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Halogen containing plastics are perhaps the most challenging to safely dispose of or recycle. Processing halogenated plastic
waste implies additional economic burdens from the facility’s maintenance and repair, as well as the special measures needed
to control the emission of dangerous halogenated organic by-products [1]. However, the need to effectively reutilize this
plastic waste is not only due to the scarcity of petrochemical resources; it is also a matter concerning the conservation of the
environment and the prolonged use of land. This research focuses on two of the aforementioned halogenated plastics, namely
poly(vinyl chloride) (PVC) and brominated flame retardant-containing high impact polystyrene (HIPS), and the

dehalogenation pretreatments for their recycling or safe disposal.

STEAM-ASSISTED DEHYDROCHLORINATION OF PVC MATERIALS: In this study, PVC resin and flexible PVC (FPVC)

containing around 50 wt% of diisononyl phthalate (DINP) plasticizer were subjected to a steam-assisted thermal treatment for
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Figure 1. Dehydrochlorination ratio as a function of temperature and steam concentration for a) PVC resin and b)
flexible PVC.




their dehydrochlorination. Various steam concentration were tested and compared with dry thermal treatment results in terms
of the effect of stea m concentration on dehydrochlorination ratio, solid residue composition, and reaction kinetics. The use of
steam helped to overcome the poor and inhomogeneous heat transfer and improve dehydrochlorination. The most effective
steam concentration was 50 vol%, with most of the reaction occurring between 15 and 60 min after reaching the reaction
temperature. The addition of steam at 250 °C increased the maximum limit of dehydrochlorination by about 15 % for both
sample types compared to experiments without steam in N, atmosphere (Figure 1) [2]. The steam assisted thermal
dechlorination reaction was determined to be apparent first-order with an activation energy of 120 kJ mol™, which is similar to
the case without steam. However, the pre-exponential factor was 68 % higher in the case of steam, suggesting a physical effect
such as increased mass and heat transfer rather than a chemical one. This assumption is supported by dimensional flow

parameters such as the Prandtl, Schmidt and Peclet numbers, which favor a steam flow over a He one in terms of transfer.

INTERACTION BETWEEN PLASTICIZER AND PVC DEGRADATION PRODUCTS IN THE STEAM-ASSISTED THERMAL
TREATMENT: Thermal degradation of FPVVC was performed under atm. pressure in the temperature range of 190 to 250 °C
both in the presence and absence of steam. In order to compare the effects of temperature and steam on the degradation of

FPVC, experiments using only PVC resin or dioctyl phthalate (DOP) plasticizer were also performed under the same

m DOP evaporation m Organic soluble
Dehydrochlorination Gaseous
0 m Organic insoluble/undetermined

8

70
g 60
g 50
£ 40 —
©
=

k) [N g o (NS g | O g 9O o S 1O
S &8 4|8 'S 4|8 4.8 4|8 8§ &
N,  Steam N, | Steam N, . Steam N,  Steam
165 °C 190 °C 220°C 250 °C

Figure 2. Comparison between calculated and experimental results for the total weight loss and weight loss

contributions of flexible poly(vinyl chloride) (FPVC) at various temperatures in the presence or absence of steam.

conditions. Although the FPVC used was composed almost exclusively of PVC and DOP (around 65 and 45 wit%,
respectively), the weight loss behavior, extent of dehydrochlorination, plasticizer evaporation, and degradation products were
significantly different from those from the experiments of both components independently (Figure 2). In the DOP-only
experiments hydrolysis of the plasticizer was not observed even when steam was present. However, in experiments using
FPVC hydrolysis was observed, as evidenced by the predominant formation of phthalic anhydride, 3-chloromethylheptane,
and 2-ethylhexanol. Thus, it is most likely that plasticizer was acid hydrolyzed by the HCI released from the

dehydrochlorination of the PVC component. These results show that the thermal decomposition of FPVC cannot be assumed



to be just the combination of the decomposition of its components independently; interactions between PVC and plasticizer

are relevant and cannot be overlooked.
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Figure 3. Reaction of HCI resultant from the dehydrochlorination of poly(vinyl chloride) (PVC) with the dioctyl phthalate

(DOP) plasticizer.

SELECTIVE FLEXIBLE PVC STEAM-ASSISTED MECHANICAL GRINDING: This research aimed to develop a novel process for

Figure 4. Mixture of plastic tubes a) before and b) after processing in
Johnson boiler-ball mill. FPVC tubes are originally transparent and PE

tubes are white and green.
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Figure 5. Flow diagram of proposed adaptable treatment for the simultaneous sterilization

and separation of medical use plastic waste.

the recycling pre-treatment of medical use
FPVC waste. The concept is to combine steam
thermal treatment and ball milling in order to
achieve  simultaneous  sterilization and
selective size reduction of the FPVC
component in a mixture of medical waste
plastics. In order to exert enough force to
crush the FPVC tube samples, an industrial
scale rotary kiln adapted to work as a ball mill

with a heated steam inlet was used. It was

important to  determine
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recover the FPVC without

dehydrochlorination for two

reasons. The first reason is

reuse || that only  non-degraded

material is acceptable for

mechanic recycling.

Secondly, the HCI released
by dehydrochlorination

would corrode the steel

reactor and pipes, causing costly damage to the equipment. Taking these factors into consideration optimal operating



conditions were experimentally determined. It was found that selective crushing of FPVVC occurred only when the combined
effect of the three parameters of temperature, steam, and shock from milling were present. The best processing conditions
were determined to be 165 °C, 6 h, 20 rpm, 17 kg h™ steam, and 10 kg of aluminum balls. Selective size reduction of only
FPVC tubes was achieved without degradation of the FPVC, allowing both the easy separation and possibility to reuse the
material. Plasticizer solvent extraction and autoclaving were tested as pretreatments. It was found that extracting the
plasticizer caused the PVC tubes to become too hard to be able to ground by the ball mill. On the other hand, the autoclave
pretreatment showed that it is possible to execute the selective ball mill size reduction of flexible P\VVC tubes either as a flow
type process (feeding steam continuously into the reactor) or as a batch process (autoclave pretreatment and no steam feed
into reactor when milling). In the case of batch processing, the PVC is ground just as in the base flow process, but plasticizer

remains in the sample allowing the recovery of flexible PVC.

BALL MILL ASSISTED DEBROMINATION OF FLAME RETARDANT-CONTAINING HIPS IN ETHYLENE GLYCOL ALKALINE

SOLUTION: This research provided efficient removal of a brominated flame retardant from HIPS using NaOH/ethylene glycol
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Figure 4. Debromination of HIPS-DBDPE samples at various . . .

matrix. The residual polymer might have been
NaOH concentrations under constant temperature of 190 °C . .

cross-linked through the DBDPE backbone. Other signs of
ball mill reactor. .

degradation were not observed. TGA revealed excellent
thermal properties of the recovered polymer. HPLC-MS analysis of the EG solution showed that bromine was substituted

partly by hydroxyl groups and partly by hydrogen.

SYNTHESIS AND CONCLUSIONS: Various pretreatments for the recycling or safe disposal of halogen-containing polymers PVVC
and flame-retarded HIPS were investigated. The focus has been the use of steam under atmospheric pressure, as well as
grinding using ball milling. The processes were observed to have potential for real application, as shown by the research
conducted for the disposal of medical used plastic waste. However, in order to consider these processes as a means for
disposal or recycling pretreatment the toxicity of the resulting components should be clarified and the actual reusability of the

solid residues obtained must be tested.
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