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TITLE OF THE INVENTION

1

METHOD AND APPARATUS FOR CONVERTING A PLASTIC WASTE
INTO OIL '

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present in§ention relates to a method of
decomposing a piaétic waste by a chemical reactions, in which
water in a supercritical or near supercritical region is used
as a reactioh médiﬁm,-and tﬁereby converting the plastic
waste into oii; and further relates to an apparatus therefor.

2. Descfiption of the Related Art .

Hitherto, almost all of the plastié waste of wvarious
types have been dﬁmped on a land ieclamation site or have
been burned and thus have not been effectively utilized as

resources. Further, in the case of dumping the plastic waste

on a reclaimed land, it is difficult to secure a land or

- ground to be reélaimed and the reclaimed ground is unstable.

Further,_in the case of burning the plastic waste, there have
beén caused the.problems that because these wastes are high;_
calorie solids, an incinerator is badly damaged and that the
plastic waste gives off a poiscnous gas and a foul odor
during incineration thereof.

In such a context, in recent ye§rsf attempts have been
made to develop a method for recycling and reusing a plastic
waste without pbllutioﬁ, and fBiHéffectively utilizing the
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recycled plastics as resources. As one of such methods,
. . ¢
there has been proposed a method (namely, what is called a
supercritical waterlmethod or procéss) of deéomposing a
plastic waste by a reaction (namely, a supercritical water
reaction), which uses water in a Superdritical regioh
(namely, supercritical water) or water near the supercritical
region (namely, near supercritical water) as a reaction
medium, té thereby convert the plastic waste into oil and of
collécting.useful-oil-like materials (refer to Japanese
PatentzPrOViéional'Publication‘56-501205 cdrresponding to
WO081/00855 and Japanese Patent Provisional Publication Nos.
57-4225, 5-31000, 6-279762, and US patent 4,113,446; all of
these referencgs are ihcorporated herein by reference).
Supercritical water is defiﬁed as water that is in
conditions in which the temperéture is c;itical temperature
(namely, 374°C) of water or higher and the pressﬁre is thé
crificél pressure {(namely, 22.1 MPa) or higher. In the case
of the supercritical water method, the quantity'of generated -
gas is low.and the amount of a residue is small, in
comparison with the case of utilizing thermolysis at ordinary
pressure. Thus, a high o0il conversion ratio, at which a
plastic waste is converted intq 0il, can be realized.
Incidentally, even if the pressure of water is not higher
thén the critical pressure, the,water acting as a reaction

medium behaves almost similarly as Supercritical water does
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when the pressure thereof is close to the ?ritical pressure
(namely, the ratio of the pressure thereof.to the critical
pressure is 0.8 ér more).-

However, with the current state of tﬁe arf, techniques
for treatin§ a plastic waste according to the supércritical
water method have not been sufficiently clearly established
vet. Especially, from the point of view of the sﬁeed-up of
the reaction and the treatment (or disposal) of large amounts
of plastic'waste, the current techniques may.not be effective
and are not éﬁitable for industrialization. Namely, in the
case of the treatment of by the conventional supercritical
watér method, a batch treatment is perfofmed (by a reactor of
the,autodlave type) at a*temperafure of 400°C or so, with the
result that it takes long time, which is 30 minutes or more,
to perform the decompositidn of a plastic waste aﬁd convert
the plastic waste into oil. Moreover, it is difficult to
treaf large amounts of plastic waste.

Furthermore, when the plastic waste contains chldrine- :
base (or chlorine-containing) plastic such as vinyl chloride
resin, there are caused the problems that the corrosion of
the reactor and piping is effected by hydrogen chlofide
produced by the decomposition of the chlorine-base plastic
contained in the plastic waste during the decomposition of
the plastic waste and the conﬁersion thereof into oil.

Namely, a supercritical water reaction is effected in high-

3



10

15

20

25

temperature water. Further, hydrogen chloride is ionized and
\

chlorine ions are dissociated therefrom. Thus, conditions

for accelerating the corrosion are produced. Conséquently,
the conventional treatment of a plastic waste by the
supercritical water method has encountered another problem
that metallic materials are seriously corroded.

Therefore, in the case that a plastic waste containing
chlorine-base plastic is decomposed and converted into oil by
the.sﬁpercfitical water metﬁod, it is very difficult to
seiectzthe méfallic materials for the reactor and pipipg,
Thus, heretofore, in the case of using the supercritical
water method, with the existing state of %he ért, only a

plastic waste containing no chlorine-base plastic has been

converted into 0il after the chlorine-base plastic is

fractionated and separated from the plastic waste by a
pretreatment. The present invention is accomplished in view

of such a state of the conventional art..

SUMMARY OF THE INVENTION

Accordingly, a first object of the present invention is

. to provide a method and apparatus of treating a plastic

waste, which is suitable for industrialization and can
decompose a plastic waste and convert the plastic waste into
oil at a high speed in a supercritical water process for
treating a plastic waste.and further can treét large amounts

of plastic waste.
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Further, a second object of the present invention is to
provide a method and appafatus of treatingla plastic waste,
whichscan effectively suppress the corrosién of the apparatus
due to hydrogen chloride generated during the decomposition
of the plastic waste and the conversion thereof into oil.

To achieve the foregoing objects, in accordance~with an
aspect of the present invention, there is.prOVided a method
of decomposing a plastic waste by a reaction using water in a
supercritiéal Oor near superéritical region as a reaction
medium and céﬁverting the plastic waste into 6il,'which
comprises the step of carrying out the reaction in a tubular
type continuous reactor.

It is preferable that the residence.time of the plastic
waste in the reactor is 5 minutes or less when conducting the
reaction according to this method of converting the plastic

waste into oil.

Further, in accordance with another aspect of the.

present invention, there is provided a method of decomposing

a plastic waste by a reaction using water in a supercritical
or near supercritical regiop as a reaction medium and
converting the plastic waste into oil, which comprises the
steps of: heafing a plastic waste to decompose part or éll of
chlorine-baSe.plastiC'included in the plastic waste and
separéte and remove generated hydrogen chloride therefrom;

and conducting the reaction by mixing the plastic waste, from
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which the hydrogen chloride is separated, Vith.water.

In the case of this method of converting a plastic
waste into oil, it is prefer;ble that a tubular type
continuous reactor is used as the reactor for conducting the
reaction.

Further, in such a case of this method of cbnverting a
plastic waste into oil, it is preferable that the residence
time of the plastic waste in the reactor 4is 5 minutes or less
when conduéting the reactioﬁ acdording to fhis method of
converéing tﬂe plastic waste into oil.

Moreover, in accordance with still another aspect of
the present invention, there is provided an apparatus for
decémposing a plastic Qaste by a réaction using water in a-
supercritical or near supercritical region as a reaction
medium and for converting the plastic waste ihto oil, which
comprises a tubular type continuous reactor as a reactor for
cénducting the reaction.

Furthermore, in accordance with yet another aspect of
the present invention, there is'provided an apparatus for
decompoéing a plastic waste by a reaction using water in a
supercritical or near supercritical region as a reaction
medium and for converting the plastic waste into o0il, which
comprises: a hydrogen-chloride decomposing/removing mechanism
for heating a plastic waste to decompose part or all of

chlorine-base plastic contained in the plastic waste and
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separate and remove Qenerated hydrogen chl?ride therefrom;
and a reactor for decomposing the plastic wasté, from which
the hydrogen chloride is separafed, by conducting the
reaction.

Additionally, in the case of this aﬁparatus for
converting a plastic waste 'into oil, it is preferable that a
tubular type continuous reactor is uéed as the reactor for
conducting the reaction.

In aécordance with thé present invention, the
decompésition of a plastic waste and the conversion thereof
into oil are performed by a supercriticai water reaction. As
described above, supercritical water is defined as water
whose temperature.is at the critical temperature of water or
higher and whose preésure_is at the critical pressure of
ﬁater or higher. However, even if the pressure of this ﬁater
is not higher than the critical pressure, the behavior of the
water acting as a feaction medium results in its showing
activity which is almost similarly as of supercritical water

when the pressure thereof is close to the critical pressure

'(namely, the ratio of the pressure theréof to the critical

pressure is 0.8 or more). Therefore, supercritical water
reactions according to the present invention include those
caused in the case that thé pressure of supercritical water
is operated in the vicinity of the critical pressure of

water.
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The aforementioﬁed methods and apparatuses of the
present invention use tubular type continuéus‘reactors as the
reactors forfconducting supercritical water reactions. A
tubular type continuous reactor is one aQapted to perform the
decomposition of a plastic waste therein and the conversion
of the plastic waste into oil by permitting a mixture of
water, whose condition is maintained in a supercritical or
near supercritical region, and the plastic waste to
coﬁtinuousiy flow therethrough. As a more practical example
of such a reéétor, a multitubular type reactor constituted by
tying a plurality of thick-walled reaction tubes in a bundle
can be mentioned. The reaction tubes can be made from

suitable metals such as stainless steel.

Further, the present invention, which relates to the

'aforesaid methods and apparatuses, aims at suppressing the

corrosion of the apparatuses used in supércritical water
reactions by heating a plastic waste to decompose part or all
of chlorine-base plastic contained in the plastié waste and
separate and remove generated hydrogen chloride; which is in
a gaseous state, therefrom, before the step of mixing a
plastic waste with water, hot water or supercritical water,
for conducting supercritical ﬁater reactions. In this case,
it is necessary for carrying out a supercritical reaction to
mix the plastic waste with water or the like after separating.'

and removing hydrogen chloride produced by the'decomposition
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of chlorine-containing plastic. .If a plasFic waste is mixed
with water or the like before Separating aﬁd removing gaseous
hydrogen chloride, the hydroéen chloride is ionized and
chlorine ions are dissociated therefrom. This accelerates
the corrosion of thé apparatus; Thus, the objects of the
present invention are not achieved. |
Héwever, the decomposition of a plastic waste and the
conversion of the plastic waste into 0il can be achieved in a
short time which is 5 minutes or less, by using the tubular
type'continuéﬁs reactor as the reactor and by freating the

plastic waste at temperatures which are a. specific

-temperature or higher. Thereby, a large amount of a plastic

waste can be continuocusly treated or processed.

Although the methods of the present invention are to
perform the decbmpositioﬁ of a plastic waste and the
conversion of the plastic waste into oil under supercritical_
cbnditions, the range of preferable reactidn temperatures
varies-with the kind of plastic that is a main part of the
plastic waste. To carry out a reaction %p a short time, it
is preferable to set the reaction temperature at a value that
is 410°C or higher. For instance, in the case 6f the plastic
waste mainly composed of a poiystyrene resin ér a
methacrylic resin, the temperatures ranging from 410 to 600°C
are preferablé. Further, the témperatures rénging from 420

to 480°C are particularly preferable. Moreover, in the case
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of the plastic waste mainly composed of ﬁe%yethylene,
polypropylene, po;yvinyl chloride, polyvinflidene chloride,
AES resin, polyviﬁyl alcohol, polycarbonate, polyester.resin
or polyamide, the temperatures ranging from 480 to 600°C are
preferable. Further, the temperatures ranging from 490 to
550°C are particularly preferable.

The reaction pressure is set in such a manner as to be
eeual to or higher than the critical pressure of water,'or to
be close te the critical pressure thereof. In view of the
speed-&ﬁ of a reaction and the allowabie operating
temperature and the permissible working pressure of materials
used in the reactor, further preferable pressures range from
18 to 50 MPa. Particularly preferable pressures range from
22.1 to 35 MPa.

In the case of the methods end apperatuses of the
present invention, a plastic waste is mixed with water, hot
water or supercritical water to thereby cause a supercritical
water reaction. The plastic waste may be mixed with such
supercritical water or the ‘like while the plastic weste is
heated and melted. Alternatively, the plastic waste, which
is crushed into.fragments, may be.mixed with such
supercritical water or the like.

Further,'if a chlorine—dontaining_glastic such as
polyvinyl chloride and polyvinylidene chloride is included in

a plastic waste, the corrosion of the apparatus occurs when
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condﬁcting a supercritical water reaction,‘as above
described. Therefore, if a plastic waste including such
chloride-containing plastic is treated, i£ is preferable that
the hydrogen—chloride decomposing/removing mechanism is
provided in the appafatus, before performing the step of
mixing the plastic waste with watér, hot water or
éupercritical water, and that thus the plastic waste is
heated and melted to thereby decompose part or all of
chlérine—bése plastic contained in the plastic waste and
separa%e and.remove generated gaseous hydrogen chloride
therefrom.

Heating temperature, at which the plastic waste is

heated for removing hydrogen chloride therefrom, is suitably -

set according to the composition and properties of the waste.

Because the generation of de@omposition gases other than
hydrogen chloride should be suppressed, the preferable
heating temperatures range from 200 to 400°C. Further,
particularly preferable heating temperatures range from 250
to 350°C.

In the éase of the methods and apparatuses of the
present invention, a plastic waste can be.efficiently
decomposed and converted into oil in a short timelby using a
tubular type continuous reactor as a reactor. Thereby, a
large gquantity of a plastic waste can Ee continuously

treated. Moreover, the methods and apparatuses of the present
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invention are made to be more effective'bylsetting the
reaction temperature at a value within a specific range
according to the gind of a plastié waste which is a major
constituent of the plastic waste. Namely,_fhe present
invention enables the speed-up of the reaction and,the
continuous treatment of large amounfs of plastic waste.
Moreover, a reduction in size of the reactor can be achieved.
Thus,. the industrialization of the treatment of a plastic
waste by tﬁe supercritical Qater method can be attained.

?urthermore, in the case of the method and apparatus of

‘the present invention, when the decomposition of a plastic

waste containing chlorine—basé plastic and the conversion of .
the,plasfic waste‘into.oil are carried out as a result’of
performing the supercritical water process by conducting a
supercritical water reaction éfter removing hydrogen éhloride
by performing the pretreatment of-a plastic ﬁaste, the
corrosion of the apparatus due to hydrogen chloride generated
from the chlorine-base plastic can be suppressed effective;y.

Additionally, 0il-like materials, which contain almost
no chlorine ingredient and can be effecti;ely utilized as

fuel oil, can be collected in good yield from a plastic waste

containing chlorine-base plastic.

BRIEF DESCRIPTION OF THE DRAWINGS
Other features, objects and advantages of the present

invention will become apparent from the following description
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of preferred embodiments with reference folthe drawings in
which like reference characters designate iike or
corresponding parés fhroughbut several views, and in which:

FIG. 1 is a system flowchart illustrating an embodiment
of the present invention, wh;ch is a method and apparatus
embodying the present invention;

FIG. 2 is a system flowchart illustrating anothér
embodiment of the present iﬁventioﬁ, which is aﬁother method
and apparafus embodying the-present invention;

ﬁIG. 3‘£s a schematic diagram illustratihg the
configuration of an appafatus for converting a pléstic waste
into oil according to the present inéention, which is still
another embodiment of the present invention; and

. FIG. 4 is a schematic diagram illustrating the
configuration of another apparatus for converting a plastic
wéste into o0il according to the present invention, which is

yet another embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, the preferred embodiments of the present

~invention will be described in detail by referring to the

accompanying drawings.

‘Referring to FIG. 1, there is shown a sfstem flowchart
illustrating a method and apparatus embodying the present
invention, namely, an embodiment oflthe present invention.

Namely, this embodiment does not have the step of removing
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hydrogen chloride. Further,.the decomposi%ion of a plastic
waste and the conversiop of the plastic waste into oil are
pérformed in the following steps (1) to (3).

In step (1), pretreatments such as crushing, separating
and fractionating are performed on a pla;tic wasté; if
necessary. Thereafter, the plastic waste is heated and
melted. At that time, generated decoﬁposition gas may be
separated therefrom, and may be further cleaned and collected
or may be ﬁeutralized. |

.in step (2), the plastic waste and the water are

pressurized, upon completion of the treatment of the

-aforementioned step (1). Thereafter, the plastic waste is

mixed with the water. Moreover, a supercritical water
reaction is conducted by using a tubular type continuous
reactor under the aforementiéned temperature and pressure
conditions. In this case, after mixing the plastic waste
with water or hot water, the mixture may be heated in such a
manner aé to be in a supercritical or ﬂear supercritical
region.. Alternatively, the plastic waste may be mixed with
Supercriticai water.

'Sﬁbsequently, in step (3), the reactant is cooled.
Then, the séparation of o0il from water is performed.
Thereafter, produced oil-like materials are collected.
FIG. 2 is a system-flowchart illustrating another embodiment

of the present invention, which is another method and
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apparatus embodying the present invention.l Namely, this
embodiment has the step of removing hydrogen chloride before
conducting tﬂe supercfitical water reaction. .Furéher, the.
decomposition of a plastic waste and the conversion of a
plastic waste into oil are carried out in the following step
(1) to (3).

In step (1), the plastic waste, which has undergone
pretreatments such as crushing,'separatiqg and fractionating
as needed,'is heated and melted to thereby decompose a part
oxr alljof chiorine-base plaStic contained in the plastic
waste and separate and remove produced gaseous hydrogen
chloride (a dehydrochlorinafion treatment). The separated
énd_removed.gaseous hydrogen chloride is cleaned and
collected or is neutralized.

In step (2), the plastic waste and thé ﬁater are
pressurized upon completion of the treatment.of step (1).
Then, the plaétic waste is mixed with the.water. Théreafter,
a supercritical water reactioﬁ is conducted. In this case,
after mixing the plastic Wasteiﬁith water or hot water, the
mikture may be heated in such a manner aé to be in a
supercritical or near supercritical region. Alternatively,
the plastic waste may be mixed with supercritical water.

In step (3), the reactant is cooled. Subsequently, the

separation of oil from water is performed. Thereafter,

produced oil-like materials are collected. Incidentally, the
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decomposition gas generated in the superdr?tical water
reaction can be cleaned and collected or can be neu#ralized.

FIG. 3 ié a schemétic diagram illustrating thé
configuration of an apparatus for cohverting a plastic waste
into oil according to the present invention, which is still
another embodiment of the present invention. In the
apparatus of this figure, the plastic waste is supplied to a
melting tank 2 of the vertical type or of the horizontal type
(incidentaily, the meting tank shown in this figure is of the
vertic;l typé) provided with agitating means through a feeder
1. In the melting tank 2, the plastic waste is heated to a
temperatufe, which is in the range of zod to 400°C,
preférably; in the range of 250 to 350°C, and are thus
melted. Decomposition gases, such as gaseous hydrogen
chloride, Qenerated at that timé'are emitted from an upper
portion of the melting tank 2 and are further sent to an
apparatus for performing an exhaust-gas treating step. A
molten plastic waste is préssurized'in a press fitting unit 3
provided with a single-shaft or two—shaft screw and is
continuously press-fit ints a mixer (or a mixing tube) 7.

On the other hand, water contained in a water
régulating tank 4 is seht out by a pump 5 to a pre-heater 6
whereupon the sent water is heated to a ?gmperature which is
in the ranée of 200 to 600°C, preferably, in the fange of 350

to 500°C. Then, the water is continuously press—fit'into the
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mixer (or the mixing tube) 7 whereupon the water is mixed
. _

with the molten plastic waste. It is preferable that an

amount of water added thereto, which is repreéented in terms

. of the ratio of the weight of the plastic waste to the weight

of the added water, becomes within a range of 0.05 to 0.5.

Mixture of the molten plastic waste and the water is
sent to a tubulaxr type continuqus reactor 8. This mixture,
which is in a supercritical or near supercritical state, is
heated in the reactor 8 and.is decomposed in a short time
(whichgis 5 ﬁinutes or less) into low-molecular-weight
hydrocarbons. A plastic waste can be decomposed inté oil,
which is in any state from that of heavy oil to that of light
oil, by suitably selecting the reaétioh temperature, the
reaction pressure, the plastic—waste—to-water mixing ratio
and the reaction time in the reactor 8. |

Mixture of the low-molecular-weight hydrocarbon and the
supercritical or near supercritidal water is outputted from
the reactor 8 is then cooled by a cooling unit 9.
Thereaffer, the mixture is sent to an apparatgs for
performing the step of separating and.coilecting. Thus, the
low-molecular-weight hydrocarbons (oil) are collected
therein.

FIG. 4 is a schematic diagram-illustrating the
configuration of another apparatus for converting a plastic

waste into oil according to the present invention, which is
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yet another embodiment of the present inye?tion. In the
apparatué illustrated in this figure, the ﬁlastic waste is
suppligd to a melting tané 12 of tﬁe vertical type or of the
horizontal type (incidentally, the meting tank shown in this
figure is of the vertical type) provided with agitating means
through a feeder 11. In the melting tank 12, the plastic
waste is heated to a temperature, which is in the range of
200 to 400°C, preferably, in the range o{ 250 to 350°C, and
is thus meited. As a result, part or all of the chlorine-

base piastics are decomposed, so that gaseous'hydrogen

chloride is generated. This gaseous hydrogen chloride is
" emitted from an upper portion of the melting tank 2 and is

further sent to gaseous-hydrogen-chloride removing piping 13.

Thus, this géseous hydrogen chloride is removed during
passiﬁg through the piping 13, andﬁis then sent to a gas
washer tower ;4 whereupon the gaseous hydrogen chloride is
treated. The plastic waste, from whichlthe gaseous hydrogen
chloride has been removed, is pressurized in a presé fitting -
unit 15 provided with a single-shaft or two-shaft screw and
are continuously press-fit into a mixer (br a mixing tube)
16.

On the other hand, water contained in a water
regulating tank 17 is sent out by a pump 18 to a pre-heater
19 whereupon the sent water is heated to a temperature which

is in the range of 200 to 600°C, preferably, in the range of
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350 to 500°C. Then, the water is continub?sly press-fit into
the mixer (or the mixing tube)'16.whereupoe the water is
mixed with the molten plastie waste. It is preferable that
an amount of water added thereto, which is represented in
terms of the ratio of the weight of the plastic waste to the
weight of the'added water, becomes within a range of 0.05 to
0.5.

Mixture of the molten plastic #aste and the water is
sent to a ieactor 20. This.mixture, which is in a
supercfitical or near supercritical state, is heated in the
reactor 20 to a femperature, which is in the range.ef 400 to
600°C, preferably, in the range of 450 tq 550°C, and is
decomposed in a short time at a pressure,.which is in the
fange of 18 to 50 MPa,_pfeferably, 22.1 to.35_MPa, into low-
molecular;weight hydrocerbon. A plastic Wasfe can be
decomposed into oi;, which is in any state from that of heavy

oil to that of light oil, by suitably selecting the reaction

temperature, the reaction pressure, the plastic-waste-to-

water mixing ratio and the reaction time in the reactor 20.

Mixture of the low-molecular-weight hydrocarbon and the

. supercritical or near supercritical water, and is oﬁtputted

from the reactor 20 is then cooled by a cooling unit 21.
Thereafter, the mixture is sent to an apparatus for
performing - the step of separating generated gas from liquid

in separation tanks 22, 23. The generated gas is sent to the .

19



10

15

20

25

gas washer tower 14 whereupon the gaé was treated. The
R

- liquid component is separation tank 24. Water is sent to a

waste water resérvation tank 26, and then-is treated-as waste
water. Thus, the low-molecular-weight hYdrocarbons (oil) are
collected. In FIG. 4, reference numeral 25 designates a
cooling unit; 27 a pump. |

Hereinafter, the methods of the present invention will
be described more concrefely by showing examples.
Example 1 |

fests én the decomposition of plastic waste'sémples of
compositions Nos. 1 to 5, which are described in TABLE 1
(incidentally, PE designates polyethylene; PP polypropyléne;
PS polysfyrene; and PVC polyvinyl chloride), and on the
conversibn of the éamples into oil were.performed by usiﬁg
the apparatﬁs having the configuration of FIG. 3. Further, a
tubular type continuous reactor constituted by a thick-walled
reaction tube, whose inside diameter, outside diameter and
length were 5 mm, 10 mm ahd 60 m, respectively; was used as
the reactor 8. Moreover, each of the Supplied plasfic waste
samples was conﬁinuously treated at a supply-amount thereof,
which was of 0.3 to 0.8 kg/h.

After heated to 350°C in the melting tank 2 and melted
therein, each of the samples was mixed with water heated to
420°C. Resultant mixture was then loaded into the reactor 8.

Subsequently, a supercritical water reaction was conducted

20
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under the condifions described in TABLE 1.l Results are
listed in TABLE 1.~ It has been found from TABLE 1 that when
the superéritical Qater reacfion was conducted at-a .
temperature of 480;0 (incidentally, 410°C in the case of
using PS singly), the decomposition of the plastic waste and
the conversion thereof into oil were achieved in a short time
of 5 minutes. Furthermo#e, a large amount of plastic waste
could be continuously.treated by the apparatus of the present
invention..

incidentally, in thé case of this example, the plastic
waste is heated and melted and were then mixed.with water.
However; similar resuits were obtained”ih'the.case that the:

plastic waste is crushed and is then mixed with water to be.'

slurry-form.

21



Nos. | 1. | 2 3 . 4 5
Conditions:
Reaction Temperature (°C) 500 500 500 480 410
Reaétion Pressure (MPal 30 30 30 30 30
_ Plastic-Water Ratio 0.2 0.2 0.2 0.2 0.2
by Weight (-) |
Reactioﬁ:Time (min.)‘ 2 2 2 5 5

Samplé Composition wt%

PE (polyethylene) 100 O 0 32 0
PP (polypropylene) 0 100 0 21 0
PS (polystyrene) 0 0 0o 24 100

PVC (polyvinyl chloride) 0 0 100 23 -0

Conversion Ratio wtS

Gas _ 9 10 21 14 2

0il 91 90 34 75 98

Residue 0 o 3 1 0

HC1 . - - 42 10 -
Example 2

Tests on the decomposition of plastic waste'samples of
compositions Nos. 6 to 8, which are described in TABLE 2 and
on the conversion of the samples into oil were performed by

using the apparatus having the configuration of FIG. 4. Test
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process was as follows. Namely, each of-t?e plastic waste
samples was heated and melted in the meltiﬁg tank 12 under
the pretreatment conditions:described in TABLE 2. Gaseous
hydrogen chloride generated by the decomposition of chlorine-
base plastic (polyvinyl chloride) was separated and removed
from the plastic waste sample by being made to flow through
the gaseous-hydrogen-chloride removing piping 13.

Thereafter, the molten plastic waste was mixed with water

heated to 420°C in the mixer 16. Then, a resultant mixture

was loéded iﬂfo the teactor 20. Subsequently, a
supercritical water reaction was carried out. As a result,
there was hardly caused the corrosion of the apparatﬁs due to
the_hydrdgen chloride. Further, the conversioh ratios'pwing
to the decomposition and conversion of the plastic waste,'and
the hydrogen-chloride rémoving ratios are listed in fABLE 2.
It has been found from TABLE 2 that the HCl (hydrogen-
chloride) removing ratio of 99 % or more was obtained in the
stage of the pretreatment of the plastic waste containing

chlorine-base plastic.
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Nos.
" Sample Compositiﬁn wt%
PE (polyethylene)
PP (polypropylene)
PS (polystyrene)
PVC (polyvinyl chloride)
Pretreatmeﬁt
Température (5C)
Treatment Time (min.)
Reaction Conditions:
Reaction Temperatufe (°C)
Reaction Pressure (MPa)
Plastic-Water Ratio
by Weight (—)
Reaction Time (min.)
Products

Conversion Ratio wt%

HC1
Gas
0il

Residue

.HCl Removing Ratio (wt %)

TABLE 2

100

330
30

500

30
0.15

42
20
36

99.2

24

75

25

350
20

500

30

0.15

10
13
76

99.7

32
21
24
23

350
20

500

10
17
72

99.8



Although the preferred embodiments of thé present
invention have been describeq above, it should be understood
that the present inQention i; not limited thereto and that
other modifiéations will be apparent to those skilled in the
art without departing from the spirit of the invention.

The scope of the present invention, therefore, should

be determined solely by the appended claims.
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A

CLAIMS: \

1. A method of conyerting a plastic Qaste into oil by
decomposing the plastic Qaste by a reaction using water in a
supercritical or near supercritical region as a reaction
medium, comprising the step of: )

carrying out the reaction in a tubular continuous
reactor.

2. The method of converting a plastic waste info oil
according fo claim 1, wherein a residence time of the plastic
waste in said reactor is 5 minutes or less when conducting
the reaction.

3. The method of converting a plastid wasfeTinto oil
according to claim 1, further comprising, before the stép of
carrying out the reaction in the tubular contingous reactor,
the steps'qf:,heatiné and melting the plastic waste; heating
the water; pressuring the ﬁolten plastic waste and fhe ﬁater;
mixing the préssurized plastic waste and water to broduce a
mixture; and conducting the mixture into a tubular continuous
reactor. |

4..The method of converting a plastic waste into oil
according to claim 3, further comprising the step of heating
the tubular réactor so as to bring the reaction mixture in a
supercritical or near-supercritical region of water.

5. The method of converting a plastic waste into oil

according to claim 4, further comprising the steps of cooling
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a product of the reaction coming out of the tubular
: t

continuous reactor and recovering a low-molecular weight oil

.from the product.

6. A method of converting a plastic waste containing
chlorine-base plastic into oil by decomposing the plastic
waste by a reaction using water in a supercritical or near
supercritical region as a reaction medium, comprising the
steps of:.

heating the plastic waste to decomﬁbse part or ail of
the chiorine:base plastic cohtained in the plastic waste and
éeparate and remove generated hydrogen chloride therefrom;
and

cafrying out thé reactidn by mixing the plastic waste,
from which the hydrogen cﬂloride is separated, ﬁith water.

7. The method of convertiné a plastic waste into oil
according to claim 6, whefein a:tubular continuous reactor is
used as a reactor for conductiﬁg_the reaction.

8. The method of converting a plastic waste into oil
according to claim 7, wheréin'a residence time of the plastic -

waste in the reactor is 5 minutes or less when conducting the

‘reaction.

9. The method of converting a plasfic waste into oil
according to claim 5, further comprising the step of heating
the plastic waste to decdmpose part or all of the chlorine-

base plastic contained in the plastic waste and separate and
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remove generated hydrogen chloride thereﬁ;?m before mixing
the plastic waste and watgr.

'10. An apparatus fo; converting a plastic waste into
oil by decomposing the‘plastic waste by a reaction using
water in a supercritical or near supercritical region as a
reaction medium, comprising:

a tubular continuous reactor as a reactor for
conducting the reaction. |

11. fhe apparatus for.converting'a.plastic waste into
oil acéording to claim 10, wherein the tubular continuous
reactor comprises a ?lurality of thick-walled reaction tubes.

12. An apparatus fo; cohverting a plastic waste into |
oil by décomposing.the plastic waste by ; reéction using
water in a supercritical or near supercritical fegion as a
reaction medium, comprising:l |

a hydrogen—chloride-decomposing/rembving mechanism for
heating a plastic waste td decompose part'pr all of thé
chlorine~base plastic contained in the blastic waste and
separate and remove generated hydrogen chloride therefrom; -
and

a reactor for decomposing the plastic waste, from which
the hydrogen chloride is separated, by conductiné the
reaction.

13. The apparatus for converting a plastic waste into

0il according to c¢laim 12, wherein a tubular continuous
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reactor is used as the reactor for conducting the reaction.
: 1}
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