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ABSTRACT 

The fonnation of PCDDs and PCDFs during pyroiysis and oxidative degradation ot hvo diffeient PVC 
samples at 675 K was studied In a fluidized bed reactor. During pyroiysis in an inert atmosphere, 
formation of PCDDs and PCDFa appeared to be low, at ppt level. In an air atmosphere fonnation of 
PCDDs and PCDFs was 10 to 1000 times higher. Freeboard configuration has a significant influence 
on the emission levels during oxidative degradation, but not during pyroiysis. The congener profiles 
for all samples show a predominance towards dibenzofurans. 
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I N T R O D U C n O N 

In the manufacturing of dally commodities, plastics are Increasingly superseding metals. After use or 
discarding of Ihc commodity, these plastics, anached to metal surfaces or not, return as waste. Besides 
dumping, waste is processed by means of incineration. Some plastics, like polyvinylchloride (PVQ, 
substantially consist of a halogen fraction. During Ihe incineration of PVC, the chlorine fraction is 
released as hydrogen chloride ( H 0 ) . However, polychlorinated dibenzodioxins (PCDDs) and 
polychlorinated dibenzofurans (PCDFs) might also be formed. 

Pyroiysis offers an alternative proccs for treatment of waste. An efficient route for pyroiysis is a two-
step process, in which the first step al low temperature is used lo obtain a concentrated HCl stream. 
The model process is as follows: 

Inert 
PVC . 675 K 

HCI 

> 6 7 8 K 

organlca 

The optitnal conditions 
of the first step are a 
temperalure of 67S K 
and a residence time of 
1200 s,; under Ihese 
conditions, over 90 wt% 
of Ihe chlorine is 
removed as HCl [1]. rcmoveo as ni..i t i j . 

However, pert ot the organic fraction of PVC is also released in Ihc low tcmpcratuie step. In Ihe case 
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of flexible PVC, Ihc plaslicizcr is almost enlircly released in the temperature range 425-525 K. The 
chlorine content of Ihc organic fraction, released wilh Ihe HCI in tho first step, was found lo bo in Ihe 
range of 100 ppm, which consists mainly of chlorobenzene and chlorotolucne [1]. 
The aim of Ihis study was to determine whether PCDDs and PCDFs arc formed in Ihc low temperature 
step. These compounds are not to be expected in an inert atmosphere. On the other hand, for a flexible 
PVC formation of PCDDs and PCDFs is in principle possible, as il contains considerable amounis of 
oxygen-containing plaslicizcr. To determine Ihe necessity of working in a totally inert atmosphere, 
degradation experiments with PVC samples were also performed in air. 

EXPERIMENTAL 

The study was carried out with a virgin PVC (Q-conlent 57 wl.%) and willi a flexible PVC (CI-
conlent 36 wt.%). Tlio flexible PVC contains 33 wl,% plaslicizcr (DEHP) and 1,5 wt.% stabilizers 
(Ba and C^ oxides). The experiments were performed in a fluidized bed reaclor (i.d.: 28 mm; u,^: 10 
mm/si operaling Icmperahirc: 675 K), which is a convenient gas-solid contacting system. A diagram 
of the scl-up is shown in figure 1. 

For each experimenl PVC powder (particle size .1(X) \ua) was fed into Ihe reaclor al consiani mass 
flow (1.5-3 mg/s) with a specially designed solid feeding system. Because of Ihc difference in Ihc 
softening properties of Ihe two PVC samples, Iwo injectors were used. For tlie virgin PVC a water-
cooled stainless steel injector (i.d.: 2 mm; od.; 15 mm) was used with the injector tip just above Ihc 
bed. This injector could not be used for the flexible PVC. The plasllcizer released in the reactor, 
condences on the lip of Ihe cooled injector, leading to blockage. In this case a much smaller quartz 
injector (id.: 2 mm; o,d.: 4 mm) was used, which was placed wilh its lip in Ihe freeboard, 100 mm 
above the hot bed. Because of Ihc difference in size and temperahire of the injectors, the freeboard 
volume and temperature arc different. Solid particles were removed from the gas stream in a cyclone. 
Organics were trapped in a scnibber filled wilh high purity n-hexanc. After each experiment Ihc entire 
system was thoroughly cleaned with hexane, and care was taken lo work as quantitatively as possible. 
This hexane fraction and the scrubber fraction were mixed. The hexane was spiked wilh 13C-Iabelled 
standards (loxic PCDDs and PCDFs, summarised In table 1), and then purified and concenlraled [2]. 
The final isomer-specific analysis was performed on a OC-MS system (HP-5980, HP MSD 5970B) 
in El-mode using Supelco 2331 capillary column with on-column injection. 

Table 1; Overview of Ihe PCDDs and PCDFs measured. 

2,3,7,8-TCDD 2,3,7,8-TCDF 

1,2,3,7,8-PCDD 2,3,4,7,8-PCDF 

1,23.6,7,8-HtCDD 1,2,3,4,7,8-HjCDF 

1.2,3,4,6,7,8-H,CDD 1,2,3,4.6,7,8-H,CDF 

RESULTS AND DISCUSSION 

Tlie yields of the PCDDs and PCDFs, formed during pyroiysis in Nj of virgin and flexible PVC arc 
given in figure 2. The emission levels show a complex pattern and are for bolh samples in the ppt 
range. Allhough the oxygen content of the flexible PVC is much higher than Ihal of virgin PVC, Ihe 
influence is not reflected on the emission patterns. In figure 3 and 4, the emission levels for pyroiysis 
in an inert atmosphere are compared wilh the ones In air. In an air atmosphere, PCDD and PCDF 
emissions are 10 lo 1000 times higher. The emission levels of flexible PVC are an order of magnitude 
higher lhan those ot virgin PVC. This can be explained by the difference in injectot/frcebootd 
configuration. In the case of the waier-cooled injector Ihe hot gas is quenched, resulting in lower 
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emission levels. Tliis result confirms lhat the formaiion of PCDDs and PCDFs is due to secondary 
reactions of organics with HCl. 
The congener profiles for all experiments show a predomination of dibenzofurans. This can be 
explained by the formation of biphenyl as one ot Iho organic pyroiysis producis. Biphenyl may react 
with oxygen radicals and HCl lo a chlorinated dibenzofuran. 
These results are in contrast wilh the work of Giugllano et. al. [3], where no detectable amounts of 
PCDDs and PCDFs were found during incineration of waste containing PVC, but in agreement wilh 
Ihc work of T\skllrid el. al. [4] and Theisen et. al. [5] in which more or less the same complex patterns 
were reported. 

CONCLUSIONS 

PCDDs and PCDFs are formed only at ppt-lovel during pyroiysis ot PVC al 675 K. No Influence of 
the presence of oxygen-containing plasticlzers has been observed. During oxidative degradation of 
PVC, emission levels are 10 to 1000 times higher than In an Inert atmosphere. Under these conditions 
quenching of the reaciant gas leads lo a significant decrease io PCDD and PCDF emissions. 
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FIGURES 

Figure 1: Diagram of experimental set-up. 
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Figure 2: Isomer profile of PCDDs and PCDFs after pyroiysis at 675 K; 
comparison ot virgin and flexible PVC. Note lhat Ihc y-axis is a log scale 
and starts wi lh 10 ppt, which is Ihe detection limit of Ihe analysis. 
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Figure 3: Isomer profile of PCDDs and PCDFs. Comparison of pyroiysis 
and oxidative degradation at 675 K for virgin PVC. Note thai Ihe y-axis 
is a log scale and starts with 10 ppt, which is the detection limit of the 
analysis. 
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Figure 4: Isomer profile of PCDDs and PCDFs. Comparison of pyroiysis 
and oxidative degradation »t 675 K for flexible PVC. Note thai the y-axis 
is a log scale and starts with 10 ppt, which is Ihc detection limit of the 
analysis. 
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