteristics under pyrolytic condition

Temp. at change | Range of temp. at .
X Maximum change | Average change
Sample Region | rate peak curve | change rate peak . )

C) curve (T) rate (mg/min) | rate (mg/min)
aper 1 353.3 220~400 2.08 0.62
pap il 473.4 413~500 0.29 0.15
plastics 1 286.7 250~330 0.17 0.16
(including rubbers) o 500.0 400~510 3.13 1.07
textile I 370.0 253~393 1.87 1.10
(including leathers) a 446.7 393~467 2.21 2.04
& m 486.7 467~520 2.00 1.25
I 86.7 50~125 0.50 0.34
food it 313.3 125~667 4.97 1.51
m 786.7 667~850 2.93 1.10
wood 1 386.7 200~400 2.79 1.22
ixed ) I 356.7 230~387 1.50 0.66
mixed sample i 460.0 387~510 0.54 0.37

Table 6. Results of parameters in the rate equation with regression under pyrolytic condition

Sample Region | Frequency factor | Reaction order Activation energy Correlation coeff.
(kcal/mol)

I 1.789x10° 0.96 23.97 0.918

paper 2
I 4.938%10 0.50 10.87 0.467
plastics I 1.101x10° 0.24 9.29 0.920
(including rubbers) 1} 1.729x10% 0.42 29.51 0.901
, I 2.410%10° 0.33 19.47 0.963

textile 3
(including leathers) i 6.808x10 0.23 13.75 0.656
including feathers m 7.621x10° 0.75 23.55 0.912
I 3.301x10° 1.00 10.10 0.931
food i 2.138%x10* 2.30 12.64 0.913
m 5.872x10" 0.72 39.61 0.970
wood I 8.961x10° 1.19 20.81 0.892
od , I 1.245%10° 0.87 23.30 0.982
mixed  sample it 1.213%10° 0.99 27.70 0.953
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Fig. 2. Thermogravimetric change curve for various municipal waste components under pyrolytic

condition.
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Fig. 3. Thermogravimetric change curve for various municipal waste components under oxida-

tive condition.
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e ArteMe HAGFA] AE2$20), Fy

dMe FHMFAY 28R FHA Base A
o2 @dso|An,

(4) ¥4 8%

Fig. 3(dAAM BEX 4 &R/ I3z FEHA
& olA7EA 2 AFE =R o4 e Hart v
Bhdo. HoAFEze 2= 47 277C, 408
T. 7347C, 969Col 1, &zt A FE&xE A9 2
= P 92~300C, 300~650T, 650~850TC,
850~1000Ce]t}.
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Table 7. Thermal gravimetric decomposition characteristics under oxidative condition

Temp. at change | Range of temp. at )
. Maximum change | Average change
Sample Region | rate peak curve | change rate peak .
rate (mg/min) | rate (mg/min)
() curve (C)
1 323.1 225~334 36.33 3.75
paper
a 438.5 400~478 2.67 0.42
asti 1 292.3 250~300 0.54 0.33
s
(indugiz ixbbers) i 453.9 300~515 8.38 2.57
r

& m 561.5 515~731 0.69 0.34
textile I 300.0 208~300 1.31 0.48
(including leathers) o 446.2 300~560 9.15 1.23
I 276.9 92~300 8.27 1.81
food a 407.7 300~650 11.09 2.33
o0 m 735.7 650~850 0.82 0.67
v 969.2 850~1000 0.50 0.34
d I 300.0 190~330 26.58 4.09
woo it 423.1 390~520 5.39 1.46
1 300.0 190~300 2.11 1.38
mixed sample I 338.5 300~370 2.11 1.56
m 453.9 370~520 13.55 2.97

Table 8. Results of parameters in the rate equation with regression under oxidative condition

tivati Correlati
Sample Region Frequency factor | Reaction order Activation energy orrefation
(kcal/mol) coeff.
I 1.929x108 0.42 22.40 0.259
paper 8
a 2.096x 10 1.26 27.02 0.275
- I 2.803% 10 0.54 8.01 0.695
(incl g,as 1°Sbb | © 2.715%10° 0.69 27.85 0.964
Including rubbers m 9 349x10° 1.14 19.42 0.987
textile I 4.055%10* 0.74 13.15 0.978
(including leathers) i} 2.319x10° 0.89 26.23 0.633
I 2.538x10* 0.90 11.63 0.949
tood i 1.702% 108 2.71 24.45 0.812
0 m 5.039% 107 0.59 14.82 0.791
v 2.213%x10°8 0.67 47.29 0.977
g I 2.965%10° 0.53 22.30 0.736
woo o 3.964x10° 0.45 27.36 0.750
I 4.741x10° 1.04 15.55 0.972
mixed sample i 2.505x 108 0.50 23.60 0.708
m 3.005x 108 1.22 26.60 0.690
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(5) ZAF

EAF A3 Fig. 3(e)dA BHRo] #Agsw
FAd 2709 =7} Y3 ZHzte] L2 o 300C.
423TCelvt. a8z 43 2F fas Yste 2
=73 190~330T. 390~520Telth. B Fe
AEFZE P 2xe FolFolA 9} uj¢ v&s
o 2 olfre EAF A FolFHS vlsd JEQ
AE2 L2, FuidEgR 2, 2lades FAEo
A7 W geoln},

6) EFAM =

Fig. 3(HlX EFANEE AFEEFH0 o9
Hel AAr7E Bk, e dEAL xE 300
T. 339TC, 454TCe°lx, =73 190~300C,
300~370C, 370~520Co|t}. EFAIEE 339C
F2oA AE2 271 Bl 454T 2N e
TR EAEC] HisHE Ao dddy,

4.3. 8i717tA EMAHe ot o o

4.3.1. CO, NO, NO:9 &

th2 Table 9€ 2¥7] ZAYE d¥Hx4, &
stzeoM G 7tAE THE A virtA B2
23§ Ao}

(1) d&spxa

COE S EF7}F 541.9 umol/kgl.2 7} &3¢t
3, FFH2EF7E 98.3 umol/kg 2 71 Rkt
NO= H#%7t 718 w%ta Ectagf7t 7Hg @

A FRHUT. FEA20l7] o Abago] gl
of AEe] WL FEAFEI} SHHA ¢ F
E AR o] FLE AR AW Aago] 917
W&o SHFE Ao /I & Utk I EFo
A CO ¥=7 & vehd e dagMxz ud
g o gada Fado] R Ahgo] FiHez
Be 428N ANA 2 ol /E FolE £ Ut
NO T=7t AfFolAM 7HE & A2 HArfd ¢
Fo] 3 Adado] e Aoz BHE £ 3i:,
S Fe TPl /Mg AU dago] BE
sl CO % NO7H 71 #A wigsle Rog B
& & sloh

(2) Az

Atz dYdste QRszde) d9dTs
Gl vixdtn A HutHo R wWEEE A7}
oY EY S EFE AYstane Cco9 e
FTEE UFE Roldl 23E Jehided ol 3
Y Ahe] FFo] gErLgA] FAG Azl
E&E FA7] B&olet Atgdc).

4.3.2. 3dd #7223 (VOCs)e 55

2¥7] 2A4EE R AzAA LAY
© §4¢4 /71388 (VOCs)F A3 8 7714 3%
& ez & AFNMe VOCs FEE T
st 2] e @3 FAEAd g e £
Mz3dE st o S E43tn gt

Table 1091M & 2£87] =d=2 B89 A3}
A LS = VOCs ¥E FAAE Jebi).

Table 9. Resuits of inorganic oxides generation under pyrolytic and oxidative conditions

(Unit : umol/kg)
Pyrolytic condition Oxidative condition

Sample

CO NO NO2 CO NO NO2

paper 483.90 19.41 0.55 252.88 23.68 1.78

__ Plastics 98.30 6.92 0.16 67.21 18.39 2.90

(including rubbers)

textile

(including leathers) 193.38 23.37 1.12 86.61 24.80 0.66

food 541.94 6.56 0.16 556.57 13.95 0.01

wood 392.31 4.50 0.63 253.75 19.01 1.67




Table 10. Generation of VOCs for pyrolytic and oxidative conditions
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(Unit : gmol/kg)

1,2-dichlo-
Sample | Condition | 1-pentene| benzene ichlo 1-butene | 1-hexene hexane 1-butyne
robenzene

pyrolysis 54.53 3.82 2.67 57.14 270.90 2544 41 37.09
paper

oxidation ND* 0.37 2.98 770.38 306.52 1503.73 11.78
plastics | pyrolysis 12.93 5.88 ND 169.54 ND 2518.53 8.00
(including
rubbers) | oxidation [ 615.70 ND ND 8620.66 ND 1732.70 16.52
textile | pyrolysis | 32.97 1.09 0.95 ND 15.71 3702.31 | 29.78
(including
leathers) | oxidation 9.44 0.18 0.01 6.13 13.70 7940.66 36.17

pyrolysis 5.39 0.24 30.47 ND 998.89 450.14 1.94
food

oxidation | 180.69 0.09 0.01 ND 631.96 644.92 5.06

pyrolysis ND ND ND 43.00 341.82 1889.45 34.24
wood

oxidation ND ND ND ND 399.48 1271.97 27.98
mixed pyrolysis 14.33 4.23 0.22 ND 52.04 2132.41 44 .41
sample | oyidation | ND ND ND 7.48 ND 351.76 | 48.52

* ND : Not detectable

6712l ZE AgI/t AslERARG GEZANA
VOCs &7} vjid #3k3 VOCs %A hexane
o] BE ARAM & HEET 5L xR T
A= on 1-butened EelAE Q] Abstz oA
7 ¥& T8 Ul FolRe ¥z
A £ 1-hexene, hexaneo] Bo] ZA=HY D At3l=z
Aol £ hexaneo] o] AU, EAFe F
o] ¢} v]%:3A] 1-hexene, hexaneo] Bo] ZAH
Qe oA 744 o] ks oz Yz
gt Egt2gHRe 488 =AM & hexaneo] ¥
o] Ustm 4tstzA A& 1-pentene, 1-butene©|
Wol AU, S EFE 1-butened A g 6
7}A VOCs7} Bl&3HA wl&=Hded olRAL v
T AR oz YEd RS T
B& 5 ZdA hexane°l 7} Bl wl&= it

=
-

5. 8 £

2 dFddM e =AY 8 &7/ERE 2
Aol ME 7z 298 IAAF S99 23 oAl

H&sle YHEH B8 ded 2 48
F Sdch

1) FolF< EAFe G} AalzAc
g FAo] vxdld 400T ©)3te) @
2xoA, FHAEFe Bl 52 259
2% 500C §-2olA F a7 dojdr}. A&
Fe 2 FhdAe AAM R £37) =
< 2 FhoME FHH R B8} o] Fo
Ao BE{F JEoz FHE SHERE By
A 2=y 9lellA Eagct.
ARG H7I8 JE hguR e QF
& ZZAlel 9 10~30kcal/mololx, Ar3}
Z3AME ¥ 10~47kcal/mold] H9o UYxe
Aoz AT

AYERAFT drledEdol ¥ £ SlE CO,
NO, NOz2& ZE Al87} Atiglo] 28 A
szl HkH oz gol wjEE 1 VOCs
v gz ®el = E AL e
WAt

tlo

dg

2)

3
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