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CONVERSION OF WASTE PLASTICS TO PETROCHEMICALS
FIELD OF THE DISCLOSURE
{0001} Embodiments of the present disclosure generally relate to the conversion of
waste plastics to petrochemicals, fuels, and other useful intermediates and products.
BACKGROUND
{0002} There has been a rapid and growing environmental concern regarding the need
to recover and recycle plastic wastes. Plastic pyrolysis technology, however, is at an

early stage of developroent in the industry.

SUMMARY
(0031 Ermbodiments herein relate to thermochemical processes and systems useful to

convert waste plastics to petrochemicals, fuels, and other intermediates or end products.

{0004} In one aspect, embodiments herein relate to a process for converting waste
plastics. The process includes feeding a waste plastic to a melt tank, and in the melt
tank, heating the waste plastic to form a molten plastic. The molien plastic is withdrawn
from the melt tank and fed to a pyrolysis reactor. In the pyrolysis reactor, the molten
plastic is beated to a pyrolysis temperature, producing a pyrolysis oil product and a
Hquid pitch produsct. The pyrolysis oil is then separated into a pyrolysis gas fraction, a
tight pyrolysis oil fraction, a medium pyrolysis oil fraction, and a heavy pyrolysis oil

fraction.

{00051 In another aspect, embodiments herein are divected toward a system for
pyrolyzing a waste plastic. The system includes a melt tank having an infet configured
for receiving a feed stream comprising waste plastic from a waste plastic feed syster.
The melt tank also includes a heating system configured for heating the waste plastic
from a feed temperature to a melt temperature, producing a molten plastic, as well as
an outlet configured for outputting the molten plastic. The systern for pyrolyzing a
waste plastic also includes a pyrolysis reactor having an inlet configared to receive the

rolten plastic, and a heating system configured to heat the molien plastic to a pyrolysis
temperature, as well as a first outlet for recovering a pyrolysis oil. The pyrolysis reactor
further includes a second outlet for recovering a pitch product. The system further

includes a control system configured to control the heating system to Hmit a temperature
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of the molten plastic to a temperature for production of the pitch product (and below

that at which significant char or coke will formy).

BRIEF DESCRIPTION OF DRAWINGS
{0006} Fig. 1 illustrates a simplified process flow diagram of systems according to one

or more emwbodiments disclosed herein.

{00071 Fig. 2 itlustrates a simplified process flow diagram of systems according (o one
or more embodiments disclosed herein.
{B008] Fig. 3 illustrates a simplified process flow diagram of systems according to one
or more embodiments disclosed herein.
DETAILED DESCRIPTION
{4309 Ermbodiments herein are divected toward thermochemical processes to convert
waste plastics to useful petrochemicals, fuels, and other intermediates or end products.

3

Embodiments herein are also directed toward pyrolysis reactor design and control,

{0016} Polymers that may by pyrolyzed to form a waste plastic pyrolysis oil may
include thermoplastics, thermosets, and elastomers. For example, waste material
undergoing pyrolysis to forra a waste plastic pyrolysis oll may include polystyrene,
polypropylene, polyphenylene sulfide, polyphenylene oxide, polyethylene,
polyetherimide, polyether ether Xketone, polyoxymethylene, polyether sulfone,
polycarbonate, polybenzimidazole, polylactic acid, nylon, and acrvlic polymers such as
poly methyl methacrylic acid (PMMA), among many other thermoplastics. Waste
plastic pyrolysis oils useful herein may alse be formed from various unsaturated or
saturated elastomers and rubbers known in the art, such as polybutadiene, isoprene,
styrene-hutadiene, ethylene vinyl acetate, and many, roany others. Embodiments herein
may be robust enough to process some guantity of heteroatom-containing polymers,
including those listed above as well as others known in the art; however, a heteroatom
content of the resulting waste plastic pyrolysis oif should typically be less than 2 wi%,
such as less than 1 wit% or less than 0.5 wt%.

{6011} The waste plastic may be converted to a pyrolysis oil using systens according
to embodiments herein. The systems may inchide, as primary components, a melf tank

and a pyrolysis reactor. The system may also include a waste plastic feed system, a
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pyrolysis oil separation system., and one or more heating systems, as will be described

below.

{6012} In general, the waste plastic feed system is a system configured {o provide a
waste plastic feed fo the melt tank, and is not particularly lumited, as many different
configurations may be used. In some embodiments, a waste plastic feed system may
include a feed hopper, which may be filled with a quantity of waste plastic, such as in
the form of chips, pellets, flakes, attenuated fibers, shredded plastic, and other forms of
waste plastic as may be received from a recycler or other supplier of waste plastics.
The feed hopper may be fluidly connected to a screw conveyor or other means for
metering and conveying the waste plastic to the melt tank. In some embodiments, the
waste plastic feed system may include an extruder, which may be a single or double
screw type, and may heat and partially or fully melt the waste plastic by viscous

dissipation of the mechanical energy supplied by a motor to a rotating screw.

{3013} n general, it is desired to Hmit the amount of water and oxygen fed to the melt
tank and the pyrolysis reactor. The screw conveyor and/or the feed hopper or assoctated
flow lines may be connected to a hot nitrogen supply system, such that the polvmer
may be beated to a temperature sufficient to remove water, but vot so high as to mel
the polymers, venting a nitrogen stream containing water vapor and any oxygen as may

be displaced.

{0014} The dried waste plastic may then be fed o the melt tank, wherein the waste
plastic is heated to a temperature sufficient to melt the plastic but low cnough so as t©
avoid any significant conversion of the waste plastic, as it is preferred to control the
reaction and resulting reaction products via conversion in the pyrolysis reactor. In some
embaodiments the waste plastic may be heated in an extruder and may be fed to the melt
tank in a beated, partially molten or fully molten condition. The waste plastic roay then
be heated, or further heated, in the melt tank to a temnperature in the range from about
200°C to about 375°C, such as about 300°C. The temperature of the molten plastic
should be high enough to melt the plastic and provide a molten plastic of a desired
viscosity, facilitating transport between unit operations, but, as noted above, low

enough to limit or avoid conversion of the plastics within the melt tank.
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{0015} The melt tank may be an agitated vessel. The vessel may include an inlet for
recetving a feed stream comprising waste plastic from the waste plastic feed systern, as
well as an outlet for conveying or outputting the resulting molten plastic. The melt tank
may also include a vapor outlet for venting any gasses produced in the melt tank or
expelied from the waste plastic, such as may be entrained with the feed or resulting
from the heating of the waste plastics. The melt tank vessel may include a beating
system for heating the waste plastic from a feed temperatore to a melt temperature. The
heating system may include one or both of an external jacket and internal coils to

provide heat for melting the waste plastic.

{(016] Following melting of the waste plastic, the molten plastic may be fed to a
pyrolysis reactor for converting the molten plastic into a pyrolysis oil prodact and a
pitch prodoct. The pyrolysis reactor may inclode an inlet configured to receive the
molten plastic, a first outlet for recovering the pyrolysis oil, and a second outlet for
recovering the pitch product. The pyrolysis reactor roay also include 3 heating systern
configured to heat the molten plastic from the inlet temperature to a pyrolysis
temperature. The molten plastic may be heated within the pyrolysis reactor up to a
temperature, for example, in the range from about 350°C to about 700°C, such as from
about 370°C (7O0°F) to about 675°C (1250°F), such as from 350°C (662°F) to 550°C
{1022°F), and at a pressure in the range from about (.3 barg (4 psig) to about 1.4 barg

{20 psig), such as about 0.4 barg (6 psig).

{6017} Associated with the heating, the molten plastic may be broken down into short-
chain petroleum hydrocarbons that can be recovered and separated in the separation
system. Desivably, embodiments herein produce a pitch product, and thus limit the
amount of coke or char formed by pyrolysis of the plastics. Heating of the molten
plastic within the pyrolysis reactor may be limited or controlied such that less than 1
wi% of the waste plastic is converted to coke or char in some embodiments; less than
0.5 wt% in other embodirnents; and less than (0.2 wi% in yet other embodiments.
Limiting char formation may provide for extremely long reactor run fengths as well as
production of a more valuable pitch product. A control systern may be provided fo
congrol the pyrolysis reactor heating system, providing a heating profile or beating
temperature preferential to the production of the pitch product and below a temperatore

at which any sigunificant char or coke will forma.
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{0018]

{0019}

[6026]

{0021}

In some embodiments, the pyrolysis reactor heating system may include a pre-
heat rone and a reaction zone. The pre-heat zone may be configured to heat the molten
plastic up to a first pyrolysis temperature, targeting a low conversion, such as 5-20 wt%
conversion, for example 10 wit% conversion {conversions herein are wi% unless
otherwise noted). Following the pre-heat zone, the molten plastic raay be processed in
the reaction section to convert a significant portion of the plastic to pyrolysis oil. The
pyrolysis temperature and residence time may farget a reaction zone conversion in the
range from 30 wit% to 80 wt% conversion, such as 70 wt% conversion.  Overall
conversion of the waste plastics to pyrolysis gas and pyrolysis oil may be, for exarople,
greater than 80 wt%, greater than 85 wt%, greater than 90 wt%, and ap to 95 wt% or
97 wi% in some embodiments, where the remainder of the waste plastic may be

recovered from the pyrolysis reactor as a pitch product.

The pyrolysis oil recovered from the pyrolysis reactor may be fed to a separation
system for separating the pyrolysis reaction effluent into two or more fractions. The
separation system may include one or more distiflation colwmns, A pre-flash tank may
also be provided {o separate the pyrolysis reactor effiuent into a liquid feed and a vapor
feed fed to the distillation column(s). In some embodiments, the pyrolysis reaction
products recovered from the pyrolysis reactor may be separvated, based on boiling
points, into a pyrolysis gas fraction, a light pyrolysis oil fraction, a medivm pyrolysis

oil fraction and a heavy pyrolysis oil fraction.

To facilitate mixing and melting of the polymer, embodiments herein may
include a tlow splitter, disposed interroediate the melt tank outlet and the pyrolysis
reactor inlet, configured to divide the molien plastic into a first portion and a second
pordon. The first portion may be fed to the pyrolysis reactor inlet. The second portion

1ay be fed to a mixing system configured to mix the second portion of the molien
plastic with the waste plastic. The mixing system may be configured as a part of the
waste plastic feed system, such as by mixing the waste plastic solids with the molten
plastic in a screw conveyer; in other embodiments, the mixing system may be disposed

upstream of the melt tagk inlet and downstream of the waste plastic feed system.

In some embodiments, intermediate recovery from the pyrolysis reactor and the

separation system, the pyrolysis reaction effluent may be guenched. For example, in

w
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some embodiments, the medium pyrolysis oil or the heavy pyrolysis oil may be used as
a quench medium, lowering the temperature of the pyrolysis reactor effluent and
slowing or halting any reactions that may otherwise occur during transport to the
separation system.  In this manner, over-cracking of the plastics and excessive
production of pyrolysis gas may be avoided, providing for a higher liquid pyrolysis oil
recovery. Systerns herein may thus inchide a flow splitter {(which may be a simple tee
or pipes / valving) for dividing the medium or heavy pyrolysis oils into a first and
second portions, as well as a quench system for mixing one of the portions with the

pyrolysis reaction products recovered from the pyrolysis reactor.

{0022} Furthering the transportability of the molten plastic recovered from the melt
tank, processes herein may include mixing the molten plastic with a portion of the heavy
or medinm pyrolysis oil. For example, the heavy pyrolysis oil may be divided using a
flow splitter, and a portion of the heavy pyrolysis oil may be recycled as a diluent and
mixed with the roolten plastic in a moixing system (which may be a flow tee, static mixer,
or small agitated vessel, for example). In other embodiments, for example, the medium
pyrolysis oil may be divided using a flow splitter, and a portion of the medium pyrolysis
oil may be recycled as a diluent and mixed with the molten plastic in a mixing system.
The mixing system may be disposed downstream of the melt tank and upstream of the
pyrolysis reactor. In some embodiments, the mixing system is disposed intermediate

the melt tank and the molten plastic flow splitier.

{60231 In some embodiments, a heat exchanger is also provided on the flow ling
transporting molten plastic from the melt tank to the pyrolysis reactor. The heat
exchanger may be configured to heat or maintain a feroperature of the molten plastic,
to maintain flowability to the downstream systems. Heating may also be required
following admixiure with a recycled medium or heavy pyrolysis heating to maintain

the molten plastic at a desired temperature.

{0624} As gutlined above, systems herein may include a melt tank having a beating
jacket and heating coils, a nifrogen heater, and a molien plastic heat exchanger. Heat
may be provided to each of these using a heat exchange medium. The heat exchange
mediaom may be heated, for example, using a {ived or electrical heating system. Fuel
may be supplied to the fived heating system, and may be an external fuel supply, or oay

be an internal fuel supply, such as the pyrolysis gas recovered from the separation

&
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system. The heat exchange medium may be provided via a closed-loop system, the heat
exchange roedivm being circulated from the fired heater, to cach respective user at a
desired rate, and then back to the fired heater for continued heating, circulation, and

use.

{3025} For systems processing chiovine- and other halogen-containing polymers, such
as PV, embodiments herein may inchude a chemical injection system for providing
reagents that will react with and facilitate removal of the halogens. Inorganic and
organic chloride and other halides (fhuorides, bromides) are regularly present in all
types of plastics, typically but not limited to being present as additives, binders, flame
retardants, and residual catalysts. These halides get partly removed by dissoctating in
the roelt tank to form bydrogen chloride or fluoride or bromide, recovered as vent gases
from the melt tank or from a melt vapor separator and treated using a chloride removal
system.  The remaining halogens may be removed using in-situ alkaline chemical
injection. The chemical injection may be into the polymer melt, such as upstream of or
directly into the pyrolysis reactor. The alkaline chemical, which is typically bat not
limited to anhydrous lime, caustic soda, alominum oxide, calctam carbonate, or
magnesivm oxide, is used for this purpose. For cxample, a slurry phase solution of the
alkaline chermnical is prepared and injected into the pyrolysis reactor where temperature
ranging from 500°F to 1000°F and residence times ranging from 3 min to 60 min are
provided to react organic halides with the alkaline chemical to form salts that are
thereby removed from the pyrolysis product oil and gas. Generated alkaline salis and
onreacted atkaline chemical are extracted from the pyrolysis reactor bottoms along with

pitch.

{026} In some embodiments, the alkaline chemical injection systern may include a
lime feed system for forming a lime slurry. The hme slurry may be formed, for
example, by mixing lime with a portion of the heavy or medium pyrolysis oil. The lime
siurry may then be fed to a mixing system for mixing the lime shirry with the molten
plastic. The lime mixing system may be disposed apstream of the pyrolysis reactor,
and in some embodiments is disposed downstream of the molten plastic flow splitter,
In the flow hnes and the pyrolysis reactor, the lime may react with chlorine contained

in the molten plastic, producing calcium chloride, which may be recovered with the
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pitch product from the pyrolysis teactor. Other alkaline chemical injection reagents

may be used in a sinilar moanner.

{6027} A simplified process flow diagram of a thermochemical process according to
embodiments herein is illusirated in Figure 1. A plastic waste feed 10 may befedto a
pyrolysis reaction area 20 for conversion of the plastics to a pyrolysis oil, which may
include various hydrocarbons, such as light (C1 to C4) hydrocarbons, naphtha range
hydrocarbons, diesel range hydrocarbons, and heavier hydrocarbons, possibly up to
pitch. The pitch may be recovered as a byproduct stream 12, and the remaining
conversion products may be recovered as a pyrolysis oil 14, The pyrolysis oil 14 may
then be fed to a distillation and separation arca 22 for separating the pyrolysis oil into
various fiydrocarbon fractions, such as the aforementioned light hydrocarbouns 15,
naphtha 16, digsel 18, and heavy oil fractions 19. A portion or whole of the light
hydrocarbons 15, such as Cl1 or C1-C2 or Clup to C3, C4, C5, €6, or C7 hydrocarbons,
may be recycled o the pyrolysis reaction area 20 for use as a fuel for burners (not
illustrated) associated with the reactor and/or heaters (also not illustrated). Heavier
products may also be recycled, as or if necessary, to the pyrolysis reaction area 20; for
cxample, the naphtha, diesel, or heavy oil fraction(s} may be fed to the pyrolysis
reaction area 20 and used as a diluent stream or a quench streamn, as will further

described below.

{0028} In soroe embodiments, the process equipment for the pyrolysis unit may be jn a
modularized form. The process modules may be shippable by truck or rail and may be
assembled on site. Modularization allows rigorous quality control to be achieved under
factory conditions. Modularization also ensures cost and schedule requirements are

more predictable and overruns are mintmized.

{30291 Embodiments herein rely on thermochemical decompaosition (pyrolysisy of
plastic feedstocks to produce various grades of gas and liguid products. Seolid plastic
particles are introduced into a melt tank followed in series by a veactor. Each of these
vessels are thermally heated.  In the case of the melt tank, beat is provided by a
circolating hot thermal fhuid stream. The reactor is thermally heated by a series of gas
fired burners that provide direct impingement of the burner flue gases against the vessel
wall that may be jacketed with alow melting point metal. The metal inside the jacketing

melts to provide uniform heating.
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{00361 The thermal mechanisin of the process is essentially non-catalytic and breaks

the polymeric bonds in the plastic feedstocks by thermal disruption.

{0631} The extent of the thermal decompeosition is related to the temperatures of the
melt tank and the reactor. In general, the higher the temperature the greater the amount
of thermal decomposition of the feedstock plastic and the lower the molecular weight
of the products (i.e., the polymer chains are broken up into smaller segments with fewer
carbon atoms). The process feraperature used therefore is a balancing act between being
too bigh (resulting in a higher gas make and lighter low-viscosity Hquid products) and

being too low (resulting in alower gas vield and heavier high-viscosity liquid products}.

{3032} Changes in the composition of the feedstock plastic will affect the preferred
temperature for operating the melt tank and reactor. In particular, increased amounts
of PVC and high density PP and PE in the feedstock will require the temperature to be
increased. Simnilarly, increased amounts of low density PP and PE along with reduced

quantities of PV in the feedstock will enable a lower process terperature o be used.

{(033] Following melting and pyrolysis, embodiments herein then use fractionation to
separate the gas and liquids into the desired produact streams. Embodiments herein may
provide the following product slate: (1) a combustible pyrolysis gas; (i) a lighter liquid
product with physical and chemical properties similar to vntveated wild naphtha or
gasoline; (i) heavier liguid products with physical and chemical properties similar to
untreated diesel and heavy oil; and (iv) a heavy figuid pitch product that can be blended

with asphaltenes from other refinery processes.

{00341 One advantage of embodiments herein is s simplicity and flexibility to handle
vartations in the plastic feedstock composition and capacity. Further, as embodiments
of processes herein do not require the addition of any catalysts or additives, the process
requires fairly stmple primary process controls (i.e., temperatire) to govern the product

yields and properties.

{(035] If required, process temperatures can be adjusted to reflect changes in the
composition of the plastic feedstock. At the same time, the amount of PVC and PET
in the plastic feedstock should be minimized. PV plastic is more difficalt to melt and
decompose; the decomposition product also releases chlorine gas {which is vented off

the melt tank and then removed by contacting with water). Residual chloring can also
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end up contaminating the liquid product streams, which is undesirable. PET
decomposition tends to release oxygenates into the product streams, which are also

undesirable contaminants.

{09361 Referring now to Figure 2, a sinplified process flow diagram of systems for
converting plastic waste according to embodirpents herein is illustrated.  Shredded
plastic 10 may be transtferred to the foed area located near the top of the melt tank 40.
The plastic is then directed to the melt tank 40 through a feedstock auger (not shown}.
In some ernbodiments the feedstock auger may be replaced with or additionally include
an extruder, and plastic feedstock may be heated by the action of the extruder. Prior to
being fed to the melt tank, the shredded plastic may be combined with a portion of
recycled molten plastic 42 from the bottom of the melt tank. The cornbined plastic feed
is then heated within the melt tank, such as to a temperature of 232°C to 343°C (450°F
to 650°F), for example 300°C (573°F). The tank may be brought up to temperature by

Y a8

the use of hot thermal fluid circulating through the exterior tank jacket (not shown
well as the mternal coils (not shown) of the melt tank. Alternatively, the tank roay be
heated by an electrical heating element, or by circolating hot flue gas in a heating jacket
The molten plastic may be thoroughly mixed by an mternal melt tank agitator (not

shown).

{6037} In some embodiments, the molten polymer 41 may then be recovered from mele
tank 40, pumped, and further heated in a melt heat exchanger (not shown) against hot
thermal fluid and fed to a melt vapor separator (not shown). Feed temperatare to the
separator may be set by countrolling the amount of bot thermal fluid to the melt heat
exchanger. Any vapors produced in the melt tank may be recovered as an off-gas
separated from the molten polymer. In some embodiments, heavy pyrolysis liguid
product 76B and/or medium pyrolysis liquid product 748 may be used as a diluent is
recycled and added to the molten plastic inside melt tank or at suitable locations
upstream of the pyrolysis reactor 44. This diluent also provides heat divectly into the
plastic melt supplementing the total heat duty required to melt solid plastic. The
concentration of recycle diluent is varied to optimize heat input and maintain mele

plastic flow.

{(038] A first pottion 43 of the molten plastic may then be directed to the inlet of the

pyrolysis reactor 44, where it may be {urther heated and pyrolyzed. A second portion

10
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42 of the pumped molien plastic, such as after being heated in the melt heat exchanger,
may be recycled back o the melt tank and combined with fresh plastic from the feeding

package.

{39391 Any vent gases 43 recovered from the melt tank and/or from the melt vapor
separator (not shown) may be combined and directed to a chloride removal system. The
chloride removal system may include a caustic wash tower or a water wash tower o
cither completcly neutralize the hydrogen chloride ot create a byproduct of
hydrochloric acid (not illustrated). Chioride may be present in the vent gas strearnf(s),
and it may be removed before combining with the overhead vapor 68 from the

separation colunmn 70 to the overhead condenser 72.

{30401 The molten plastic 43 may be fed slowly to the feed distributor in the pyrolysis
reactor, where molten plastic is heated up on the down-flow internal wall with the
assistance of an upper pyrolysis reactor agitator (not shown). In some embodiments,
the internal wall may be tapered. As noted above, alkaline reagents may also be
introduced to the pyrolysis reactor. The molien plastic may be heated up t© a
temperature, for example, in the range from about 700°F to about 1250°F, such as from
662°F to 1022°F, and at a pressure in the range from about 4 psig to about 20 psig, such
as about 6 psig, by hot flue gas, from gas burners, circulating through the exterior jacket.
Associated with the heating, the moolien plastic may be broken down into short-chain

petroleun hydrocarbons that can be separated in the distiflation and separation area 22.

{0641} The pyrolysis reactor according to ernbodiments hercin may be divided into two
zones: a {irst section and a second section. The first section may contain a preheat zone,
targeting a low conversion, such as 5-20% conversion, for example 10% conversion,
and a reaction zone targeting 30%-80% conversion, for example 40%-70% conversion,
such as about 60% conversion (weight basis). The second section is a liquid product
maximization zone, operating at the temperatres noted above, where the final
conversion completes with a longer residence time. Temperatures in the second section
may be controfled fo avoid coking, favoring the production of a liguid pitch product. A
tower pyrolysis reactor agitator (not shown} mixes the pitch product and also removes

any solids on the wall and bottom of the reactor.

it
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{0042 In some cmbodiments, the separation system may include one or more
distillation colummns. In some embodiments, the separation system 22 may inclade a
pre-flash drum and one or more distillation columns, among other components. In some
embodiments, a pyrolytic vapor product 46 is withdrawn from the pyrolysis reactor 44,
where it 18 quenched in a pyrolysis reactor vapor quench roixer with a portion of the
cooled mediurn pyrolysis cut liquid 74a recovered from the side draw 74 of the
separation column 70. The quenched pyrolytic vapor 48 is then sent to a pre-flash drom
(not shown) prior to being fed to the separation coluron 70. To prevent build up, the bot
pitch product 50 {ror the bottorn of the reactor is removed and sent to a pitch drum
{not shown) via the pyrolysis reactor bottoms auger {not shown). The pitch product
from the pyrolysis reactor may be cooled by a slipstream (not shown) of heavy pyrolysis
cut fiquid from the pre-flash drur (not shown) which in part also reduces the viscosity
of the pitch product. The pitch drum may be cooled by ambient air to below about 400°F

but above the softening poiat.

{3043} The quenched pyrolysis products 48 from the overhead of the pyrolysis reactor
44 may be fed to a pre-tlash drum (not illustrated) in the distiation and separation area
22. Any beavy pyrolysis cut liquid that drops out from the pre-flash drum may be
puroped and combined with separation column 70 bottorns 76. A portion of this heavy
pyrolysis cut fiquid from the pre-flash drum may also be sent back to the pitch drum
{not illustrated) to cool and reduce the viscosity of the pitch product from the pyrolysis
reactor, as noted above. The overhead of the flash drum is fed to the separation colamn
as the feed. The separation colomn may be comprised of valve trays in the top section,
a packed bed in the middie section and baffle trays in the botiom section. The primary
purpose of the coluron is to scparate the pyrolysis reactor effluent 48 into pyrolysis gas

78, light pyrolysis cut 80, medium pyrolysis cut 74, and a heavy pyrolysis cut 76.

{(0441 The gross overhead vapor 68 of separation coluran 70 is combined with treated
vent gas stream 45 from the caustic dram (not shown) which are then partially
condensed against cooling water in the overhead condenser before it enters the reflux
dram 72. The light pyrolysis fiquid cut from the reflux drum is then puroped by the light
pyrolysis cut pumps where a portion 80R is sent as reflux back to the top of the column.
The remaining light pyrolysis product 80 is recovered as a product, and, in some
embodiments, antioxidant s injected into this stream. In some embodiments light

12
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pyrolysis product may be withdrawn as a side draw from an upper tray of the separation

column, and in such embodiments the column may operate at total rethux.

i
/

{0045} Any light hydrocarbons and non-condensables 78 from the reflux drum 72 are
sent to the pyrolysis gas compressor package (not shown) where it is compressed and
then cooled. The cooled pyrolysis gas is then sent to the pyrolysis gas accumulator (not
shown} where it may be mixed with fuel gas makeup, such as may be required during
startup and shutdown. The off-gas from the accumulator is then sent to the thermal fluid

package (not shown) and pyrolysis reactor burners (not shown) to be used as a fuel gas.

{0461 The medium pyrolysis cut product is withdrawn as a side draw 74 from the
middle section of the separation column 70. The medium pyrolysis product 74 is then
pumped where a portion 74a is recycled back to the separation columm to wash the
vapor feed prior to being cooled. A medium pyrolysis cuf cooler (not iHustrated) may
cool the remaining balance, and a portion of the remaining balance roay be recycled
back to the pyrolysis reactor vapor quench mixer to be used as quench Haund for the
pyrolytic reactor vapor. The remaining portion may be recovered as a product, with a

provision to inject antioxidant into this stream.

{0047} The columns rehoiler duty may be provided by circulating hot thermal fluid in
a rebotler (not shown}. A heavy pyrolysis cut product 76 from the columns bottorm,
which is a mixtare of heavy hydrocarbons, may be pumped then combined with heavy
pyrolysis cut from the pre flash dram and cooled by a heavy pyrolysis cut cooler (not

shown} prior to being sent to storage.

{(048] As noted above, a portion 76B of the heavy pyrolysis cut product 76, and/or a
portion 76B of the medium pyrolysis cut 74 may be recycled back to the melt tank or
suitable location at the melt section and mixed with the molten plastic recovered from

the melt tank 40.

{3049 The pyrolysis gas 78, or a portion thereof, may be used to fire burners in the hot
thermal fluid heating system (not shown) and the pyrolysis reactor burners (not shown}.
However, the raw pyrolysis gas may comtain olefins and diolefins. In some
embodiments, the raw pyrolysis gas can be refrigerated and then fractionated to vrecover
all compounds heavier than C2s or C3s. In other erobodiments, the entive raw pyrolysis

gas product stream 78 may be compressed and recovered as a product.
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{0056]

{6031

{8052]

[(0G33]

As noted above, the systems according to embodiments herein may be modular,
In some embodiments, the systerm may be constructed to include three or more modales,
such as including (1) the melt tank and associated equipment, (2) the pyrolysis reactor
and associated equipment; and (3) the separation section and associated equipment.
Other various storage tanks, conpressors, therroal fluid heating systems, and other
portions of the system may also be contained in one or more additional modales. The
modules may also designed to be anchor bolted onto foundations. Further, the modules
may also be provided with suitable connection potuts for utilities such as electrical

power, cooling water, natural gas, feedstock introduction, products, etc.

Referring now to Figure 3, a simplified process flow diagram of the feed systerm,
melt tank, and vent gas separator according to embodiments berein is ithistrated. Waste
plastic 302, such as a shredded plastic (chips, chunks, pellets, small fibers, or as may
be provided in other casily flowable forms}), may be ted to a feed hopper 304, A small
contimuous stream of beated nitrogen 306 is fed to the feed hopper 304 to remove
moisture coming with the feed waste plastic and to also prevent oxygen (air) ingress
into the melt tank 308. For example, the nitrogen feed may be heated in a nitrogen
heater 307 to a temperature, such as greater than 60°C or greater than 100°C, using a
hot thermal thad 330A. A wet mtrogen strearn 312 is vented from the feed hopper 304,
which may be vented to the atmosphere in some embodiments. The dried waste plastic
is then directed to the melt tank 308 through a feedstock auger 310, which may be used

to meter the shredded plastic via flow hine 311 into the melt tank at a desired rate.

Prior to being fed fo the melt tank 30Y, the shredded plastic 311 is combined
with a portion 316 of recycled molten plastic, which may be 4 portion of the plastic
melted in and recovered from the bottom of the melt tank 308 via flow line 318. The
combined plastic feed 317 is then heated within the melt tank 308 to a temperatore
sufficient to melt the waste plastic, such as a teroperature in the range of 250°C w
350°C, for example 300°C, where the molten plastic is sufficienty fluid {of low enough

viscosity) for withdrawal via flow line 318 and transport to downstream equipment.

The melt tank 308 roay be brought up to ternperature by the use of hot thermal
fluid 330, from the thermal finid package 328, As tllustrated in Figure 3, the roelt tank

may be brought up o temperature by circulating 2 portion 330C of the hot thermaal fluid
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through the exterior melt tank jacket 308J, as well as circulating a portion 330B of the
bot thermal fluid through the internal heating coils 308C. Use of the thermal fluid 330
tirnits the maximuro skin temperatore at any point in the melt tank, which may aid in

inimizing or nullifying any coke formation in the melt tank 308. The molten plastic

is mixed within the melf tank 308 by the internal melt tank agitator 320,

{0054} The molten plastic withdrawn from the melt tank via flow line 318 is then
further heated in a melt heat exchanger 322 against hot thermal fluid 330D, such as to
a terperature in the range of 325°C to 375°C, for example 350°C. The resulting heated
polymer meit may be divided, as noted above, into portion 316 recycled to the melt tank
308 and polymer melt portion 324, which may be fed to downstream the melt vapor
separator 340 and downstream processing (not illustrated), including the pyrolysis

reactor for converting the waste polymer melt into lighter hydrocarbons.

{3055} In some embodiments, a solvent, such as a heavy oil ot a mediom or heavy cut
of the pyrolysis oil produced in the downstream pyrolysis reactor, may be fed via flow
fine 342 and mixed with the molten polymer 318 withdrawn from the melt tank 308.
The recycled pyrolysis oil may aid in melting the plastic, which is the first step towards
successful pyrolysis in the reactor. Plastic is a non-Newtonian liquid and highly
viscous. It is very difficelt to heat the plastic in a tank and keep it homogeneous. The
viscosity of plastic varies greatly with the molecular weight of the plastic polymaer, the
shear rate due to the agitator and other mechanical stress and with the temperature. In
order to limit the wide variation of plastic rheology at or below the desired melt
temperature, a suitable solvent 342 can be mixed with the molten plastic in the melt
tank 308. The solvent 342 can come from any of the liquid products from the pyrolysis
process {in house solvent) or from an external source. In some embodiments, the solvent
is provided at a flow rate between 18-30% (by weight) of the fresh waste plastic 311
feed rate. As a further advantage, with use of the solvent, the plastic viscosity is reduced

and heat transfer in the melt tank is improved.

{3056] As noted above, the polymer melt is heated in exchanger 322 prior to entering
the melt vapor separator 340. Feed temperature to the melt vapor separator 340 is set
by controlling the amount of hot thermal fluid to the melt heat exchanger 322, which
may be a spiral-type heat exchanger. Depending upon the polymers being processed,

fime 344 may be mnjected as a shurry phase into the melt vapor separator 340 to remove
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inorganic and organic chioride from the molten plastic feed. Caletum oxide will react
with chlorides inside the reactor to form calcivm chloride which will then get removed
from the reactor with the pitch. The molten plastic recovered via flow line 346 from the
bottom of the separator 340 is then directed to the pyrolysis reactor {not shown} where
it is heated, pyrolyzed, and processed as described above with respect to Figures 1 and

2.

{00571 Vent gases 348 from the melt tank and vent gases 350 from the melt vapor
separator may be combined and divected to a vent gas cooler {not illustrated). Cooled
vent gas may be sent to a wax oil separator (not shown). Any condensed
hydrocarbon/wax oil is separated from the cooled vent gases in the wax oil separator
dram. Liquid hydrocarbon/wax oil may be routed to the separation colurnn downstrear
of the pyrolysis reactor to recover the hydrocarbons. Chloride present in the combined
vent gas stream may be removed via water washing before combimng with the overhead
vapor from the separation column downstrear of the pyrolysis reactor. Lime added to
the reactor also removes difficult to remove organic chloride, thereby creating a very
tow ppm level chloride in the pyrolysis product.

3

{658} Lime or other alkaline injection into the reactor may be used for meeting the
chioride specification of products. Chlorides coming in with the feed, such as from
PV, are both organic and inorganic chlorides. While a part of inorganic and organic
chioride which gets dissociated at melt tank condition gets tervoved with the roelt tank
vapor, the other more difficalt to remove chloride reacts with the alkaline reagent, such
as Ca( (lime}, in the pyrolysis reactor to form salts, such as calcium chioride (CaCla).
The resulting salts and unreacted alkaline reagent, such as CaCl: and any unreacted
Ca(y, gets removed with the pitch from the bottom of the pyrolysis reactor. In some
embodiments, anhydrous He powder is mixed with pyrolysis oil, such as a heavy cut
product, and the resulting lime slorry is pumped indo the pyrolysis reactor via flow line
344. Lime (alkaline reagent) dosing rates can be adjusted to get the desired reduction
int chloring in the pyrolysis products.

{38591 As described above, a thermal fiid package 328 may be used to supply heated
thermal fluid to each of the nitrogen heater 307, the melt tank coils 308C, the melt tank
jacket 308), and the melt heat exchanger 322, Following beat cxchange in the

respective units, the thermal thitd may be returned to the thermal fluid package for re-
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heating and reuse in the heat exchange loops. The thermal fluid package 328 may be a
fired heat exchanger, for example, which may be fueled by one or more fuels, which in
some embodiments may be a light bydrocarbon fraction 360 recovered from the
separation column downstream of the pyrolysis reactor, or an external fuel supply 361.
The fuel may be combusted with air 362, producing exbaust 364. The fired heat
exchanger used to heat the thermal fhuid may be a stand-alone unit or may be configured
as part of a larger fired heater used to heat multiple process or utility streams for the

complex. In other embodiments, the thermal fluid may be heated by an electric heater.

{00601 In some embodiments, the overall pyrolysis unit is designed to consume a
portion of the pyrolysis gas product within the unit itself once it has reached normal
operating conditions. This pyrolysis gas will be used to fire burners in the hot thermal
fluid heating system 328 and the pyrolysis reactor burners. However, depending upon
the overall processing, the raw pyrolysis gas may contain olefins and diolefins, and may
result in a flame profile that moay be of environmental concern. As an option, the raw
pyrolysis gas can be purnified by refrigeration and fractionation to recover all
compounds heavier than CI, CZ2s, or C3s. A further option is to compress the entire
raw pyrolysis gas product stream (such as o approximately 27 barg) and then ship the
compressed stream as a prodoct. The heating requirements for the pyrolysis skid are

then entirely met using imported natwral gas.

{8061} As described above, embodiments herein are divected toward processes and
systems for the conversion of waste polymeric materials to usefol petrochemicals, fuels,
and other intermediates and products. Advantageously, embodiments herein produce a
pitch product, rather than tar or coke, and operate at temperatures and conversions

allowing for production of a high quality pyrolysis oil.

{0062} Unless defined otherwise, all technical and scientific terms used have the same
meaning as commonly understood by ong of ordinary skill in the art to which these
systems, apparatuses, methods, processes and compostitions belong.

{663} The singalar forms “a,” “an,” and “the” include ploral referents, unless the

context clearly dictates otherwise.
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{G064] As used here and in the appended claims, the words “comprise,” “has,” and
“include” and all gramumatical variations thereof are each intended to have an open,

non-Himiting meaning that does not exclude additional elements or steps.

{(065] “Optionally” means that the subsequently described event or civcumstances may
or may not occur. The description includes instances where the event or circomstance

occurs and instances where it does not oceur.

{(066] When the word “approximately” or “about” are used, this term may mean that
there can be a variance in value of up to 210%, of up to 5%, of up to 2%, of up to 1%,

Y

of up t0 0.5%, of up to 0.1%, or up to 0.01%.

{0067} Ranges may be expressed as from about one particular value to about another
particular value, inclusive. When such a range is expressed, it s to be understood that
another embodiment 1s from the one particular value to the other particular value, along

with all particular values and combinations thereof within the range.

{90681 While the disclosure includes a liumited mumber of embodiments, those skilled
in the art, having benefit of this disclosure, will appreciate that other embodiments may
be devised which do not depart from the scope of the present disclosure.  Accordingly,

the scope should be limited only by the attached clairns.
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CLAIMS

What is claimed as new and desired to be protected by Letters Patent is:

1.

6.

A process for converting waste plastics, coraprising:

feeding a waste plastic to a melt tank;

in the melt tank, heating the waste plastic to form a heated molten plastic;

withdrawing the heated roolten plastic from the melt tank and feeding the heated molten
plastic to a pyrolysis reactor;

in the pyrolysis reactor, heating the heated molten plastic to a pyrolysis temperature,
producing a pyrolysis oil product and a liquid pitch product; and

separating the pyrolysis oil product into a pyrolysis gas fraction, a light pyrolysis oil
fraction, a medivm pyrolysis oil fraction, and a heavy pyrolysts ot fraction.

The process of claim 1, wherein the waste plastic is provided to the melt tank as a

partially or fully melted waste plastic recovered from an extruder, the process further

comprising partially or fully melting the waste plastic in the extruder.

The process of claim 1, further comprising controlling a temperature in the pyrolysis

reactor to limit a temperature of the heated molten plastic to a teroperature below that

at which char or coke will form.

The process of claim 1, further comprising:

dividing the beated rolten plastic into a first portion and a second portion;

mixing the second portion with the waste plastic upstream of the melt tank; and

feeding the first portion to the pyrolysis reactor.

The process of claim 1, further comprising, prior to feeding the waste plastic to the melt

tank, contacting the waste plastic with nitrogen at a temperature sufficient to remove

water frorn the waste plastic.

The process of claim 1, further comprising:

dividing the medium pyrolysis ol fraction into a first portion and a second portion; and

mixing the first portion of the mediom pyrolysis oil with the heated molten plastic,
wherein the mixing is performed downstream of the melt tank and upstream of the
pyrolysis reactor.

The process of claim 6, further comprising:

dividing the medium pyrolysis ail fraction into a third portion; and
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quenching the pyrolysis oil recovered from the pyrolysis reactor with the third portion
of the medium pyrolysis oil.

The process of clairo 1, further comprising:

dividing the heavy pyrolysis oil fraction into a first portion and a second portion; and

mixing the first portion of the beavy pyrolysis oil with the heated molten plastic,
wherein the mixing is performed downstream of the melt tank and apstream of the
pyrolysis reactor.

The process of claim 1, further comprising providing heat o one or both of the melt

tank or the pyrolysis reactor divectly or indivectly via combustion of the pyrolysis gas

fraction.

The process of claim 1, further comprising mixing an alkaline reagent with the heated

molten plastic, downstream of the melt tank and upstream of the pyrolysis reactor,

reacting the alkaline reagent with chlorine contained in the heated molten plastic to

form calcium salts, and recovering the calcivm salts with the hquid pitch product.

The process of claim 1, further coroprising withdrawing a vaport stream from the melt

tank, and optionally treating the vapor strearn to remove any halogens contained

therein.

2. A system for pyrolyzing a waste plastic, the systenm comprising:

a melt tank having:
an inlet configured for receiving a feed stream comprising waste plastic from a
waste plastic feed system;
a heating system configured for heating the waste plastic from a feed
temperature to a roelt emperature, producing a molten plastic;
an outlet configured for outputting the molten plastic;
a pyrolysis reactor having:
an inlet configured to receive the molten plastic;
a heating system configured to heat the molten plastic to a pyrolysis
temperature;
a first outlet for recovering a pyrolysis oil;
a second outlet for recovering a pitch product; and
a control system configured to control the heating system to limit a temperatore

of the molten plastic to a temperature for production of the pitch product.
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13.

14.

16.

17.
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The system of claim 12, wherein the waste plastic feed system comprises an extruder

for partially or melting the waste plastic.

The system of claim 12, further comprising:

a flow line, disposed intermediate the melt tank outlet and the pyrolysis reactor inlet
configured to divide the molten plastic into a fust portion, fed to the pyrolysis
reactor fnlet, and a second portion; and

a mixing system configured to mix the second portion of the molten plastic with the

waste plastic upstream of the inlet and downstream of the waste plastic feed system.

. The system of claim 12, wherein the waste plastic feed system comprises a feed hopper

and a screw conveyor, the system further comprising:

a nitrogen supply and a nitrogen feed line for providing nitrogen to at least one of the
feed hopper and the screw conveyor; and

a nitrogen heater configured for heating the nitrogen (o a temperature greater than
H0°C.

The system of claim 12, further comprising a separation system configured o separate

the pyrolysis oil into two or more fractions.

The system of claim 16, wherein the separation system is configured to separate the

pyrolysis oil into a pyrolysis gas fraction, a light pyrolysis oil fraction, a medium

pyrolysis oif fraction, and a heavy pyrolysis oif fraction.

. The system of claim 17, further comprising a flow line and mixing system configured

for feeding and mixing a portion of the medium pyrolysis oil fraction or a portion of
the heavy pyrolysis oil fraction with the molten plastic, wherein the mixing system is

disposed downstream of the melt tank outlet and upstream of the pyrolysis veactor inlet.

. The system of claim 17, further comprising a quench system configured to quench the

pyrolysis oil recovered via the first outlet with a portion of the medium pyrolysis oil
fraction.

The system of claim 17, further comprising a flow line configured for feeding the
pyrolysis gas fraction as a fuel to a heater,

The system of claim 20, wherein the heater is configured to provide a heated thermal
exchange fluid to the melt tank heating system, a heat exchanger disposed downstream

of the melt tank outlet and upstream of the pyrolysis reactor inlet, and a mitrogen heater.
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22. The system of claim 12, wherein the melt tank beating system comprises an external
jacket disposed around an interoal roelt tank vessel and one or more heating coils

disposed within the internal melt tank vessel.

b3
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