DESCRIPTION

.

OILIFICATIO,N PROCESS FOR CHLORINE-BASED PLASTIC WASTE

TECHNICAL FIELD
The present invention relates to an oilification process for

chlorine-based plastic waste using supercritical water.

BACKGOUND ART

Conventionally, as a method for reus_ing plastic waste, an
attempt has been made to recover useful oily matters by decompos ing
plastic waste (oilification treatment) by using supércritical
water. | - |

However, in the case where plastic waste is chlorine-based
plastic, chlorine ions are released from plastic waste when
oilification. is effected using supercritical water. These
chlorine ions cause heavy corrosion of stainless-steel-based
metals, which isused foranoilification apparatus. Specifically,
because o:_'-lification using supercritical.water is effected under
high temperatures and high pressures, pitting, crevice corrosion,
stress corrosion cracking, and other defects caused by chlorine
‘ions occur in the stainless-steel-based metal. The degree of
corrosion differs depending on the composition of stainless steel

and the concentration of released chlorine ion.



On the other hand, a study has been made to use nickel-based
alloys, which have special chemical composition and are
invulnerable 1;0 cc_>rroéion , asamaterial foroilificationapparatus.
However, the nickel-based alloys are expensive, and greatly
increase the construction cost of apparatus.

For the above-describedl reasbns, for example, a process has
been developed in whi;:h plastic waste is thermally decomposed at
temperatures of 300 to 350°C in a dechlorination apparatus, and
after chlorine is removed, the plastic waste is introduced into
an oilificaf:ion apparatus made of stainless steel, which is less
costly than nickel-based alloys, to effect oilification by using .
supercritical water. In this case, however, comparing with the
case of direct oilification, the process is complicated , and the
number of equipments constituting the apparatus increases.
Therefore, theconstructioncostof thewholeoilificationfacility

is very high.

DISCLOSURE OF THE INVENTION
The present inventionhasbeenmade inviewof suchasituation,
and accordingly an object thereof is to provide an oilification
process for chlorine-based plastic waste, in which an apparatus
using an inexpensive stainless-steel-based metal can be employed,
and the number of equipments is small.

The oilification process for chlorine-based plastic waste



in accordance with the present invention is characterized in that
a mixture of plastic waste including chlorine-based plastic and
aqueous solution containing carbonate of an alkali metal or
hydroxide or carbonate of ah alkali earth metal or several kinds
of these compounds, in which the concentration of dissolved oxygen
is controlled so as to be not higher than 0.5 mg/liter, is heated;
chlorine in the plastic waste is released during a process of
transfer to a supercritical condition and/or under a supercritical
condition; and the plastic waste is decomposed.

Also, an oilification process for chlorine-based plastic
waste in accordance with another mode of the present invention
is characterized in that aqueous solution containing carbonate
of an alkali metal or hydroxide or carbonate of an alkali earth
metal or several kinds of these compounds is heated; melted plastic
waste including chorine-based plastic is mixed in the aqueous
solution during a process of transfer toa supercritical condition
and/or under a subéfdfitical condition; the concentration of
dissolved oxygen in the agqueous solution is controlled so as to
be not higher than 0.5 mg/liter before or during the mixing of
theplasticwaste; chlorine intheplasticwastemixed intheaqueous
solution is released; and the plastic waste is decomposed.

Also, intheoilification process for chlorine-based plastic
waste in accordance with the present invéntion, chlorine released

from the plastic waste can be neutralized by carbonate of an alkali



metai or hydroxide or carbonate of an alkali earth metal.
Also, intheoilification process for chlorine-based plastic
waste in accordance with the preéent invention, as means for
controlling the concentration of dissolved oxygen, nitrogen gas
can be blown or a deoxidizer can be added. |
Also, in theoilification process fdr chlorine-based plastic
waste in accordance with the present invention, as the deoxidizer,

sodium sulfite, sodium nitrite, or hydrazine can be used.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 a flow diagram showing chlorine—based plastic waste
treatment process in accordancewith a first example of the present
invention; and -
FIG. 2 a flow diagram showing chlorine-based plastic waste
treatment process inaccordancewitha second exampleof thepresent

invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Chlorine-basedplasticwastetobetreatedbytheoilification
process in accordance with the present invention may be any kind
of plasticcontainingchlorine. For example, vinylchlorideresin,
polyvinylidene chloride, polychlorotrifluoroethylene, and the
like can be cited. Also, it may be plastic waste other than

chlorine-based one, for example, a mixture with polyethylene,



polypropylene, polystyrene, and the like.

Before undergoing treatment, the chlorine-based plastic
waste is -ground into powder. The size of powder is preferably
not larger than 2 mm in diameter when the powder is assumed to
be a sphere having the same volume. If the powder is too large,
when the pulvefized plastic waste is supplied to an oilification
apparatus after being mixed with aqueous soluf_.ion, it may become
incapable of being'supplied smootﬁly, and also the efficiency of
oilification treatment decreasés.

Next, the pulverized plastic waste, having a dissolved oxygen
concentration of 0.5 mg/liter or lower, is mixed with aqueous
solution containing carbonate of an alkali metal or hydroxide or
carbonate of an alkali earth metal.-

The control of dissolved oxygen concentration may be
accomplished after the preparation of the mixed liquid.
Specifically, after the pulverized plastic waste is mixed with
aqueous solution containing carbonate of e:m alkali metal or
hydroxide or carbonate of an alkali earth metal to yield a mixed
liquid, the mixed liquid may be treated so that the concentration
of dissolved oxygen in the mixed liquid is not higher than 0.5
mg/liter.

As a means for making the concentration of dissolved oxygen
inthe aqueous solutionormixedliquid noﬁ higherthan0.5mg/liter,

for example, blowing of nitrogen gas and addition of a deoxidizer



can be cited. As the deoxidizer, for example, sodium sulfite,
sodium nitrite, and hydrazine can be used. These deoxidizers may
be used singly or in combination of two or more kinds.

By making the dissolved oxygen concentration not higher than
0.5 mg/liter, corrosion reaction (cathbde reaction) under the
supercritical condition can be restrained.

The aqueous solutionmixed with chlorine-based plasticwaste
con£ains one or more ]lcinds selected from carbonate of an alkali -
metal, hydroxide of an alkali earth'.metal, and carbonate of an
alkali earth metal. As examples of these components, sodium
carbonate, calcium carbonate, magnesium hydroxide, calcium
hydroxide, and the like can be cited.

The amount of addition of carbonate or hydroxide should be
not higher than the equivalent of total quantity of released
chlorine at the later-described subcritical portion and
supercritical portion, and preferably should be 1.1 to 1.2
equivalents. |

Here, the reason for using these salts and the like will be
explained.

When chlorine-based plastic waste is heated at a temperature
of 300°C and higher, chloride is released. The released chloride
dissolves in water intp hydrochloric acid, which heavily corrodes
metallic :materials excluding special metallic materials. To

prevent such corrosion caused i)y hydrochloric acid, it is thought



to neutralize the hydrochioric acid with sodium hydroxide, for
example. When sodium hydroxide is used, however, the remaining
sodium hydroxide causes heavy corrosion and stress corrosion
cracking in a short period of time. In the present invention,
corrosion can be prevented by using sodium carbonate etc. without
the use of hydroxide of an alkali metal.

In this description, a subcritical condition is defined as
a condition of a temperature of 250 to 350°C and a pressure of
25 to 30 MPa. Also, a portion under a subcritical condition in
anoilification apparatus is referred to as a subcritical portion.
Similarly, in this description, a supercritical condition is
definedas a cond_ition of a temperature of 350 to 550°C and a pressure
of 25 to 30 MPa. Also, a portion under a supercritiéal condition
in an oilification apparatus is referred to as a supercritical
portion.

From the chloride-based plastic waste in the adjusted mixed
liquid, chloride is released under the subcritical éondition, and
the released chloride (hydrochloric acid) is immediately
neutralized by salt or hydroxide in the mixed 1liquid. Therefore,
in the subsequent treatment under the supercritical condition,
no hydrochloric acid is present in the mixed liquid, so that an
iné ide wall of the apparatus is not corroded by hydrochloric acid.
Also, even if salt etc. having not been used for neutralization

under the subcritical condition remains in large quantities in



the mixed liquid and enters the supercritical portion, the mixed
liquid under the supercritical condition does not become strongly
alkaiine, resulting in no occurrence of corrosion, bécause
hydroxide of an alkali metal is not used.

For the mixed liquid from which chlorine is released under
the subcritical condition, the plastic waste in the mixed 1iqﬁid
is next decomposed into oil content and gas content under the
supercritical condition. Theobtainedoilcontentandgascontent-
can be used as fuel and the like. ’

Even under the supercritical condition, the chloride
femaining in the plasticwaste is released. The released chloride
(hydrochloricacid) is immediatelyneutralizedbysaltorhydroxide
in the mixed liquid.

In the above explanation, the mixed liquid of plastic waste
and aqueous water has been transferred from the subcritical
condition to the supercritical condition. However, the waste
plastic may be mixed in the agueous solution after the aqueous
solution is changed from the subcritical condition to the
supercritical condition.

Also, for thermoplastic plastic, plastic waste melted by the
application of heat may be mixed in the aqueous solution. The
mixing may be performed during a process of transfer to the
supercritical condition} or may be performed under the.

supercritical condition.



Next, examples of the embodiment of the present invention
will be described with reference tb the accompanying drawings.
First example )

In FIG. 1, plastic waste is supplied into a mixer 1, and is
mixed with aquéous solution supplied from a tank 2, turning to
slurry. The agqueous solution sﬁppliéd from the tank 2 contains
carbonate of an alkalimetal or hydroxide or carbonate of an alkali
earth metal, and is adjusted by nitrogen-_gas (N;) or a déoxidizer
so that the dissolved oxygen concentration is not higher than 0.5
mg/liter.

The control of dissolved oxygen concentration by using |
nitrogen gas or a deoxidizer may be accomplished in the mixer 1
or on the downstream side thereof. -

The slurry in the mixer 1 is introduced into an oilification
apparatus 4 by a slurry feeder 3. In the oilification apparatus
4, the slurry is first preheated at a preheating portion 4a, and
then chloride contained in the plastic waste in the slurry is
released at a subcritical portion 4b. The released chlorine is
neutralized by carbonate or hydroxide in the slurry. Thereafter,
the slurry moves into a supercritical portion 4b, where the plastic
waste in the slurry is decomposed.

After the decomposition, the slurry is discharged from the

oilificationapparatus, and is separated intooil content andwater

content by an oil separator 5. Some of the separated water content
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isdischarged totheoutsideof thesystem, and the remainder thereof
is supplied into the tank 2. To the tank 2, in addition to the
;ﬂater content supplied from the oilification apparatus 4, makeup
water and sodium carbonate, in this example, are supplied from
the outside of the system. Thereby, the quantity of aqueous
solution sent to the mixer 1 and the concentration of sodium
carbonate are kept constant. |
Second eiample |

FIG.2showsanotherexampleofembodimeﬁtoftheoilification
process for chlorine-based plastic waste in accordance with the
present invention. In FIG. 2,'the same reference numerals are
applied to the same elements as those in FIG. 1, and the duplicated
explanation is omitted. -

Thermoblastic plastic is melted by a melter 21 provided with
a motor as a driving means, and is mixed in aqueous solution in
which the dissolved oxygen concentration is controlled so as to
be not higher than 0.5 mg/liter during a process of transfer to
the supercritical condition or under the supercritical condition

of the oilification apparatus.
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Working examples
Working examples 1 to 6

Plastic waste having a composition given in Table i was
oilified by the apparatus shown in FIG. 1.

The aqueous solution in the-tank 2 was adjusted by the blowing
of nitrogen gas ahd the addition of sodium sulfite so that the
dissolved oxygen concentration is 0.1 to 0.5 mg/liter. Also,
soﬁium carbonate etc. of 1.1 to 1.2 equivalents of the quantity
of chlorine contained in the plastic waste were continuously
supplied into the tank 2. }

As the oilification apparatus 4, an electric furnace.formed
by dividing a reaction tube ihto three was used. The reaction
tube, which measured 5 mm in inside diameter, 10 mm in outside
diameter, and 60 mm in length, and was made of SUS316, was subjected
to anticorrosion treatment before the use thereof by circulating
1% aqueous sodium carbonate for 50 hours in a state in which it
had been heated in advance to theoilification condition of plastic
waste. By formingcorrosion preventive filmon the inside surface
of thereactiontubeinthismanner, corrosionduetosodiumchloride
caused by neutralization can be prevented more effectively.

The temperature in the oilification apparatus was adjusted
so as to be 20 to 250°C at the preheating portion, 250 to 350°C
at the sﬁbcritical portion, and 350 to 550°C at the supercritical

portion, and the pressure therein was adjusted so as to be 250
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to 300 kgf/cm? (25 to 30 MPa).

Each kind of plastic waste wés treated under the conditions
of working examples 1 and 2 given in Table 1, and in both cases,
corrosion was not observed at all.on the inside surface of the
reaction tube and the equipments after the operation for 2000 hours.

The results are given in Table 1



This Sheet Has Been Replaced

Table 1

_— Condition Working examplel | Working exemple2 | Working example3 | Working exampled | Working exampleb | Working example6
E— Quantity of plastic -
= | waste (ky/h) 0.3 0.3 0.5 1.2 1.2 1.2
— Composition of plastic
= waste (wt$) ,
— Vinyl chloride resin 100 100 50 50 50 30
E==m= | Polyethylene 0 0 50 50 50 30
I Polystyrene 0 0 0 50 0 30
Concentration of plastie - .
in slurxy (wtd) 16.7 16.7 25.0 25.0 25.0 25.0
Decxidization method N, blowing N, blowing N, blowing N, blowing N, blowing N, blowing
/deoxidizer /deoxidizer /deoxidizer /deoxidizer /deoxidizer
Kind of deoxidizer - Na,S0; Na,S0, Na;S0, Na,S0; Na,S0;
Dissolved oxygen
concentration (mg/1) 0.5 0.2 0.1 0.2 0.2 0.3
e Kind of salt Na,COs Na,COs CaCoO, Mg(OH), Ca(CH), Na,CO;
— Amount of addition of salt :
Equivalent.rat%o to
to dechlorination amount 1.2 1.1 1.1 1.1 1.1 1.1
Subceritical condition .
Temperature (°C) 330 330 330 330 350 350
Time (min) 30 30 30 30 30 20
Supercritical condition
Temperature (°C) 480 480 480 480 500 500
Pressure (kg/cw’) 300 300 300 300 300 300
Time (min) 5 5 5 5 2 2
Yield (wt®)
Gas content 21 19 15 13 17 12
Oil content 35 36 62 64 61 73
Operation time (h) 2000 2000 100 100 100 100
Corrosion condition No abnormality " No abnormality No abnommality No abnormality No abnormality No abnormality
(mm/year) 0.1 or less 0.1 or less 0.1 or less 0.1 or less 0.1 or less .

0.1 or less
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The above is an explanation of the embodiment and the working
examples of the present invention. These are described to
facilitate the undérsta-nding of the present invention, and do not
limit the scope of the present invention. All changes,
modifications, and additions obvious to persons skilled in the
artoftheinventiondefinediﬁclaimsareembracedinthetechnical
scope of the present invention.

For example, in the explanétion of the eﬁbodiment with
reference to the above figures, continuous treatment has been
carried out by making the mixed liquid in a flowable slurry form.
However, the present invention is not limited to this treatment
process.

Further, for example, batch treatment may be earried out in
which a mixed liquid of plastic waste and aqueous solut.ion is put
inﬁo a container and is heated, and thereafter the treatment

condition is transferred to supercritical condition.

INDUSTRIAL APPLICABILITY
According to the oilification process for chlorine-based
plastic waster in accordance with the present ihvention, compared
with the prior art, the treatment process and apparatus can be
simplifiedsignificantly,andalsoevénifaninexpensiveapparatus

is used, corrosion does not occur in the apparatus.
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All of the claims, specification, drawings, and abstract of
Japanese Patent Application No. 10-192859 (No. 192859/1998) filed
on July 8 in 1998 and a part of description of the specification

thereof are quoted in this description.
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CLAIMS

1. Anoilification p.rocess for chlorine-based plastic waste
characterized in that a mixture of plastic waste including
chlorine-based plastic and an aqueous solution containing
carbonate of an alkali metal or hydroxide or carbonate of an alkali
earth metal or several kinds of these compounds, in which the
concentration of dissolved oxygen is controlled so as to be not
higher than 0.5 mg/liter, is heated; chlorine in said plasticwaste
is released during a process of transfer to a supercritical
condition and/or under a supercritical condition; and saidplastic
waste is decomposed.

2. An oilification process for chlorine-based plastic waste
characterized in that an aqueous solution containing carbonate
of an alkali metal or hydroxide or carbonate of an alkali earth
metal or several kinds of these compounds is heated; melted plastic
waste inclﬁding chorine-based plastic is mixed in said aqueous
solution during a process of transfer to a supercritical condition
and/or under a supercritical condition; the concentration of
dissolved oxygen in said aqueous solution is controlled so as to
be not higher than 0.5 mg/liter before or during the mixing of
said plastic waste; chlorine in said plastic waste mixed in said
aqueous solution is released; and said plastic waste is decomposed.

3. Theoilification process for chlorine-based plastic waste

according to claim 1 or 2, wherein chlorine released from said

Thl Sheet Has Been Rep laced
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plastic waste is neutralized by carbonate of an alkali metal or
hydroxide or carbonate of an alkali earth metal.

4. The oilification process for chlorine-based plastic waste
according to claim 1 or .2, wherein means for controlling the
concentration of dissolved oxygen is blowing of nitrogen gas or
addition of a deoxidizer.

5. The oilification process for chlorine-based plastic waste

according to claim 4, wherein said deoxidizer is sodium sulfite,
- - - . /
sodium nitrite, or hydrazine.
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