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Analysis of Chlorinated Organics in Co-Combustion of Polymers
by Pyrolysis/Combustion-Gas Chromatography

Department of Environmental Science, Kangwon National University
Hyoja-dong, Chunchon, Kangwon-do 200-701, Korea

One of the major source of chilorine is the waste polyvinylchloride(PVC) contained in the
municipal solid waste materials. Although only one kind of plastic does not produce any toxic
by-product at the combustion process, it is quite possible that toxic chlorinated by~ products
can be produced from waste plastic during the incineration process. The aim of this study
was to investigate what kinds of chlorinated by-products can be ‘produced at the
co—combustion of plastics with PVC and what is the synergistic effect of metal chlorides
during the formation of chiorinated by-products.

Curie—point pyrolysis/combustion chamber was developed which was well designed for the
study of combustion by-products. Sub-micrograms of plastics were burned in the chamber
and then the exhausted combustion gases were trapped with an adsorption tube packed with
Tenax GR. The trapped combustion gas were cryofocussed by “purge-and-trap” device and
successively analyzed by GC/MSD. A chromatogram of mixed plastic sample (Polystyrene +
PVC, Polyethylene + PVC, etc.) showed a lot of chlorinated organic compounds such as
chlorobenzenes, chlorotoluenes, chlorostyrene, benzylchloride and so on. Metal chloride
accelerated the formation of dioxin precursor such as chlorobenzene and chlorinated organic
compounds by the combustion of polystyrene and/er polyvinylchloride. Copper chloride extertd

the most catalytic effect compared to the ferric chloride and tin chloride.

Key words : waste plastic, polyvinylchloride, pyrolysis, co-combustion.
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Fig. 1. Experimental procedure.
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Fig. 2. Schematic diagram of pyrolysis/combustion
chamber.
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Table 1. Operatingconditions of the pyrolysis/
combustion and thermal desorption—
cryogenic concentration-GC/MSD.

Pyrolysis/Combustion

Chamber Curie-point type(CG-77, JAD)

Temperature pyrolysis 764 C for 7 sec,

combustion 7 sec
Stainless tube(i.d. 47mm, 100mm long)
packed with Tenax-TA (60/80

mesh, 023 g)

Adsorption tube

Purge & Trap

Instrument Curie-point type (JHS-100, JAD
Purge Purge 200°C, (N, 20 m/min, 5 min)
Coolant

Liquid-Nz (-40 C)
Concentration tube Quarts tube(127mn long, i.d. 2.3nm)

Packed with Tenax-TA

(60/80 mesh, 40mg)

GC/MSD
Gas Chromatograp HP-5890 series II

Column Stainless steel Capillary(UA-PY1,
Frontier lab)

Carrier gas He, 1 m{/min

Temperature 30 CE@ min)-10 T/min-350 C
(10 min)

1 ST -
Mass spectrometer Quadrupole(JMS~AM 150, JEQL)

Tonization EI(70 eV)
. NCI(Regent gas : iso-butane)
Scan : m/z 35 to m/z 400, 400 ms/scan

23. A ¢
Ao 1EA PolyscienceAl?] ¥FE22Q PS
(Poly styrene), PE(poly ethylene), PVC(Poly

vinylchloride) & AME-3lA T F71,

99.999%9 LLEEE AHESIET. EEE 8 FolE

TYL EENFAA A FY3tuch. |,

d338, d35F24(CuCly FeCly, SnCls, Shinyo pure
Co.

PRV Py nrvan ) O
hemical )& 9985%2 wierg

5 o
Ax, S

T T
1.1

]



s/ da-

(AR. rade Hayman Limited, England)o] ¢

31 E&sl/d4 FA

2 AT A3 dE/A4 AXE 2
o ALE FEI] AYsAt 1213 mg o5
A% 7ldA EREE wHEAQ d¥o] sEEt
e 53E /K2 Aok Y32 s de) Hslrigt
sol25dHT 3% AA JMEE & olojA Fekk
g8 Aude Fol2idd mFart sheA ot
ol2 5Y¢ Curie-point &%¢1 764CT7HA &7}
EHage] dEs] AGEo] HslrldA d4dr.
2HBE F 1029 cycled A dAAFHE AR 5
2 AEolH, 2% FHLHE daAdle de
Z#3 AlZtelth

aduiHor ylAA BFL B AAY Al
200 m¢/ming =9 F71E £ goilFd €44
A ¢ Aot 2 1 mgAEY o Alg2:
A4 AGo] 7Hedith olA7FA] dxAF AE
g9 pilot 27425 488 3 F 2742 v
2APES A3 AAT & glo], A& HF s
A% A£5 3= memory effect7t & EAE oot
aga g 29 Ao B8 AlZto] Ao H
49 AEE Hgo] ug =Tt a8y B %
/Ax Fxe W AEuith &EHA AY daTs
Zol 718 & 49, memory effectE FE & ¢
AR, @9 HEF v EE v vE Rl

A ] AR 4FE E
=3} dste] 4

t} 94 A Z0lE ¥ (combustion chromatogram)

NAAZrHEDNAE o] 8H TEAE

o] £ daA AAHE FrigLSEES] Y 19

)
]
N
i)
i)
=

§

e
u
f

\M,

i)
N
ne
=
aif

1 rlo

3

o~
g jm
i

oA oo

o g

Hrom Ao
2
of of
Ay

W o
L

ot o ki

ia

—e )
3
S

'.r_ .
L .
s C-u‘- '~
.

C
E
}

@ ] l l tI EEYENEY .
i

......

-~
~
3
9

=) ‘ i

km & A LLMWW

~EAd W (VEWAVEL UMY St A AT W

Ll

N \\W}wwwj‘w MA ﬂ. )M

1500 2000

Fig. 3. Total ion chromatograms of polymer
obtained by pyrolysis/combustion-GC/MSD
:(A) Pyrolysis of PS, (B) Combustion of
PS, (C) Pyralysis of PE, (D) Combustion
of PE, (E) Pyrolysis of PVC, (F) Combustion
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6. alpha-Me styrene 7: Cs~benzene 8
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e: Chlorobenzene
zt %EMA 23 ABRvEOWT AL AR
A sl B AyEe] Azt Az 4

R AP EC] AL



20 AT
A AREo] HAA BE P AHdEC] FY
A AaxHA F RS JuFch 4 &2 A
B Arge ok 2g o8] Pk
drg = 2Ed a=viEdel AAHY
= G agntEaYe] FJAAF
D AzvEeagie] daud
QAR zvtE Y] FaHH
PSe Fa dEs AAEELS Table 2¢] vebd
wol go] B2l 2, AU BFA Y o FA|
zoz yehgt QR AEEIN} AL e
v EE, Azdx 289 EArt HEHA
we AL B & Ytk ot FelaDA AR A
B FoA Exgo] & BRAEC FE AAHU
7] WEolt} a8l PSe LI Z=vtE I
Ae UehdA &skd AHEEQ Hs, ‘%ﬂ./:’:%:—’r%, il
AotAEGTsto|=3F WEoPMEFH =] E& Tt
2 FollA ARl HEFHAT PSE %«raﬁ e
29 AA8L 53%01A
Table 2. Identified pyrolysates and combustion
products of polystyrene.
p;%k Compound Pyrolysis Combustion
1 Benzene + +
2 Toluene + +
3 Cp-benzene + +
4  Styrene + +
5  Benzealdehyde + +
a  Phenol - +
6 @ -Me Styrene + +
b Benzofuran - +
7  Cs~benzene + -
¢ Benzeneacetaldehyde - .+
8 Indene + +
d  Benzoacetophenone - +
9  Naphthalene + +
10  Bibenzyl + +
11 Styrene dimer + +
12 Styrene trimer + -
+ = detected
- = not detected
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Table 3. Identified pyrolyzates and combustion

products of PVC.

Peak

No. Compound Pyrolysis Combustion

1 Benzene + +

2 Toluene + +

e Chlorobenzene - +

3  Co—Benzene + +

4  Styrene - +

5 Benzaldehyde - +

f methylstyrene - +

¢ Benzeneacetaldehyde - +

7  Cs~benzene + +

8 Indene + -

9  Naphthalene + +
+ = detected
- = not detected

33. PVCS £ @24 A4EE 94 3ge
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Table 4. Identified pyrolyzates and combustion
products for mixed sample of PVC+PS.

Compound Pyrolysis  Combustion

Benzene + +

+ +

Toluene

C2-Benzene +

“Styrene
Benzealdehyde
Phenol

o ~Me Styrene

Benzofurane

Benzeneacetaldehyde
Indene
Naphthalene

detected

J SR

not detected

o
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4. Comparison of combustion chromatogram
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