1 Trtle of the Invention Process and System for Cbnvertin§§aya§th51
Waste into O Background of the Invention 1. Field of the | nvention
This invention relates to a process and systemfor converting plasticsg ¢
waste into oil by dispersing powlered plastics waste in water to forma
slurry and degrading the plastics by using water in or near its
supercritical region as the reaction nedium 2. Description of Related
Art Conventionally, nost of various types of plastics waste have been
di sposed of by dunping or incineration and have not been effectively
utilized as resources. Mreover, disposal by dunping has posed problens
such as difficulty in securing a site for dunping and instability of the
ground after dunping. On the other hand,; disposal by incineration has
posed problens such as danmage to the furnace and the em ssion of harnfu

gases am%fghéﬁg£n§ﬁgelgggﬁtig@anmhiIe, the Package Recycle Law which
€ duty of recovert

prescri bes recovering and reusing plastics was enacted in

1995. In Vi ey ShathesSRd Si&EMNBEGP CESnveAELRYSPBAS €IS Swhave {eesddy been
made to reuse plastics waste as resources. As one exanple thereof, there
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1. Field of the Invention

This invention relates to a process and system for
converting plastics waste into oil by dispersing powdered
plastics waste in water to form a slurry and degrading the

plastics by using water in or near its supercritical region

as the reaction medium.
2. Description of Related Art

Conventionally, most of wvarious types of plastics waste
have been disposed of by dumping or incineration and have not
been effectively utilized as resources. Moreover, disposal
by dumping has posed problems such as difficulty in securing
a site for dumping and instability of the ground after
dumping. On the other hand, disposal by incineration has
posed problems such as damage to the furnace and the emission
of harmful gases and an offensive odor. Meanwhile, the
Package Recycle Law which prescribes the duty of recovering
and reusing plastics was enacted in 1995. In view of these
circumstances, various attempts have recently been made to
reuse plastics waste as resources. As one example thereof,
there has been proposed a method for degrading and converting
plastics waste into oil by a reaction (i.e., the

supercritical water reaction) using water in its



plastics waste into oil by a reaction (i.e., the supercritical water
reaction) using water in its

2 supercritical region (i.e., supercritical water) or water near its
supercritical region as the reaction nmedium and thereby recovering a
useful oily material (hereinafter referred to as the supercritical water
nmet hod) as described in Published Japanese Transl ation of PCT

I nternational Publication No. 501205/1981, Japanese Patent Lai d-Qpen No.
4225/ 1982, Japanese Patent Lai d-Open No. 31000/ 1993 and Japanese Patent
Lai d- Open No. 279762/ 1994. The term "supercritical water" refers to
water in such a state that the tenperature is not lower than its critica
tenperature (374[err]C) and the pressure is not lower than its critical
pressure (22.1 MPa). Supercritical wateér can diffuse easily into oi

dropl et's of, I8N QR LDn (ACeQ! dishglererilt iich 10Gal@tsd drh e thibe

supercritical nethod produces |ess reSidue than pyrolysis under

at nmospherjear AHES SUfbrafitical Regeeniel are Fdicdion drdHiem okngonversion
into oil. Even if the tenperature and pressure are lower than the critical

t enper at Wil thedrddinpla psesalr ollywaiaterdal [(@leded ¥ e eaction
medi umin substantially the sanme manner as supercritical water, so long as
t hey are deferred to as the supercritical water method) as described
in Published Japanese Translation of PCT International
Publication No. 501205/1981, Japanese Patent Laid-Open No.
422571982, Japanese Patent Laid~Open No. 31000/1993 and
Japanese Patent Laid-Open No. 279762/1994.

The term "supercritical water" refers to water in such a
state that the temperature is not lower than its critical
temperature (374°C) and the pressure is not lower than its
critical pressure (22.1 MPa). Supercritical water can
diffuse easily into o0il droplets of molten plastics.
Accordingly, it is believed that the supercritical method
produces less residue than pyrolysis under atmospheric
pressure, and can hence achieve a higher degree of conversion
into oil. Even if the temperature and pressure are lower
than the critical temperature and the critical pressure,
water can behave as a reaction medium in substantially the
same manner as supercritical water, so long as they are in
the vicinity of the critical temperature and the critical
pressure.

However, in the existing state of the art, there is no
well-established technique for the treatment of plastics

waste according to the supercritical method. Thus, it has



the vicinity of the critical tenperature and the critical pressure.
However, in the existing state of the art, there is no well-established
technique for the treatnent of plastics waste according to the
supercritical nethod. Thus, it has

3 been difficult to feed plastics waste (in particular, plastics waste
containing thernosetting resins and crosslinked resins) continuously to a
react or under supercritical conditions, and it has been necessary to
provi de a speci al or expensive apparatus for such continuous feeding
purposes. Summary of the Invention An object of the present invention
Is to provide an econom cal process for treating a | arge anount of
plastics waste in which thernoplastigs, crosslinked plastics,

t hernmosetting plastics or a mxture thereof is continuously fed to a

react or WddloUuii 8o{E01E VAIFQMS LYROEiOF PaS6d | Con pastisuldyd is rapidly

degraded and converted into oil according to the supercritical water
met hod, agrhéfee€byastardontainits thepnssttoingl bedins avmbt e on an
i ndustrial scale. In order to acconplish the above object, the present

I nvent or scresie] 1 nkedt rgatnohscomt tiueeshypntoah neadisof arnder
supercritical conditions, and it has been necessary to
provide a special or expensive apparatus for such continuous
feeding purposes.

Summary of the Invention

An object of the present invention is to provide an
economical process for treating a large amount of plastics
waste in which thermoplastics, crosslinked plastics,
thermosetting plastics or a mixture thereof is continuously
fed to a reactor without sorting various types of plastics
waste, and is rapidly degraded and converted into oil
according to the supercritical water method, and thereby
carry out the disposal of plastics waste on an industrial
scale.

In order to accomplish the above object, the present
inventors made investigations on an economical means for
treating a large amount of various types of plastics waste by
continuously and rapidly degrading and converting it into oil
according to the supercritical water method. As a result, it
has been discovered that, if plastics waste is reduced to
powder and then mixed with water to form a slurry, the
plastics waste can be easily fed to a tubular continuous

reactor in which water is in or near its supercritical



treating a | arge anount of various types of plastics waste by continuously
and rapidly degrading and converting it into oil according to the
supercritical water method. As a result, it has been discovered that, if
pl astics waste is reduced to powder and then mxed with water to forma
slurry, the plastics waste can be easily fed to a tubular continuous
reactor in which water is in or near its supercritical

4 region, and can be continuously degraded and converted into oil. The
present invention has been conpleted on the basis of this discovery.
Accordingly, the present invention relates to a process for converting

pl astics waste into oil which conprises the steps of m xi ng powdered

pl astics obtained by grinding plastics waste with water to forma slurry,
feeding the slurry to a tubular cont®nuous reactor, degrading the

powder ed it CSadl 084N I BACELRELREOH\EK 1¢ S Eatsd Nthd heoned LEed ttnde i n or
near its supercritical region, and recovering oil fromthe reaction

product. dite. plTisd i gBevBAt eihventBoh Hyas théen pramEbstednohethdebadps ast i cs,
crosslinked plastics, thernbsetting plastics or a m xture thereof.

Mor eover ,of hehjs edtetovaventi on also relates to a process for converting
pl astics waste into oil as described above

Accordingly, the present invention relates to a process
for converting plastics waste into o0il which comprises the
steps of mixing powdered plastics obtained by grinding
plastics waste with water to form a slurry, feeding the
slurry to a tubular continuous reactor, degrading the
powdered plastics under reaction conditions causing the water
to be in or near its supercritical region, and recovering oil
from the reaction product. The plastics waste treated by
this process can be thermoplastics, crosslinked plastics,
thermosetting plastics or a mixture thereof.

Moreover, the present invention also relates to a process
for converting plastics waste into oil as described above
wherein a dispersing agent is added to the slurry composed of
powdered plastics and water. As the dispersing agent, there
may be used a water-absorbing resin, a water-soluble polymer,
a surface-active agent or a mixture thereof. More
specifically, the water-absorbing resin can be a crosslinked
product derived from a polyacrylic acid salt, isobutylene-
maleic acid salt, polyvinyl alcohol, polyacrylamide,
polyoxyethylene or starch-polyacrylic acid salt. The water-

soluble polymer can be a natural polymer such as starch,

mannan, galactan or gelatin; a semisynthetic polymer such as



wherein a dispersing agent is added to the slurry conposed of powdered

pl astics and water. As the dispersing agent, there nmay be used a

wat er - absorbi ng resin, a water-soluble polymer, a surface-active agent or
a mxture thereof. More specifically, the water-absorbing resin can be a
crosslinked product derived froma polyacrylic acid salt, isobutylene-
mal eic acid salt, polyvinyl alcohol, polyacrylam de, polyoxyethylene or
starch-polyacrylic acid salt. The water- soluble polyner can be a natural
pol ymer such as starch, nmannan, galactan or gelatin; a semsynthetic

pol ymer such as 5

car boxynet hyl cel | ul ose, carboxynet hyl starch or nethylcellul ose; or a
synthetic polynmer such as polyvinyl galcohol or polyoxyethylene. The
surface-active agent can be an anionic surface-active agent, a cationic

sur f ace- aeipEyrOaR} 1 cAN  AMRO RiarbokyilcAdfy1aRldr\e® agent or a nonionic
surface-active agent. Furthernore, the present invention also rel ates

to a preeass Il Boryes;t il lsgsithetingicd vk Nidh as graghiiigd  above
wherein the water separated fromthe reaction product is used to prepare a

slurry cempasesl or ponssetkiilydsnecs it swatfigce-active ageritercaaspect, t he
present invention relates to a
an anionic surface-active agent, a cationic surface-active
agent, an amphoteric surface-active agent or a nonionic
surface-active agent.

Furthermore, the present invention also relates to a
process for converting plastics waste into o0il as described
above wherein the water separated from the reaction product
is used to prepare a slurry composed of powdered plastics and
wafer.

In another aspect, the present invention relates to a
system for converting plastics waste into oil which comprises
mixing means for mixing powdered plastics obtained by
grinding plastics waste with water to form a slurry, a
tubular continuocus reactor, slurry feeding means for feeding
the slurry to the tubular continuous reactor, heating means
for heating the tubular continuous reactor and thereby
degrading the powdered plastics under reaction conditions
causing the water to be in or.near its supercritical region,
and a separator for separating oil from the degradation
product of the powdered plastics.

Moreover, the present invention also relates to a system
for converting plastics waste into oil as described above

which further includes dispersing agent addition means for



system for converting plastics waste into oil which conprises mxing neans
for m xi ng powdered plastics obtained by grinding plastics waste with
water to forma slurry, a tubular continuous reactor, slurry feedi ng neans
for feeding the slurry to the tubular continuous reactor, heating nmeans
for heating the tubular continuous reactor and thereby degrading the
powdered pl astics under reaction conditions causing the water to be in or
near its supercritical region, and a separator for separating oil fromthe
degradati on product of the powdered pl astics. Mor eover, the present

i nvention also relates to a system for converting plastics waste into oi
as descri bed above which further incéudes di spersing agent addition neans

for 6 adding a dispersing agent
to the m xi ng neans. The present invention nmakes it possible to treat a

large amdingfa R EShéEs IR t&yde 85 UEhadni KEnd | dsdri£s waste to  powder
W t hout sorting various types of plastics waste, preparing a slurry from

the powder edrHy astéssSnanthv@i€ion m&eds ngt thessibld yrd afdatiuslarded a
reactor by a suitable neans such as a slurry punp, and rapidly degrading

and convadurg ¢Heppasicie exbptashy csedutbngi thacgerbasitiws twadtee to
supercritical water nethod. Brief Description of the Draw ngs
powder without sorting various types of plastics waste,
preparing a slurry from the powdered plastics and water,
feeding the slurry continuously to a reactor by a suitable
means such as a slurry pump, and rapidly degrading and
" converting the powdered plastics into oil according to the
supercritical water method.
Brief Description of the Drawings

FIG. 1 is a flow diagram illustrating one embodiment of
the process and system of the present invention.
Detailed Description of the Preferred Embodiment

The present invention will be more specifically described
hereinbelow.

The types of plastics which can be treated according to
the present invention include thermoplastics, crosslinked
plastics, thermosetting plastics and mixtures thereof.

The thermoplastics include not only general-purpose
plastics but also engineering plastics. Specific examples
thereof are polyethylene, polypropylene, poly-4-~
methylpentene-1, ionomers, polystyrene, AS resin, ABS resin,
polyvinyl chloride, polyvinylidene chloride, methacrylic
resin, polyvinyl alcohol, EVA, polycarbonates, wvarious

nylons, various aromatic and aliphatic polyesters,



FIG 1is a flowdiagramillustrating one enbodi nent of the process and
system of the present invention. Detailed Description of the Preferred

Enbodi ment The present invention will be nore specifically described
her ei nbel ow. The types of plastics which can be treated according to
the present invention include thernoplastics, crosslinked plastics,
thernosetting plastics and mixtures thereof. ~ The thernoplastics include

not only general -purpose plastics but also engineering plastics. Specific
exanpl es thereof are polyethyl ene, polypropyl ene, poly-4-
nmet hyl pentene-1, iononers, polystyrene, AS resin, ABS resin, polyvinyl
chl ori de, polyvinylidene chloride, nethacrylic resin, polyvinyl alcohol,
EVA, pol ycarbonates, various nylons, warious aromatic and aliphatic
pol yesters, 7 thernoplastic
pol yur et kaweamopdaid ti©® el plmsthas spneeltlhdromipd aeltasctietsasdradrer s. The
crosslinked plastics include, for exanple, those obtained by crosslinking
t he abovéhdewoplestiteebagptemiiss by exposure to radiation, electron
rays, light or the like, by the action of a peroxide or the like, or by
t he additi offhepfcrpssbirkehkekrstritoigiclude, for example, those
obtained by crosslinking the above-described thermoplastics
by exposure to radiation, electron rays, light or the like,
by the action of a peroxide or the like, or by the addition
of a crosslinking monomer.
The thermosetting plastics include not only general-
purpose plastics but also engineering plastics. Specific
examples thereof are phenolic resins, urea resins, melamine
resins, furan resins, silicone resin, epoxy resins,
unsaturated polyester resins, allyl resins, thermosetting
polyurethane resins and rubbers.
These plastics may be used alone, in admixture of two or
more, or in the form of a composite material such as alloy.
One feature of the present invention is that not only
thermoplastics but also crosslinked plastics and
thermosetting plastics can be treated. Accordingly, various
types of plastics waste need not be sorted, so that the
recovery and treatment of plastics waste are easy.
In the present invention, plastics waste is ground to
powder and then mixed with water to form a slurry.
The particle size of the powder is preferably not greater

than about 1 mm in diameter. If the particle size is unduly

large, it will be difficult to feed the slurry by slurry



The thernosetting plastics include not only general - purpose plastics but
al so engineering plastics. Specific exanples thereof are phenolic resins,
urea resins, nmelamne resins, furan resins, silicone resin, epoxy resins,
unsaturated polyester resins, allyl resins, thernosetting polyurethane
resins and rubbers. These plastics may be used al one, in adm xture of
two or nore, or in the formof a conposite material such as all oy. One
feature of the present invention is that not only thernoplastics but al so
crosslinked plastics and thernosetting plastics can be treated.
Accordingly, various types of plastics waste need not be sorted, so that
the recovery and treatnent of plastic% waste are easy. In the present
i nvention, plastics waste is ground to” powder and then mxed with water to
forma slurry. The particle size of the powder is preferably not
greater fhediagomeahsnm As dhenpaeticlé sheepast relecetizethe wadal yy
large, it will be difficult to feed the slurry by slurry
8 feedi n§luways feadingempansi beeomeseensiredubud, theepbaed by slurry
f eedi ng neans becones easier, but the power requirements for grinding and
t he vol ungegpirpeepdrdéprrageiniingeanddthacyolamrgbyf, theeppudercheesi ze
shoul d usuallé be . ) .

increased. Accordingly, the particle size should usually be

in the range of 0.1 to 1 mm.

As to the particle size, bulk materials should be reduced
to particles having a diameter or side length of 0.1 to 1 mm,
but sheet-like materials (e.g., films) may be reduced to
pieces which correspond to a volume of about 1 mm® when they
are formed into a slurry.

As the device for grinding plastics waste to a powder
having a particle size in the aforesaid range, there may be
used any of conventionally known devices such as a cutter
mill and a hammer mill.

Plastics waste which is originally in the form of
particles having a size in the aforesaid range need not be
subjected to further treatment. Some types of plastics waste
may previously be freed of components other than plastics or
cleaned. However, inorganic matter such as fillers may be
present in plastics waste to be treated.

No particular limitation is placed on the type,
temperature, pressure and other properties of water used to
prepare a slurry. The water separated from the oil after
completion of the reaction may be used for this purpose.

The weight ratio of the powdered plastics to water (the



in the range of 0.1 to 1 mm As to the particle size, bulk materials
shoul d be reduced to particles having a dianeter or side length of 0.1 to
1 mm but sheet-like materials (e.g., filns) nay be reduced to pieces
whi ch correspond to a volune of about 1 mMerr] when they are forned into
a slurry. As the device for grinding plastics waste to a powder having
a particle size in the aforesaid range, there nay be used any of
conventional ly known devices such as a cutter mll and a hanmer mll.

Pl astics waste which is originally in the formof particles having a size
in the aforesaid range need not be subjected to further treatnent. Sone
types of plastics waste may previously be freed of conponents other than
pl astics or cleaned. However, inorgamic matter such as fillers may be
present in plastics waste to be treated. No particular limtation is

pl aced omdwdered @ladtenEeratwater pmays bee iandhet rangpr offelt:i0es do wat er
used to prepare a slurry. The water separated fromthe oil after

conpl eti A 26F artie presfiEyalrlyrdy: Detaided Of,orthichigh pdr depends onThHienei ght
ratio of the powdered plastics to water (the

9 powdertarbeplafsttitss plaglti?s. nay be in the range of 1:0.3 to

In order to prepare a slurry from powdered plastics and
water, there may be used any of various conventionally known
mixing means for mixing a powder with a liquid, such as a
vertical or horizontal mixing tank fitted with a stirrer, and
a tubular mixer.

A slurry composed of powdered plastics and water may be
prepared simply by mixing them with stirring. Alternatively,
they may be mixed in the presence of a dispersing agent.

The dispersing agent used in the present invention can be
a water-absorbing resin, a water-soluble polymer, a surface-
active agent or a mixture thereof.

The dispersing agent may previously be added to water, or
may be added to the slurry composed of plastics waste and
water. The addition of the dispersing agent may be carried
out by any of conventionally known dispersing agent addition
means such as a fluid metering pump and a powder metering
feeder.

Specific examples of the water-absorbing resin include
crosslinked compounds derived from polyacrylic acid salts
(e.g., sodium salt; the same shall apply hereinafter),
isobutylene-maleic acid salts, polyvinyl alcohol, poval-

polyacrylic acid salts, polyacrylonitrile hydrolyzate (in



1: 20 and preferably 1:2 to 1:10, though it depends on the type of the

pl asti cs. In order to prepare a slurry from powdered plastics and

wat er, there nay be used any of various conventionally known m xi ng nmeans
for mxing a powder with a liquid, such as a vertical or horizontal mxing
tank fitted with a stirrer, and a tubular m xer. A slurry conposed of
powdered plastics and water nay be prepared sinply by mxing themwth
stirring. Alternatively, they may be nmixed in the presence of a dispersing

agent . The di spersing agent used in the present invention can be a
wat er - absorbing resin, a water-soluble polynmer, a surface- active agent or
a mxture thereof. The di spersing ggent may previously be added to

water, or nmay be added to the slurry conposed of plastics waste and
water. The addition of the dispersing agent may be carried out by any of

convent i opaktyckDawn gb SyTehagen! acdi &torch MPelpactigiomstai 14 ui d
netering punp and a powder netering feeder. Speci fic exanples of the

wat er - abslydirolyzase n{ Lncparchei culas sl s tkech epappacdgl teracviad dabts ).
polyacrylic acid salts (e.g., sodiumsalt; the sane shall apply
her ei naf t er ) Thei sabetrybbseriihegi xesin dnsnl be, agdeq vimyan shnalwt , oHovat -
polyacrylic acid salts, polyacrylonitrile hydrolyzate (in
less than 0.05% by weight, preferably 0.1 to 1% by weight,
based on the water.

The water-soluble polymer can be a natural polymer, a
semisynthetic polymer, a synthetic polymer or a mixture
thereof. Specific examples of the natural polymer include
starch, mannan, galactan, casein, gum arabic, gluten, guar
gum, alginate and gelatin; specific examples of the
semisynthetic polymer include carboxymethylcellulose salts
(e.g., sodium salt; the same shall apply hereinafter),
methylcellulose, carboxymethyl-starch salts,
dialdehydostarch, starch-glycolic acid salts, fibrin-glycolic
acid salts, alginic acid ethylene glycol ester and alginic
acid propylene glycol ester; and specific examples of the
synthetic polymer include polyvinyl alcohol and
polyoxyethylene.

The water-soluble bolymer may be added in an amount of not
less than 0.05% by weight, preferably 0.2 to 2% by weight,
based on the water.

The surface-active agent can be an anionic surface-active
agent, a cationic surface-active agent, an amphoteric

surface-active agent or a nonionic surface-active agent.

Specific examples of the anionic surface-active agent



10 particul ar, polyacrylam de), and starch-polyacrylonitrile hydrolyzate

(in particular, starch-polyacrylic acid salts). The wat er - absor bi ng
resin may be added in an anmobunt of not |ess than 0.05% by wei ght,
preferably 0.1 to 1% by weight, based on the water. The wat er-sol ubl e

pol ymer can be a natural polyner, a semsynthetic polynmer, a synthetic
polymer or a mxture thereof. Specific exanples of the natural polyner

i nclude starch, mannan, gal actan, casein, gum arabic, gluten, guar gum

al ginate and gelatin; specific exanples of the sem synthetic polyner

i ncl ude car boxynet hyl cel lul ose salts (e.g., sodiumsalt; the sanme shal
apply hereinafter), nethylcellulose, carboxynethyl-starch salts,

di al dehydostarch, starch-glycolic aciid salts, fibrin-glycolic acid salts,
al ginic acid ethylene glycol ester and alginic acid propyl ene glycol

ester; andnspedef isoapxanlkaa safl fidien tesy, NSyl beapRleyerilicaakide , pol yvi nyl

al cohol and pol yoxyet hyl ene. The wat er-sol ubl e polyner nay be added in
an anount suf fpsucdigedasham-G1ERoriyu Miingities , pNekeyabuy fonatee, 2% by

wei ght, based on the water. The surface-active agent can be an anionic
sur f ace- a@lkyd sudgarhes a addilosittherusudates.i wd kydohosphatasphoteri c
surface-active %%ﬁrt or a nonionic surface-active agent. Specific

exanpl es B8f-K¥te eifhedhiRbasRed@s -act i ve agent

Specific examples of the cationic surface-active agent
include aliphatic amine salts and their quaternary ammonium
salts, aromatic quaternary ammonium salts and heterocyclic
gquaternary ammonium salts.

Specific examples of the amphoteric surface-active agent
include carboxybetaine, sulfobetaine, imidazoline type
surfactants and lecithin.

Specific examples of the nonionic surface-active agent
include alkyl polyoxyethylene ethers, alkyl aryl
polyoxyethylene ethers, alkyl aryl formaldehyde-condensed
polyoxyethylene ethers, polyoxyethylene polyoxypropylene
ethers, glycerol ester polyoxyethylene ethers, glycerol
esters, polyethylene glycol fatty acid esters, polyglycerol
esters, sorbitan esters, propylene glycol esters, sucrose
fatty acid esters, glycerol ester polyoxyethylene ethers,
sorbitan ester polyoxyethylene ethers and sorbitol ester
polyoxyethylene ethers.

The surface-active agent may be added in an amount of not
less than 0.01% by weight, preferably 0.05 to 1% by weight,

based on the water.

For example, when the dispersing agent comprises a water-



11 include soap, alkylsulfonates, alkyl benzenesul fonates,

sul fosucci nates, a-ol efinsul fonates, N-acylsulfonates, alkylsulfates,

al kyl ether sulfates, al kylphosphates and al kyl ether phosphates.

Speci fic exanples of the cationic surface-active agent include aliphatic
amne salts and their quaternary anmmonium salts, aromatic quaternary

ammoni um salts and heterocyclic quaternary amoni um salts. Specific
exanpl es of the anphoteric surface-active agent include carboxybetai ne,
sul f obet ai ne, im dazoline type surfactants and |ecithin. Specific

exanpl es of the nonionic surface-active agent include alkyl

pol yoxyet hyl ene ethers, al kyl aryl polyoxyethylene ethers, alkyl aryl

f or mal dehyde- condensed pol yoxyet hyl @ape et hers, pol yoxyet hyl ene

pol yoxypropyl ene ethers, glycerol ester polyoxyethylene ethers, glycerol
esters, pabhyetbihgneegliscothéatéyunting esiersy ol gl yoer dbrmestess,
sorbitan esters, propylene glycol esters, sucrose fatty acid esters,

gl ycerol @=sler Pbéyoaystuhfbhecacaethee sagesvristusedst powdergdxprabyiene

ethers and sorbitol ester polyoxyethyl ene ethers. The surface-active
agent maycoresdtedhivean greaterofffbrity efer twaben. ando by ersihy,
preferably 0.05 to 1% by weight, based on the water. For exanpl e, when

t he di spedkssp@ragenthespppi §esfgrpateless viscous slurry. When an

agent for increasing consistency such as a water-soluble
polymer is used, a highly viscous slurry is formed. As used
herein, the term "slurry" comprehends all of the above-
described slurries.

Accordingly, various slurry feeding means may be used to
feed the slurry continuously to a reactor. Specific examples
of the slurry feeding means include a volute pump for use
with slurries, a piston type delivery device (e.g., a plunger
pump) and a hydrohoist.

Consequéntly, a larger amount of plastics waste can be fed
to the reactor more economically and more rapidly, as
compared with the case in which a pressure feeding device
such as an extruder is used.

Since the tubular continuous reactor used in the present
invention functions to degrade powdered plastics under
reaction conditions causing water to be in or near its
supercritical region, a thick-walled tube made of a material
which can withstand these conditions is used. The reactor
may be rectilinear, but may also be used by winding it into a
coil or bending it into a U-shape.

Specific examples of the material of the reactor include



12 absorbing resin, the resulting slurry is in the formof a gel. Wen a
surface-active agent is used, powdered plastics conmes to have a greater
affinity for water and is easily dispersed therein to forma |ess viscous
slurry. Wien an agent for increasing consistency such as a water-soluble
polynmer is used, a highly viscous slurry is formed. As used herein, the
term"slurry" conprehends all of the above- described slurries.
Accordi ngly, various slurry feeding means may be used to feed the slurry
continuously to a reactor. Specific exanples of the slurry feeding neans
i nclude a volute punp for use wth slurries, a piston type delivery device
(e.g., a plunger punp) and a hydrohoi st. Consequently, a | arger anount
of plastics waste can be fed to theipeactor nore economically and nore
rapidly, as conpared with the case in which a pressure feeding device
such as ameesallidematertiiakd. such & ncerbbe stbalarspeciahusteelsact or used
in the present invention functions to degrade powdered plastics under
reaction tenditiBas €ausVngndalersteebe)i navstapitictstatupessrsteeh
region, a thick-walled tube nade of a material which can withstand these
condi ti onHapseddeys FAd tégzepdum; naychemptatiirngarerbalsphinedseibe used
by winding_ it into a . . .
glass, ceramics, Karbate or the like; and such metallic
materials clad with other metals.
The reaction tube constituting the reactor has a length of
10 to 100 m, though it depends of the type of plastics to be
treated and the conditions of degradation.
The reactor is heated by a suitable heating means. Useful
heating means include an electric heater, a burner,
combustion gas, steam, a heating medium and the like.
However, the reactor is preferably heated by a heating
furnace using a burner, so that gas and oil obtained as
plastics degradation products may be used as fuel.
The reaction conditions employed for obtaining oil by
degrading a slurry composed of powdered plastics and water
must be such that the temperature is not lower than the
critical temperature of 374°C and the pressure is not lower
than the critical pressure of 22.1 MPa so as to cause the
water to constitute a medium in its supercritical region, or
that the pressure is not lower than 0.8 time the critical
pressure and the temperature is not lower than 300°C so as to
cause the water to constitute a medium near its supercritical

region. In order to degrade powdered plastics in the

presence of water in or near its supercritical region, the



coil or bending it into a U shape. Speci fic exanples of the material of
t he reactor include 13 netallic
materials such as carbon steel, special steels (e.g., N, O, Vand M
steel s), austenitic stainless steel, Hastelloys and titanium such
nmetallic materials lined with glass, ceramcs, Karbate or the like; and
such netallic materials clad with other netals. The reaction tube
constituting the reactor has a length of 10 to 100 m though it depends of
the type of plastics to be treated and the conditions of degradation.
The reactor is heated by a suitable heating nmeans. Useful heating neans
I ncl ude an electric heater, a burner, conbustion gas, steam a heating
medi um and the |ike. However, the reactor is preferably heated by a _
heating furnace using a burner, so"that gas and oil obtained as plastics
degr adat i bempepdtiore shyuld becednathieUglange ofTHE0r €acks0nccandi tions
enpl oyed for obtaining oil by degrading a slurry conposed of powdered
pl astics pnefemably HOSt tbe 660CK.t hatf tthe temperatute is aaBulgwaighhan the
critical tenperature of 374[err]C and the pressure is not |ower than the
critical Eh@sﬁﬁ@éustigz.waﬁa9§68998t@Omaagenthwilmaberino;easeﬂLtute a
mediumin its supercritical region, or that the pressure is not |ower than
0.8 time theThRRj Fpegtion time employed to degrade powdered plastics

and thereby produce oil should be 30 minutes or less and

preferably 10 minutes or less. If the reaction time is

unduly long, the throughput will be reduced, the production

of a gaseous component will be increased, and the formation

of carbon will result.

The reaction product, either as such or after being cooled
if necessary, is passed through a flush valve as required and
fed to a separator. In this separator, the reaction product
is separated into a gaseous component and a liquid component,
and the liquid component is further separated into oil and
water. As used herein, the expression "the liquid component
is separated" means separation by allowing it to.settle, and
a settler or the like is used as the separator.

When a dispersing agent is used, this dispersing agent is
also decomposed and exerts no influence on the separation of
the liquid component.

The gaseous component consists essentially of hydrocarbons
having 4 or less carbon atoms. This gaseous component may be
used as the fuel for heating the reactor, either directly or

after the removal of hydrogen chloride, or may be used for

other purposes.



pressure and the tenperature is not |lower than 300[err]C so as to cause
the water to constitute a nediumnear its supercritical region. In order
to degrade powdered plastics in the presence of water in or near its
supercritical region, the 14
tenperature should be in the range of 350 to 650[err]C and preferably 400
to 600[err]C If the tenperature is unduly high, the production of a
gaseous conponent wi |l be increased. The reaction tinme enployed to
degrade powdered plastics and thereby produce oil should be 30 m nutes or
| ess and preferably 10 mnutes or less. If the reaction tinme is unduly

| ong, the throughput will be reduced, the production of a gaseous
conponent will be increased, and the #®rnmation of carbon will result.

The reaction product, either as such or after being cooled if necessary,

i s passed thipdgBid EbHERiM3!| NPARSCELBLhSE efanGingf €Hom018wSBRALBAGr - I N
this separator, the reaction product 1is separated into a gaseous conponent

and a |i quydre68pbbast havand §her! mabé dcatbpangbbmsStbuhyiebcaepandt ed into
oil and water. As used herein, the expression "the liquid conponent s
separ at ediameagsasepdilahgopobytadf oBDDYCi Att atmespheriaengreasaeet | eTher the
like is used as the separator. When a di spersing agent is used, this
di spersi ngiigdat discharged out of the system and used as fuel, a raw
material, a compounding ingredient and the like, but a
portion thereof may be used as the fuel for heating the
reactor.
When the gaseous component and oil thus obtained are used
as fuels, they.contain less sulfur and heavy metals
responsible for environmental pollution, and have a higher
calorific value in combustion, as compared with heavy o0il and
coal. Moreover, the oil may be subjected to fractional
distillation and the resulting fractions may be used as
various type of fuel, raw materials for chemical syntheses,
hydrocarbon solvents, and the like.
A portion of the water is withdrawn out of the system and
disposed of, while the remainder may be reused to prepare a
slurry of powdered plastics.
If necessary, the water may be passed through a filter or
strainer to remove any solid matter such as fillers.
One embodiment of the process and system of the present
invention is described below with reference to FIG. 1.
Powdered plastics 1, which is obtained by pretreating

plastics waste and then grinding it as required, is fed to

mixing means 2 (e.g., a mixing tank). In this mixing means 2



al so deconposed and exerts no influence on the separation of the liquid
conponent . The gaseous conponent consists essentially of hydrocarbons
having 4 or |ess carbon atonms. This gaseous conponent may be used as the
fuel for heating the reactor, either directly or after the renoval of
hydrogen chl oride, or nmay be used for other purposes.

15 The oil contains hydrocarbons ranging fromlow boiling hydrocarbons
having 5 or nore carbon atons to hydrocarbons having a boiling point of
500[err] C at atnospheric pressure. The oil is discharged out of the system

and used as fuel, a raw material, a conpounding ingredient and the |ike,
but a portion thereof may be used as the fuel for heating the reactor.
When t he gaseous conponent and oil thuse obtained are used as fuels, they
contain |l ess sulfur and heavy netals responsible for environnental

pol | ut i omorgredi.rhiavge watemier pavalardd iplastices iIn icomivstd o thastdomedr ed
with heavy oil and coal. Moreover, the oil may be subjected to fractional
di stil | amiadierarft, tvieth edsu| v thput ddie addinsorb @ fliFedlimpensimdo@genipe of

fuel, raw materials for chem cal syntheses, hydrocarbon solvents, and the
i ke. 12. Thus, a slurry 3 is formed.

This slurry 3 is continuously fed to a tubular continuous
reactor 5 by slurry feeding means 4. Tubular continuous
reactor 5 is heated to a predetermined temperature in a
heating furnace 7 equipped with heating means 6 (i.e., a
burner in this case). Thus, the water in the slurry
constitutes a water medium in or near its supercritical
region, so that the powdered plastics is degraded to yield a
reaction product 9.

Reaction product 9 discharged from tubular continuous
reactor 5 is passed through a flush wvalve 10 and fed to a
separator 11 where it is separated into a gaseous component
13 and a ligquid component.

Gaseous component 13 is discharged from the top of
separator 11 and fed to heating means 6 where it is burned
with the aid of air 18.

In separator 11, the liquid component is further separated
into o0il 14 and water 15. After o0il 14 is withdrawn from
separator 11, a portion thereof is fed to and burned in
heating means 6, and the remainder is discharged out of the
system and used for other purposes.

A portion of water 15 is discharged out of the system as

withdrawn water 16, and the remainder is recycled to mixing



A por'ti on of the water is withdrawn out of the systemand disposed of,

whil e the remai nder may be reused to prepare a slurry of powdered

pl asti cs. | f necessary, the water may be passed through a filter or
strainer to renpbve any solid matter such as fillers.
the process and system of the present

reference to FIG 1. Powdered plastics 1, which is obtained by

pretreating plastics waste and then grinding it as required,

m xing neans 2 (e.g., a mxing tank). In this m xing neans 2
16 containing water 8, powdered plastics 1 is mxed with stirred water 8,
with or without the addition of a dispersing agent 12. Thus, a slurry 3 1is

f or med.

This slurry 3 is continuougjy fed to a tubul ar conti nuous

reactor 5 by slurry feeding neans 4. Tubul ar continuous reactor 5is

heat ed t ocahpredes eciik8etdat oiparatar €170 a heating furnace 7 equipped with
heating nmeans 6 (i.e., a burner in this case). Thus, the water in the

slurry

CONSthé UpeEsanvaigveelbnims mare Ngagcif scsliperexplianadd with on,

that the powdered plastics is degraded to yield a reaction product 9.

React i on ymefaitencd® tosthar felldwiong tekanpiesontHowsesr, retciortd bhes passed
through a flush valve 10 and fed to a

understood that the present invention is not limited thereto.

Examples 1 to 6

Using the system illustrated in FIG. 1, powdered wire
covering waste comprising crosslinked polyethylene or a
mixture of crosslinked polyethylene and polyethylene was
dispersed in water, with or without the addition of a
dispersing agent, and degraded under the conditions shown in
Table 1.

The tubular continuous reactor comprised a thick-walled
reaction tube having an inside diameter of 5 mm, an outside
diameter of 10 mm and a length of 60 m.

The results thus obtained are shown in Table 1.

Various types of slurries could be continuously fed to the
reactor by means of a slurry pump. Moreover, as can be seen
from Table 1, plastics waste could be continuously degraded
in a short period of time, and fuel gas and oil could be

obtained in high yield.

is fed to

One enbodi nent of
invention is described below with

SO



separator 11 where it is separated into a gaseous conponent 13 and a

I'i qui d conponent. Gaseous conponent 13 is discharged fromthe top of
separator 11 and fed to heating neans 6 where it is burned wth the aid of
air 18. In separator 11, the liquid conponent is further separated

into oil 14 and water 15. After oil 14 is withdrawn from separator 11, a
portion thereof is fed to and burned in heating neans 6, and the remai nder
i s discharged out of the system and used for other purposes. A portion
of water 15 is discharged out of the systemas wthdrawm water 16, and the
remai nder is recycled to m xing

17 tank 2 as circulating water 17. The present invention is nore
specifically explained with reference to the foll ow ng exanples. However
it is to be understood that the presgnt invention is not limted thereto.
Exanples 1 to 6 Usi ng the systeq1£&£u§trated in FIG 1, powdered wire
covering waste conprising crosslink thylene or a m xture of
crosslinked pol yet hyl ene and pol yet hyl ene was dispersed in water, with or
wi thout the addition of a dispersing agent, and degraded under the

condi ti ogs—strowm T
Example | Example | Example | Example | Example | Example
Conditions 1 2 3 4 5 6
Amount of plastics waste (kg/hr)
0.3 05 1.2 05 05 08
Composition of plastics waste
{wt. %)
Polyethylene 0 50 50 80 50 50
Crosslinked polyethylene 100 50 50 50 50 50
Average particle diameter of powder
{mm) 037 0.62 0.62 0.62 0.62 0.62
Concentration of plastics in slurry
(wt.%) 16.7 25.0 250 25.0 250 16.7
Water-absorbing
resin A - 0.2 0.2 - - -
Amount of Water-absorbing
dispersing resin B - - - 0.2 - -
agent based
on water Water-soluble
(wt.%) polymer G - - - - 05 -
Surface-active
agent D - - - - - 0.1
Reaction conditions
Temperature (°C) 480 480 500 480 480 500
Pressure (MPa) 30 30 30 30 30 30
Time (min) 5 5 2 5 5 2
Yield (wt.%) _
Gas 14 14 17 13 13 18
Qil 84 85 82 87 86 81




Tabl e 1. The tubul ar conti nuous reactor conprised a thick-walled
reaction tube having an inside dianeter of 5 mm an outside dianeter of 10
nmand a | ength of 60 m The results thus obtained are shown in Table
1. Various types of slurries could be continuously fed to the reactor
by neans of a slurry punp. Mreover, as can be seen from Table 1, plastics
waste coul d be continuously degraded in a short period of tinme, and fuel
gas and oil could be obtained in high yield.

18 Table 1

Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e Condi ti ons

1 2 3 4 5 6 Anount of plastics
wast e (kg/ hr) 19 0.3 0.5 1.2
0.5 0.5 0.8 Conposition of plastics waste (WM. %

Pol yethyl enéin mable 1, water-absorBing resin BOis cross128ked 50

50 0 Crosslinked polyethylene 100 50 50
50 poigacryllc aedd QMQEQEGSHQEE|ﬁh@eQLaﬁﬁbeiﬁ% pewdar p(MB)a

0. 37 0.62 0.62 0.62 0.62 .62 Concentration of

plastics g8dsumr BRlEwWof¥h crosslinked starch-acrylic at@d/graft 25.0
25.0 25.0 25.0 16. 7
copolymer, water-soluble polymer C is carboxymethylcellulose
sodium salt, and surface-active agent D is polyethylene

glycol stearate.



Wat er - absor bi ng resin A

0.2 ) - - Anmount of |ng dlsperS|ng
S e vasrsorunie (wog N ﬁﬁmljlﬁi T

- 0.5 - Surf ace- acti ve agent
D - - - 0.1
Reaction conditions Tenperature ([err] Q) 480 480

500 480 480 500 Pressure (MPa) _ 30
30 30 30 30 30 '

5 5 2 5 5 - it rYreldi(w . %
Gas 14, 14 ' 13

13 18 al 82
87 Wh86 is claim8d is: 19

In Table 1, water-absorbing resin Ais crosslinked polyacrylic acid sodium
salt, water-absohRbpngcessi fioB csneersbdgupilaskicsf wasteosatonketl which
starch-acrylic acid graft copolynmer, water-soluble polyner Cis
car boxynecopprabegl tbe stegsunfsfeedinagdasalary- aonposedgefit powdered
pol yethyl ene glycol stearate.

plastics and water to a tubular continuous reactor, degrading

the powdered plastics under reaction conditions causing the

water to be in or near its supercritical region, and

recovering oil from the reaction product.

2. A process for converting plastics waste into oil as
claimed in claim 1 wherein the plastics is thermoplastics,
crosslinked plastics, thermosetting plastics or a mixture
thereof.

3. A process for converting plastics waste into oil as
claimed in claim 1 wherein a dispersing agent is added to the
slurry composed of powdered plastics and water.

4. A process for converting plastics waste into oil as
claimed in claim 3 wherein the dispersing agent is a water-
absorbing resin, a water-soluble polymer, a surface-active
agent or a mixture thereof.

5. A process for converting plastics waste into oil as
claimed in claim 4 wherein the water-absorbing resin is a
crosslinked product derived from a polyacrylic acid salt,
iscobutylene-maleic acid salt, polyvinyl alcohol,
polyacrylamide, polyoxyethylene or starch-polyacrylic acid

salt.

6. A process for converting plastics waste into oil as
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CLAI M5 1. A process for converting plastics waste into oil which
conprises the steps of feeding a slurry conposed of powdered plastics and

water to a tubular conti degradi ng the powdered plastics
under reaction conditiongmmn ﬂ& er to be in or near its
supercritical region, and*recov fron1the reaction product; and
wherein a dispersing agent is added to sai d slurry. 2. A
process for converting plastics waste into oil as-claimed-in-clai-ml
wherein the plastics is thernoplastics, crossllgkaduphasths,*thérnnsetting
plastics or a m xture thereof procegs: £0or. converting
plastics waste into oil as clainmed in claim 1 wherein-the di'spersing agent
is a water-absorbing resin, a watersgol uble polyner, a surface-active agent
or a mxture thereof. 4, A process for converting plastics
wast e i ntolainedsin|alabn 4 rwhergin thwheratertswl Waltee paligeehiig) aresin is
a crosslinked roduct derived from a polyacrylic acid salt,

i sobut yl ety eiROLEREH, gaspgmlsmtl'}sﬂmmo]éwma SM%%#@IWWI’

pol yoxyet hyl ene, or starch-polyacrylic acid salt. . A process
for convel® ihgrEeTe cEheERPE- into oil as claimed in claim3 mhereln the

0 UL PO RS 2B POl ST QDAL PRI 2
conver {110, Bl.AeA 1 63 URSLE &WReLLln 308 ALERAL] b1 AdD S aheralan the

nat ur al yhner TS

sem synt o I ﬁgﬁ% ?ﬂgf Istarch
or net hylngélllﬂ?u 0s é{fg& It"hééfs a e%&?[rmé ygrr%rdég po E/lvc%%/ coho
p0|yOXyet$&%ﬁ$§&methylcellulose carboxymethylstarch or '20 -

A process for converting plastics waste into oil as clainmed in claim
3 wher ei met®@lcellulose, and the synthetic polymer is polyvinyl

alcohol or polyoxyethylene.

8. A process for converting plastics waste into oil as
claimed in claim 4 wherein the surface-active agent is an
anionic surface-active agent, a cationic surface-active
agent, an amphoteric surface-active agent or a nonionic
surface-active agent.

9. A process for converting plastics waste into oil as
claimed in any of claims 1 to 8 wherein the water separated
from the reaction product is used to prepare a slurry
composed of powdered plastics and water.

10. A system for converting plastics waste into oil which
comprises mixing means for mixing powdered plastics obtained
by grinding plastics waste with water to form a slurry, a
tubular continuous reactor, slurry feeding means for feeding
the slurry to said tubular continuous reactor, heating means
for heating said tubular continuous reactor and thereby

degrading the powdered plastics under reaction conditions
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surface-active agent is an anionic surface-active agent, a cationic
surface-active agent, an anphoteric surface-active agent or a nonionic
surface-active agent. A process for converting plastics
waste into oil as clainmed in recedlng clainms wherein water is
separated fromthe reaction pm ’ﬁ o prepare a slurry conposed
of powdered plastics and wate J@ A system for converting
pl astics waste into oil which conprlse§ ne X means for m xi ng powdered
pl astics obtained by grinding plastics waste with water to forma slurry, a
tubul ar continuous reactor, slurry feeding neans for feeding the slurry to
sai d tubul ar continuous reactor, heating neans for heating said tubular
continuous reactor and thereby degsading the powdered plastics under
reaction conditions causing the water to be in or near its supercritical
regi on, armusisgpehatwatdortsdpariatioy mear fiom superegirtaidsl aegiaduct of
the powdered plastics, which further includes dispersing agent addition
means f oramdida ngepexhbeerfoneepmmting saill from ngherstagradation
- 21 -

product of the powdered plastics.

11. A system for converting plastics waste into oil as
claimed in claim 10 which further includes dispersing agent
addition means for adding a dispersing agent to said mixing

means.
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