SPéCIFICATICN - APPARATUS FOR CONVERTI NG WASTE PLASTI CS | NTO O L

TECHNI CAL FI ELD ' The present invention relates to the treatnent of
5 Waste plastics, and nore particularly to an apparatus for converting
waste plastics into oil which apparatus i s so adapted that the noxious
deconpositi on gases and aci d conponents produced by the thernal
deconposi tion of waste plastics into oil can be renoved effectively

10 at a | ow cost. BACKGROUND ART 1 The noxi ous deconposition

gases and acid conponent s produced by the thernal
wast e plastics are conventional |y PERGVEFCATERPNexanypl e,

deconposi tion of

APPARATUS FOR CONVERTING WASTE PLASTICS INTO OIL

TECHNICAL FIELD

The present invention relates to the treatment of

5 waste plastics, and more particularly to an apparatus

for converting waste plastics into oil which apparatus

is so adapted that the noxious decomposition gases and

acid components produced by the thermal decomposition

10 at a low cost.

BACKGROUND ART

)] of waste plastics into oil can be removed effectively

The noxious decomposition gases and acid

components produced by the thermal decomposition of

waste plastics are conventionally removed,

15 by:

for example,

(1) separating off polyvinyl chloride manually or

by wet floatation utilizing specific gravity

differences or with a dry air stream before waste

= - . plastics are charged into an apparatus for converting

20 the waste into o0il, or by removing or thermally

decomposing polyvinyl chloride with use of a salt

femoving tank resorting to heating and provided

upstream from a thermal decomposition tank, or

(2) using a fixed absorption column provided on a

e



15 by: (1) separating off polyvinyl chloride manually or by
wet floatation utilizing specific gravity differences or with a dry air
stream before waste pl astics are charged into an apparatus for
converting 20 the waste into oil, or by renoving or thermally

deconposi ng pol yvinyl chloride with use of a salt renovi ng tank
resorting to heating and provided upstream froma thermal deconposition
tank, or : (2) using a fixed absd@ption col um provided on a

2 di scharge duct for thermal deconpogition ses and having a
granul ar cheni®:FCRYIESE WE&B%JF&W@@%?PNPO*%%%&%%% Lol um to

absorb hydr o0 ¢S L U5 885 & chems &l Q54 HiSsrporates ehiFIEYST (e

to cause the column to absorb hydrogen chloride gas and
chlorine gas.

5 However, the method (1) deséribed above has
problems. Manual separation requires much labor, wet
floatation separation produces a large amount of
effluent water, dry air separation results in a low
separation accuracy, or the salt removing tank to be

‘} 10 additionally installed for use with heating
necessitates an increased equipment cost and presents
difficulty in transporting the melt of waste plastics.
Further the method (2) is low in absorption efficiency
due to the gas-solid reaction, also involving

15 difficulty in handling.

In view of the foregoing problems, the"object of_
the present invention is to provide an apparatus for
converting Qaste plastics into oil which apparatus
makes it possibie to place waste plastics as they are

.;; k20 into a thermal decomposition unit without removing
polyvinyl chloride from the waste before treatment to
ensure ease of handling, the apparatus further being
capable of removing the resulting noxious decomposition
gases and acid components effectiveiy at a low cost.

25 DISCLOSURE OF THE INVENTION



prdblens. Manual separation requires nmuch |abor, wet fl oatation

separati-on produces a | arge anount of effluent water, dry air
separation results in a | ow " separation accuracy, or the salt renoving
tank to be 10 additionally installed for use with heating

necessitates an increased equi pnent cost and presents difficulty in
transporting the nelt of waste plastics. Further the nethod (2) is |ow.
in abBsorption efficiency due to the3gas-solid reaction, also involving
15 difficulty in handling. In view of the foregoing probl ens,

t he object of Thige DFiesent inveakiom provigdes an @Pparatwsafats for
converting waste plastics into Qil I ch _appar,atu es, it_possible
to place wast 8°B|"p§§fti o9 é’?sttl‘?e?(iﬁsé:%"fo uﬁtﬁ)é’@' t%li%m W uni t
wi t hout renovin . polyvinyl chl ar.i fr t fore .treatnment to
ensure ease oFug‘g%&llllr?& t?%e%p%’%rg § ei:tjrt(k?gﬂre %&p\r%%t&sb%g%ﬁa NE o

L Toek 0oty afSUHE, T8 PR SG e biting, g bre it cormonent
5 waste plastics which may include chlorine resins and
nitrile resins, the thermal decomposition unit for
thermally decomposing the waste plastics placed in, a
cooling tower for cooling with water oil vapor and
decomposition gases produced in the thermal
) . 10 decomposition unit, a neutralization tank for
neutralizing the water used for cooling with an alkali,
and an oil-water Separator for separating condensed oil
from water.
The term chlorine resins used herein refers to
15 chlorihe-containing resins such as polyvinyl chloride
(PVC) and polyvinylidene chloride. The term nitrile
resins refers to nitrile-containing resins such as ABS
resin (acrylonitrile-butadiene-styrene copolymer). Thé
nitrile resin is likely to produce HCN gas when
;} k20 thermally decomposed.
| Waste plastics, even if including chlorine resins
or nitrile resins, can be placed into the decomposition
unit without removing these resins.
The thermal decomposition of waste plastics

25 produces decomposition o0il vapor and decomposition



3 The present invention provides an apparatus for converting

waste plastics into oil which is devised for fulfilling the above
object. The apparatus conprises-’a feeder for placing into a thernal
deconposition unit® 5 waste plastics which may include chlorine resins and
nitrile resins, the thermal deconposition unit for thermal |y
deconposi ng the waste plastics placed in, a cooling tower for cooling
with water oil vapor and deconposi ti%n gases produced in the thermnal
10 deconposition unit, a neutralization tank for neutralizing the

wat er used forg@e®si AYCHi 8 BRlal ®EN|3nd Cli-and an oil-water separator for
separating condensed,Qil o oy LEOMHYBL ke thermal adiSndSL{RENL OGALE
to the cooling tower and is covered with heater means
for-maintainigg or heating the piping preferably at a
5 temperature of at least 200° C, more preferably at 250°
C to 350° C. "

When the content of chlorine resins such as PVC in
wasté plastics increases, the Cl, concentration of the
recovered oil also increases, whereas the Cl,

10 concentration of the oil can be restricted to some
extent by controlling the temperature of the
decomposition éases to a predetermined range. For
example, with reference to the graph of FIG. 3 showing
the relationship between the decomposition gas

15 temperature and the Cl, concentration of the recovered
~oil, the Cl, concentration of the recovered'bil is
about 70 wt. ppm at a PVC content of 1 wt. %, and about
150 wt. ppm at a PVC conﬁent of 5 wt. % when the
decomposition gas temperature is abouf 290° C. |
'y . 20 Accordingly, in the case where the PVC content is up to
1l wt. %, the Cl, concentration of the recovered oil can
be restricted to not greater than 100 wt; ppm by -
adjusting the decomposition gas temperature preferably
to at least 250° C, more preferably to 250 to 350° C,

25 ét a position immediately upstream from the cooling



15;chlorine-containing resins such as polyvinyl chloride

(PVC) and

pol yvinylidene chloride. The termnitrile resins refers to

ni t’ri | e-contai ning resins such as ABS resin

(acrylonitrile-butadi ene-styrene copolynmer). The nitrile resinis
|ikely to produce HCN gas when 20 thermally deconposed. Wast e
pl astics, even if including chlorine resins or nitrile resins, can be
pl aced into the deconposition unit W thout renoving these resins.

The thermal deconposition of waste plastics 25 produces deconposition oil
vapor and dec®epe3 Midh use of the thermal means covering the piping

gases such as HCl, HCN and Cl[err].

extends fromthe

] . Pi pi ng .
thermal deconf&&m e fagomposition Mridodia e (ﬁ&@%-’é’fﬂj e vi@®d with
heater means the mfa%.rntrg%ar}}cael of q:e?nrper}:e.‘:\q}drneg Jrhq\éaalgnngg. preferably at a

An electric heater is usually used as the heater

5 means. The reaction between the decomposition o0il

vapor and Cl, can be inhibited since the piping is

forcibly heated to not lower than 200° C.

If the

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

0il wvapor reacts with chlorine rapidly, producing

p) 10 organic chlorine compounds.

In this way, the thermal decomposition products

are rapidly cooled before the reaction between the

decomposition oil vapor and Cl, proceeds.

Preferably, the tower for rapid cooling is

15 provided at its top with a pipe for releasing the

decomposition gases therethrough.

The cooling water to be recycled through the

cooling tower is maintained preferably at an acidity of

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

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

decomposition products of waste plastics is discharged

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

through the release pipe. However, the cooling water,

if having an excessively high acidity, is 1ikely to

25 cause corrosion to the tower with the acid, so that the



5 tenperature of at |least 200[err] C, nore preferably at 250[err] C
to 350[err] C When the content of chlorine resins such as PVC in
waste plastics increases, the Cl[err] concentration of the recovered
oil also increases, whereas the Cl[err] 10 concentration of the oil can be
restricted to sone extent by controlling the tenperature of the
deconposition gases to a predeterm ned range. For .example, with
reference to the graph of FIG 3 show ngb the rel ati onship between the
deconposition gas 15 tenperature and the Cl[err] concentration of the
recover ed COQangtH@téf[§PrPec§ﬁ§Kﬁ%¢§tF§nrﬁP FﬁéshééoV§deaO|l is

about 70 wt. g m at _.a PVC content of w. % .and gt
a PVC content QF tabje agoupd,ofnuater taeEKHﬁgsFPF nc85§°§éﬂﬁeraF Pe i

fo " 1 o Copiing wathtr 1o B Bnev bl thPoRal Ehe baBL Y, FOREE™ E b
restrlcted tOlgogrQEﬁﬁ%ﬁf?tﬁa@olgoiﬂﬂ Fppnlby adj usting the

deconposition gaS tenperature prefera to at least 250[err] C, nore
preferabl ysto 250 peeza@ably, the interior of the cooling tower is

ppn1at

made of a material of high acid resistance such as
acid-resistant lining so as to prevent corrosion due to
the acid.
Preferably, the neutralization tank is provided
_) 10 with a device for.detecting the pH of the liquid
therein and.replenishing the tank with an alkali
solution so as to hold the liquid alkaline at all
times. .
The neutralization tank may have a packed layer of
15 limestone in place of the pH detecting and alkali
solution replenishing device, and the water"used for
cooling is passed through the limestone packed layer
for neutralization.
In the case where limestone is used as a
;) h20 neutralizing agent'in this way, the neutralization tank
may be provided at its top with a hopper for supplying
limestone to the tank to allow the limestone supplied
to descend inside.the tank in the manner of a moving
layer.

25 The pH detecting and alkali solution replenishing



25 at a position imedi ately upstream fromthe cooling
5~ tower with use of the thermal neans covering the piping from

t he' deconposition unit to the cooling tower for

t he mai nt enance of

tenperature or heating. An electric heater is usually used as the

heater . 5 neans. The reaction between the deconposition oil vapor
Cllerr] can be inhibited since the piping is

| ower than 200[err] C If the tenperAture of the piping heated is
bel ow 200[err] C, the oi | vapor reacts with chlorine rapidly,
produci ng 10 devgae carn|be | disspergesdiwiisth by placing a tsugfimient he

t her mal deconpositiogmgroducts : are rapidly cool ed before the reaction

bet ween t he

J 10

15

25

amounte shp osineskeng |1 e hoRPSZI{ err] proceeds.

When the water used for cooling passes through the
limestone packed layer in the neutralization tank, the
water having a pH of 2 and containing HCl is
neutralized by the following-reaction.

CaCO, + 2HCl1—> CaCl, + CO, + H,0

As this neutralization reaction proceeds, the
limestone gradually decomposes and diminishes, while
the tank is automatically replenished with limestone
from the hopper in the manner of a moving layer at a
rate corresponding to the diminution.

The invention described above inhibits the
reaction between the decomposition oil vapor and Cl,
and removes hydrochloric acid from the water without
conducting the pretreatment, for example, o% separating
polyvinyl chloride from waste plastics and without
causing a solid chemical agent to absorb the géses.

Further the present invention wherein the water

- used for cooling is neutralized by being passed through

the limestone packed layer provided in the
neutralization tank achieves a reduction in the running
cost by using inexpensive limestone as a neutralizing
agent.

Further according to the present invention, the

forcibly heated to not

and



Préferably, the tower for rapid cooling is 15 provided at its top with a

pi-pe for releasing the deconposi ti on gases therethrough. The
cooling water to be recycled through the cooling tower is maintained
preferably at an acidity of " up to 2 in pH Wen the cooling water is
thus held 20 strongly acid, HCN gas which is one of the thernal

deconposi tion products of waste plastics is discharged as it is, i.e.,
without formng a salt, fromthe system 8 through the rel ease pipe.
However, the cooling water, i f having an excessively high acidity, is
likely to 25 mausmsixatbonntadmnk tie poneided tdt titws awopl, wiith téat t he

6 cooling water to be recycled is replenished with a sui table

anmount of wat HIORRERVERT SUMRMLYGNG ckingstong, which is allowed to

descend in the manner of a moving layer inside the
tank. A complex device such as a pH detecting and
5 alkali solution replenishing device can be dispensed
with by placing a sufficient amount of limestone in the
hopper, while the apparatus is easy to maintain and can
be provided at a reduced construction cost and
diminished material cost.
“) 10 BRIEF DESCRIPTION.OF THE DRAWINGS

FIG. 1 is a diagram showing Embodiment 1 of the
invention; |

' FIG. 2 is a diagram showing Embodiment 2 of the
invention; and _

15 FIG. 3 is a gfaph showing the relationship between
the decomposition gas teﬁperature and the csncenfratign
of Cl, in the recoveréd oil.

BEST MODE OF CARﬁYING OUT THE INVENTION
The mode of.practicing the preéent invention will
;) ) 20 be described in greater detail with reference to the
following embodiments.
Embodiment 1
With reference to FIG. 1, waste plastics including
1 wt. ¥ or 10 wt. % of polyvinyl chloride are placed

25 into a thermal decomposition unit 1 by a feeder. The



coéling water to be recycled through the cooling tower Is preferably 1

to 2 in pH. 5 Preferably, the interior of the cooling tower is
made of a material of high acid resistance such as aci d-resi st ant
lining so as to prevent corrosion due to t he aci d.

Preferably, the neutralization tank is provided 10 wth a device for
detecting the pH of the liquid therein and replenishing the tank with
an al kal i solution so as to hold th& liquid al kaline at al

tinmes. The neutralization tank may have_a packed Iayer of 15

| i mestone in ?ﬁ%ﬁ%PﬁﬁthﬁinPaEt%ctWﬁbcﬁnasaPﬁﬁFFd by asBpgrpesn2.
repl eni shi ng device d t hrough

the |imeston ?%E?BﬁsFﬁyE#e was%popf ngﬁlF?ﬁ?lgﬁc°mp°gl¥ ogassithe case
T Sk A8 oBghog e B ek a0kl L SIEY, of*
suppl yi ng thd ! B8t PBBok0ahlCakaBlipbeiRibAVgh Es! 1 §PEheACsaHRP ELEA
5 the unit 1 to a cooling tower 3 through piping 4. The
piping 4 is covered with an electric heater for
maintaining or heating the piping at a temperature of
250° C to 350° C. |
The cooling towef 3 is provided at its top.with a
:) 10 pipe 5 for releasing the decomposition gases.to the
outside of the system therethrough. The interior of
the cooling tower 3 has an acid-resistant lining for
preventing corrosion with acid.
The gaseous mixture of decomposition o0il wvapor and
15 decomposition gases is cooled in the tower 3 by direct
contact with cooling water. The cooling w;%er for the
tower 3 is recycled froq the bottom of the tower to the
top thereof by a pump 11 outside the tower. The
cooling water is replenished with a suitable amount of
-) n20' water so as to prevent an excessive rise in the
concentration of hydrochloric acid to avoid the
corrosion of the tower.
The oily liquid resulting from condenéation within
the tower 3 is sent to a neutralization tank 6, in

25 which the liquid is treated with an alkali solution for



to descend inside the tank in the manner of a noving | ayer. 25

The pH detecting and al kali sol ution repl enishing - '

7 devi ce can be dispensed with by placing a sufficient anount of

| i mestone in the hopper. When the water used for cooling passes

t hrough t he | i mest one packed layer in the neutralization tank, the 5
wat er having a pH of 2 and containing HC is ‘neutralized by the
foll owi ng reaction. CaCJerr] +02HC1 -> CaC[err] + COerr] +
Herr]O As this neutralization reaction proceeds, the

| i nest one gr adieN¥EALERIERR O aFRMeNV S hvdreahlori¢ aci@d fremiBhR s
automatically replenished_mﬁéh | i nest one {éon1the hopper in the manner
of a noving |év%§e%uchtalne in the oily liquid.

The neutralization tank 6 is provided with an
- alkali supply device 7 for replenishing the tank with
5 +the alkali solution, a pH meter 8 for detecting the pH
of the liquid in the neutralization tank, and a pH
adjuster 9 for operating the alkali supply device 7 in
response to a signal from the pH meter 8 so as to hold
thejliquid alkaline at all times. The alkali solution
") 10 is supplied to the neutralization tank by these means
when the liquid in the tank becomes acid.

The water-containing oily liquid is‘fﬁen sent to
an oil-water separator 10, and the recovered oil
forming an upper 1aye; in the separator 10 is sent to

15 an oil tank, while the water providing a lower layer in
the separator 10 is sent out from the systeﬁ as waste
water and disposed of.

The oil recovered was checked for total Cl
content, HCl content and pH. |

,j 20 . Table 1 shows the measurements obtained.



rate corresponding to the dimnution. The i nvention descri bed
above inhibits the reacti on between the deconposition oil vapor and
.Cl-[err] 15 and renoves hydrochloric acid fromthe water w thout
conducting the pretreatnment, for exanple, of separating pol yvi nyl
chloride fromwaste plastics and w t hout causing a solid chem cal
agent to absorb the gases. Further the present invention wherein
the water 20 used for cooling is neutrallized by bei ng passed through
the |inestone packed | ayer provided in the neutralization tank
achieves a rawodie dn in the running cost by using inexpensive
| i mestone as a neutralizing agent. 25 Further according to the
present invention, thelo. Total Cl HC1l ~ PH 8
neutralization tank is provided at its top with a

_ t. m wt. ppm

1 1270 69 3.0
5 2 170 25 4.0
3 180 28 3.9
4 180 - 27 4.4
5 100 .17 4.0
6 95 19 = 4.0
D 10 7 110 34 3.8
With reference to Table 1, the waste plastics No.
1 treated include 1 wt. % of polyvinyl chloride. The
waste plastics No. 2 to No. 7 treated include 10 wt. %
of polyvinyl chloride. |
15 The wastes No. 2 to No. 7, although having 10
times the polyvinyl chloridé-content of the"waste No.
1, are smaller in the total Cl content and HCl content
of the recovered oil than the waste No. 1. This
reveais that even when the waste plastics are placed
:) “20 into the thermal decomposition unit without removing

polyvinyl chloride before treatment, the resulting
decomposition oil and cooling water are effectively
made freé from the chlorine components. |
Embodiment 2

25 With reference to FIG. 2 in this embodiment, a



hopber for supplying linmestone, which is allowed to ~ descend in the

manner of a noving |ayer inside the tank. A conpl ex device such as a
pH det ecting and 5 al kali solution repl enishing device can be di spensed
with by placing a sufficient anmount of |imestone in the hopper, while
the apparatus is easy to nmaintain and can be provided at a reduced
construction cost and di m ni shed material cost. 10 BRI EF DESCRI PTI ON
OF THE DRAW NGS FIG 1 is a diByram showi ng Enbodi ment 1 of the

i nventi on; FIG 2 is a diagram show ng Enbodi nent 2 of the

i nvention; angooling towem @ hgsi 8 goglipg wadernFecycldmgatii®eshi p bet ween
t he deconposition gas tenperature and the concentratign of Cl[err] in

the recovered%BiFh is PrBE@ﬁeQCBEtéFaCﬂRRYIﬁGCEB?QFHEleVEﬁTICN_ _
e Toe 01 PRGBS IE YRR oL 1IN Bhel'shim 22, A0S oHBR e 1T
has a hopper 14 at its top and a retaining plate 15 in
5 +the form of a perforated plate and provided
horizontally inside its bottom for holding thereon a
packed material.
The neutralization tank 13 is filled with
limestone placed in from the hopper 14 to form a
) 10 1limestone packed layer 16 on the retaining plate 16. A
large excess of limestone relative to the HCl to be
neutralized is placed in the hopper 14.
In the present embodiment, the oily liquid
resulting from condensation in the cooling tower 3 is
15 sent into the bottom of the neutralization tank 13,
then flows upward through the limestone layér 16 and is
neutralized by contact with the limestone, whereby
hydrochloric acid is removed from the water contained
in the oily liquid. |
;} \20 The water-éontaining oily liquid is shbsequently
sent out from the upper end of the neutralization tank
13 into an oil-water separator 10. The recovered oil
forming an upper layer in the separator 10 is sent to
an oil tank, while the water forming a lower layer in

25 the separator 10 is sent out from the system és waste



Enbodi ment 1 Wth reference to FIG 1, waste plastics including
I'w. %or 10 wt. * of polyvinyl chloride are placed 25 into a thernal
deconposition unit 1 by a feeder. The '

9 deconposition unit 1, which is heated by a burner 2, deconposes
the waste plastics into deconposition oil vapor and deconposition
gases. The gaseous m xture of the oil vapor and deconposition gases is
then sent from 5 the unit 1 to a cooli¥y tower 3 through piping 4. The
piping 4 is covered with an.electric heater for . maintaining or heating
t he pi pi ng atwateenpadaddsposed of. 2%bpevppte watgrohasrpeen The
cooling tower 3 is E[ovided at its tog with a_ 10 I pe.5 for releasing the
deconpositiohn33§E§ ized ko a pH of a least 6 to not higher than 8

with the large excess of limestone supplied.
Accordingly, the pH detector and alkali sblution supply
5 device provided in Embodiment 1 can be dispensed with.
The present embodiment is the same as Embodiment 1
with the exception of the aboﬁe feature.
INDUSTRIAL APPLICABILITY
The presenf invention is useful for treating waste
‘) 10 plastics and more particularly provides an apparatus
for converting waste plastics into oil which apparatus
is capable of effectively and inexpensively removing
the noxious decomposition gases and acid components
produced in thermally_decomposing waste plastics into

15 oil.



outsi de of the system therethrough. The interior of t he cooling tower
3 'has an acid-resistant lining for preventing CQLLQ§L9D mnth aci d.
The gaseous mixture of deconposition oil vapor and 15 deconpositiongas

is cooled in the tower 3 by direct cont act wthﬁmmm
cooling water for the tower 3 is recycled fromt ﬁmllﬂmt ower
to the top thereof by a punp 11 outside the tower? Thet s

water is replenished with a suitable anottht of 20 water so as to prevent

an excessive rise in the concentration of hydrochloric acid to avoid

t he corrosion of the tomer CLAIMSThe oily liquid resulting from

condensati on wthi the t sent to a ne%trallz t,i on tqpk 6, in

25 which the Iiquid-i &% AEREE it A0, COPWAFE 108 YBRIR Ppetics in

10 oil comprising a feeder for placing into a thermal
decomposition unit wasté plastics which may include
5 chlorine resins and nitrile resins, said thermal
decomposition unit for thermally decomposing the waste
plastics placed in, a cooling tower for cooling with
water oil vapor and decomposition gases produced in the
thermal decomposition unit, é neutralization tank for
-_) 10 neutralizing the water used for cooling with an alkali,
and an oil-water separator for separating condensed oil
 from water.
2. An apparatus for converting waste plastics into
oil according to claim 1 wherein piping extending from
.15 the thermal decomposition unit.to the cooling tower is
covéred with thermal means fof maintaining or heating
the piping at a temperature of at least 200° C.
3 An apparatus for converting waste plastics into
oil according to claim 2 wherein the piping extending
;} '~20 from the thermal decomposition unit to the cooling
tower is covergd.with heater means for maintaining or
| heating the piping at a temperature of 250° C to 350°C.
4. An apparatus for converting waste plastics into
oil according to claim 1 wherein piping"extending from

25 the thermal decomposition unit to the cooling tower is

THIS SHEET HAS BEEN
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neutralization to renmove hydrochl oric acid fromthe wat er contained in
the oily Iiquid. The neutralization tank 6 is provided with an
al kali supply device 7 for replénishing the tank with 5 the alkafT

solution, a pH neter 8 for detecting the pH of t Gt Smsl -
neutralization tank, and a pH adjuster 9 for openM"ﬂmlimaﬂ!aml
supply device 7 in response to a signal fromthe reter to
hol d the liquid alkaline at all ti ® The alkali solution 10 is °

supplied to the neutral jzation tank by these neans ., _Wwhen the liquid in
the tank becorffRVeEsd with therma%Tmﬁ%Eﬁefbfxﬂﬂthﬁ*ﬁfQﬁI%FI RFPs then

an upper 1 ayerthe, Seebmanst EFEh “Gebee Luipe At R G drom e the
wat er provi di %&ig&e{:o&gyeéal ﬁig%mogeeﬁfgp@f a4 X Q@%%O‘S@”t out fromthe

system as waste wat er an oil recovered was
checked for total Gy, an agpat&bhs &+ SONEPtingGrddte plhastics fwbbe 1
shows the neasurenents obtal ned.

5 o0il according to claim 1 wherein the cooling water of

the cooling tower is maintained at an acidity of up to
PH 2.

6. An apparatus for converting waste plastics into

oil according to claim 1 wherein the cooling tower is
;) 10 provided at a top thereof with a pipe for releasing the
decomposition gases therethrough.

7. An -apparatus for converting waste plastics into
oil according to claim 1 wherein the cooling tower is
made of an acid-resistant material at least in an

15 interior thereof.

8. An apparatus for converting waste piastics into
oil according to claim 1 wherein the neutralization
tank is provided with a device for detecting the pH of
the liquid therein and replenishing thé tank with an

;) "20 alkali solution so as to hold the liquid alkaline at
all times.

9. An apparatus for converting'waste plastics into
0il according to claim 1 wherein the néutralization
tank has a packed layer of 1imesto;;,-and the water

25 ﬁsed for cooling is neutralized by being passed through'

ect Has Bech R"i‘i‘r ! Pms SHEET HAS BEEN

T




Tabie 1 No. . Total d . HA pH

W, ppm W. ppm 1 1270 69 3.0 5
2 - 170 - 25 4.0 180

28 3.9 4 180

5 100 17 4.0

o, L @jumumumumum
Wth reference to Table 1, the waste pladbics No. I treated include 1
wt. * of polyvinyl chloride. The waste plastics No. 2 to No. 7 treated

i ncl ude 10 wt the limesgkong packsd laweRq de.

10. An apparatus for converting waste plastics
into oil according to claim 1 wherein the
neutralization tank is provided at a top thereof with a

5 hopper for supplying limestone to the tank to allow the
limestone supplied to descend inside the tank in the

manner of a moving layer.

This Sheet Has Been Re ﬁ
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15° The wastes No. 2 to No. 7, although having 10 tinmes the

pol yvinyl chloride content of the waste No. 1, are smaller inthe

total C content and HC content of the recovered oil than the waste
No. 1. This reveal s that even when the waste plastics are placed 20
into the thermal deconposition unit w thout renoving pol yvi nyl

chloride before treatnment, the resulting deconposition oil and cooling-
water are effectively made free frokithe chlorine conponents.

Enbodi nent 2 25 - Wth reference to FIG 2 in this enbodi nent, a

12 cooling tower 3 has a cool i n(ARRERACY ecycling |ine which is
provided with a heat exchanger 12. A neutralizatigon tank 13 is in the

formof a tower andhe object of the present invention is to provide
an apparatus for converting waste plastics into oil
which apparatus makes it possible to place waste

5 plastics as they are into a thermal decomposition unit
without removing polyvinyl chloride from the waste
before treatment to ensure ease of handling, the
apparatus further being capable of removing the
resulting noxious decomposition gases and acid
i;) 10 componenps effectively at a low cost.

The apparatus of the invention for converting
waste plastics into oil comprises a feeder for placing
into a thermal decomﬁosition unit waste plastics which
may include chlorine resins and nitrile fesins, the

15 thermal decomposition unit for thermally decomposing
the waste plastics placed in, a cooling towér for
cooling with water oil wvapor and décomposition Qases
produced in the thermal decomposition unit, a
neutralization tank for neutralizing tﬁe water used for

;) "20 cooling with an alkali, and an oil-water separatof for

separating condensed 0il from water.



hds a hopper 14 at its top and a retaining plate 15 in 5 the formof a
perforated plate and provided horizontally inside its bottomfor
hol di ng t hereon a packed haterial . The neutralization tank
13 is filled with | i mestone placed in fromthe hopper 14 to forma 10
| i mest one packed | ayer 16 on the retaining plate 16. A | ar ge excess
of linmestone relative to the HO to be neutral.ized is placed in the
hopper 14. In the present enbodinment, the oily Iliquid

resulting fromcondensation in the cogql in@tower 3 is 15 sent into the
bottom of the neutralization tank 13, then flows upward through the

| i mestone layer 16 and is neutralized by contact with the |inestone,
wher eby hydrochloric acid is renoved ¥fomthe water contained in
the oily liquid. 20 The wat er-contafrhing oily liquid is subsequently
sent out fromthe upper end of the neutral®zation

ank 13 into an
oil -water separator 10. The recovered oil forgying an upper layer in
the separator 10 is sent to a <
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anm oil tank, while the water formng a | ower l|ayer in
I's sent out fromthe system as waste ' _

13 wat er and di sposed of." The waste water has been neutralized to
a pH of at least 6 to not higher than 8 with the | arge excess of

| i mest one suppli ed. Accordingly, the pH detector and al kali" sol ution
supply 5 device provided in Enbodi nent 1 can be di spensed wth.

The present enbodi nent is .the sane as @li ment 1 with the exception
of the above feature. | NDUSTRI AL APPLI CABI LI TY The present

i nvention is useful for treating waste 10 plastics and nore particularly
provi des an appar at us for convelding waste plastics into oil which

25 the separator 10

appar at us is capabl e of effectiwely andnLnexpensiver renovi ng
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*

the noxi ous deconp05|t|on gases and acid conponents produced in
thernally deconposi ng waste plastics into 15 oi

14 AVENDED CLAI MBS 1. (Cancell ed)
2. (Anended) An apparatus for converting waste pl astics into oi
conprising a feeder for placing into 5 a thermal deconposition unit waste
pl astics which may i ncl ude chlaggn resins and nitrile resins, said
t hermal deconposition unit for the E& deconposi ng the waste plastics
pl aced in, a cooling tower for cooling with water oil vaRor and
deconposi tion [gases JU proddgced 1 n fhe thefmal dedonposit unit, a
neutralization‘rank"fny neutrfal i zi ng| the water used for
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coofing with an alkali, and an oil-water separator for Separating
condensed oil fromwater, piping extending fromthe thernal ( AMENDED
deconposition unit to the cooling 15 tower and being covered with t erna?
means for mai ntai ning or heating the piping at a tenperature of at
| east 200[err] C. 3. An apparatus for converting waste plastics

into oil according to claim2 wherein the piping eXfEHGLI@L_jﬂljl$¥n~h
the thermal deconposition unit to the cooL'ng tower is covered wt -
heat er means for maintaining or heat i %

250 C to 350 C . (Amndegi‘ﬁﬁﬂﬁﬁﬁﬁtgéghglsp% ng 3Ummﬂm’mmf

plastics into oil conprising a feed into 25 a thertals =

ggconposi tion unit VP.StFCé)A@&ié:dS) whi ch may. |
2. (Amended) An apparatus for converting waste
plastics into oil comprising a feeder for placing into
5 a thermal decomposition unit waste pl;stics which may
include chlorine resins and nitrile resins, said
thermal decomposition unit for thermally decomposing
the waste plastics placed in, a cooling tower for
cooling with water oil vapor and decomposition gases
10 produéed in the thermal decomposition unit, a
neutralization tank for neutralizing the water used for
cooling with an alkali, and an oil-water separator for
separating condensed oil from water, piping extending
from the thermal decomposition unit to the cooling
15 +tower and being covered with thermal means for
maintaining or heating the piping at a temperature of
at least 200° C. '
3. An apparatus for converting waste plastics into
0il according to claim 2 wherein the piping extending
20 from the thermal decomposition unit to the cooling
tower is covered with heater means for maintaining or
heating the piping at a temperature of 250° C to 350°C.
4. (Amended) An apparatus for converting waste
plastics into.oil comprising a feeder for placing into

25 a thermal decomposition unit waste plastics which may



incFude chlorine resins and nitrile resins, said t hermal deconposition
unit for thermally deconposing the waste plastics pl aced ir%AMEﬁﬁEﬁf ng
tower for cooling with water oil vapor and deconposition gases 5
produced in the thermal deconposition unit, a neutralizatio or
‘neutralizing the water used for cooling with an al '

oi | -water separator for separati ng condensed oi l f,mmmaml"mﬂﬂltg
ext endi ng fromthe thermal deconposit'gn unit to theccooling s ower
and being covered with thermal neans for mai nt ai ni ng or heating the

deconposition gas | diately upstreamfromithe cooling.tower at a

t enper at ure of %{ﬁﬁ%em%{’??eées ns'end ms?ri('i/)ﬁmﬂ%?e’tﬁs%r? aratus for
converting was I | ' [ L S f ing into
a thernal dego%oes!ljl??g n&%%lél)'@%ééﬁgmgl‘g%ﬁc@ ﬁ%ﬁ%ﬁ?dﬁc‘;ﬁ%ﬁﬁ _
chlorine resi ngeHGyddtd i pLadicdSplEddd in, a IdEEIHIg ARKWP ORI i on uni t
for thermally deconposi ng the waste plastics placed in, a cooling

tower for 20 casplivggWithwadtsr avil Wwgpor aart disconmesition qpeasss

5 produced in the thermal decomposition unit, a

neutralization tank for neutralizing the water used fo;'
cooling with an alkali, and an oil-water separator for
separating condensed oil from water, piping extending
from the thermal decdmposition unit to the cooling

10 tower and being covered with thermal means.for
maintaining or heating.the decomposition gases
immediately upstream from the cooling tower at a
temperature of 250 to 350°C.

5. (Amended) An apparatus for converting waste

15 plastics into oil comprising a feeder for placing into
a thermal decomposition unit waste plastics which may.
include chlorine resins and nitrile resins, said
thermal decomposition unit for thermally decomposing
the waste plastics placed in, a cooling tower for

20 cooling with water oil vapor and decomposition gases
produced in the thermal decomposition unit, a
neutralization tank for neutralizing the water used for
cooling with an alkali, and an oil-water separator for
separating condensed ¢0il from water, the cooling water

25 of the cooling tower being maintained at an acidity of



produced in the thermal deconposition unit, a neutralization tank for

neutralizing the water used for cooling with an alkali, and £AMENDED)

oi | -water separator for separating condensed oil fromwater, the

cooling water 25 of the cooling tower being maintai ned at anm acidirty—of—

( AMENDED) up to pH 2. 6. (Cancell ed)

( Cancel | ed) 8. (Cancelled) 5 9. (Cancel IlIIH"”"I""i""IlIM" |

(Cancel | ed) 16 * L OMos %
'up to pH 2.

6. (Cancelled)
7. (Cancelled)
8. (Cancelled)
5 9. (Cancelled)
10. (Cancelled)



