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(54) PROCESS FOR THE CONVERSION OF PLASTIC WASTES

(57) A process for the conversion of plastic wastes is
described, involving the depolymerisation of the plastic
material making up the waste. The plastic waste is ex-
truded producing a molten mass which is mixed with
hydrogen and fed to a hydrocracking reactor (25). Ac-
cording to the invention, the waste plastic, upon extru-
sion, is mixed with lubricants which cannot be regener-

ated, and the molten mass contains both plastic and
lubricant wastes.

The process can be carried out continuously, batch-
wise or semicontinuously.

The product leaving the hydrocracking reactor (25) is
distilled into a number of products.

Also a plant for carrying out the process is described.
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Description

TECHNICAL FIELD OF THE INVENTION

[0001] This invention refers to a process aimed at
converting plastic wastes into materials which can be
used, as it is common in the so-called circular economy.
Also, a plant for carrying out the process is referred to,
according to this invention.

BACKGROUND OF THE INVENTION

[0002] Waste disposal has been a problem since the
industrial production has becomemassive. Themassive
production has made the most common products easily
available: very often, to replace a broken item is much
easier and results in higher cost savings than to repair the
same. Of course, this leads to the disposal of any kind of
objectwhen it breaks,when it doesnot functionanymore,
in caseof obsolescence,when it is no longer fashionable,
when there is not enough room at home for storing it, and
so on.
[0003] While waste disposal was rather simple until
relatively recently, some big drawbacks have arisen re-
cently. Pollution has become an issue and air and water
pollution and soil contamination are now not accepted
anymore by people. Incinerators are disliked because of
their fumes,which are normally consideredpolluting, and
people normally try to avoid their setting up. Landfills
consume soil, result in leaks of harmful liquids, which can
contaminate soils and waters. Moreover, the massive
production and its related production of wastes leads
to shortage of raw materials, which are becoming more
and more expensive. The so-called greenhouse effect
and the related global warming have also given their
contribution to the problem, giving another reason to
avoid waste incineration whenever unnecessary.
[0004] This situation has led to intensive investiga-
tions, aimed at avoiding, on one hand, the need of dis-
posing ofwastes and, on the other hand, to pushasmuch
aspossible towards a reuse,whenever possible,which is
called "circular economy".
[0005] In order to achieve these two results, a proper
waste collection is very important. In the past, wastes
were collected together and disposed of either in incin-
erators or in landfills, altogether, with no sorting at all. In
order to reuse wasted products, this collection is com-
pletely unsuitable. Regeneration or reclamation can take
place only with at least relatively homogeneous wastes
and this can be achieved only in two ways: 1) wastes are
collected separately or 2)wastes are sortedout after their
collection. It is apparent that route 2) is much more
complicated, requires unqualified manpower doing a
long-lasting job, with a very high likelihood of error. Route
1) appears much more viable. A differentiated collection
at the origin is much simpler, much more accurate, is
normally performed by the wasting subject which has
only to decide where any item should be put before

bringing wastes to the public collection. In spite of some
deficiencies, this route is proving rather successful, and
people are more and more learning how to separate
wastes.
[0006] One of the fractions to be collected is normally
made up by plastic wastes which is a large percentage of
the overall waste. The regeneration of plasticmaterials is
often rather difficult, not always can be performed suc-
cessfully and normally the recycled charge can be added
to the virgin material only in a rather small percentage
(normally below 30 wt.%). Therefore, a large part of
plastic wastes is still to be disposed of; namely, plastic
recycling is only partial and cannot lead to a complete
reuse. This is a big issue, because of the long-lasting
features of plastic materials which do not decompose
spontaneously.
[0007] The fact that, with some exceptions, plastic
wastes can be recycled only partially has pushed re-
searchers to developother processes. In particular, since
plastic materials are polymers, depolymerisation pro-
cesses to obtain monomers and/or oligomers are a
way to dispose of plasticwastes andobtain rawmaterials
for other reactions. In this view, Politecnico di Milano
elaborated a process for disposing of plastic wastes
which involves the transformation into lubricants and
hydrogen under mild process conditions. This process
is very suitable; however, it involves some problems,
especially in moving plastic wastes during at least the
first steps thereof and produces pyrolysis oil, which is
normally non-regenerable or very hardly regenerable
and should be disposed of.
[0008] Another problem related to wastes is the dis-
posal of waste lubricants, which is the core business of
theApplicant. TheApplicant hasfiledanumberofpatents
aimed at recovering waste mineral oils, leading to a re-
cover of more than 95 wt.% of the collected waste oils.
This is surely a good achievement, which allows to get
lubricants at a lower cost, to reduce the oil consumption
for the production of lubricants and avoids waste com-
bustion or contamination of soils. There is also a good
saving in energy costs.
[0009] Although the recovery of waste lubricants is
becoming more and more important, a part of the waste
lubricants is not yet collected properly or is even simply
poured in the environment and a part of it cannot be
regenerated, particularly when the contents in water
are higher than 15 wt.%, flash point of the oil is below
120 °C, content in zinc and/or lead is higher than 2000
mg/kg, thinners are more than 15 vol.%, PCB/PCT is
higher than 25 mg/kg, saponification is higher than 30
mg/kg and/or neutralisation number is higher than 10mg
KOHper g of oil. Under such conditions, waste lubricants
are normally either incinerated or somehow disposed of.
It would be very useful to find a use therefor, so as to
reduce the environmental impact and the oil depletion.
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SUMMARY OF THE INVENTION

[0010] Problem underlying this invention is to propose
a process for recovering waste plastics overcoming the
above drawbacks and allowing also to employ, without
disposing of them, lubricants which cannot be regener-
ated. This purpose is achieved, according to a first as-
pect, through a process for the conversion of plastic
wastes, involving the depolymerisation of the plastic
material making up the waste, wherein the plastic waste
is extruded producing amoltenmass which is mixed with
hydrogen and fed to a hydrocracking reactor, charac-
terised in that the waste plastic, upon extrusion, is mixed
with lubricants which cannot be regenerated and the
resultingmoltenmass contains both plastic and lubricant
wastes. According to a second aspect, the problem is
solved by a plant for carrying out the process above,
characterised in that it comprises a unit for the pre-treat-
ment of the lubricants which cannot be regenerated, a
melting unit for melting the plastic wastes and mixing
them to thepre-treated lubricantsandadepolymerisation
unit. Subclaims disclose preferential features of the in-
vention.
[0011] According to an embodiment, lubricants which
cannot be regenerated are mineral oils, pyrolysis oils or
used oils.
[0012] According to an embodiment, the lubricants
which cannot be regenerated are pre-treated by a pre-
flash distillation step.
[0013] According to an embodiment, the pre-flash col-
umn is a hole plate or an open packed column.
[0014] According to an embodiment, pre-flash takes
place at a temperature between 120 and 160 °C and a
pressure ranging from 0.2 to 0.7 bar.
[0015] According to an embodiment, the lubricants are
distilled inadistillationcolumn;preferably, suchcolumn is
a plate or a packed column.
[0016] According to an embodiment, such a distillation
step takes place at 250 to 400 °C under a pressure of
0.025 to 0.055 bar.
[0017] According to an embodiment, lubricants are
temporarily stored in a tank after the pre-treatment steps.
[0018] According to the invention, plastic wastes are
shredded in a shredder before being mixed with the pre-
treated lubricants, before being fed to an extruder.
[0019] According toanembodiment, plasticwastesare
amixture containingPE and/or PP and/or PS and/or PET
and/or PVC and/or ABS and/or BR. No separation of the
materials is required.
[0020] According to an embodiment, the mixture of
plastic wastes and pre-treated lubricants is molten within
the said extruder.
[0021] According to an embodiment, the molten mate-
rial is temporarily stored in a tank. Thematerial within the
said tank is kept in amolten state. The temperaturewithin
the said tank is kept at 270 to 280 °C.
[0022] According to an embodiment, the molten mate-
rial is further moved by a gear pump.

[0023] According to an embodiment, the molten mate-
rial undergoes a removal of impurities. Impurities are
normally sulphur, nitrogen, chlorine and metals.
[0024] According to an embodiment, the de-polymer-
isation takes places within a hydrocracker; the hydro-
cracking reaction takes place under catalysis, preferably
with a heterogeneous catalyst.
[0025] According to an embodiment, the product of the
depolymerisation is distilled into a number of different
fractions; distillation preferably takes place in a packed
column.
[0026] According to an embodiment, four feeds are fed
to the process: waste lubricants, plastic wastes, hydro-
gen.
[0027] According to an embodiment, wastewater, light
distillate, gasoline, bitumen, bases for lubricants, ultra-
low sulphur diesel are products of the inventive process.

BRIEF DESCRIPTION OF THE DRAWING

[0028] Further features and advantages of this inven-
tion better appear when reading the following detailed
description of a preferred embodiment, disclosed by way
of non-limiting example only and shown in the appended
drawing, wherein the only figure is a flow diagram of the
process according to this invention.

BEST WAY TO CARRY OUT THE INVENTION

[0029] A line 1 feeds waste lubricants which cannot be
regenerated to the process, entering a pre-flash column
2; the column 2 has two outlets: an outlet 3 (head) for
water andother solvents tobe removed from the lubricant
and a line 4 (tail), feeding a furnace 5, for reaching a
proper temperature.
[0030] The pre-flash column 2 can be of any suitable
kind. Preferably, it is a hole plate or an open packed
column, which are the columns used most frequently.
[0031] The line4, after the furnace5, feedsadistillation
column 6. Also the column 6 can be a plate or a packed
column.
[0032] The column 6 has four outlets.
[0033] A first outlet 7 removes light distillates, which
are normally to be oxidised for producing at least part of
the heat which is needed for carrying out the process.
[0034] Asecond line 8 brings away gasoline, which is a
valuable product for further use or storage.
[0035] A third outlet 9 downloads bitumen, which can
be stored or sold.
[0036] Finally, the outlet 10 feeds semi-finished lubri-
cants to the subsequent steps of the process; generally,
the semi-finished lubricants are stored in a tank 11 for the
next step of the inventive process.
[0037] The part of the plant just described serves for
preparing the lubricant to be added to the plastic materi-
als tobedepolymerised, soas to improve its extrudability.
[0038] An extruder 12 receives semi-finished lubri-
cants from the tank 12 via a tube 13, with the aid of a
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pump 14, and plastic wastes, fed from a line 15 and a
shredder 16, in order to better prepare the plastic wastes
for thesubsequentmelting.A line17, leaving theextruder
12, feeds a tank 18, where thematerial is kept in amolten
state.
[0039] A line 19 brings the molten material, by means
ofagearpump20, toaheater21and toa furnace22,after
mixing the molten material with hydrogen coming from a
line 23. The gear pump 20 is particularly suitable for
moving viscous or even very viscous liquid, like these
molten materials.
[0040] Theheatedmaterial is fed toa reactor 24,where
a demetallisation reaction takes place, removing metal
impurities from thematerial. Theoutlet 25 thereof is fed to
a hydrocracker 25 through a line 26; the line 26 merges
with a line 27, which feeds hydrogen to the same reactor
25, so as to be able to carry out the intended reactions.
The outlet 28 from the reactor 25 feeds a distillation
column29; sucha column is preferably a packed column.
The distillation leads to outlets 30, 31, 32, 33, 34 and 35.
[0041] Products come from the column 29, through six
outlets 30 to 35.
[0042] Now, turning to the process according to this
invention, it should be appreciated that four feeds to the
plant are provided: waste lubricants (1), plastic wastes
(15) and hydrogen (23 and 27). On the other hand, ten
outlets, with products, marketable byproducts and
wastes, are provided: wastewater (3), light distillates
(7), gasoline (8), bitumen (9 and 35), bases for lubricants
(32, 33 and 34), ultra-low sulphur diesel (31) and light
distillates (30).
[0043] Lubricants fed through the pipe 1 are waste
lubricants which cannot usually be regenerated and
which are normally incinerated. They can bemineral oils,
pyrolysis oils or used oils. As it has been stated above,
they have contents in water higher than 15 wt.%, flash
point of the oil below 120 °C, contents in zinc and/or lead
higher than 2000mg/kg, thinnerswhich aremore than 15
vol.%, PCB/PCT higher than 25 mg/kg, saponification
higher than 30mg/kg and/or neutralisation number high-
er than 10mg KOH per g of oil. The process according to
the present invention offers an alternative to the combus-
tion of such wastes, increasing the percentage of reused
lubricants and reducing the CO2 build up, which is an
advantage from a point of view both economical and
ecological. Waste lubricants are pretreated through a
flash distillation, in order to removewater therefrom: they
are fed into the column 2, undergo a flash process,
normally with a temperature between 120 and 160 °C,
preferably 140 °C, and a pressure ranging from0.2 to 0.7
bar, preferably being 0.33bar. These conditions allow the
removal of a large amount of water from the waste
lubricants, with the best yield. The water exiting the
column 2 can be reused for cooling purposes within
the same industrial premises or to produce steam; other-
wise, it can be safely wasted in a way which is known per
se.
[0044] The lubricants are then pre-treated through a

distillation, in order to removebitumenand light distillates
therefrom. In this view, column 6 is fed with the lubricants
having left the column 2 and the furnace 5. Such lubri-
cants arrive into the column 6 at a temperature ranging
from 250 to 400 °C, preferably at 360 °C, and under a
pressure ranging from0.025 to0.055bar, preferably 0.04
bar. According to a preferred embodiment, the tempera-
ture in theheadof column6 is 50 °Cand in thebottom280
to 300 °C, while the pressure is around 0.027 bar in the
headand0.04bar in thebottom.Three fractions leave the
column5. Light distillates,which are normally usedwithin
the plant to get energy through combustion, gasoline
through the pipe 8 and bitumen through the pipe 9, which
are byproducts which can be sold. The fraction leaving
the column 6 through the pipe 10 is the one used in the
subsequent steps of the process. This fraction is mixed
with the shredded plastic wastes, lubricating them in the
extruder 12. Namely, the melting unit includes an extru-
der 12, fed with pre-treated lubricants and shredded
plastic wastes.
[0045] Thewastes fed through the line 15 aremade up
by any kind of plastic waste. Some not limiting examples
are: PE, PP, PS, PET, PVC, ABS and BR. To be clear:
different kind of plastic wastes, made up by any kind of
polymer in any respective ratio, can be fed together, with
no need of separating them from each other. They are
shredded together in the shredder 16 and fed to the
extruder 12, where they admix with lubricants coming
from the line 13. The possibility of stocking the pre-
treated lubricants in the tank 11 can be very useful when
thepre-treatment of lubricants and/or the treatment of the
plastic wastes is performed in a batch fashion. Owed to
this, the process according to this invention can be car-
ried out continuously, batchwise or semicontinuously.
[0046] The waste/oil ratio within the extruder 12 is not
particularly critical. However, a preferred ratio ranges
from 75:25 to 95:5 wt.% and is preferably 90:10 wt.%.
This mixture is molten within the extruder 12 and leaves
the extruder 12 itself in the liquid state; such a liquid can
be pumped in a relatively easyway. In order to keep liquid
the molten material, the temperature within the extruder
12 ranges from 230 to 300 °C, preferably from 250 to 270
°C.
[0047] The choice of a gear pump 20 is due to the fact
that the molten plastic material is rather viscous, and this
kind of a pump is able to move even this kind of viscous
liquids with no particular problem.
[0048] Also, this molten material can be temporarily
stored in a tank 18, where it should be kept heated and
stirred, in order to prevent an undesired solidification.
The temperature within the tank 18 ranges from 270 to
280 °C. Insulation of the tank 18 is surely useful, if not
even necessary.
[0049] The molten mass, before entering the hydro-
cracking reactor 25, is fed to the hydrofinishing reactor
24, in order to remove sulphur, nitrogen,metals andother
impurities.When the pump20 is operated, the liquid exits
the tank 18 through the line 19, is further heated in the
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heat exchanger 21 to a temperature ranging from 300 to
400 °C, preferably from 300 to 350 °C. The heated liquid
is fed with hydrogen, coming from the inlet 23, under a
pressure preferably ranging from 150 to 200 bar and is
fed to the furnace 22. The heated liquid is fed to the
reactor 24 at a temperature of 300‑500 °C, preferably
350‑450 °C. The reactionwithin the reactor 24 is aimedat
removing metals and in hydrorefining the material. This
step removes sulphur, nitrogen, aromatic carbon, chlor-
ine and metals from the treated material.
[0050] The material leaving the reactor 24 through the
pipe 26 is admixed again with hydrogen coming from the
pipe 27, in order to have an appropriate quantity of
reducing agent in the reaction mixture and is reacted in
the reactor 25. The reactor 25 is in fact a hydrocracker -as
it has already beenmentioned‑, operating with a catalyst
conventionally used for hydrocracking processes, which
breaks the molecular chains, transforming the polymers
into hydrocarbons having a lower molecular weight, in
fact depolymerising the charge. The product, leaving the
reactor 25 through the line 28, is then fed to a distillation
column 29, where it is distilled into a number of products,
which aremostly valuable and can be sold profitably. The
distillation takes place at a temperature which is around
50 °C at the head and 280‑300 °C at the bottom,whereas
the pressure is 0.0027 to 0.0040 bar at the head and
0.010 to 0.020 bar at the bottom.
[0051] As it has already been stated, outlet 30 down-
loads light distillates which, as the ones coming from the
outlet 7, arenormally used toproduceenergy for theplant
by combustion. Outlet 31 downloads ultra -low sulphur
diesel, outlets 32 to 34 lubricant bases and outlet 35
bitumen, as the outlet 9.
[0052] The process according to this invention allows
to produce lubricants, diesel of high quality and bitumen,
with virtually nowaste, allowing to reuse lubricants which
are usually not suitable for undergoing a regeneration
process. The addition of the lubricants to the plastic
wastes allows a better melting and to get a more homo-
geneous flow; it also helps in the depolymerisation step
process does not need a preliminary step of separating
from each other the plastic wastes, which results in a
saving of costs and manpower.
[0053] It should be understood, anyway, that the in-
vention should not be considered limited to the particular
arrangement illustrated above, which is only an exemp-
lary embodiment thereof, but that various variants are
possible, all within the reach of the skilled person,without
departing from the scope of protection of the invention
itself, as defined by the appended claims.

LIST OF REFERENCES

[0054]

1 Feed
2 Pre-flash column
3 Head outlet

4 Tail outlet
5 Furnace
6 Distillation column
7 Outlet
8 Outlet
9 Outlet
10 Outlet
11 Tank
12 Extruder
13 Tube
14 Pump
15 Feed
16 Shredder
17 Line
18 Tank
19 Line
20 Gear pump
21 Heater
22 Furnace
23 Line
24 Reactor
25 Hydrocracker
26 Line
27 Line
28 Outlet
29 Column
30 Outlet
31 Outlet
32 Outlet
33 Outlet
34 Outlet
35 Outlet

Claims

1. Process for the conversion of plastic wastes, invol-
ving the depolymerisation of the plastic material
making up the waste, wherein the plastic waste is
extruded producing a molten mass which is mixed
with hydrogen and fed to a hydrocracking reactor,
characterised in that the waste plastic, upon extru-
sion, is mixed with lubricants which cannot be re-
generated and the resulting molten mass contains
both plastic and lubricant wastes.

2. Process as claimed in claim 1), characterised in
that the lubricants are pre-treated through a flash
distillation, in order to remove water and thinners
therefrom.

3. Process as claimed in claim 1) or 2), characterised
in that the lubricants are pre-treated through a dis-
tillation, in order to remove bitumen and light distil-
lates therefrom.

4. Process as in any previous claim, characterised in
that the molten mass, before entering the hydro-
cracking reactor, is fed to a hydrofinishing reactor,
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in order to removesulphur, nitrogen, chlorine,metals
and other impurities.

5. Process as in any previous claim, characterised in
that it is carried out continuously.

6. Process as in any claim 1) to 4), characterised in
that it is carried out batchwise or semicontinuously.

7. Process as in claim 6), characterised in that pre-
treated lubricants and/or the molten mass of lubri-
cants and plastic wastes are temporarily stocked in
tanks before undergoing next steps.

8. Process as in claim 7), characterised in that the
tankwhere themoltenmass is temporarily stocked is
heated and stirred, in order to prevent the solidifica-
tion of the mass itself.

9. Process as in any previous claim, characterised in
that the product leaving the hydrocracking reactor is
distilled into a number of products.

10. Plant for carrying out the process according to any
previous claim, characterised in that it comprises a
unit (2; 6) for the pre-treatment of the lubricants
which cannot be regenerated, a melting unit (12)
for melting the plastic wastes and mixing them to
the pre-treated lubricants and a depolymerisation
unit (25) .

11. Plant as claimed in claim 10), characterised in that
the melting unit includes an extruder (12), fed with
pre-treated lubricants and shredded plastic wastes.
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