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BLENDED FUEL COMPOSTTIONS INCLUDING PLASTIC PYROLYSIS O AND
METHODS OF MAKING THEREQOF

FIELD

j0001]  The present discloswe relates to blended fuel compositions that include plastic
pyvrolysis oif including the total hquid product or a fraction thereof as a blending fuel and methods
of making thereof.

BACKGROUND

002} For lugh quality recveling that leads to plastic products that can again be mechamically

recveled, plastic waste must be separated by polymer type and thoroughly cleaned, Typically,
plastic waste is not properly segregated and is, consequently, downgraded into inferior praducts
that then cannot be mechanically recveled further and often will later be incinerated (Waste-to-
Energy) or discarded imo a landfill or the environment.

j0003]  An alternative to discarding plastic waste into landfills or mechanically recycling
plastic waste is pyrolvsis. Pyrolysis of plastic waste typically involves heating the plastic waste
and entrained organic material in a low oxvgen environment. Depending on the conditions of
pyrolysis, a plastic pyrolysis oil having a broad boiling range can be obtained. Said plastic pyrolysis
oil, typically with additional punification processing, can be used as at least a portion of a
blendstock for upgrading to plastic polymer. This pyrolyss processing provides a plastic
blendstock for a more cirenlar plastic economy.

{0004} While there are mauy applications for plastic pyrolysis oil, applications that require
miinimal or no farther processing after pyratysis would the most economically beneficial while still
providing a path to a more cirenlar plastic economy.

SUMMARY

{0005]  The present disclosure relates to blended fuel compositions that include plastic
pyrolysis oil including the total liguid product or a fraction thereof as a blending fuel.

{0806 A first nonlimiting example method of making a blended fuel composition of the
present disclosure comprises: blending a plastic pyrolysis oil with a blendstock fuel to produce a
blended fuel composition, wherein the blended fuel composition comprises about 1 vol% 1o about
20 vol% of the plastic pyrolysis oil and about 80 vol%s to about 99 vol%s of the blendstock fnel,
and wherein a combination of the plastic pyrolysis otl and the blendstock fuel is selected from the
group consisting oft a naphtha fraction of the plastic pyrolysis total liquid product and gasoline; a
distillate fraction of the plastic pyrolysis total hquid product and diesel; the distillate fraction of

the plastic pyrolysis total liquid product and a marine fuel; a heavy pyrolysis fuel fraction of the
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plastic pyrolysis total liquid product and the marine fuel; and the plastic pyrolysis total liquid
prodoct and the marine fuel.

{0007 A nonlimiting example of a blended fuel composition of the present disclosure
comprises: about 1 vel% to about 20 vol% of g plastic pyrolysis oil and about 80 vol% to about 99
ved% of the blendstock fuel, and wherein a combination of the plastic pyrolysis oil and the
blendstock fuel is selected from the group consisting of: a naphtha fraction of the plastic pyrolysis
total Hauid product and gasoline; a distillate fraction of the plastic pyrolysis total liguid product
and diesel; the distillate fraction of the plastic pyrolysis total liquid prodoct and a marine fuel; a
heavy pyrolysis fuel fraction of the plastic pyrolysis total liquid product and the marine fuel; and
the plastic pyrolvsis total Hguid product and the marine foel.

DETAILED DESCRIPTION

0008}  The present disclosure relates to blended fuel compositions that include plastic

pyrolysis oil including the total liquid product or a fraction thereof as a blending fuel
Advantageously, the plastic pyrolysis oil described herein has a low oxygen content, a low sulfur
content, and a high hydrocarbon content. Such a composition allows for the plastic pyrolysis oil
{total houid product or fractions thereof) to be blended with blendstock fuels (e.g., marine fuel,
gasoline, diesel, and the like), which have low-sulfur requirements and low-oxygen preferences.
Further, the plastic pyrolysis oil described herein can be used as-produced (the total Hguid product)
or as a distilled fraction thereof depending on the end-product fuel.

{00091  Typically, fuels are blended with ather hyvdrocarbon liquids to produce a blended fuel
composition having desired properties. The blending hvdrocarbons (e.g., ght cycle oil and straight
rmn automotive diesel) often are produced using catalvtic cracking of crude oil or other fossil fuel
sources. The present disclosure proposes to use plastic pyrolysis ofl (total lquid product or
fractions thereof) as the blending hydrocarbon. Blending hydrocarbons produced from crude oil
and other fossil fuels can have high sulfur concentrations (depending on the source of the crade
oil} but a lower cetane index, higher viscosity, and higher density as compared to the plastic
pyrolyais oils described herein. Because of the lower cetane index, higher viscosity, and higher
density, more fossil fuel-derived blending hydrocarbons {as compared to the plastic pyrolysis oils
described herein) are needed to achieve the desired properties of the resultant blended fuel
composition. However, the sulfur content can lumit the amount of the fossil fuel-derived blending
hydrocarbon that can be used. Alternatively, additional desulfurization must be performed befors
blending. Therefore, the plastic pyrolysis oils described herein provide low-sulfr advantages (e g,
more can be added, if needed, without exceeding the final composition sulfur specifications) as

well as high cetane index, fower viscostty, and lower density advantages (e.g., less plastic pyrolysis
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oil can be used to achieve the desired fuel properties). This provides ephanced versatility m the
application of plastic pyrolysis oils i fuel blending. For example. naphtha, distillate, sand heavy
pyrolysis fuel fractions of the total lignid product of a plastic pyrolysis oil can be blended into
gasoline, diesel, and marine fuel, respectively,

R Other organic and biomass pyrolysis oils have been used in the production of fuel
products. For example, pyrolyvsis of organic blendstocks ke cellnlose can produce broad boiling
range hvdrocarbon species. However, because of the blendstock composition, the resultant
pyrolysis oif has a higher oxygen content, which Hinits the amount of ssid pyrolysis oil that can be
inchuded 1w the fuel product, In contrast, the plastic pyrolysis ofl containg very low oxyvgen and
sulfur, which allews for the plastic pyrolysis ot or a distillate thereof to be blended divectly into
fuel without additional punification {e.g., sulfir removal) and to be blended into the fuel at higher
concentrations.

j0011}  Anadditional benefit of the use of plastic pyrolysis oil is that the rigorous requirements
for mechanical recycling (e.g., separation of each plastic type and stringent pre-cleaning) are not
required. Rather, several types of plastic can be pyrolvzed simultansously with little to no pre-
cleaning because the organic matter {e.g.. food) carried along with the plastic waste is also
pyrolyzed.

Definitions and Test Methods

{0012} All numerical values within the detailed description and the claims herein are modified
by “about™ or “approximately” the indicated value, and take into account experimental error and
variations that would be expected by a person having ordinary skill in the art.

j0013] As nsed herein, a reference 1w a “Cy” fraction, stream, portion, feed, or other quantity
is defined as a fraction {(or other quantity} where 50 wi% or more of the fraction corresponds to
hydrocarbons haviag “x" number of carbons. When a range is specified, such as “CiCy,” 50 wi%
or more of the fraction corresponds to hydrocarbons having a namber of carhons from “x™ to “¢.”
A specification of “Cy.” {or “C.") corresponds to a fraction where 58 wi% or muore of the fraction
corresponds to hvdrocarbons having the specified number of carbons or more {or the specified
number of carbons or less).

{0014]  As used herein, “plastic pyrolysis oil” refers to pyrolysis il where at feast 50 wi% of
the pyrolysis oil is derived from a plastic source. That is, the feedstock (also referred to as plastic
feadstock) that is pyrolvzed comprises at least 50 wi%t plastic.

[o015] As used herein, the term “naphtha” or “naphtha fraction” refers to a hydrocarbon

composition having an mitial boiling point {ASTM D2887-18a using a using a 1 S-theoretical plate
. £ g} . £ & i
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column and 5.1 flux ratio is a classical method to obtain the disullation curve) of about -6°C to
about 193°C.

[a816] As used herein, the term “distillate” or “distillate fraction” refers to a hydrocarbon
composition having an initial boiling point (ASTM D2887-1% nsing a using g | S-theoretical plate
column and $:1 flex ratio 13 a classical method to obtain the distillation curve) of about 193°C 1o
about 371°C.

{6617} As used herein, the term “heavy pyrolysis fuel™ or “heavy pyrolysis fuel” refers to a
hydrocarbon composition having an initial boiling point (ASTM D2887-19a using a nsing a 13-
theoretical plate cohumn and 5:1 flux ratio is g classical method to obtain the distillation curve) of
about 371°C to about 561°C.

{0018] Herein, density is measared by ASTM D4032-18a measured at {5°C.

jou19] Hevein, the sulfur content i1s measured by ASTM D2622-16.

8820} Herein, the metal content (2.g., the amount of vanadivm and other metals) is measured
by inductively couple plasma methods.

{0021} Herein, cetane index is measured by ASTM D4737-10(2016) Procedure A.

fa022} Herein, kinematic viscosity is measiwed by ASTM D445-19.

jou23] Herein, solubility blending number (Sx) and msolubility number (In} are determined as
described in US Patent No. 5,997,723, incorporated herein by reference.

{0024] Herein, flashpoint is measured by ASTM Da430-16a.

{0025] Herem, calenlated carbon aromaticity index (CCAD is determiued according to
Equation F.1 in IS0 8217:2012.

026} Herein, fubricity is measured by high frequency reciprocating rig (HFRR) using ASTM
D6OTO-18.

{0027] Herein, NACE is a corrosion based test wmeasured according to NACE Standard
TMO172-2001.

Compositions and Methods

{0028} Methods of the present disclosure mclode mixing {or blending) a plastic pyrolysis oil
{e.g, a total Haquid product from a plastic pyrolvsis process or a fraction of the total liquid product)
with a fuel oil. Example combinations of plastic pyrolysis oils and blendstock fuels include, but
are not Hmited to, a naphtha fraction of a plastic pyrolysis total Hauid product and gasoline: a
distillate fraction of a plastic pyrolysis total Liguid product and diesel; a distillate fraction of a
plastic pyrolysis total liguid product and marine fuel; a heavy pyrolysis fuel fraction of a plastic
pyrolysis total liquid preduct and marine fuel; and a plastic pyrolysis total liquid product and

marine fuel.
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[0029]  The amount of plastic pyrelysis oil (as the total liquid product or a fraction thereof} in
a fuel may be about 20 vol%s or less (or about 1 vol% to about 20 vol3e, or about 1 vol% to shout
15 vol%, or about 1 vol% o about 10 vol%, or about 1 vol% to abont 5 vol%, or about 3 vol% to
about 8 vol%, or about 10 vol% to about 20 vol®s).

{06340 For example, a blended fuel compaosition of the present disclosure may comprise about
20 vol% or less {or ghout 1 vol® to about 20 vol%, or about 1 vol% to about 15 vol%s, or about |
voi% to about 10 vol¥, or about 1 vol%s 1o about 5 vol%, or abont 3 vol®s to about & vol%, or
about 10 vol% to about 20 wol%) of a plastic pyrolysis total Hguid product and about 80 vol% or
more {or about 8O vol%s to about 99 vol%, or about 85 vol¥e to about 99 vol%e, or about 90 vol%
to about 99 vol¥, or about 95 vol% to about 99 voi%e, or about 92 volls to about 97 vol¥%, or about
80 vol% to about 90 vol®%) of a marine fuel. Further, a method of the present disclosare may
comprise mixing (or blending) a plastic pyrolysis towal liquid product with a marine fuel in the
foregoing amounts to produce a blended fuel composition.

{0031} in another example, a blended fuel compeosition of the present disclosure may comprise
about 20 vol®% or less {or about 1 vol% to about 20 vol%, or about 1 vol¥ to about 15 vol%s, or
about 1 vol® to about 1 vol%%, or about 1 volSe to about 3 vol%, or aboui 3 vol%: to about 8 vol%o,
or about 10 vol%s to about 20 vol%s) of a naphtha fraction of a plastic pyrolysis total liquid product
and abouat 88 vol% or more (or about 80 vol% to about 99 vol%, or about 85 vol% to about 99
vid%, or about 90 vol% to about 99 vol®, or about 95 vol®: to about 99 vol%, or about 92 vol%
to about 97 vol%s, or about 80 vol% to about 90 vol®) of a gasoline. Further, a method of the
present disclosure may comprise mixing (or blending) a naphtha fraction of plastic pyvolysis total
Hquid product with a gasoline in the foregoing amounts to produce a blended fuel composition.
{6032} in yet another example, a blended fuel composition of the present disclosure may
comprise zbout 20 vol%s or less (or about 1 vol% 1o about 20 vol%, or about 1 vol®% to about 15
vol%, or about 1 vol% to about 18 vol¥%, or about 1 vol% to about § vol%, or about 3 vol% (o
about 8 vol%, or about 10 vol% to about 20 vol¥) of a distillate fraction of a plastic pyrolysis fotal

%% or more {or abowt 80 vol¥s to about 99 vol%, or about 85 volSe

liguid product and about 80 vol
to about 98 vol®%, or about 90 vol%a to about 99 vol%, or about 935 vol¥% to about 99 vol%, or about
92 vol¥% to about 97 vol%, or about 80 vol%; to about 90 vol%e) of a diesel. Further, a method of
the present disclosure may comprise mixing (or blending) a distillate fraction of a plastic pyrolysis
total hiquid product with a diesel in the foregoing amounts to produce a blended fuel composition.
{0033} in another example, a blended fuel composition of the present disclosure may comprise

about 20 vol% or less (or about 1 vol% to about 20 vol%h, or about 1 vol® to about 15 vol%, or

about 1 vol% to about 10 vol®6, or about 1 vol% to about S vol®, or about 3 vol¥a to about 8 vol%,
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or about 10 vol%s to about 20 vol¥e) of a distillate fraction of a plastic pyrolysis fotal iquid product
and about 80 vol% or more {or about 80 vol%e to about 99 voi%, or about 85 vol% to about 99
voi%s, or about 80 vol%: to about 89 vol%4h, or about 85 vol%4 to about 99 vol%, or about 92 vol%
to about 97 vol%, or about 80 vol% to about 90 vol®h) of a marine fuel. Further, a method of the
present disclosure may comprise mixing (or blending} a dis@illate fraction of a plastic pyrolysis
total liquid product with a marine fuel in the foregoing amounts to produce a blended fuel
composition.
0034} In yet another example, a blended fuel composition of the present disclostre may
comprise about 20 vol% or less {or about 1 vol% to about 20 vol%, or about 1 vol®s to abowt 15
vol¥s, or about 1 vol® to about 10 vol3%, or about 1 vol% 1o about 5 vol%, or about 3 vol% o
about § vol%, or about 10 vol% to asbout 20 vol®4) of 8 heavy pyrolysis fuel fraction of a plastic
pyrolysis total liquid product and about 80 vol% or more (or about 80 vol% to about 99 vol%, or
about 85 vol?% to about 98 vol%s, ar about 90 vol% to about 99 vol%, or about 95 vol?4 to about
99 vol%, or about 92 vol%6 to about 97 vol%, or about 80 vol%% to about 90 voi®s) of a marine fuel.
Further, 2 method of the present disclosure may comprise mixing (or blending) a heavy pyrolysis
fuel fraction of a plastic pyrolysis total hquad product with a marine fuel in the foregomg amounts
to produce a blended fuel composition.
[0035] The plastic pyrotysis oif may be produced on-site where the blending occurs or
produced off-site and transported to the blending site.
j0036] Pyrolysis of the plastic feedstock may be performed by known methods and in known
systems {2.g., at temperatures of 400°C to 830°C, or 400°C 1o 600°C, or 500°C to 830°C}. The
pyrolysis process produces a gas product streans and a Hiquid product stream (also referved to herein
as the total hauid product). Optionally, the total liquid product is then distiled {or separated) into
one or more fractions including, but not limited to, a naphtha fraction, a distillate fraction, and a
heavy pyrolysis fuel fraction (e g., comprising wax and non-distitled residue).
{8837| Examples of plastic sources include, but are not limited 1o, plastic waste (e.g., plastic
straws, plastic atensils, plastic bags, food containers, plastic textiles, and the like), composite
materials (e.g., composite packaging), waste streams, industrial scrap, municipal waste, and the
like, and any combination thereof.
{0038 Said plastic sources may comprise ong of more polymers that include, but are not
limited to, polyolefing (e.g., homepolvier or copolymers of ethyleng, propvlene, butene, hexene,
butadiene, soprene, 1sobutylene, and other olefins), polysiyvrene, polyvinylchloride, polvamide
{e.z., nylon}, polvethylene terephthalate, polvurethane, ethylene vinyl acetate, and the hike. While

halogenated polymers, nitrogen-containing polymers, and oxygen-containing polvmers may be
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used, the inclusion of said polymers is preferably minimized so that the hydrocarbon content in the
plastic pyrolysis oil is nmaximized. Other materials may be used in combination with the plastic
source to produce the plastic pyrolysis oil, for example, paper, cardboard, textiles, tissues, and the
like, and any combination thereof,

{0639} Preferably, the plastic portion of the plastic feedstock for pyrolysis may comprise
polvolefin at 50 wi%% or greater {or 65 wile to 100 wi%e, or 65 wi%e to 80 wi?h, or 75 wi¥s to 90
wi%, or 80 wi¥s to 100 wit%e) with a balance of one or more other polymers.

8040} A plastic pyrolysis total liquid product may have g density of about 0.75 g/ml. to about
0.90 ¢'mL {or about 0.75 g/ml to about 0.85 g/mk, or about 0.80 g/mL to about 0.90 g/ml).
j0041] A plastic pyrolysis total Bauid product may have a sulfur content of 100 ppm or less
{or about 0.5 ppm to about 100 ppm, or about 0.3 ppm to about 30 ppm, or about 25 ppm 1o sbout
100 ppm).

j0042] A plastic pyrolysis total liguid product may have g kinematic viscosity at 50°C of about
1.0 mm/s to about 3.0 mm¥/s {or about 1.0 mm*/s to about 2.5 mm™'s, or about 2.0 mm?/s to about
3.0 mms).

{6043} A plastic pyrolvsis total Higquid product may have a kinematic viscosity at 100°C of
about 0.5 mm®s to about 2.5 mms {or about 0.5 mm™/s to about 1.5 mms, or about 1.0 mms
to about 2.5 mm*/s).

{0044} A naphtha fraction of a plastic pyvolysis total liguid product may have a density of about
0.65 ¢/ml to about 0.80 g/mL {or about 0.65 g/ml to about 0,75 gfml, or about 0.70 g/ml to
about .80 g/mi).

ja45] A naphtha fraction of a plastic pyrolysis total Hquid product may have a sulfur content
of 100 ppm or less (or about 9.5 ppm to about 100 ppm, or about 4.5 ppm to about 50 ppm, or
about 23 ppm to gbout 100 ppm).

{0046} A distiflate fraction of a plastic pyrolysis total hquid product may have a density of
about (.70 g/ml to about 0.85 ¢/mL (or about 0.70 g/mi. to about 0.80 g/mlL, or about 6.75 g/mi.
to about 0.85 g/mi.}.

[0047) A distillate fraction of a plastic pyrolysis total liquid product may have a sulfur content
of 100 ppm or less {or about 0.5 ppm to ghont 100 ppm, or about 0.5 ppm to abount 50 ppm, or
about 25 ppm to about 100 ppm).

jB048] A distillate fraction of a plastic pyrolysis total higuid product may have a cetane index

of about 40 to about & (or about 40 to about 60, or about 6 to about 8.
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{0049 A distllate fraction of a plastic pyrolysis total Hquid product may have a kmematic
viscosity at 40°C of about 0.75 mm?™/s to about 4.5 mm™’s {or about 0.75 nun®/s to about 3.5 mun®ss,
or about 2.5 mm¥s to about 4.5 mm*/s).
[0050] A distillate fraction of 4 plastic pyrolysis total lquid product may have a kinematic
viscosity at 100°C of about .25 mm¥s to about 2.25 mm¥s (or about 0.25 mm™s o about 1.5
nun’’s, or about 1.25 mmrs 1o about 2.25 mms),
{0051} A heavy pyrolysis Tuel fraction of a plastic pyrolysis total Hquid product may have a
density of about 0.70 g'hml. 1o about 0.90 g/l {or about 0.70 g/ml. 1o about 0.85 g/ml, or about
0.75 g'ml to ahout 0.90 gimL).
{0052 A heavy pyrolysis fusl fiaction of a plastic pyrolysis total liquid product may have a
salfar content of 150 ppm or less {ov about 0.5 ppm to about 150 ppm, or about 0.3 ppm to about
73 ppm, or about 50 ppm 1o about 150 ppm.
joes3] A heavy pyrolysis fuel fraction of a plastic pvrolysis total liquid product may have a
CCAL of about 750 to about 870 {or about 750 to about 823, or about 800 to about 870).
[0054] A heavy pyrolysis fuel fraction of a plastic pyrolysis total liquid product may have a
kinematic viscosity at $0°C of about 3 mun’/s to about 20 mm®s (or about 3 mum™s to about 13
mm’/s, or about 10 mm®s to about 20 mm?/s).
[0035]  Tables 1 and 2 below disclose properties for light cyele oils {LCO)Y and straight run

diesels (SRD) for comparison to the plastic pyrolysis oils described herein.

Table 1

Praperty 1L.CON LCO2
Density at 15 °C, g'mL 0.9219 0.9185
Water content, vol% <008
T30, °C 285 36
Appearance ASTM Color 1.5
Flash poiat, °C 87
Sulfur content, ppm mim 370 ’280
Kinematic viscosity, ¢St 6.3 at 20°C 4.246 at 30°C
Cetane Index 31 367
Table 2
Property SRD 1 SRD2

Acid Number, mg KOH/myg 0.111 §.448
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Cloud Pont, °C -9 -15
Density, g/mL ' 0.836 0.8363
Flash, “C &0 32
Sulfur, ppm m/m 5939 10059
Viscosity, ¢St - 4047 at 37.8 °C
Ceotane Index 57.1 50.2
SIMDIST 10% Point, °C 218 237
SIMDIST 50% Point, °C 292 283
SIMDIST 90% Point, °C 349 341

IR The blended fuel composition produced by mixing the plastic pyrolysis total Hquid
product and the marine foel may have properties desirable for a marine fuel. Said blended matine
fuel properties may include one or more of the following: (a) a density of about (.88 g'mL to ahowt
1.1 gfmL; (b)Y a sulfur content of 3 wit%4 or ess {(or about 0.05 wit% to about 3 wito); {¢) a CCAl of
about 750 to about 870; and (d) a kinematic viscosity at 56°C of about 5 ramy™/s to about 700 mun®/s
{or about § mum®/s to about 100 mm¥s, or about 30 mun™/s to about 230 mm®s, or about 200 mam®/s
to about 500 mm/s, or about 400 mm™’s 1o about 700 mm/s).

[0057] The blended fuel composition produced by mixing the naphtha fraction of a plastic
pyrolysis total liguid product and the gasoline may have properties desirable for a gasoline. Said
blended gasoline properties may mclnde one or more of the following: (a) a density of about 0.7
g/mL to about .75 g/mL; and (b} a sulfur content of 100 ppm or less {or about 0.5 ppm to about
10O ppm, or about 9.5 ppum to about 30 ppm, or about 25 ppm to about 100 ppm).

[0658]  The blended fuel composition prodaced by mixing the distillate fraction of a plastic
pyrolysis tatal liquid product and the diesel may have properties desirable for a diesel. Said blended
diesel properties may include one or more of the following: {a) a density of about 8.8 g/mi. to about
8.87 ¢/ml.; (b) a sulfor content of 0.002 wi¥s or less {or about 0.0002 wi%% to about 0.002 wi%);

{¢) a cetane index of aboat 40 to ghont 60; and {(d) a kinematic viscosity at 50°C of about 1.5 mm‘/s

to about 4.0 mm/s {orabout 1.5 s Lo about 3.0 mms, or about 2.5 mm®/s to about 4.0 mmgs’s_}.
ja039] The blended fuel composition produced by mixing the distillate fraction of a plastic

pyrolysis total Higuid prodact and the marine fuel may have properties desirable for a marine fuel,
Said blended marine fuel properties may iclude one or more of the following: (a) a density of
about .88 g/ml. to about 1.1 g/ml; (b) a sulfur content of 3 wi% or less {or about 005 wi?s to

about 3 wi%e}; (¢} a CCAT of about 750 to about 870; and {d) a kinematic viscosity at 30°C of about
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5 mms to about 700 mms (or about § mm®s to about 100 mm™s, or about 50 mm®/s to about
250 mm®/s, or about 200 mumfs to about 500 mm™s, or aboat 400 mm®s to about 700 num®/s).

[0060]  The blended fuel composition produced by mixing the heavy pyrotvsis fuel fiaction of
a plastic pyrolysis total liguid product and the marine fuel may have properties desivable for a
marine fuel. Said blended marine fuel properties may include one or more of the following: (a) a
density of abont 0.88 g/mb to about 1.1 g/mL; (b) a sulfur content of 3 wit¥a or less (or about 0.035
wis to about 3 wie); {¢) a CCAT of about 750 to about 870; and (d} a kinematic viscostiy at 30°C
of about 3 mms to about 700 num®/s (or shont 3 mm¥'s to about 100 mm™/s, or abont 30 mn’fs to
ahout 250 mm¥s, or about 200 mm™/s to about 500 mm™s, or about 400 mm™'s to about 700 mm/s).

.

Example Embodimenis

{061} A first nonhmiting example embodiment of the present disclosure is a method
comprising: blending a plastic pyrolysis oil with a blendstock fuel 1o produce a blended fuel
composition, wherein the blended fuel composition comprises about 1 vol% 1o about 20 vol% of
the plastic pyrolvsis oil and about 80 vol% to about 99 vol% of the blendstock fuel, and wherein a
combination of the plastic pyrolysis oil and the blendstock fuel is selected from the group
consisting of: a naphtha fraction of the plastic pyrolysis total Hguid product and gasoline; a
distillate fraction of the plastic pyrolysis total hquid product and diesel; the distillate fraction of
the plastic pyrolysis total liquid product and a marine fuel; a heavy pyrolysis fuel fraction of the
plastic pyrolysis total liquid product and the marine fuel; and the plastic pyrolysis total liquid
product and the marine fuel.

{0062} A second nonlimiting example embodiment of the present disclosure is 3 blended fuel
composition comprising: about 1 vol% to about 20 vol% of a plastic pyrolysis oil and about 80
vol% to about 99 vol¥s of the blendstock fuel, and wherein a combination of the plastic pyrolysis
oil and the blendstock fuel is selected from the group consisting of! a naphtha fraction of the plastic
pyrolysis total hiquid product and gasoline; a distitlate fraction of the plastic pyrolysis total liguid
product and diesel; the distillate fraction of the plastic pyrolvsis total liquid product and a marine
fuel; a heavy pyrolysis fuel fraction of the plastic pyrolysis total hquid product and the marine fuel;
and the plastic pyrolysis total liguid product and the marine fuel.

[0063]  The first and second nonlimiting example embodiment may further include one or more
oft Element I: wherein the blended fuel composition comprises about 5 vol%h to about 10 vol%% of
the plastic pyrolysis oil and about 90 vol% to about 85 vol% of the blendstock fuel; Element 2:
wherein the plastic pyrolysis oil is the plastic pyrolysis total hquid product, and wheremn the plastic
pyrolysis total Bquid product has one or more of the following properties: {a) a density of about

0.75 g/mb 1o about 0.90 g/mL: (b) a sulfur content of 1060 ppm or less; {¢) a kinematic viscosity at
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50°C of about 1.0 mm™/s to about 3.0 mm¥s; and {d} a kinematic viscosity at 100°C of about 0.5
s to about 2.5 mm®s; Element 3: Element 2 and wherein the combination is the plastic
pyrolysis total Hiquid product and the marine fuel, and wherein the blended fuel composition has
one or more of the following properties: {8) a density of about 0.88 g/ml. to ahout 1.1 g/mL; (b)a
sulfur content of 3 wite or less; (&) a CCAL of about 750 1o about §7¢; and (d) a kinematic viscosity
at 30°C of about 5 mm™s to about 700 mm™¥s; Element 4 wherein the naphtha fraction of the
plastic pyrolysis oil is the plastic pyrolysis total liquid product, and wherein the naphtha fraction
has one or more of the following properties: () a density of about 0.85 gfmk to about 0.80 g/ml;
{b} a sulfur content of 100 ppm or less; (¢} a cetane index of about 40 to about 80; (d) a kinematic
viscosity at S0°C of about £.5 mm™s to about 2.5 mm*/s; and (&) a kinematic viscosity at 100°C of
about 0.1 mm’s to about 2.0 mm¥s; Flement S: Element 4 and wherein the combination is the
naphtha fraction of the plastic pyrolysis total liquid product and the gasoline, and wherein the
blended fuel composition has one or more of the following properties: (a) a density of gbout 0.7
g/mi to about 0.75 gf/mb and (b} a sulfur content of 100 ppm or less; Element 6. wherein the
distiflate fraction of the plastic pyrotysis oil is the plastic pyrolysis total liquid product, and wherein
the distiltate fraction has one or more of the following properties: {a} a density of about 0.70 g/ml.
to about 0.85 g/ml.; (b} a sulfur content of 100 ppm or less; {c) a cetane index of about 40 to about
80; {d) a kinematic viscosity at 40°C of about 0.75 mm™s 1o about 4.5 mm™s; and (e} a kinematic
viscosity at 100°C of about 0.25 mm?'s to about 2.25 mm?/s; Element 7: Element 6 and wherein
the corbination is the distillate fraction of the plastic pyrolysis total liguid product and the diesel,
amdd wherein the blended fuel composition has one or more of the following properties: (a} a density
of about 0.8 g/ml to about 0.87 g'mi; (b) a sulfur content of 0.002 wids or less; {¢) a cetane index
of about 40 to about 60; and (d) a kinematic viscosity at S0°C of abont 1.5 mm®s 1o about 4.0
mm®’s; Element 8: Element 6 and wherein the combination is the distillate fraction of the plastic
pyrolysis total Higuid product and the marme fuel, and wherein the blended fuel composition hasg
one or more of the following properties: {a) a density of about (.88 g/mL to about 1.1 g/mb; (b} a
sadfur content of 3 wis or less; {¢) a CCATL of about 750 to about 870; and (d) a kinematic viscosity
at 50°C of about 5 mum®/s to about 700 mny™s; Element 9: wherein the heavy pyrolysis fuel fraction
of the plastic pyrolysis oil is the plastic pyrolysis total liquid product, and wherein the hegvy
pyrolysis fuel fraction has one or more of the following properties: (2} a density of about .70 g/ml.
1o about 0.90 g/mL; (b) a sulfur content of 150 ppm or less; {¢) a CCAIL of about 730 to about 87¢;
and {d) a kinematic viscosity at S0°C of about 3 mm?/s to about 20 mm™/s; and Element 10: Element
9 and wherein the combination is the heavy pyrolysis fuel fraction of the plastic pyrolysis total

hiquid product and the marine fuel, and wherein the blended fuet composition has one or more of
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the following properties: {a} a density of about .88 gimL to about 1.1 g/ml; (b) a sulfur content
of 3 wi% or less; (¢) a CCAT of sbout 730 to about 870; and {d) a kinematic viscosity at 50°C of
about § mm®s to about 700 mm®s. Examples of combinations include, but are not limited to,

Element 1 in combination with Element 2 and optionally Element 3; Element | in combination

with Element 4 and optionally Element 5, Element 1 in combination with Element 6 and optiosally
Element 7; Element 1 in combination with Element 6 and optionallv Element 8; and Element 1 in
combination with Element 9 and optionally Element 10,

0064} Unless otherwise indicated, all numbers expressing quantities of ingredients, properties
such as molecular weight, reaction conditions, and so forth used in the present specification and
associated claims are fo be understowmd as being modified in all nstances by the term “abowt.”
Accordingly, unless indicated to the contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that may vary depending upon the desired
properties sought to be obtained by the embodiments of the presemt disclosure. At the very least,
and not as an attempt to limit the application of the doctrine of equivalents to the scope of the
claim, each numerical parameter should at least be construed in lght of the nmumber of reported
significant digits and by applving ordinary rounding techniques.

jB065] One or more Hllustrative embodiments incorporating the disclosare embodiments
disclosed herein are presented herein. Not all features of a physical implementation are described
or shown in this application for the sake of clarity. It is understood that in the development of a
physical embodiment incorporating the embodiments of the present disclosure, nuruerous
implementation-specific decisions must be made fo achieve the developer’s goals, such as
compliance with system-related, business-related, government-related and other constraints, which
vary by implementation asd from time to time. While a developer’s efforts might be time-
consuning, such efforts would be, nevertheless, a routine undertaking for those of ordinary skill
in the art and having benefit of this disclosure.

{0066} While compositions and methods are described herein in terns of “comprising” various
components or steps, the compositions and methods can also “consist essentially of " or “consist
of” the various components and steps.

{00671 1t is 1o be understood that while the disclosure has been described in conjunction with
the specific embodiments thereof, the foregoing description is intended to iHustrate and not Limit
the scope of the disclosure. Other aspects, advantages and modifications will be apparent to those

skifled m the ant to which the disclosure pertains.



WO 2022/213021 PCT/US2022/071191
-1

{0068}  To facilitate a better understanding of the embodiments of the present disclosure, the

Tad

following examples of preferred or representative embodiments are given. In no wayv should the
following examples be read to limit, or to define, the scope of the disclosure.

EXAMPLES

{0669} Tables 3-13 provide the properties an initial fuel oil (blendstock) and a pyrolvzed plastic
oil nsed to produce a variety of blended fuel compositions, whose properties are also provided in
Tables 3-13. More specifically, Tables 3-5 are blends of marine fuel having different sulfur
conterts with plastic pyrobvsis total hquad product; Tables 6-8 gre blends of marine foel having
different sulfur contents with the heavy fraction of plastic pyrolvsis total hguid product; Tables 9-
11 are blends of marine fuel having different sulfur contents with the distillate fiaction of plastic
pyrolysis total liquid product; Table 12 is a blend of diesel with the distillate fraction of plastic
pyrolysis total liquid product; and Table 13 is a blend of gasoline with the naphtha fraction of

plastic pyrolysis total liquid product.

Table 3
Property High- Plastic Blended Fuel Compositions
Salfur | Pyrolysis | {conc. of plastic pyrolysis total liquid product by
Marine Total total volume of the blend)
Foel Liquid | 1vol% | 2vol% | Svol% 10 i5
Product vol%s vol%
Density at 15 °C,| 1.006 0.790 1.003 1.001 0.995 0986 | *0.973
g/ml.
Sultur, wit 2.59 0.067 2.558 253 2.47 2.39 ¥2.28
Viscosity at 50 °C, 487 130 *431 *383 ¥371 *160 *95
mms
Sun 110 13 1 121 9s 90 *98
In 61 it 61 63 39 59 *61
Snv-hi 49 13 50 38 37 31 *37
TSE, willy 0.08 0.01 0.07 0.07 0.00 0.05 -
TSP, wit (.69 0.02 0.08 0.07 0.07 0.06 -
Flash Poiat, *C 70 53 76 65 52 47 -
Vanadiam, ppm 179 <{}. 345 *178 176 *172 *163 157
Aluminom + 35 <4 ¥35 *35 *34 *33 *31
Siticon, ppm
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Sodivn, ppm 40 <4 *40 *39 #39 *37 *36
CCAL R63 9 737.2 *R63 *§61 *$38 *851 *R46

* Prophetic valoes based on trends seen in blending fuels.

Table 4
Property Moderate- | Plastic Blended Fuel Compositions
Sulfar Pyrolvsis | {conc. of plastic pyrolysis total quid product by
Marine Total total volume of the blend)
Fuel Ligquad Tvol% | 2 vol% | 5Svol% 10 13
Product vol%s vol%
Pensity at 15 °C, 0.9753 0.790 G073 | F0.972 | M0966 | FOO5T | 048
g/ml.
Sulfur, wis 0.842 0.007 *(G.B835 | *0.828 | *OR08 | *Q77I | Y0738
Viscosity at S0 °C, 1640 1.5 *1400 | *1199 *768 %389 *211
mms
Sex 652 i3 *635 *64 ¥63 *61 *59
N 405 0 *40.5 *40.3 *30.5 *40.5 *40.5
Spw-lx 247 13 *28 *24 *23 *21 *19
TSE, wi% No data .01 ~ - “ - -
TSP, wit 0.05 0.02 - - - - -
Flash Pomt, °C =140 53 ~ - - - -
Vanadiam, ppm 26 20,345 26 *26 *25 ¥24
Aluminum + <15 <4 *<18 *<18 R ¥13 *<15
Siticon, ppm
Sodium, ppn 4 <4 Heg *eg ¥ ¥ed B
CCATL 825 737.2 *822 *821 *819 *314 *R10

* Prophetic values based on trends seen in blending fuels.
&

Table 5
Property Low- Plastic Blended Fuel Compositions
Sulfur | Pyrolvsis | (conc. of plastic pyrolvsis total ligeid product by
Marine Total total volume of the blend)
Fuel Liguid Pvol% | 2vol% | Svol 10 15
Product vol% vol%s
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Density at 15 °C, 0.9082 0,790 *Q.007 | Y0906 | Y0.902 | *0.89% | Y0891
gk,
Suifur, wt% 0.072 0.007 Y0071 | ¥0.071 | *0.069 | 0066 | ¥0.063
Viscosity at 50 *C, 33.95 150 *323 *30.7 ¥26.4 209 *16.7
mm?s
Sex 52 i3 ¥82 *51 *50 *49 ¥47
In 0 i *Q * ¥0 #0 *(
Sun-In 52 i3 ¥52 *51 *50 *49 ¥47
TSE, wit Ne data 201 - - - - -
TSP, wi% <. .02 - - ~ ~ -
Flash Point, °C 178.9 33 - - - - -
Vanadiom, ppm <0.35 0345 | %035 | FO35 | F035 | F035 | 033
Aluminum + Al <279 <4 FAT<3 | FAL<S | OFALY | *AI<3 L *AL<S
Silicon, ppm
Sodium, ppm <313 <4 *eg ¥erd Fad *edq *ed
CCAL 801 7372 *800 *790 *798 795 *792

¥ Prophetic values based on trends seen in blending fuels.

076}

Tables 3-5 illustrate that viscosity of the marine fuel blendstock can be greatly reduced

with as little as 1 vol% of plastic pyrolysis total liguid product. Further, high concenirations of

plastic pyrolysis total ligeid (e.g., 10 vol% to 15 vol%) reduces the saifur content of the marine

fuel. Further, these examples illusirate that the plastic pyrolysis total liquid product without further

processing, which would typically be required of fossil fuel-derived blending hydrocarbons, can

be included at concentrations of 15 vol% into marine fuels,

°C, gl

Table 6
Property High-~ Heavy Blended Fuel Composttions

Sulfur Fractionof | {conc. of heavy fraction of plastic pyrolysis total
Marine Plastic liguid product by total vohame of the blend)

Fuel Pyrolysis T vol% | 2vol% | 3 vol'e 10 1S vol%

Total Ligqud vol%a
Product
Density at 15 1.6066 {1836 1.005 1.006 0,993 0986 *0.980
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Sulfur, wi¥s 359 0.0106 2.57 2.60 2.50 2.34 *2.26
Viscosity at 50 | 487 §.74 *458 | *430 | *359 | *269 *204
°C, mum*s
Viscosity at 41.39 3251 43932 1 47219 | 39262 | 30476 -
100 *°C, mm™s
Sun 110 5 *109 *108 *105 a8 37
In 61 0 #61 #61 ¥61 61 *61
San-In 44 3 48 47 ¥44 37 *36
TSE, wi%s .08 - - - - - -
TSP, wi {39 .36 - - - - ~
Flash Point, °C 70 - - - - - -
Vanadium, 179 <15 *178 *176 *172 *164 ¥136
ppm
Alaminum + 35 <i2 ¥35 *35 ¥34 ¥33 *32
Silicon, ppm
Sodim, ppm 40 ) *40 *39 *39 *37 *36
CCAl 8639 7535 *§63.2 | *Bu2.1 | 8588 | *8534 *848.0

* Prophetic values based on trends seen in blending fuels.

Table 7

Property Moderate- Heavy Blended Fuel Compaositions
Sulfur Fraction of | {conc. of heavy fraction of plastic pyrolysis total
Marine Plastic liquid product by total volume of the blend)
Fuel Pyrolyss 1 vol% | 2vol% | 5vol% 10 13 voi%
Total Liquid vol%
Product
Density at 15 (.9733 0.836 *0.974 | *.973 | *0.968 | *§.961 *0.954
°C, gfmlL
Sulfor, wi% 0.842 0.0106 835 | FOR28 | FOROe | *0TV *0.733
Viscosity at 50 1640 874 1503 | Y1379 | Y1070 *T16 #4090
“C, mm*is
Sun 652 3 55 54 ¥63 #60 *37
In 4805 0 *40.5 *40.5 *40.5 *40.5 *303.5
Sun-In 247 5 *25 *23 F20 {7
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TSE, wi% No data - - - R N i
TSP, wi% | 0.05 036 - - . . :

Flash Point, “C =140 - - - - - .
Yanadium, 26 <0.5 ¥<26 226 26 26 226

ppm
Ahimimen + <iS <42 <15 15 18 *15 ¥13
Silicon, ppm
Sodium, ppm 4 <3 ¥y ¥ ¥<] *R R
CCAl B25 7385 *R22 *821 *819 *816 *813

* Prophetic values based on trends seen in blending fuels.

Table §
Property Low- Heavy Blended Fuel Compositions
Sulfur Fractionof | {conc. of heavy fraction of plastic pyrolysis total
Marine Plastic liguid product by total volume of the blend)
Fuel Pyrolysis I vol% | 2vol% | Svol% 10 15 vol%
Total Liquid vole
Product
Density at 15 0.9082 0.836 *Q.908 | FO907 | *QO03 | *0001 | 0897
*C, g'mL
Sulfur, wit¥e 0.072 0.0106 FROTL | ¥O.0TL | F0.069 | *0.066 | *0.063
Viscosity at 30 3395 8.74 *33.40 | ¥32.86 | M31.30 | *2891 | F26.74
°C, mms
Sen 52 3 *52 *51 *30 *48 *45
In 0 0 *3 () * *0 *{
Son-ln 52 5 *32 *31 *30 *48 45
TSE, wis No data - - - - - ~
TSP, wt%o <Q.{H 0.36 - - - - -
Flash Paint, °C 178.9 - - - - - -
Yanadium, <{.35 ~0.5 0.5 0.5 ¥<f).5 .5 *<f)5
ppm
Alhimnum + ] AP<2.79 <12 *S *3 #5 *5 ¥
Silicon, ppm
Sodiam, ppm <3.15 <8 *ad *eld *eld ®eld *ed
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CCAI 801 7588.5 *B800 TG 704

*300 *TQR

¥ Prophetic values based on trends seen in blending fuels.

[0071)

Tables 6-8 illustrate that viscosity of the marine fuel blendstock can be greatly reduced

with as little as 1 vol% of the heavy fraction of plastic pyrolysis total liquid product. Further, high

congentrations of the heavy fraction of plastic pyrolysis total liguid {e.g., 10 vol% to 15 vol%)

reduces the salfar content of the marine fuel. Additionally, these examples illustrate that the heavy

fraction of a plastic pyrolysis total liquid proeduct can be included at concentrations of 15 vol% into

marine fuels.

Table ¢
Property High- Distitlate Blended Fuel Compositions
Sulfur Fractionof | {conc. of heavy fraction of plastic pyrolysis total
Marine Plastic Hquid product by total volume of the blend)
Fuel Pyrolysis Fvol%e § 2vol | Svol% 10 15 vol%
Total Liquid voite
Product
Density at 15 1.006 0807 ¥LO04 | FLO02 | *0996 | *O9R6 *0.976
°C, pimL
Sulfur, wi% 259 0.003 *¥287 | %235 249 ] 238 *2.27
Viscosity at 50 487 238 *439 *397 *296 *187 *123
o0, mm*s
Sew 1o - - - - - -
In 61 - - - - - -
Spn-In 49 - - - - - -
TSE, wis 0.08 - - - - - -
TSP, wih .09 - - - - - -
Flash Point, °C 70 84 - - - - ~
Vanadium, 179 - - - - - ~
ppm
Aluminum + 35 - - - - - -
Silicon, ppm
Sodium, ppm 40 - - - - - -
CCAl 4639 770 *863 *862 *R60 #8353 *R50
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* Prophetic values based on trends seen in blending fuels.

Table 10

Property Moderate- Distillate Blended Foel Compositions
Sulfur Fraction of | {conc. of heavy fraction of plastic pyrolysis total
Marine Plastic liquid product by total volame of the blend)
Fuel Pyrolysis Pvol® | 2vol% | Svol% 10 15 vol%
Total Liquid vol%
Product
Density at 15 0.9753 0.807 974 | F0.972 | *0.967 | F0.959 *9.93
*C, g'ml.
Sulfur, wits 0.842 0.005 835 | Y0828 | MOBOT | FOTT2 | *FOT3S
Viscosity at 50 1640 235 *1432 *1253 852 ¥469 *272

SC. mms

Sun 65.2 - - - - _ _
In 40,5 - - - “ - .
Sun-In 247 - - - R R i
TSE, wi%o No data - - - - - -
TSP, wi% 0.03 - - - - - .
Flash Poing, *C =140 84 - - - - -
Vanadium, 26 - - - - - -
ppm
Alumingn + <18 - - - - N -

Silicon, ppm

Sodium, ppm 4 - - - - . .

CCAI 8258 770 *822 *322 *820 *81 *8IS

o

* Prophetic values based on trends seen in blending fuels.
! g

Table 11

Propenty Low- Distillate Blended Fuel Compositions
Sutfor Fraction of | {conc. of heavy fraction of plastic pyrolvsis total
Marine Plastic liguid product by total volume of the blend)
Fuel Pyrolysis Pvol% | 2vol% | 5 vol% 10 15 vol%
volite
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Total Liguid
Product
Density at 15 .9082 0.807 *0.007 | *0006 | FO903 | *O898 | F0.893
°C, g'mbl
Sulfur, wi% 0.072 0.005 *0.071 | #0071 | ¥0.069 | F0.066 | Y0.063
Viscosity at 50 3385 235 *32.61 | *3133 | 27.85 | *23.07 | *1929
°0C s
Sun 52 - - . - - -
In Q - - - - - R
Sun-In 52 - - - - - -
TSE, wie No data - - - - . N
TSP, wit¥a “<0.01 - - - - - -
Flash Point, °C 1789 R4 - - - - .
Vanadium, <(0.35 - - - - - -
ppm
Aliminam + | Al<02.79 - - - - N -
Silicon, ppm
Sodium, ppm <3.18 - ~ . - - -
CCAl 201 770 *&00 ¥R0O0 #7909 798 796

* Prophetic values based on trends seen in blending fuels,
P ¢

{0072} Tables 9-11 illustrate that viscosity of the marine foel blendstock can be greatly reduced
with as little as 1 vol%s of the distillate fraction of plastic pyrolysis tetal Hquid product. Further,
high coucentrations of the distillate fraction of plastic pyrolysis total Hguid (e.g, 10 vol% to 15
voi%s) reduces the sulfur content of the marine fuel. Additionally, these examples iHlustrate that the
distillate fraction of a plastic pyrolysis total liquid product can be included at concentrations of 15

vol®e into marine fuels.

Table 12

Property Ultra- Distitlate Blended Fuel Compositions
Low Fraction of | {conc. of distillate fraction of plastic pyrolysis total
Sulfur Plastic liquid product by total volume of the blend)
Dhesel Pyrolysis
Pvol®% | 2vol% | 2.5 vol% | Svol% | 18 vol%
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Total Liguid
Product
Flash, °C 69 84 61 - - 63 64
Density at 13 (1839 0.807 0.835 | 0.838 - 0.837 0.836
°C, g'mL
Washed Gums, 0.3 - 0.0 - - - 0.0
mg/ 100 mlL
NACE D A C - - - B
Lubricity, 360 170 510 440 ~ 380 340
micton
Cloud, °C -7 5 27 T - 5 K
Pour, °C ~18 - ~21 -12 ~ ~18 ~12
Distilation T10, 194 224 188 192 - 193 193
°C
Distillation T30, 262 265 282 261 - 201 202
°C
Distillarion T90, 334 348 329 334 - 333 332
°C
Sulfur, ppm 9.4 303 R.2 93 - 10.3 141
Viscosity, at 40 2.460 2.642 2310 | 2460 - 2.470 2480
o mm2is
Cetane Index 49 73.4 48 49 - 49 50
Filter Blocking 1.02 - 111 1.09 1.13 - 510
Tendency

- Not measared

{0073]  Table 12 illostrates that a distillate fraction of plastic pyrolysis total Hquid product can
be blended with an alira-low sulfr dicsel to increase the cetane index and decrease the density
while minimally increasing the sulfur conmtent. In contrast, fossil fuel-derived blending
hvdrocarbons would likely need {0 undergo significant and costly desulfurization to be used with
ultra~-low sulfur diesel. Further, said fossil fuel-derived blending hydrocarbons would hikely have
a higher density (c.g, Table 1 and Table 2} and the reduction in density benefits of Table 3 would

not be realized.



WO 2022/213021 PCT/US2022/071191

2

£

Table 13

Property CGasoline Naphtha Blended Fual Compositions
Fractionof | {(conc. of naphtha fraction of plastic pyrolysis total
Plastic iguid prodact by total volume of the blend)
Pyrolysis Pvol% | 25vol% | Svol% 7.5 10
Total Liguid voi%% vol%
Product
Density at 15 0.734 0.744 0.732 0.740 0.732 0.735% | 0.735%
“C, g/mL
Washed I 0.0 0.2 1.5 04 ~ -
Gums,
m/ 100 mbL
Oxidative >240 <33 >240 »244 2248 »1000 | »1000
Stabality, min

{0074} Table 13 illustrates that the naphtha fraction of plastic pyrolysis total Hquid product can
be blended with gasoline fael 1o reduce the density.

{8075} Tables 3-13 illustrate that plastic pyrolvsis (rotal Hgeid product or a fraction thereof)
can be blended with a variety of blendstock fuels (e.g., marine fuel, naphtha fuel, and diesel) in
varying concentrations, including at 15 vol%, to tune the deasity, viscosity, and other properties
while producing a blended fuel with an acceptable low sulfur content (which in many cases is a
reduced sulfur content).

[0076]  Therefore, the present disclosure iy well adapted fo attain the ends and advantages
mentioned as well as those that are inherent therein, The particular embodiments disclosed above
are Hiustrative only, as the present disclosure may be modified and practiced i different but
equivalent manners apparent to those skilled in the art having the benefit of the teachings herein.
Farthermore, no Hmitations are intended 1o the details of construction or design hercin shown,
other than as described m the claims below. It is therefore evident that the particular tHustrative
embodiments disclosed above may be altered, combined, or modified and all such variations are
considered within the scope and spirit of the present disclosure. The discloswre iustratively
disclosed herein suitably mayv be practiced in the absence of any element that is not specifically
disclosed herein and/or any optional element disclosed herein. While compositions and methods
are described in tenms of “comprising,” “containing,” or “including”™ varions components or steps,

the compositions and methods can also “consist essentially of " or “econsist of” the various
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components and steps. All numbers and ranges disclosed above may vary by some amount,
Whenever a numerical range with a lower Bmit and an upper hmit is disclosed, sny number and
any included range falling within the range is specifically disclosed. In particular, every range of
values (of the form, “from about 4 to about b,” or, equivalently, “from approximately a to b,” or,
equivalently, “from approximately a-b”) disclosed herein is o be understood to set forth every
number and range encompassed within the broader range of valnes. Also, the terms in the claims
have their plain, ordinary meaning uniess otherwise explicitly and clearly defined by the patentee.
Moreover, the indefinite articles *&” or “an.” as used 1n the claims, are defined herein to mean one
ot more than one of the elements that it introduces.

{6077} POT/ER Clauses:

{078} I. A method of making a blended fuel composition comprising: blending a plastic
pyrolysis oil with a blendstock fuel 1o produce a blended fuel compaosition, wherein the blended
fuel composition comprises 1 vol% to 20 vol% of the plastic pyrolysis oil and 80 vol¥% to 99
val% of the blendstock fuel, and wherein a combination of the plastic pyrolysis oil and the
blendstock fuel is selected from the group consisting oft a naphtha fraction of the plastic pyrolysis
total hiqumd product and gasoline; a distillate fraction of the plastic pyrolysis total liquid product
and diesel; the distiliate fraction of the plastic pyrolysis total liquid product and a marine fuel; a
heavy pyrolysis fuel fraction of the plastic pyrolysis total Bquid product and the marine fuel; and,
the plastic pyrolysis total liquid product and the marine fuel.

{00791 2. The method of clause 1, wherein the plastic pyrolysis oil is the plastic pyrolysis
total Hquid product, and wherein the plastic pyrolysis total liquid product has one or more of the
following properties: {a) a density of 0.75 g/ml to 0.90 g/mi; (b) a sulfur content of 100 ppm or
less; (¢} a kinematic viscosity at 30°C of 1.0 mm®s to 3.0 mm*/s; and (d) a kinematic viscosity at
100°C of 0.5 nuw®/s to 2.5 mm/s.

{BO80] 3. The method of clause 2, wherein the combination s the plastic pyrolysis total Hguid
product and the marine fuel, and wherein the blended fuel composition has one or more of the
following properties: {a) » density of 0.88 g/ml.to 1.1 g¢/mL; (b)a sulfur content of 3 wi% or lesy;
{cya CCAl of 750 to 870; and (d) a kinematic viscosity at 50°C of § mm¥s to 700 mm?/s.
{0081} 4. The method of clanse 1, wherein the naphtha fraction of the plastic pyrolysis oil is
the plastic pyrolysis total ligmd produet, and wherein the naphtha fraction has one or more of the
following properties: (a) a deasity of 0.65 g/ml to 0.80 g/mL; (b) a sulfir content of 100 ppm or
less; (¢) a cetane index of 40 to 80: (d) a kinematic viscosity at 30°C of 0.5 mmsto 2.5 mm/s;

and {e) a kinematic viscosity at 100°C of 0.1 mm¥s to 2.0 mmiis,
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{0082] 5. The methed of clause 4, wherein the combination is the naphtha fraction of the
plastic pyrolysis total liguid product and the gasoline, and wherein the blended fuel composition
has one or more of the following properties: (a) a density of 0.7 giml to 0.75 g'mi: and (b) a
sulfur content of 100 ppm or {ess.

{8083} 6. The method of clause 1, wherein the distillate fraction of the plastic pyrolysis oilis
the plastic pyrolysis total iquid product, and wherein the distillate fraction has one or more of the
following properties: (a) a density of 0.70 g/mkL to 0.85 g/ml.; {b) a salfur content of 100 ppm or
less; () a cetane index of 40 1o 80; {d) a Kinematic viscosity at 40°C of 0.75 mm®s to 4.5 mm¥/s;

24

and (e} a kinematic viscosity at 100°C of 0.25 mn¥/s to 2.25 mm¥/s.

{0084} 7. The method of clause 6, wherein the combination Is the distillate fraction of the
plastic pyrolysis total hquid product and the diesel, and wherein the blended fuel composition has
one or more of the following properties: {a) a density of 0.8 g'mi to 0.87 g'mL; (b) a sulfur
content of 0.002 wi%e or less; (¢} a cetane index of 4010 60; and

{d} a kinematic viscosity at 30°C of 1.5 mm®/s to 4.0 mms.

[0085] 8. The method of clause 6, wherein the combination is the distilfate fraction of the
plastic pyrolysis total hiquid product and the marine foel, and wherein the blended fuel composition
has one or more of the following properties: {a) a density of 0.88 g/ml. to 1.1 g¢/mL; (b a sulfur
contert of 3 wi% or less; (Y a CCAL of 750 to 870; and {(d} a kinematic viscosity at 50°C of §
mm?is to 700 mm*s.

{0086] 9. The method of clause 1, wherein the heavy pyrolysis foel fraction of the plastic
pyrolysis oil is the plastic pyrolysis total Hguid product, and wherein the heavy pyrolysiz fuel
fraction has ong or more of the following properties: (a) a density of .70 g/mb to 0.90 grml: (b)
a sulfur content of 150 ppm or less: (¢} a CCAL of 750 to 870¢; and (d) a kinematic viscosity at
50°C of 3 mm¥s to 20 mms.

{0087} 10. The method of clause 9, wherein the combination is the heavy pyrolysis fuel
fraction of the plastic pyrolysis total Hiquid prodact and the marine fuel, and wherein the blended
fuel composition has one or more of the following properties: {8) a density of 088 g/mb to 1.1
g'mi; (b) a sulfur content of 3 wt¥h or less; (¢} a CCAT of 750 to 870; and (d) a kinematic viscosity
at 50°C of 5 mm¥/s to 700 mm?/s.

{0088 t1. A blended fuel composition comprising: 1 vol% to 20 vol% of a plastic pyrolysis
oil and 80 vol% to 99 vol®s of the blendstock fuel, and wheremn a combination of the plastic
pyrolysis oil and the blendstock fuel is selected from the group consisting of: a naphtha fraction of
the plastic pyrolysis total hquid product and gasoline; a distillate fraction of the plastic pyrolysis

total liquid product and diesel; the distillate fraction of the plastic pyrolysis total hiquad prodect and
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a marine fuel; a heavy pyrolysis fuel fraction of the plastic pyrolysis total liquid product and the
marine fuel; and the plastic pyrolysis total liguid product and the marine fuel.

0089} 12, The blended fuel composition of clanse 11, wherein the plastic pyrolysis il is the
plastic pyrolysis total Hquid product, and wheremn the plastic pyrolysis total liquid product has one
ormore of the following properties: {a) a density of 0.75 g/mb o 0.90 g/mi; (b) a sulfur content
of 100 ppm or less; {¢) a kinematic viscosity at 50°C of 1.0 mm™s to 3.0 mm™s; and (d) a
kinematic viscosity at 100°C of 0.5 mm¥sto 2.5 mms.

{6090} 13, The blended fuel composition of ¢lanse 12, wherein the combination is the plastic
pyrolysis total Haquid product and the marine foel, and wherein the blended fuel composition has
one or more of the following properties: () a density of 088 g/mL o 11 g/l (b) a sulfw
content of 3 wi%s or less; {¢) a CCAL of 750 to 870; and {d) & kinematic viscosity at S0°C of 3
mms to 700 mm®s.

j0091} 4. The blended fuel composition of clanse 11, wherein the naphtha fraction of the
plastic pyrolysis oil is the plastic pyrolysis total liguid product, and wherein naphtha fraction has
one or more of the following properties: {a) a density of 0.65 g/ml to 0.80 g/mL; (b) a sulfur
content of 100 ppm or less; {¢) a cetane mdex of 40 to BO; (d) a kinematic viscosity at 30°C of
0.5 mm*s to 2.5 mm?s; and (e) a kinematic viscosity at 100°C of 0.1 mm®/s to 2.0 mm*s.
[0092] 15. The blended fuel composition of clause 16, wherein the combination is the naphtha
fraction of the plastic pyrolysis total liquid product and the gasoline, and wherein the blended fuel
composition has one or more of the following properties: () a density of 3.7 g/ml to 0.75 g/l
and (1) a sulfur content of 108 ppm or less.

joa93] 16, The blended fuel composition of clause 11, wherein the distillate fraction of the
plastic pyrolysis oil is the plastic pyrolysis total liquid product, and wherein the distillate fraction
has one or more of the following properties: (a) a density of 0.70 g/mbl 1o 0.85 g/mL; (b) a sulfur
content of 100 ppm or less; {¢) a cetane index of 40w 80; (d} a kinematic viscosiy at 40°C of
0.75 mmiis to 4.5 mmfs; and (@) a kinematic viscosity at 100°C of 0.25 mm¥s to 2238 mmYs.
{0094} 17. The blended fuel composition of clause 16, wherein the combination is the distillate
fraction of the plastic pyrolysis total liquid product and the diesel, and wherein the blended fuel
composition has one or more of the following properties: {a) a density of 0.8 g'mL to 0.87 g/ml,;
(b} a sulfur content of 0002 wi¥ or less; (¢} a cetane fndex of 40 to 60; and {d) a kinematic
viscosity at 50°C of 1.5 mm™s to 4.0 mm™s.

{O095] 18, The blended fuel composition of clause 16, wherein the combination is the distillate
fraction of the plastic pyrolysis total liguid product and the marine fuel, and wherein the blended

fuel composition has one or more of the following properties: (a) a density of about 0.88 g/mL to
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about 1.1 g/mL; (b} a sulfur content of 3 wi%6 or less; {c) a CCAl of about 750 to about §70; and
{d} a kinematic viscosity at 50°C of ghout 5 mm?*/s to about 700 mm/s.

jB0%6} 19, The blended fuel composition of clause 11, wherein the heavy pyrolysis fuel
fraction of the plastic pyrolysis oil is the plastic pyrolysis total hquid product, and the heavy
pyrolysis fuel fraction bas one or more of the following propesties: {a) a density of 0.70 g/mil. 1o
0.90 gimk; (b) a sulfir content of 150 ppm or less; (¢} a CCALof 750 t0 870; and (d) a kinematic
viscosity at 30°C of 3 mun™/s to 20 mms.

6097} 20, The blended fuel composition of clause 19, wherein the combination s the heavy
pyrolysis fuel fraction of the plastic pyrolysis total hguid prodoct and the marine fuel, and wherein
the blended tusl composition has one or more of the following properties: (a) a density of 0.88
gml to 1.1 g/ml; {(b) a sulfir content of 3 wi% or less; (¢) a CCALof 750t 870, and (d) a

kinematic viscosity at 50°C of 5 mm®/s to 700 mm™s.
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CLAIMS
What is clabmed is:

I, A method of making a blended fuel composition comprising: blending a plastic
pyrolysis oil with a blendstock fuel to produce a blended fuel composition, wheretn the blended
fuel composition comprises 1 vol% to 20 vol% of the plastic pyrolysis eil and 80 vol% to 99
vol% of the blendstock fuel, and whersin & combination of the plastic pyrolvsis oil and the
blendstock fuel is selected from the group consisting of” a naphtha fraction of the plastic pyrolvsis
total Hquid product and gasoling; a distillate fraction of the plastic pyrolysis total liquid product
and diesel; the distillate fraction of the plastic pyrolysis total liquid prodoct and a marine tuel; a
heavy pyrolysis fusl fraction of the plastic pyrolysis total hguid product and the maring fuel; and,
the plastic pyrolysis total hquid product and the marine fuel.

2. The method of claim 1, wherein the plastic pyrolysis oil is the plastic pyrolysis total
liquid product, and wherein the plastic pyrolysis total Hquid product has one or more of the
following properties: {a) a density of 0.75 g/ml. to 0.90 g/mL; (b) a sulfur content of 100 ppm or
less; {¢} a kinematic viscosity at 50°C of 1.0 mm¥sto 3.0 mm's; and (d} a kinematic viscosity at
100°C of 0.5 mm¥s to 2.5 nun'ss.

3. The method of claim 2, wherein the combination 1s the plastic pyrolysis total hiquid
product and the marine fuel, and wherein the blended fuel composition has one or more of the
following properties: (a) a density of 0.88 g/mL to 1.1 g/mb: (b} a sulfir content of 3 wi% or less;
{¢)a CCAL of 750 to 870; and (d) a kinematic viscosity at 50°C of 5 mm¥s to 700 mum®/s.

4. The method of claim 1, wherein the naphtha fraction of the plastic pyrolysis oil is
the plastic pyrolvsis total liquid product, and wherein the naphtha fraction has one or more of the
following properties: () a density of 0.65 g/ml to 0.80 g/l (b) a sulfur content of 100 ppm or
less; (¢} a cetane index of 40 to 80; (d) a kinematic viscosity at 50°C of 0.5 mm™s to 2.5 mm¥s;
and (&) a kinematic viscosity at 100°C of 0.1 mm*/s o 2.0 mms.

S, The method of claun 4, wherein the combination is the naphtha fiaction of the
plastic pyrolysis total liquid product and the gasoline, and wherein the blended fuel composition

has one or more of the following properties: (a) a density of 0.7 g/ml to 0.75 ghmli,; and (b} a
sulfor content of 100 ppim or less,

6. The method of claim 1, wherein the distiflate fraction of the plastic pyrolvsis oil is
the plastic pyrolysis total Higuid product, and wherain the distillate fraction has one or move of the
following properties: (a) a density of 0.70 g/ml to 0.85 g/ml.; (b) a sulfur content of 100 ppm or
less; {c) a cetane index of 40 to 80; {d) a kinematic viscosity at 40°C of 0.75 mm’/sto 4.5 mm?*fs;

2
!
7

and {e} a kinematic viscosity at 100°C of 0.25 mm®/s 10 2.25 mm®/s
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7. The method of claim &, wherein the combination is the distillate fraction of the
plastic pyrolvsis total liquid product and the diesel, and wherein the blended fuel composition has
one or more of the following properties: {a) a density of 0.8 g/'mL to 087 g/mL; (b} a sulfur
content of 0,002 wi% or less: {¢) a cetane index of 4010 60; and

{d) a kinematic viscosity at 30°C of 1.5 mm™¥s to 4.0 mm%s.

8. The method of claim &, wherein the combination is the distilate fraction of the
plastic pyrolvsis total hiquid product and the marine foel, and wherein the blended fuel composition
has one or more of the following properties: (a) a density of 0.88 ghml o 1.1 giml; (b) a sulfiw
content of 3 wit% or less; (¢} a CCAl of 750 o 870; and (d} a kinematic viscosiy at 30°C of 5
mars to 700 mms.

G, The method of claim 1, wherein the heavy pyrolysis fuel fraction of the plastic
pyrolysis oif is the plastic pyrolysis twotal Higuid product, and wherein the heavy pyrolysis foel
fraction has one or more of the following properties: (a) a density of 0.70 g/mL to 0.90 g'mL; (b)
a sulfur content of 150 ppm or less; (¢} a CCAl of 750 o 870; and (d) a kinematic viscosity at
50°C of 3 mm¥sto 20 mm?s.

10. The method of claim 9, wherein the combination is the heavy pyrolysis fued fraction
of the plastic pyrolysis total liquid product and the marine fuel. and wherein the blended fuel
composition has one or more of the following properties: {(a) a density of 0.88 wmb 1o 1.1 g/ml;
{b} a sulfur content of 3 wt% or lesst (¢} a CCAT of 75010 870; and (d) & kinematic viscosity at
SO°C of 5 mm¥sto 700 mm/s.

11, A blended fuel composition comprising: 1 vol% fo 20 vol% of a plastic pyrolvais
oil and 80 vol¥% to 99 vol® of the blendstock fuel, and wherein a combination of the plastic
pyrolysis oil and the blendstock fuel is selected from the groap consisting of: a naphtha fraction of
the plastic pyrolysis total Hauid product and pasoline; a distillate fraction of the plastic pyrolysis
total liquid product and diesel; the distillate fraction of the plastic pyrolvsis total hapad product and
a marine fuela heavy pyrotysis fuel fraction of the plastic pyrolysis total liguid product and the
marine foel; and the plastic pyrolysis total hiquid product and the marine tuel

12. The blended fuel composition of claim 11, wherein the plastic pyrolysis oil is the
plastic pyrolysis total lignid product, and wherein the plastic pyrolysis total liquid product has one
or more of the following properties: (a} a density of 0.753 g/mi to 0.90 g/mi.; (b} a sulfur content
of 100 ppm or less; (¢} a kinematic viscosity at 50°C of 1.0 mm’/s to 3.0 mm%5s; and (d) a
kinematic viscosity at 100°C of 0.5 mm¥sto 2.5 mm®s.

13, The blended fuel composttion of claim 12, wherein the combination is the plastic

pyrolysis total Higuid product and the marine fuel, and wherein the blended fuel composition has
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one or more of the following properties: (a) a density of 0.88 g/mL to 1.1 g/ml; {b) a sulfur
content of 3 wi¥s or less; (v) a CCAL of 750 to 870; and (d) & kinematic viscosity at 50°C of 3
mmYs to 700 mms.

14, The blended tuel composition of claim 11, wherein the naphtha fraction of the
plastic pyrolvsis oil is the plastic pyrolysis total liguid product, and wherein naphtha fraction has
one or more of the following properties: {a) a density of 0.65 g/l to 0.80 w/mL; (b) a sulfur
coatent of 100 ppm or less: {¢) a cetane index of 40 to 80; (d} a kinematic viscosity at 30°C of
0.5 mm¥s 1o 2.5 mms; and (¢) a kinematic viscosity at 100°C of 0.1 mm™/s 1o 2.0 mm¥s,

15, The blended fuel composition of claim 11, wherein the combination s the ngphtha
fraction of the plastic pyrolysis total Heuid product and the gasoline, and wherein the blended fuel
composition has one or more of the following properties: (a) a density of 8.7 g/mb to .75 g/ml,;
and {(b) a sulfor content of 100 ppm or less.

16, The blended fuel composition of claim 11, wherein the distillate fraction of the
plastic pyrolvsis oil is the plastic pyrolysis total liquid product, and wherein the distillate fraction
has one or more of the following properties: (a) a density of 0.70 g/mL to 0.85 g/mL; (b) a sulfur
content of 100 ppm or less; {¢) a cetane mdex of 40 to BO; (d) a kinematic viscosity at 40°C of
0.75 mms to 4.5 mm®’s; and () a kinematic viscosity at 100°C of 0.25 mm*sto 2.25 mm%s.

17. The blended fuel composition of claim 16, wheremn the combination 1s the distillate
fraction of the plastic pyrolysis total liquid product and the diesel, and wherein the blended fuel
composition has one or more of the followmg properties: (a) a density of 0.8 g/mb to 0.87 ghul;
(b a sulfur content of GL.G0Z wi¥ or less; (¢} a cetane index of 40 to 60 and {d) a kKinematic
viscosity at 50°C of 1.5 mm¥s to 4.0 mms.

18. The blended fuel composition of claim 16, wherein the combination is the distillate
fraction of the plastic pyrolysis total iquid product and the marine fuel, and wherein the blended
fuel compaosition has one or more of the following properties: (8) a density of abont 0.88 g/mi. to
about 1.1 g/mb (b) a sulfur content of 3 withy or less; (¢} a CCAL of about 750 o about 870; and
{d) a kinematic viscosity at S0°C of about § mm®/s to about 700 mny's.

19, The blended fuel composition of claim 11, wherein the heavy pyrolysis fuel
fraction of the plastic pyrolysis oil is the plastic pyrolysis total liguid product, and the heavy
pyrolysis fuel fraction has one or more of the following properties: (a} a density of .70 g/mL to
0.90 g/mL; (b} a sulfur content of 150 ppm or less; {¢) a CCATof 73010 870; and (d) a kinematic
viscosity at 50°C of 3 mm¥s to 20 mm¥s,

20. The blended fuel composition of claim 19, wherein the combination s the heavy

pyrolysis fuel fraction of the plastic pyrolysis total liquid product and the marine fuel, and wherein
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the blended fuel composition has one or more of the following properties: {a} a density of 0.88
g'mbl to 11 gimlb; (b} a sulfr content of 3 wido or less; {¢) a CCALof 750 to 870 and {d) a

kinematic viscosity at 50°C of 5 mm®/s to 700 mms.



