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SPECIFICATION 

APPARATUS FOR CONVERTING WASTE PLASTICS INTO OIL 

TECHNICAL FIELD 

The present invention relates to the treatment of 

5 waste plastics, and more particularly to an apparatus 

for converting waste plastics into oil which apparatus 

is so adapted that the noxious decomposition gases and 

acid components produced by the thermal decomposition 

of waste plastics into oil can be removed effectively 

io· at a low cost. 

BACKGROUND ART 

The noxious decomposition gases and acid 

components produced by the thermal decomposition of 

waste plastics are conventionally removed, for example, 

15 by: 

(1) separating off polyvinyl chloride manually or 

by wet floatation utilizing specific gravity 

differences or with a dry air stream before waste 

plastics are charged into an apparatus for converting 

20 the waste into oil, or by removing or thermally 

decomposing polyvinyl chloride with use of a salt 

removing tank resorting to heating and provided 

upstream from a thermal decomposition tank, or 

(2) using a fixed absorption column provided on a 
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discharge duct for thermal decomposition gases and 

having a granular chemical agent incorporated therein 

to cause the column to absorb hydrogen chloride gas and 

chlorine gas. 

5 However, the method (1) described above has 

problems. Manual separation requires much labor, wet 

floatation separation produces a large amount of 

effluent water, dry air separation results in a low 

separation accuracy, or the salt r·emoving tank to be 

) 10 additionally installed for use with heating 

•. 

necessitates an increased equipment cost and presents 

difficulty in transporting .the melt of waste plastics. 

Further the method (2) is low in absorption efficiency 

due to the gas-solid reaction, also involving 

15 difficulty in handling. 
.. 

In view of the foregoing problems, the object of 

the present invention is to provide an apparatus for 

converting waste plastics into oil which apparatus 

makes it possible to place waste plastics as they are 

20 into a thermal decomposition unit without removing 

polyvinyl chloride from the waste before treatment to 

ensure ease of handling, the apparatus further being 

capable of removing the resulting noxious decomposition 

gases and acid components effectively at a low cost. 

25 DISCLOSURE OF THE INVENTION 
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The present invention provides an apparatus for 

converting waste plastics into oil which is devised for 

fulfilling the above object. The apparatus comprises a 

feeder for placing into a thermal decomposition unit 

5 waste plastics which may include chlorine resins and 

nitrile resins, the thermal decomposition unit for 

thermally decomposing the waste plastics placed in, a 

cooling tower for cooling with water oil vapor and 

decomposition gases produced in the thermal 

_) 10 decomposition unit, a neutralization tank for 

neutralizing the water used for cooling with an alkali, 

and an oil-water separator for separating condensed oil 

from water. 

The term chlorine resins used herein refers to 

15 chlorine-containing resins such as polyvinyl chloride 
.. 

(PVC) and polyvinylidene chloride. The term nitrile 

resins refers to nitrile-containing resins such as ABS 

resin (acrylonitrile-butadiene-styrene copolymer). The 

nitrile resin is likely to produce HCN gas when 

20 thermally decomposed. 

Waste plastics, even if including chlorine resins 

or nitrile resins, can be placed into the decomposition 

unit without removing these resins. 

The thermal decomposition of waste plastics 

25 produces decomposition oil vapor and decomposition 
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gases such as HCl, HCN and Cl2 • 

Piping extends from the thermal decomposition unit 

to the cooling tower and is covered with heater means 

for maintaini~g or heating the piping preferably at a 

5 temperature of at least 200° C, more preferably at 250° 

c to 350° c. 

When the content of chlorine resins such as PVC in 

waste plastics increases, the Cl2 concentration of the 

recovered oil also increases, whereas the Cl2 

10 concentration of the oil can be restricted to some 

extent by controlling the temperature of the 

decomposition gases to a predetermined range. For 

example, with reference to the graph of FIG. 3 showing 

the relationship between the decomposition gas 

15 temperature and the Cl2 concentration of the recovered 
.. 

oil, the Cl2 concentration of the recovered oil is 

about 70 wt. ppm at a PVC content of 1 wt. %, and about 

150 wt. ppm at a PVC content of 5 wt. % when the 

decomposition gas temperature is about 290° c. 
_..I 20 Accordingly, in the case where the PVC content is up to 

1 wt. %, the Cl2 concentration of the recovered oil can 

be restricted to not greater than 100 wt. ppm by 

adjusting the decomposition gas temperature preferably 

to at least 250° C, more preferably to 250 to 350° C, 

25 at a position immediately upstream from the cooling 
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tower with use of the thermal means covering the piping 

from the decomposition unit to the cooling tower for 

the maintenance of temperature or heating. 

An electric heater is usually used as the heater 

5 means. The reaction between the decomposition oil 

vapor and Cl2 can be inhibited since the piping is 

forcibly heated to not lower than 200° c. If· the 

temperature of the piping heated is below 200° C, the 

oil vapor reacts with chlorine rapidly, producing 

·) 10 organic chlorine compounds. 

In this way, the thermal decomposition products 

are rapidly cooled before the reaction between the 

decomposition oil vapor and Cl2 proceeds. 

Preferably, the tower for rapid cooling is 

15 provided at its top with a pipe for releasing the 

decomposition gases therethrough. 

The cooling water to be recycled through the 

cooling tower is maintained preferably at an acidity of 

up to 2 in pH. When the cooling water is thus held 

20 strongly acid, HCN gas which is one of the thermal 

decomposition products of waste plastics is discharged 

as it is, i.e., without forming a salt, from the system 

through the release pipe. However, the cooling water, 

if having an excessively high acidity, is likely to 

25 cause corrosion to the tower with the acid, so that the 
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cooling water to be recycled is replenished with a 

suitable amount of water to avoid such corrosion. The 

cooling water to be recycled through the cooling tower 

is preferably 1 to 2 in pH. 

5 Preferably, the interior of the cooling tower is 

made of a material of high acid resistance such as 

Preferably, the neutralization tank is provided 

) 10 with a device for detecting the pH of the liquid 

therein and replenishing the tank with an alkali 

solution so as to hold the liquid alkaline at all 

times. 

The neutralization tank may have a packed layer of 

15 limestone in place of the pH detecting and alkali 

solution replenishing device, and the water used for 

cooling is passed through the limestone packed layer 

for neutralization. 

In the case where limestone is used as a 

:_J 20 neutralizing agent in this way, the neutralization tank 

may be provided at its top with a hopper for supplying 

limestone to the tank to allow the limestone supplied 

to descend inside the tank in the manner of a moving 

layer. 

25 The pH detecting and alkali solution replenishing 
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device can be dispensed with by placing a sufficient 

amount of limestone in the hopper. 

When the water used for cooling passes through the 

limestone packed layer in the neutralization tank, the 

water having a pH of 2 and containing HCl is 

neutralized by the following reaction. 

CaC03 + 2HC1 ~ CaCl2 + C02 + H20 

As this neutralization reaction proceeds, the 

limestone gradually decomposes and diminishes, while 

) 10 the tank is automatically replenished with limestone 

J 
.. 

from the hopper in the manner of a moving layer at a 

rate corresponding to the diminution. 

The invention described above inhibits the 

reaction between the decomposition oil vapor and Cl2 

15 and removes hydrochloric acid from the water without 

conducting the pretreatment, for example, of separati~g 

polyvinyl chloride from waste plastics and without 

causing a solid chemical agent to absorb the gases. 

Further the present invention wherein the water 

20 used for cooling is neutralized by being passed through 

the limestone packed layer provided in the 

neutralization tank achieves a reduction in the running 

cost by using inexpensive limestone as a neutralizing 

agent. 

25 Further according to the present invention, the -
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neutralization tank is provided at its top with a 

hopper for supplying limestone, which is allowed to 

descend in the manner of a moving layer inside the 

tank. A complex device such as a pH detecting and 

5 alkali solution replenishing device can be dispensed 

with by placing a sufficient amount of limestone in the 

hopper, while the apparatus is easy to maintain and can 

be provided at a reduced construction cost and 

diminished material cost. 

) 10 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing Embodiment 1 of the 

invention; 

FIG. 2 is a diagram showing Embodiment 2 of the 

invention; and 

15 FIG. 3 is a graph showing the relationship between 

the decomposition gas temperature and the concentration 

of Cl2 in the recovered oil. 

BEST MODE OF CARRYING OUT THE INVENTION 

The mode of practicing the present invention will 

~ 20 be described in greater detail with reference to the 

following e~odiments. 

Embodiment 1 

With reference to FIG. 1, waste plastics 'including 

1 wt. % or 10 wt. % of polyvinyl chloride are placed 

25 into a thermal decomposition unit 1 by a feeder. The 
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decomposition unit 1, which is heated by a burner 2, 

decomposes the waste plastics into decomposition oil 

vapor and decomposition gases. The gaseous mixture of 

the oil vapor and decomposition gases is then sent from 

5 the unit 1 to a cooling tower 3 through piping 4. The 

piping 4 is covered with an electric heater for 

maintaining or heating the piping at a temperature of 

250° c to 350° c. 

The cooling tower 3 is provided at its top wi-th a 

) 10 pipe 5 for releasing the decomposition gases to the 

•, 

outside of the system therethrough. The interior of 

the cooling tower 3 has an acid-resistant lining for 

preventing corrosion with acid. 

The gaseous mixture of decomposition oil vapor and 

15 decomposition gases is cooled in the tower 3 by direct 
.. 

contact with cooling water. The cooling water for th~ 

tower 3 is recycled from the bottom of the tower to the 
~ 

top thereof by a pump ll outside the tower. The 

cooling water is replenished with a suitable amount of 

20 water so as to prevent an excessive rise in the 

concentration of hydrochloric acid to avoid the 

corrosion of the tower. 

The oily liquid resulting from condensation within 

the tower 3 is sent to a neutralization tank 6, in 

25 which the liquid is treated with an alkali solution for 
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neutralization to remove hydrochloric acid from the 

water contained in the oily liquid. 

The neutralization tank 6 is provided with an 

alkali supply device 7 for replenishing the tank with 

5 the alkali solution, a pH meter 8 for detecting the pH 

of the liquid in the neutralization tank, and a pH 

adjuster 9 for operating the alkali supply device 7 in 

response to a signal from the pH meter 8 so as to hold 

the liquid alkaline at all times. The alkali solution 

) 10 is supplied to the neutralization tank by these means 

J 
•, 

when the liquid in the tank becomes acid. 

The water-containing oily liquid is then sent to 

an oil-water separator 10, and the recovered oil 

forming an upper layer in the separator 10 is sent to 

15 an oil tank, while the water providing a lower layer in 
.. 

the separator 10 is sent out from the system as waste 

water and disposed of. 

The oil recovered was checked for total Cl 

content, HCl content and pH. 

20 Table 1 shows the measurements obtained. 

. .. 
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Table 1 

No. Total Cl HCl pH 

wt. ppm wt. ppm 

1 1270 69 3.0 

5 2 170 25 4.0 

3 180 28 3.9 

4 180 27 4.4 

5 100 17 4.0 

6 95 19 4.0 

10 7 110 34 3.8 

With reference to Table 1, the waste plastics No. 

1 treated include 1 wt. % of polyvinyl chloride. .The 

waste plastics No. 2 to No. 7 treated include 10 wt. % 

of polyvinyl chloride. 

15 The wastes No. 2 to No. 7, although having 10 

times the polyvinyl chloride content of the waste No. 

1, are smaller in the total Cl content and HCl content 

of the recovered oil than the waste No. 1. This 

reveals that even when the waste plastics are placed 

20 into the thermal decomposition unit without removing 

polyvinyl chloride before treatment, the resulting 

decomposition oil and cooling water are effectively 

made free from the chlorine components. 

Embodiment 2 

25 With reference to FIG. 2 in this embodiment, a 
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cooling tower 3 has a cooling water recycling line 

which is provided with a heat exchanger 12. A 

neutralization tank 13 is in the form of a tower and 

has a hopper 14 at its top and a retaining plate 15 in 

5 the form of a perforated plate and provided 

horizontally inside its bottom for holding thereon a 

packed material. 

The neutralization tank 13 is filled with 

limestone placed in from the hopper 14 to form a 

_) 10 limestone packed layer 16 on the retaining plate 16. A 

J 

large excess of limestone relative to the HCl to be 

neutralized is placed in the hopper 14. 

In the present embodiment, the oily liquid 

resulting from condensation in the cooling tower 3 is 

15 sent into the bottom of the neutralization tank 13, 

then flows upward through the limestone layer 16 and is 

neutralized by contact with the limestone, whereby 

hydrochloric acid is removed from the water contained 

in the oily liquid. 

20 The water-containing oily liquid is subsequently 

sent out from the upper end of the neutralization tank 

13 into an oil-water separator 10. The recovered oil 

£orming an upper layer in the separator 10 is sent to 

an oil tank, while the water forming a lower layer in 

25 the separator 10 is sent out from the system as waste 
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water and disposed of. The waste water has been 

neutralized to a pH of at least 6 to not higher than 8 

with the large excess of limestone supplied. 

Accordingly, the pH detector and alkali solution supply 

5 device provided in Embodiment 1 can be dispensed with. 

The present embodiment is the same as Embodiment l 

with the exception of the above feature. 

INDUSTRIAL APPLICABILITY 

The present invention is useful for treating waste 

.) 10 plastics and more particularly provides an apparatus 

for converting waste plastics into oil which apparatus 

is capable of effectively and inexpensively removing 

the noxious decomposition gases and acid components 

produced in thermally decomposing waste plastics into 

15 oil. 
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CLAIMS 

1. An apparatus for converting waste plastics into 

oil comprising a feeder for placing into a thermal 

decomposition unit waste plastics which may include 

5 chlorine resins and nitrile.resins, said thermal 

decomposition unit for thermally decomposing the waste 

plastics placed in, a cooling tower for cooling with 

water oil vapor and decomposition gases produced in the 

thermal decomposition unit, a neutralization tank for 

) 10 neutralizing the water used for cooling with an alkali, 

J 

and an oil-water separator for separating condensed oil 

from water. 

2. An apparatus for converting waste plastics into 

oil according to claim 1 wherein piping extending from 

15 the thermal decomposition unit to the cooling tower is 
.. 

covered with thermal means for maintaining or heating 

the piping at a temperature of at least 200° c. 
3. An apparatu~ for converting waste plastics into 

oil according to claim 2 wherein the piping extending 

20 from the thermal decomposition unit to the cooling 

tower is cover~d with heater means for maintaining or 

heating the piping at a temperature of 250° C to 350°C. 

4. An apparatus for converting waste plastics into 

oil according to claim l wherein piping-extending from 

25 the thermal decomposition unit to the cooling tower is 

THIS sHEET HAS BEEN. 
REPLACE~ 
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covered with thermal means for maintaining or heating 

.. the decomposition gases immediately upstream from the 

cooling tower at a temperature of 250 to 350°C. 

5. An apparatus for converting waste plastics into 

5 oil according to claim 1 wherein the cooling water of 

the cooling tower is maintained at an acidity of up to 

pH 2. 

6. An apparatus for converting waste plastics into 

oil according to claim l wherein the cooling tower is 

10 provided at a top thereof with a pipe for releasing the 

decomposition gases therethrough. 

7. An-apparatus for converting waste plastics into 

oil according to claim 1 wherein the cooling tower is 

made of an acid-resistant material at least in an 

15 interior thereof. 

8. An apparatus for converting waste plastics into 

oil according to claim 1 wherein the neutralization 

tank is provided with a device for detecting the pH of 

the liquid therein and replenishing the tank with an 

20 alkali solution so.as to hold the liquid alkaline at 

all times. 

9. An apparatus for converting waste plastics into 

oil according to claim l wherein the neutralization .... 
tank has a packed layer of limestone, and the water 

25 used for cooling is neutralized by being passed through 

THIS SHEET HAS BEEN 
REPLACf 0 
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the limestone packed layer. 

10. An apparatus for converting waste plastics 

into oil according to claim 1 wherein the 

neutralization tank is provided at a top thereof with a 

5 hopper for supplying limestone to the tank to allow the 

limestone supplied to descend inside the tank in the 

manner of a moving layer. 

,... . ...... 
' rttis SHEET HAS BEEN l 
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