J. Korean Ind. Eng. Chem., Vol. 16, No. 4, August 2005, 513-518

= = 5}
ZnOE #ofst
NA - HHIZ*
R e L

(2005 1€ 314

PN
e,

PVCe} PS E8lE2| &2

.21

Sodst sfekg sty iAo sty
2005 5€

ol

25t

oll S4oil

- ol

i

EH *

_

st gl Ay sk
20 A

A Study on the Co-pyrolysis Characteristics of PVC and PS Mixtures with ZnO
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The co-pyrolysis characteristics of poly(vinyl chloride) (PVC) and polystyrene (PS) mixtures with ZnO have been
studied by thermogravimetry (TG) and gas chromatograph-mass spectrometry (GC-MS) under various mixing ratios and

reaction temperatures. From this work,

it was found that the yield of liquid products increased as PS in mixtures

increased, whereas that of gaseous products decreased. And as ZnO in mixtures increased, the yields of gaseous prod-
ucts and HCI decreased. The optimal reaction temperature for the maximum yield of liquids products and the control of

HCI gas was 500 C.
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Table 1. Proximate and Ultimate Analysis of PVC and PS

Weight %
Components
PVC PS
Inertial Moisture 0.82 0.08
Proximate Volatile Material 93.67 99.5
Analysis Ash 0.02 -
Fixed Carbon 6.31 0.5
C 38.59 88.50
H 5.37 10.20
Ultimaty
imate cl 53.75 -
Analysis
(¢} 221 -
N - 1.30
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Qlo15] FHulS AFESE PVCE) PSO &3 HZelkAaE o] gt d7
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A ZepaE o] AR A RS AA kAL Q= PVC S} PSE
=5 Fgags ez dis 54
alo] E3|g 2 Zn09 H7lel w d
aFsplom T3k GC-MSE o]g3te] AR 71 2 A
gk A= 9 P4 24 sl
2.4

21. Al 2

B Aol ARE-¥l PS AlHi= LG ChemicalAF2] 25SP2 A WA}
2 100000~200000 FEo]3L & 7N 15~20 mg F=e] AZFS 2t
= 39 pellet3E Efo]™ PVC A& 3+ LG ChemicalAH] LM100.2.
2A] BARFEES 600000 AEo]al FRI] HIFE 0.55 g/mLol™ 100
mesh 2] YA A715 Zh= SN 2] straight resing AH-3F
t}. Table 1°] Fisher Coal Analyzer (Model 490)%} Elemental Analyzer
(Model CHN-1000)Z ©]8-8F & 1o Alg-% PVCS} PSS 3%
2 Ul i Aus Yehfglon pvee] Yool lojM da
9] Qe 4, ®hA, AL 18]l A0 kS A9 LK ko7
Fs0tE T3 F5aElER H7bE Zn0v £ 99%91 A
Shinyo Pure ChemicalA}2] AJokS AME-3}31tt

TF W71 o] 85 AR Nk 3ol Uk
Zn0%] Z7te] W PVCe) PS £3HE2] £ visks A ny] 98t
o] TG (Shimadzu TGA-50)3@-& 33t 15 mg =2 AIEE 10
T/min®] 7FEEER 1000 C7HA 52 st ojuf 9]¢ Aav}
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3. Furnace
6. Dry ice trap
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4. PID-controller 5. Quartz tube
7. 3-way valve 8. Gas collector

Figure 1. Schematic diagram of experimental apparatus.
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Table 2. Analysis Conditions of GC-MS

Items Conditions

Column 30 mx0.25 mm, RTX-1 (liquid)
30 mx0.32 mm, HP-PLOT Q (gas)

Carrier gas He

Column temperature 40 C to 280 C at 10 C/min

Interface temperature 230 C

— PS
—— PVC
— - Mixture(PVC/PS=50/50)

Conversion

200 300 400 500 600 700 800

Temperature (°C)

(a) without ZnO
—— Mixture(PVC/PS=50/50)
— — ZnO/mixture=0.3
------- ZnO/mixture=0.4
— - ZnO/mixture=0.5
=
2
12l
8
>
=
S
Q e
200 400 600 800 1000

Temperature (°C)
(b) with ZnO

Figure 2. TG curves of PVC and PS mixtures with a heating
rate of 10 C/min.
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Figure 3. Co-pyrolysis products yield of PVC and PS mixtures
at 500 C.
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Table 3. EDX Analysis of Residue Obtained from Co-pyrolysis
of PVC and PS Mixtures (PVC/PS =50/50) with ZnO/ Mixture =
0.5 at 500 C

Components Weight %
Cl 33
Zn 39
Others 28
100
80 +
S
; 60 -
©
=
T 40 A
T
20 +
0 -
100/0 80/20 50/50 20/80 0/100
PVC/PS weight ratio
(a) without ZnO
70
60 -
50 A
Qj 40
=
.a 30 4
g 20-
10 4
0 -
0.0 0.1 0.2 0.3 0.4 0.5
ZnO/mixture(PVC/PS=50/50) weight ratio
(b) with ZnO

Figure 4. Yield of HCl obtained from co-pyrolysis of PVC and
PS mixtures at 500 TC.
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Table 4. Quantitative Analysis for Gaseous Products Obtained from
Co-pyrolysis of PVC and PS Mixtures without ZnO at 500 C

Yield (%)
Product

components PVC/PS = | PVC/PS = | PVC/PS=50/50 | PVC/PS=50/50

100/0 0/100 (Experiment) (Calculation)
Methane 2.98 10.79 6.51 3.37
Ethene 0.89 65.00 1.05 4.04
Ethane 2.20 - 2.00 2.09
Propene 1.38 24.21 1.41 2.50
Propane 1.04 - 1.12 0.99
1-Butene 0.33 - 0.28 0.32
1-Butyne 0.21 - 0.09 0.20
Butane 1.05 - 0.54 1.00
Others 2.55 - 1.71 243
HCI 87.35 - 85.28 83.07
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7nOE 3713t PVCE} PS &3
Table 5. Quantitative Analysis for Gaseous Products Obtained
from Co-pyrolysis of PVC and PS Mixtures with ZnO/ Mixtures
=0.5 at 500 T

Product Yield (%)
components | PYC/PS = 50/50 with ZnO | PVC/PS = 50/50 without ZnO
Methane 27.39 44.26
Ethene 11.08 7.14
Ethane 13.56 13.60
Propene 13.21 9.59
Propane 10.93 7.61
1-Butene 8.92 1.90
1-Butyne - 0.61
Butane 5.41 3.67
Others 9.50 11.62
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Figure 5. Characteristics of liquid products obtained from co-
pyrolysis of PVC and PS mixtures at 500 C.
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Figure 6. Influence of reaction temperature for co-pyrolysis of
PVC and PS mixture with ZnO.
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