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1
HYDROCARBON COMPOSITIONS DERIVED
FROM PYROLYSIS OF POST-CONSUMER
AND/OR POST-INDUSTRIAL PLASTICS AND
METHODS OF MAKING AND USE
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of priodty o US.
Provisional Application No. 63/456,197 filed Mar. 31, 2023,
which i herchy incorporated hercin by reference in il
enlirely.

BACKGROUND

Single use plastic wasle 1s a pressing environmental issue.
There are currently lew oplions [or reeycling a mixed
polyvolefin stream comprised of a broad range of composi-
tions and physical forms of polvethylene, polypropylene,
and polystyrene waste plastics o value-added chemical and

lor reeyeling such plastics al an industrially significant scale
and for producing improved products theretrom. The com-
positions and methods discussed herein address these and
other needs.

SUMMARY

In accordance with the purposes ol the disclosed compo- 3

sitioms and methods as embodied and broadly described
herein, the disclosed subject maller relates 0 hydrocarbon
based compositions derived from pyrolysis of a feedstock
comprising post-consumer and/or post-industrial plastics
and methods of making and use thereol.

lor example. disclosed herein is a wax derived [rom
pyrolysis ol a [eedstock comprising post-consumer andéor
post-industrial plastics. In some examples, the wax has a
number average molecular weight and/or a weight average
molecular weight of [rom 300 w0 400 Daltms. In some
examples. the wax comprises a mixture of different hydro-
carbons, any of which can optionally be substituted, wherein
from 60% to 80% of the mixture (w/w) comprises C.,-Cys
hydrocarbons. In some examples, the wax has: a Reid Vapor
Pressure o 12.5 psig or less; a (inal boiling point ol 9507 11,
o 13007 15 a pour point of 307 1 10 607 I; a lotal chloride
content of 30 ppm or less; a nitrogen content of 300 ppm or
less; a silicon content of 123 ppm or less; a sodinm content
ol 150 ppm or less: an iron content ol 10 ppm or less; a4

phosphorus content of 50 ppm or less: a sullur content ol =

500 ppm or less; a calcium content ol 30 ppm or less; or a
combination thereof.

In some examples of the wax, from 70% 10 75% of the
mixture (w/w) comprises C,,~C,e hydrocarboms. In some

examples of the wax. [rom 80 10 90% ol the mixture (w/iw) 3

comprises C,-C,; hyvdrocarbons. In some examples of the
wax, from 95 to 9% of the mixture (w/w) comprises Cg-Cyy
hydrocarbons. In some examples of the wax, the mixture
comprises: 20-30% (e, 25-30%) C,~C,, hydrocarbons.
20-30% (c.g.. 20-23%)) C,,,-C5, hydrocarbons, 20-30% (c.g..
20-25%) C,,-C,, hyvdrocarbons, and 10-20% (e.g., 10-15%)
C.5-C 5, hydrocarbons.

In some examples ol the wax. the mixture is substantially
lree ol C-Cy hydrocarbons.

In some examples of the wax. the mixlure comprises:
80-10 wt. % vnsaturated hydrocarbons (e.g., 85-90 wt. % or
93 10 99 wt. %); 0-5 wi. % unsaturated (non-aromatic)

[

1

40

45

.t

Gl

G5

2
hvdrocarbons (e.g., 0-2.5 wi. %, or 0-1.5 w1, %); and 0-15
wl. % aromatics (c.g., 0-2.5 wi. %, or 12-14 wi. %),

In some examples, the wax has a melling point of rom
407 . o 55° C. (¢.g.. from 407 C. 1o or [rom 437 C. (o 487
C.), for example as determined by ASTM D 127, In some
examples, the wax has a congealing point of 40° C. 10 357
C. (c.g.. lrom 437 C. 10 517 CJ, lor example as determined
using ASTM 12 938, In some examples, the wax has a (inal
boiling point of 950° F. 10 13007 F. (e.2., from 930° F. 10
1250°F., from 1100° F. to 1250° F., or from 995° F. 10 1235°
F.), for example as deterimined vsing ASTM D 7169, In some
cxamples, the wax has a pour point of [rom 307 I, 1 60° I,
{e.g.. Trom 307 10 1o 5357 1, [rom 337 14 o 32 14, or [rom 457
F. 10 60° F,, for example as determined using ASTM D 97.

In some examples, the wax has a total chloride content of
50 ppm or less (c.g., 25 ppm or less, 10 ppm or less, 5 ppm
or less, 1 ppm or less. 0L1 ppm or less, or .01 ppm or less),
for example as determined according 10 ASTM 13 7359, In
some examples, the wax has a nitrogen content of 300 ppm

20 orless (e.g., 250 ppm or less, 200 ppm or less, 150 ppm or

less. 100 ppm or less. 50 ppm or less, 10 ppm or less. or 1
ppm or less), Tor example as delermined according to ASTM
D 4629, In some examples, the wax has a silicon content of
125 ppm or less (e.g., 100 ppm or less, 30 ppm or less, 25
ppw or less, 10 ppm or less, 5 ppm or less, or 1 ppm or less),
for example as determined according 10 ASTM 13 5185, In
some examples. (he wax has 4 sodium content ol 150 ppm
orless (e.g., 100 ppn or less, 30 ppm or less, 25 ppm or less,
10 ppm or less, 5 ppm or less, or 1 ppm or less), for example
as determined according o ASTM 13 5185, In some
cxamples, the wax has an iron conlent of 10 ppm or less
{c.g.. 5 ppm or less. 1 ppm or less. ppm or less, or 0L01 ppm
or less), tor example as determined according 1o ASTM D
53185, In some examples, the wax has a phosphorus content
ol'30 ppm or less (e.g., 30 ppm or less, 10 ppm or less. 5 ppm
or less. or 1 ppm or less). [or example as determined
according (0 ASTM 1D 5185, In some examples. the wax has
a sulfor content of 300 ppm or less (e.g., 250 ppm or less,
100 ppm or less, 10 ppm or less, or 1 ppm or less), for
cxample as determined according (0 ASTM 1) 4294, In some
cxamples, the wax has a calcium content of 50 ppm or less
{e.g., 25 ppm or less, 10 ppm or less, 3 ppm or less, 1 ppm
or less, 0.1 ppm or less, or 0.01 ppm or less), for example
as determined according to ASTM D 5185, In some
cxamples, the wax has a copper content of 10 ppm or less
{e.g.. 5 ppm or less. 1 ppm or less, 0.1 ppm or less, or 0.01
ppw or less), tor example as determined according 1o ASTM
D 5185, In some examples, the wax has a nickel content of
100 pprm or less (e.g., S0 ppm or less. 25 ppmoor less, 10 ppm
or less. 5 ppm or less, or 1 ppm or less), lor example as
determined according o ASTM 13 5185, In some examples,
the wax has a vanadivm content of 23 ppm or less (e.g., 10
ppw or less, 5 ppm or less, or 1 ppm or less), for example
as determined according (0 ASTM 13 5185,

In some examples. the wax has: a total chloride content of
30 ppm or less; a nitrogen content of 300 ppm or less; and
a silicon coutent ot 125 ppm or less. In some examples, the
wax has: a total chloride content of 50 ppm or less; a
nitrogen conlent ol 300 ppm or less: a silicon content ol 123
ppm or less: and a sodium conlent of 150 ppm or less. In
some examples, the wax has: a total chloride content of 50
ppw or less; a nitrogen content of 300 ppm or less; a silicon
conlent of 125 ppm or less: a sodium content ol 150 ppm or
less; an iron content of 10 ppm or less: a sullur content of
500 ppm or less: and a calcium content of 30 ppm or less.
In some examples, the wax has: a total chloride content of
530 ppm or less; a nitrogen coutent of 300 ppm or less; a
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silicon content of 123 ppm or less; a sodium content of 150
ppm or less: an ron content o 10 ppm or less; a phosphorus
content ol 50 ppm or less: a sullur content of 500 ppm or
less: and a calelum conlent of 50 ppm or less. In some
examples, the wax has: a total chloride content of 50 ppm or
less; a nitrogen content 0f 300 ppm or less; a silicon content
ol 125 ppm or less; a sodium conlent of 150 ppm or less; an
iron content ol 10 ppm or less: a phosphorus content of 50
ppm or less; a sultur content of 300 ppm or less; a calcium
content of 50 ppm or less; a copper content of 10 ppm or
less; a nickel content of 100 ppm or less; and a vanadium
content of 25 ppm or less.

In some examples, the wax has: a total chloride conlent ol
23 ppm or less; a nitrogen content of 300 ppm or less; and
a silicon content of 100 ppm or less. In some examples, the
wax has: a lolal chloride content ol 25 ppm or less: a
nitrogen content of 300 ppm or less: a silicon conlent of 100
ppm or less; and a sodium content ol 10 ppm or less. In some
examples, the wax has: a total chloride content of 25 ppm or
less; a nitrogen content 0f 300 ppm or less; a silicon content
ol 100 ppm or less; a sodium content ol 10 ppm or less: an
iron conlent ol 10 ppm or less: a sullur content ol 10 ppm
or less; and a caleium content of 5 ppm or less. In some
examples, the wax has: a total chloride content of 25 ppm or
less; a nitrogen content 0f 300 ppm or less; a silicon content
ol 100 ppm or less; a sodium content ol 10 ppm or less: an
iron content ol 10 ppm or less: a phosphorus content of 50
ppm or less; a sultor content of 10 ppm or less; and a caleium
content of 3 ppm or less. In some examples, the wax has: a
teal ehloride content ol 25 ppm or less: a nilrogen conlent
ol 300 ppm or less: a silicon content ol 100 ppm or less: a
sodium content of 10 ppm or less; an iron conlent of 10 ppm
or less; a phosphorus content of 50 ppm or less; a sultur
content of 10 ppm or less; a caleium content of 5 ppm or

less: a copper conlent ol 10 ppm or less: a nickel conlent ol 3

100 ppm or less; and a vanadium conlent ol 25 ppm or less.

In some examples. the wax has a Gardner color of rom
2to 8 (eg., from 2.5 to §, or from 6.5 to 8), for example as
determined according to ASTM D 1500, In some examples,
the wax has an oil content ol [rom 53-50%, (e.g., [rom 25 Lo
45%. or rom 40 o 43%) by weight, for example as
determined according 10 ASTM D 721, In some examples,
the wax has a Reid Vapor Pressure of 12,5 psig or less (e.g.,
10 psig or less, or from 7 to 10 psig), for example as
determined using ASTM 1D 5191, In some examples. the
wax has a waler by distillation amount ol (.5 vol. % or less
(e.g., 0.1 vol. % or less, or 0.01 vol. % or less), for example
as determmined by ASTM D 935, In some examples, the wax
hag a total sediment content of 0.5 vol. % or less (e.g.. vol.

% or less, or .01 vol. % or less), lor example as delermined =

by ASTM DD 4870, In some cxamples, the wax has an
n-heptane insoluble content of 0.3 wt. % or less (e.g., 0.1 w1,
%0 or less, 0.05 wt. % or less, 0.01 wt. % or less), for example
as determined by A8 TM 12 3279, [n some examples. the wax

has a total acld number o 1 mg KOLg or less (cg. 0.5 mg s

KOH/g or less, or 0.2 mg KOH/g or less), for example as
determined according to ASTM D 664,

In some examples, the wax has: a Reid Vapor Pressure of
12.5 psig or less; a [mal boiling point of 9507 1. (o 13007 1
and a pour point of 307 I, o 60° I In some examples. the
wax has: a Reid Vapor Pressure of trom 7 to 10 psig; a final
boiling point of trom 995° F. to 1235° F; and a pour point
of rom 339 1L lo 52° I In some cxamples. the wax has: 4
Reid Vapor Pressure of 12,5 psig or less; a [inal boiling point
ol 9507 I (o 13007 1 a pour polnt ol 307 1. w0 607 1.2 a total
chloride content of 50 ppm or less; a nitrogen content of 300
ppm or less; a silicon content of 123 ppm or less; a sodium

hl

1

3l

40

45

.t

Gl

G5

4

content ot 150 ppm or less; an iron content of 10 ppm or less;
a phosphorus content ol 50 ppm or less: a sullur conlent of
500 ppm or less: and a calcium content of 30 ppm or less.
In some examples. the wax has: a Reid Vapor Pressure of
from 7 to 10 psig; a final boiling point of from 993° F. 10
1235° F; a pour point of from 33° F. 10 32° F; a toml
chloride content of 25 ppm or less; a nitrogen conltent o 300
ppm or less: a silicon content of 100 ppm or less: a sodium
content of 10 ppm or less; an iron content of 10 ppm or less;
a phosphorus content of 30 ppm or less; a sulfur content off
10 ppm or less; and a calcium content of 3 ppm or less.

In some examples. the wax is produced at an industrial
scale. In some examples. the wax is produced via pyrolysis

in a volume of from 10,000 1o 1,000,000 gallons per 5 to 90

3 davs.

Also disclosed herein is an oil derived from pyrolysis of
a leedstock comprising post-consumer and/or post-industrial
plastics. In some examples. the oil has a number average
molecular weight and/or a weight average molecular weight

20 of from 30 1o 350 Daltons. In some examples, the oil

comprises a mixture of different hydrocarbons, any of which
can oplionally be substituled. wherein 90% o 100% of the
mixture (w/w) comprises C,-C,, hvdrocarbons. In some
examples, the oil comprises a mixture of different hvdro-

3 carbons, any of which can optionally be substituted, wherein

0% o 100% of the mixture (w/w) comprises ,-Cs,
hydrocarbons. In some examples, the oil has: a Reid Yapor
Pressure of 12.5 psig or less; a final boiling point of 750° F.
to 1000° F.; a pour point of 0° F. 10 20° F.; a total chloride
conlent ol 300 ppm or less: a nitrogen conlent ol 600 ppm
or less: a silicon content ol 2000 ppm or less: a sodium
conlent of 100 ppm or less: an iron content of 10 ppm or less;
a phosphorus content of 25 ppm or less; a sulfur content off
250 ppm or less; a calcium content of 50 ppm or less; or a
combination thereol.

In some examples ol the oil, from 92% 1o 96% ol the
mixlure (wiw) comprises -5, hydrocarbons. In some
examples of the oil, 0-10% of the mixture (w/w) comprises
C,,-C,p hydrocarbons. In some examples of the oil, the
mixlure comprises: 23-35% (e.g., 30-35%) €, -C, hydrocar-
bons, 53-63% (c.g., 60-63%) C,-C,, hydrocarbons, and
1-10% (e.g., 3-8%) (,,-C,, bhvdrocarbons. In some
examples of the oil, the mixmre is substantially free of
hvdrocarbons comprising 30 or more carbons.

In some examples ol the oil, from 92% 1o 96% ol the
mixlure (wiw) comprises (C,-C'5, hydrocarbons. In some
examples of the oil, 0-10% of the mixture (w/w) comprises
C,,-C,p hydrocarbons. In some examples of the oil, the
mixlure comprises: 23-35% (e.g., 30-35%) (,-C, hydrocar-
bons, 53-63% (c.g., 60-63%) C,-C,, hydrocarbons, and
1-10% (cg., 3-890) ,y-C,, hydrocarbons. In some
examples of the oil, the mixmre is substantially free of
hvdrocarbons comprising 30 or more carbons.

In some examples ol the oil, the mixlure comprises:
0-100 wi. % unsalurated hydrocarbons {(e.g., 94-96 wi. %),
0-5 wt. % unsaturated (non-aromatic) hyvdrocarbons (e.g.,
3.5-4.5 wt. %); and 0-2.5 wt, % aromatic hyvdrocarbons (e.g.,
1-2 wt, %),

In some examples. the oil has a linal boiling point of [rom
T30 1 to 10007 1 (e.g., Trom 9007 1 1o 9507 11, [rom 9207
F. 10 950° F., or from 935" F. to 950° F.), for example as
determined using ASTM D 7169, In some examples, the oil
has 2 pour point ol [rom ¢ I o 20° 1 {¢c.g.. [rom 3° 1. 1o
from 8 10 (o 157 I or [rom 107 10 1o 157 10), lor example
as determined using ASTM 13 97,

In some examples, the oil has a total chloride content of
300 ppm or less (e.g., 100 ppm or less, 30 ppm or less, 25
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ppm or less, 10 ppm or less, 5 ppm or less, 1 ppm or less,
0.1 ppm or less. or 001 ppm or less). lor example as
determined according 10 ASTM 13 7359, In some examples.
the oil has a nitrogen content of 600 ppm or less {e.g.. 250
ppm or less, 200 ppm or less, 150 ppm or less, 100 ppm or
less, 50 ppm or less, 10 ppm or less, or 1 ppm or less), tor
example as determined according 1o ASTM 134629, In some
examples. the oil has a silicon content of 2000 ppm or less
(e.g., 1000 ppm or less, 300 ppm or less, 250 ppm or less,
100 ppm or less, 50 ppm or less, 25 ppn or less, 10 ppm or
less, 5 ppm or less, or 1 ppm or less), for example as
determined according 10 ASTM 12 5183, In some examples.
the 0il has a sodium content ol 100 ppm or less. 50 ppm or
less, 25 ppm or less, 10 ppm or less, 3 ppm or less, or 1 ppm
or less for example as determined according 10 ASTM D
5185, In some examples. the oil has an iron content of 10
ppm or less (c.g.. 5 ppm or less, 1 ppm or less, 0.1 ppm or
less, or 001 ppm or less), lor example as delermined
according to ASTM D 3183, In some examples, the oil has
a phosphorus content of 23 ppm or less (e.g., 10 ppm or less,
5 ppm or less. or 1 ppm or less). [or example as delermined
according o ASTM 1) 5185, In some examples, the oil has
a sulfor content of 230 ppm or less (e.g., 100 ppm or less,
10 ppm or less, or 1 ppm or less), tor example as determined
according to ASTM D 4294, In some examples, the oil has
4 caleium content of 30 ppm or less, 25 ppm or less. 10 ppm
or less, 5 ppm oor less. | ppm or less, 0.1 ppm or less. or (.01
ppm or less, for example as determined according 1o ASTM
D 3185, In some examples, the oil has a copper content of

10 ppm or less (eg., 3 ppm or less, 1 ppm or less, 0.1 ppm 3

or less. or 0.01 ppm or less). for example as delermined
according o ASTM 1) 5185, In some examples, the oil has
a nickel content of 250 ppm or less (e.g., 100 ppm or less,
50 ppmor less, 25 ppm or less, 10 ppm or less, 5 ppm or less,

or 1 ppm or less). for example as determined according Lo 3

ASTM 1) 3183, In some examples, the oil has a vanadium
content of 25 ppm or less (c.g.. 10 ppm or less, 5 ppm or less.
or 1 ppm or less), for example as determined according to
ASTM D 5185,

In some examples, the oil has: a total chloride content ol
500 ppm or less: a nitrogen content of 600 ppm or less: and
a silicon content of 2000 ppm or less. n some examples, the
oil has: a total elhloride content of 300 ppm or less; a nitrogen
content of 600 ppm or less; a silicon content of 2000 ppm or
less: and a sodium conlent o 100 ppm or less. In some
examples. the oil has: a lotal chloride content of 300 ppm or
less; a nitrogen content of 600 ppm or less; a silicon content
of 2000 ppm or less; a sodivm content of 100 ppm or less;
an iron content ol 10 ppm or less; a sullur content ol 250

ppm or less; and a caleium content ol 50 ppm or less. In s

some examples, the oil has: a lotal chloride conlent ol 500
ppm or less; a nitrogen content of 600 ppm or less; a silicon
content of 2000 ppm or less; a sodinm content of 100 ppm
or less; an iron content of 10 ppm or less; a phosphorus

content ol 25 ppm or less: a sullur content of 250 ppm or =

less; and a calcium content of 30 ppm or less. In some
examples, the oil has: a total chloride content of 500 ppm or
less; a nitrogen content of 600 ppm or less; a silicon content
ol 2000 ppm or less: a sodium content of 100 ppm or less:
an iron content of 10 ppm or less: a phosphorus content ol
23 ppm or less; a sultur content of 250 ppm or less; a
calcivm content of 50 ppm or less; a copper content of 10
ppm or less: a nickel content of 250 ppm or less; and a
vanadium content of 25 ppm or less.

In some examples, the oil has: a total chloride content ol
100 ppm or less; a nitrogen content of 600 ppm or less; and
a silicon content of 250 ppm or less. In some examples, the
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oil has: a total chloride content of 100 ppm or less; a nitrogen
conlent of 600 ppm or less: a silicon content ol 250 ppm or
less; and a sodium content of 25 ppm or less. In some
cxamples, the oil has: a wotal chloride content of 100 ppm or
less; a nitrogen content of 600 ppm or less; a silicon content
of 250 ppm or less; a sodivm content of 23 ppm or less; an
irom comtent ol 10 ppm or less; a sullur content o 10 ppm
or less; and a calcium content ol 5 ppm or less. In some
examples, the oil has: a total chloride content of 100 ppm or
less; a nitrogen content of 600 ppm or less; a silicon content
of 250 ppm or less; a sodivm content of 23 ppm or less; an
irom conlent of 10 ppm or less; a phosphorus content ol 10
ppm or less: a sullur content of 10 ppm or less; and a caleium
content of 5 ppm or less. In some examples, the oil has: a

3 total chloride content of 100 ppm or less; a nitrogen content

ol 600 ppm or less; a silicon conlent of 250 ppm or less: a
sodium content of 25 ppm or less: an iron content of 10 ppm
or less; a phosphorus content of 10 ppm or less; a sullur
content of 10 ppm or less; a caleium content of 5 ppm or

20 less; a copper content of' 1 ppm or less; a nickel comtent of

50 ppm or less: and a vanadium content of 1 ppm or less.
In some cxamples, the oil has a Reid Vapor Pressure of
12.5 psig or less (e.g., 10 psig or less, or from 7-10 psig), tor
example as determined using ASTM D 3191, In some
examples, the oil has a water by distillation amount of 0.5
vol. % or less (eag., 0.1 vol. % or less. or 001 vol. % or less)
for cxample as determined by ASTM 13 95, In some
examples, the oil has a total sediment content ot 0.3 vol. %
or less (e.g., 0.1 vol. % or less, or 0.01 vol. % or less), for
cxample as delermined by ASTM 13 4870, In some
cxamples, the oil has an n-heplane insoluble content ol 0.1
wi % or less (eg., 0.03 wi % or Tess. 0L01 wi % or less),
for example as determined by ASTM D 3279, In some
examples, the oil has a total acid number of' 1 mg KOH/g or
less. 0.5 mg KOl g or less. or 0.2 mg KO or less. Tor
cxample as delermined according o ASTM 1) 664,

In some examples, the oil has: a Reid Vapor Pressure of
12.5 psig or less; a final boiling point of 750° F. 10 1000° F.;
and a pour point of 0° F. 0 20° F. In some examples, the oil
has: a Reid Vapor Pressure ol [rom 7 (o 10 psig: a [inal
boiling point ol from 935° ' (o 9507 1.: and a pour point of
from 10° F. 10 15° F. In some examples, the oil has: a Reid
Vapor Pressure of 12.5 peig or less; a final boiling point of
7507 F. 10 1000° F.; a pour point of 0° F. to 20° F.; a total
chloride conlent of 500 ppm or less: a nitrogen conlent of
600 ppm or less: a silicon content of 2000 ppm or less: a
sodivm content of 100 ppm or less; an iron content of 10
ppw or less; a phosphorus content of 23 ppin or less; a sultur
conlent ol 250 ppm or less; and a calcium content ol 50 ppm
or less. In some cxamples. the o1l has: a Reid Vapor Pressure
ol [rom 7 o 10 psig: a [inal boiling point of from 9357 11 1o
9507 F.; a pour point of from 107 F. 10 15° F.; a total chloride
content of 100 ppm or less; a nitrogen content of 500 ppm
or less: a silicon content of 250 ppm or less: a sodium
conlent of 25 ppm or less: an iron content of 10 ppm or less;
a phosphorus content of 10 ppm or less; a sulfur content off
10 ppm or less; and a calcium content of 3 ppm or less.

In some examples, the oil is produced at an industrial
seale. In some examples, the oil is produced via pyrolysis in
a volume ol [rom 10,000 o 1,000,000 gallons per 5 0 90
davs.

Also disclosed herein are compositions comprising any of
waxes disclosed herein and any ol the oils disclosed herein.
In some examples, the composition comprises 50-70% ol
the oil and 30-30% ol the wax by volume. In some
examples, the composition comprises a blend ot the wax and
the oil. In some examples, the composition comprises 65%
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oil and 33% wax by volume. In some examples, the com-
position comprises S0%: oil and 50% wax by volume.

Also disclosed herein are methods ol making any ol the
waxes disclosed herein andfor any ol the oils disclosed
herein. In some examples, the method comprises pyvrolvsis
ot a feedstock comprising post-consumer and/or post-indus-
trial plastics. In some cxamples. (the method comprises
thermal  depolymerization ol the feedstock. In some
examples, the pyrolysis is substantially thee of any added
catalyst. In some examples, the method produces the oil
and/or the wax at an industrial scale. In some examples, the
method produces the oil and/or the wax in a volume ol [rom
10,000 10 1,000,000 gallons per 5 o 90 days. In some
examples, the method produces the oil and/or the wax at a
vield of 73% or more, 80% or more, or 83% or more. In
some examples, the oil andior the wax produced by the
moethod is 4 raw pyrolysis product, meaning method sub-
stantially excludes any hydrotreatment or lurther refining
steps affer the pvrolvsis,

In some examples, the feedstock comprises 50% or more,
60% or more. or 70% or more by weighl posl-consumer
plastics. In some examples. the post-consumer andior post-
industrial plastics comprise polvethylene (e.g., LDPE,
LLDPE, HDPE), polypropylene, polystyrene, or a combi-
nation thereof. In some examples, the teedstock comprises
90% or more (e.g., 93% or more) by weight of polyeithylene.
polypropylene, polystyrene, or a combination thereol. In
some examples, the feedstock comprises moisture at an
amount of 20% or less (e.g., 10% or less, 15% or less, 5%
or less, or 3% or less) by weight. In some examples, the
leedstock comprises 5% or less (c.g., 2.5% or less. or 1% or
less) by weight polyviny] chloride (PVCY. polyvinylidene
chloride (PVDC), polvethylene terephthalate (PET), nvlon,
ethylene vinyl aleohol (EVOH), polycarbonate (I°C), acry-

lomitrile butadiene styrene (ABRS), rubber. thermoscls, or a3

combination thercol. In some examples. the leedstock com-
prises 15% by weight or less (c.g.. 10% by welight or less.
5% by weight or less, or 3% by weight or less) non-plastic
materials such as metal, glass, wood, cotton, paper, card-
hoard. dirt, inorganics, cle. In some examples. the feedstock
comprises [ilms, such as single and/or multi-layered [ilms. In
some examples, the teedstock includes plastics with a plastic
tvpe classification #2, 4, 3, 6, or a combination thereof’.

Also disclosed herein are compositions comprising any of
the waxes disclosed herein, any ol the oils disclosed herein.
any ol the blends disclosed herein. the product ol any ol the
methods disclosed herein, or a combination thereof.

Also disclosed herein are methods of use of any of the
waxes disclosed herein, any of the oils disclosed herein, any

ol the blends disclosed hercin. the product of any ol the =

methads disclosed hercin. or a combination thereol.

Also disclosed herein are articles of manufacture com-
prising any of the waxes disclosed herein, any of the oils
disclosed herein, any of the blends disclosed herein, the

product ol any of the methods disclosed herein, or a com- 5

bination thereof.

Also disclosed herein are compositions derived trom any
of the waxes disclosed herein, any of the oils disclosed
herein, any ol the blends disclosed herein, the product ol any
ol the methods disclosed herein, or a combination thereof.
Also disclosed herein are methods of making said compo-
sitions. For example, the method can comprise additional
processing ol the composition. such as relining. (iliering.
cracking. hydrotreating. cle. In some examples. the compo-
siliom comprises a lubricating oil. a mineral oil. a group 111
base oil, a fully refined paraffin wax, or a combination
thereotf. In some examples, the composition comprises a

[

1

3l

40

45

.t

Gl

G5

8

binder, a processing aid, or a combination thereof. In some
cxamples, the composition comprises kerosene including
cosmelic kerosene, while oils. high value parallin and puri-
fied liquid fuels, or a combination thereof. In some
examples, the composition comprises naphtha, In some
cxamples, the composilion comprises  Tuel. In some
cxamples, the composition comprises liquefied petroleum
2as (LPG), naphtha, kerosene, diesel and gas oil, or a
combination thereot. In some examples, the composition
comprises lube oil. gasoline. jet luel, diesel Tuel. or a
combination thereol. Also disclosed here are articles of
manufacture comprising any of the compositions. [n some
examples, the article comprises packaging, film, andfor
[ibers lor carpets and clothing. molded articles. and extruded
pipes, or a combination thereoll In some examples. the
article comprises a medical device. In some examples, the
article comprises lubricant, candles, adhesives, packaging,
rubber. cosmetics, lire logs, biluminous mixiures, superficial
wear coalings. asphall. scaling coalings, or a combinalion
thereof. In some examples, the composition or article com-
prises asphalt, automotive foel, aviation fuels, base oil,
bitumen, cadalene, cutting [uid, dicsel [uel, [ucl oil, gaso-
line. heating oil, heavy luel oil. hydrocarbon solvents, jet
lucl. kerosene, ligroin, lubricant. mazul, microcrysialline
wax, mineral oil, motor fuel, motor oil, naphtha, naphthenic
acid, paraflin wax, petroleum benzine, petroleum ether,
petroleum jelly. petroleum naphtha, petroleun resin. relene,
or a combination thereall In some examples. the composi-
tion or article comprises gasoline, jet fuel, diesel and other
tuels, asphalt, heavy tvel oil, lubricants, paratiin wax, tar,
asphalt, fertilizer, tlooring, pertume, insecticide, petroleum

jelly. soap. vitamin, amine acid, or a combination thereoll In

some cxamples. the composition or arlicle comprises wood-
based composites such as orlented-strand board (OSB),
particleboard, hardboard, medivm density fiberboard, gyp-
sum board, or a combination thereot. In some examples, the
composition or article comprises lully refined parallin which
i used o produce candles, cosmetics. crayons. lood pack-
aging, paper and carton coatings, or a combination thereot.
In some examples, the composition or article comprises a
hydrocarbon feedstock [or a petroleum refinery, a catalytic
cracking system, a thermal cracking system, a polymeriza-
lion syslem. or a combinalion thereoll Also disclosed herein
are methods of vse of any of the compositions disclosed
herein, for example, wherein the method comprises using
the composilion as a hydrocarbon leedstock [or a petroleum
relinery. a calalylic cracking system. a thermal cracking
svstel, a polvimerization system, or a combination thereof.

Additional advantages of the disclosed compositions and
methods will be set forth in part in the description which
lollows. and in parl will be obvious [rom (he description.
The advantages ol the disclosed compositions and methods
will be realized and attained by means of the elements and
combinations particularly pointed out in the appended
claims. I is 10 be understood that both the foregeing general
deseription and the ollowing detailed deseription are exem-
plary and explanatory only and are not restrictive ol the
disclosed systems and methods, as claimed.

The details of one or more embodiments of the invention
are sel [orth in the accompanying drawings and the deserip-
tion below. Other [eatures. objects. and advantages ol the
invention will be apparent from the description and draw-
ings, and from the claims.

BRI DESCRIPTION OF TTIE FIGURES

The accompanying fipures, which are incorporated in and
constitute a part of this specification, illustrate several
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aspects of the disclosure, and together with the description,
serve Lo explain the principles of the disclosure.

I'I¢r. 1. Schematic diagram ol an example sysiem andior
method as disclosed herein according o one implementa-
tion.

FIG. 2. Schematic diagram of an example svstem and/or
method as disclosed herein according to one implementa-
lion.

I'I¢r. 3. Bchematic diagram ol an example sysiem andior
method as disclosed herein according o one implementa-
tion.

FIG. 4. Schematic diagram of an example svstem and/or
method as disclosed herein according to one implementa-
lion.

I'I¢r. 5. Bchematic diagram ol an example sysiem andior
method as disclosed herein according o one implementa-
tion.

FIG. 6. UV-Vis gpectrum of wax produet in hexane with
a 100x dilution factor.

IFICr. 7. UV-Vis speetrum ol wax product in hexane with
a 1000 dilutiom [actor.

IICr. 8. PTIR-ALTR spectrum of wax product.

FIG. 9. Gas chromatogram of wax produet.

FIG. 10. Gas chromatogram of wax product.

FIGE 11, YTI-NMR spectrum of wax product.

FICG 120 H-NMR spectrum of wax product with anno-
Latioms.

FIG. 13. '* C-NMR spectrum of wax product.

FIG. 14. ' C-NMR spectrum of wax product with anno-
tations.

IFICr. 15, UV-Vis spectrum ol oil product in hexane with
a 100w dilution faclor.

IFI¢r. 16, UV-Vis spectrum ol oil product in hexane with
a 1000x dilution factor.

FIG. 17. FTIR-ATR spectrum of oil product.

FIG. 18, GC-FID chromatogram of oil product.

IC 19, TTI-NMR spectrum of oil product.

IFIC. 20, 'TI-NMR spectrum of il product with annota-
Lions.

FIG.

FIG.
tations.

21. '* C-NMR spectrum of oil product,
22, '* C-NMR spectrum of oil product with anno-
DITEATLED DESCRIPTION

The compositions, methods, and systems described herein
may be undersiood more readily by relerence o the [ollow-

ing delailed deseription of specilic aspects of the disclosed s

subject matler and the Iixamples included therein.

Betore the present compositions, methods, and systems
are disclosed and described, it is to be understood that the
aspectls deseribed below are not limited o specilic synthetic

methods or speeilic reagents. as such may. of course. vary. =

It 15 also 1o be vnderstood that the terminology vsed herein
is tor the purpose of describing particular aspects only and
is ot intended to be limiting.

Algo, throughout this specilication, various publications
are relerenced. The disclosures ol these publications in their
entireties are hereby incorporated by reference into this
application in order to more fully describe the state of the art
1 which the disclosed matler pertains. The references dis-
closed are also individually and specilically incorporated by
reflerence herein [or the malerial contained in them thal is
discussed in the sentence in which the reference is relied
upoL.
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General Definitions

In this specilication and in the claims that [ollow. reler-
cnee will be made o a number of terms. which shall be
defined to have the lollowing meanings.

Throughout the description and claims of this specifica-
tion, the word “comprise™ and other forms of the word, such
as “comprising” and “comprises,” means including bul not
limited to. and 1s not intended (o exclude. Tor example, other
additives, components, integers, or steps.

Asg vsed in the descriprion and the appended claims, the
singular torms “a,” “an,” and “the” include plural referents
unless the conlext clearly dictates otherwise. Thus. lor
cxample, relerence o “a composilion”™ includes mixtures of
two or more such compositions, reference 10 “an agent”
includes mixtures of two or more such agents, reference to
“the component” includes mixtures of two or more such
componenlts, and the like.

“Oplional” or “oplionally™ means that the subsequently
described event or circumstance can or cannot occur, and

20 that the description includes instances where the event or

circumnstance oceurs and instances where il does not.

Ranges can be expressed hercin as from “aboul” one
particular value, and/or to “about” another particular valve.
By “about” is meant within 5% of the value, e.g., within 4,
3, 2, or 1% of the value. When such a range is expressed,
another aspect includes [rom the one particular value and/or
lo the other particular value. Similarly. when values are
expressed as approximations, by vse of the antecedent
“about,” it will be understood that the particular value forms
another aspeel. 10 will be Turther undersiood that the end-
points of cach of the ranges are significant both in relation
o the other endpoint, and independently ol the other end-
point.

Values can be expressed herein as an “average™ value.
“Average” generally refers 1o the statistical mean value.

By “substantially™ 1s meant within 5%, c.g.. within 4%,
3%. 2% or 1.

“Exemplary” means “an example of” and is not intended
to convey an indication of a preferred or ideal embodiment.
“Such as” is nol used in a restriclive sense. but lor explana-
lory purposes.

It is understood that throughout this specification the
identifiers “first” and “second” are used solely 1o aid i
distinguishing the warious components and steps of the
disclosed subject matter. The identifiers “lirst” and “sceond™
are nol intended o imply any particular order. amount,
preference, or importance to the components or steps modi-
fied by these terms.

Relerences in the specilication and concluding claims o
parts by welght ol a particular clement or component in a
composition denotes the weight relationship between the
element or component and any other elements or compo-
nents in the composition or article tor which a part by weight
is expressed. Thus. in a compound conlaining 2 parls by
weight of component X and 5 parts by weight component Y,
X and Y are present at a weight ratio of 2:5, and are present
in sueh ratio repardless of whether additional components
are contained in the compound.

A weight poreent (wi. %) of a component. unless specili-
cally staled Lo the contrary. is based on the lotal weight of the
formulation or composition in which the component is
included.

The term “or combinatioms thereol™ as used herein refers
o all permutations and combinations ol the listed items
preceding the term. For example, “A. 3. C, or combinations
thereof™ is intended 1o include at least one oft A, B, C, AB,
AC, BC, or ABC, and if order is important 10 a particular
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context, also BA, CA, CB, CBA, BCA, AUB, BAC, or CAB.
Continuing with this example, expressly included are com-
binations that conlain repeats ol one or more ilem or lerm.
such as B3 AAAL AR BBRC, AAABCCCC. CBIBAAA
CABABR, and so forth. The skilled artisan will understand
that typically there is no limit on the number of items or
lerms in any combination, unless otherwise apparent [rom
the contexl.

Chemical Definitions

Unless otherwise defined, all technical and scientific
terms vsed herein have the same meaning as comumonly
understood by one ol ordinary skill in the art 10 which this
invention helongs.

The orpanic moieties mentioned when defining variable
positions within the general tormulae described herein (e.g.,
the lerm “halogen™) are collective lerms lor the individual
substiluents encompassed by the organic moiety. The prelix
(,-C,, preceding a group or moicly indicales, in cach case.
the possible number of carbon atoms in the group or moiety
that follows.

The term “lon.” as used herein, relers o any molecule.
portion of a molecule. cluster of molecules. molecular
complex, moiety, or atom that contains a charge (positive,
legative, or both at the same time within one molecule,
cluster of molecules, molecular complex, or moiety (e.g.,
switlerions)) or thal can be made to contain a charge.
Mcthods [or producing a charge in a molecule. portion ol a
molecule, cluster of molecules, molecular complex, moiety,
or atom are disclosed herein and can be accomplished by

moethods known in the arl. c.g., protonation, deprotonalion. 3

oxidation. reduction, alkylation, acetylation. esterification.
de-esterification. hydrolysis. cle.

The term “anion™ is a type of ion and is incloded within
the meaning of the term “ion.” An “anion™ is any molecule,

portion of a molecule {e.g., swillerion). cluster ol molecules. 3

molecular complex. moicly. or alom (hal conlains a nel
negalive charge or that can be made o contain a nel negalive
charge. The term “anion precursor”™ is used herein to spe-
cifically refer to a molecule that can be converted to an anion
via @ chemical reaction (e.g., deprotonation).

The lerm “cation” is 4 lype ol lon and 13 included within
the meaning of the term “ion.” A “cation™ is any molecule,
portion of a molecule (e.g., Zwitterion), cluster of molecules,
molecular complex, modety, or atom, that contains a net
positive charge or (that can be made o conlain a nel posilive
charge. "The lerm “cation precursor’™ is used herein 1o spe-
cifically refer to a molecule that can be converted 1o a cation
via a chemical reaction (e.g., protonation or alloylation).

As used herein, the term “substituled™ is contemplated Lo

include all permissible substituents of organic compounds. s

I a broad aspeel. the permissible substiluents include acy-
clic and evelic, branched and unbranched, carbocyelic and
heterocvelic, and aromatic and nonaromatic substituents of
organic compounds. Mlustrative substituents include. for

example. those described below. The permissible substitlu-

ents can be one or more and the same or different for
appropriate organic compounds. For purposes of this dis-
closure, the heteroatoms, such as nitrogen, can have hydro-
gen substituents andior any permissible substiluents ol
organic compounds described herein which satisly  the
valencies of the hetercatoms. This disclosure is not intended
10 be limited i1 any manner by the permissible substituents
ol organic compounds. Also, the terms “substilution™ or
“substituled with™ include the implicit proviso thal such
substilution is In accordance with permitted valence ol the
substituted atom and the substituent, and that the substitu-
Tion results in a stable compound, e.g., a compound that does
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not spontanecusly nndergo transtormation such as by rear-
rangement. cyclivalion. climination. cle.

sy ey <37 and /% are used hercin as generic
symbols 1o represent various specific substituents. These
svimbols can be any substinent, not limited to those dis-
closed herein, and when thev are defined to be certain
substituents in ohe instance, they can, in another instance, be
defined as some other substiluents.

The term “aliphaiic” as used herein refers o a non-
aromatic hydrocarbon group and includes branched and
vibranched, allcyl, alkenyl, or alkyvnyl groups.

As vsed herein, the term “alkvl” refers to saturated,
straight-chained or branched saturated hvdrocarbon moi-
clies. Unless otherwise specilied, € C,, (cg., €-C.,,
CrCae GGy G Gy CrCppe GGy €L, T
C,-C,) alkyl groups are intended. xamples ol alkyl groups
include methyl, ethyl, propvl, l-methyl-ethyl, buvl,
l-methyl-propyvl, 2-methyl-propyl, 1,1-dimethyl-ethyl, pen-

an tvl, l-methyl-butyl, 2-methyl-butyl, 3-methyl-butyl, 2,2-

dimethyl-propyl, T-cthyl-propyl, hexyl. 1.1-dimethyl-pro-
pyl. 1,2-dimethyl-propyl, 1-methyl-pentyl, 2-methyl-pentyl,
F-methyl-pentyl, 4-methyl-pentyl, 1,1-dimethyl-butyl, 1,2-
dimethyl-buty], 1,3-dimethy]l-butyl, 2,2-dimethyl-butyl, 2,3-
dimethyl-butyl, 3,3-dimethyl-butyl, 1-ethyl-butyl, 2-ethyl-
butyl, 1,1, 2-trimethyl-propyl, 1,2, 2-trimethyl-propyl,
l-cthyl-1-methyl-propyl.  l-cthyl-2-methyl-propyl, heplyl,
octyl, nonyl, decyl, dodecyl, tetradecy], hexadecy], eicosyl,
tetracosyl, and the like. Alkyl substitvents may be vnsub-
stituled or substituled with one or more chemical moictics.
The alkyl group can be substituted with one or more groups
including, but not limited o, hydroxyl, halogen, acyl, alkyl,
allcoxy, alkenyl, allynyl, aryl, heteroaryl, aldehvde, amino,
cvano, carboxylic acid, ester, ether, ketone, nitro, phospho-
nyl. silyl, sullo-oxo, sullonyl. sullone, sulloxide, or thiol. as
deseribed below, provided that the substiluents are sterically
compalible and the rules of chemical bonding and strain
eneray are satisfied.

Throughout the specification “alloyl” is generally used 1o
reler 1o both unsubstituled alkyl groups and substituted alkyl
groups; howoever, substituted alkyl groups are also specili-
cally referred 1o herein by identifving the specific
substitvent(s) on the alkyl group. For example, the term
“halogenated alky!™ specifically refers to an alleyl group that
is substituted with one or more halides (halogens: e,
[luorine. chlorine, bromine. or iodine). The term “alkoxyal-
kvl specifically refers to an alkyl group that is substituted
with one or more alkoxy groups, as described below. The
lerm “alkylamino™ specilically relers 1o an alkyl group (hat
i substituted with one or more amine groups, as described
below, and (he like. When “alky!™ is used in one instance and
a specific term such as “alkylaleohol™ is vsed i another, it
is not meant to imply that the term “alky!” does not also refer
o speeilic lerms such as “alkylaleohol™ and the like.

This practice is also used for other groups described
herein. That is, while a term such as “cyeloalky!™ refers 1o
both vnsubstituted and substitated cyeloalky] moieties, the
substituted moieties can, in addition, be specifically identi-
fied herein: [or example, a particular substituted cycloalkyl
can be referred o as, c.g.. an “alkyleycloalkyl.” Similarly. a
substituted alkoxy can be specifically referred to as, e.g., a
“halogenated alkoxy,” a particular substitnted alkenyl can
be, c.g.. an “alkenylaleohol,” and the like. Again, the prac-
lice ol using a general term, such as “cycloalkyl.” and a
specilic term. such as “alkyleycloalkyl,” is nol meant 1o
imply that the general term does not also include the specific
term,
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Asg used herein, the term “alkeny!™ refers 1o vnsaturated,
straight-chained. or branched hydrocarbon moicties contain-
ing a double bond. Unless otherwise specilied, Ca-Ca, (C.g..
oy ComCape GGy GGy ConC s €y GG
C,-Cy, C,-C,, or C,-C,) alkeny! groups are imended. Alk-
enyl grovps may contain more than one unsaturated bond.
Ixamples  include  clhenyl.  l-propenyl,  2-propenyl.
T-methylethenyl. 1-bulenyl, 2-bulenyl, 3-bulenyl, 1-methyl-
1-propenyl, 2-methyl-1-propenyl, 1l-methyl-2-propenyvl],
2-methyl-2-propenyl, l-pentenyl, 2-pentenyl, 3-pentenyl,
4-pentenyl, 1-methyl-1-butenyl,  2-methvl-1-butenyl,
3-methyl-T-butenyl. 1-methyl-2-butenyl, 2-methyl-2-bulc-
nyl, 3-methyl-2-butenyl. l-methyl-3-bulenyl, 2-methyl-3-
butenyl, 3-methyvl-3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-
dimethyl-1-propenyl, 1.2-dimethyl-2-propenyl, 1-ethvl-1-
propenyl.  l-cthyl-2-propenyl,  1-hexenyl.  2-hexenyl.
3-hexenyl, 4-hexenyl. S-hexenyl.  l-methyl-1-pentenyl.
2-methyl-1-penienyl, 3-methyl-1-pentenyl, 4-methyl-1-pen-
tenyl, 1-methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-methyl-
2-pentenyl, 4-methyl-2-pentenyl,  l-methyl-3-penteny],
2-methyl-3-penienyl, 3-methyl-3-pentenyl, 4-methyl-3-pen-
tenyl. l-methyl-4-pentenyl. 2-methyl-4-pentenyl. 3-methyl-
4-pentenyl, 4-methyl-4-pentenyl, 1,1-dimethyl-2-butenyl,
1,1-dimethyl-3-butenyl, 1,2-dimethyl-1-butenyl, 1.2-dim-
ethyl-2-butenyl, 1,2-dimethyl-3-butenyl, 1.3-dimethvl-1-
butenyl, 1.3-dimethyl-2-butenyl.  1,3-dimethyl-3-butenyl.
2.2-dimethyl-3-butenyl, 2.3-dimethyl-1-butenyl, 2.3-dim-
ethyl-2-butenyl, 2,3-dimethyl-3-butenyl, 3.3-dimethvl-1-
butenyl, 3,3-dimethyl-2-butenyl, 1-ethyl-1-butenyl, 1-ethyl-
2-bulenyl, l-cthyl-3-butenyl. 2-cthyl-1-bulenyl, 2-cthyl-2-
butenyl,  2-cithyl-3-butenyl.  1.1.2-trimethyl-2-propenyl.
1-cthyl-1-methyl-2-propenyl, 1-cthyl-2-methyl-1-propenyl.
and l-ethvl-2-methyl-2-propenyl. The term “vinyl” refers to
a group having the structure —CH—CH,; 1-propenyl refers
1 & group wilth the structure CH—CTI
penyl refers o a group with the structure ClILL
CIL_Cl,. Asymmelric structures such as (4'72500—C
(Z*Z*) are intended 1o include both the E and Z isomers.
This can be presumed in structural formulae herein wherein
an asymmelric alkene is present. or il can be explicitly
indicated by the bond symbol C_C. Alkenyl substiluents
may be unsubstituted or substituted with one or more
chemical moieties. Examples of svitable substituents
include, for example, alleyl, allkoxy, alkenyl, allkyvnyl, arvl,
heleroaryl, acyl, aldehyde, amino, cyano. carboxylic acid.
esler. ether, halide, hydroxyl, kelone. nitro. phosphonyl.
silvl, sulfo-oxo, sulfonyl, sultone, sulfoxide, or thiol, as
described below, provided that the substitvents are sterically
compalible and the rules ol chemical bonding and strain
energy arc salisfied.

As used herein. the erm “alkynyl™ represents straight-
chained or branched hydrocarbon moieties containing a
triple bond. Unless otherwise specified, C,-C,, (eg.,
ComCay Gy Gy CamCp e CorC Ly ConCC ) CanC.

C,-Cy, ComCy, or C,-C ) alkynyl groups are intended. Allgy- s

oyl groups may contain more than one unsaturated bond.
Examples include C,-C;-allovnyl, such as ethynyl, 1-propy-
oyl Z-propvavl (or propargyl), 1-butvnyl, 2-butvnyl,
3-butynyl, l-methyl-2-propynyl. T-pentynyl, 2-pentynyl.
J-pentynyl, 4-pentynyl, 3-methyl-1-bulynyl, 1-methyl-2-
butvoyl, 1-methyl-3-butvayl, 2-methyl-3-butyoyl, 1,1-dim-
ethyl-2-propyvuyl, 1-ethyl-2-propyny]l, 1-hexyoyv]l, 2-hexy-
nyl, 3-hexynyl. 4-hexynyl, 3-hexynyl, 3-methyl-1-pentynyl.
4-methyl-1-pentynyl, 1-methyl-2-pentynyl, 4-methyl-2-pen-
tynyl. l-methyl-3-pentynyl. 2-methyl-3-pentynyl. 1-methyl-
4-pentviyl, 2-methyl-4-pentynyl, 3-methyl-4-pentynyl, 1,1-
dimethyl-2-butvayl, 1,1-dimethyl-3-butyay], 1,2-dimethyl-

ClIl,: and 2-pro- 3
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3-butvavl, 2,2-dimethyl-3-butvoyl, 3,3-dimethyl-1-butynyl,
l-cthyl-2-butynyl. T-cthyl-3-butynyl, 2-cthyl-3-bulynyl, and
l-cthyl-1-methyl-2-propynyl. Alkynyl substituents may be
unsubstituled or substiluled with one or more chemical
moieties. Examples of suitable substitvents include, for
example, alkyl, alkoxy, alkenyl, alkyvuyl, arvl, heteroarvl,
acyl. aldchyde. amino, cyano, carboxylic acid. ester, cther,
halide, hydroxyl, kelone, nitro. phosphonyl. silyl, sullo-oxo,
sulfonyl, sultone, sultoxide, or thiol, as described below.

Asg vsed herein, the tern “arvl,” as well as derivative
terms such as arvloxy, refers to groups that include a
monovalent aromalic carbocyelic group ol from 3 (o 50
carbon atoms. Aryl groups can include a single ring or
multiple condensed rings. In some examples, aryl groups

3 include Cg-C, aryl groups. Examples of arvl groups

include. but are not limited 10. bensene. phenyl, biphenyl,
naphthyl, tetrahydronaphihyl. phenyleyelopropyl, phenoxy-
bensene, and indanyl. The term “aryl” also includes “het-
eroarv],” which is defined as a group that contains an

20 aromatic gronp that has at least one hetercatom incorporated

within the ring ol the aromatic group. I'xamples ol heleroa-
loms include, bul are not limiled to. nitrogen. oxygen. sul lur,
and phosphorus. The term “non-hetercaryl,”™ which is also
included in the term “aryl,” defines a group that containg an

3 aromatic group that does not contain a heteroatom. The aryl

substitucnls may be unsubstiluted or substituled with one or
more chemical moictics. Ixamples ol suitable subsiituents
include, for example, alkyl, alkoxy, alkenvl, alkvoyl, arvl,
heteroaryl, acyl, aldehyde, amino, ¢vano, carboxyvlic acid,
cster, cther. halide. hydroxyl. ketone, nitro, phosphonyl,
silyl. sullo-oxo, sullonyl, sullone, sulloxide. or thiol as
deseribed herein, The term “biaryl™ is a speeilic type ol aryl
aroup and is included in the definition of arvl. Biary] refers
to two arvl groups that are bound together via a fised ring
structure, as in naphthalene, or are attached via one or more
carbon-carbon bonds. as in biphenyl.

The term “eycloalkyl™ as used herein is a non-aromatic
carbon-based ring composed of at least three carbon atoms.
Examples of cyeloalky]l groups include, but are not limited
lo, cyclopropyl. cyclobulyl. eyelopentyl, eyclohexyl, cle.
The term “heterocycloalkyl™ is a cycloalkyl group as defined
above where at least one of the carbon atoms of the ring is
substituted with a heteroatom such as, but not limited to,
nitrogen, oxvgen, sulfir, or phosphorus. The cyeloalkyl
group and helerocyeloalkyl group can be substiluted or
unsubstituled. The eycloalkyl group and heterocycloalkyl
aroup can be substituted with one or more groups including,
but not limited to, allkyl, allkoxy, allkenyl, alkvoyl, arvl,
heteroaryl. acyl. aldchyde. amino. cyano, carboxylic acid,
cster, cther. halide. hydroxyl. ketone, nitro, phosphonyl,
silyl. sullo-oxo, sullonyl, sullone, sulloxide. or thiol as
described herein.

The term “cvcloalkenyl™ as used herein is a non-aromatic
carbon-based ring composed ol al least three carbon aloms
and containing al least one double bound. Le. C_—_C.
Examples of cveloalkenyl groups include, but are not lim-
ited 1o, cvelopropeny], cvelobutenyl, cvelopentenyl, cvelo-
peatadienyl, cveclohexeny], cvelohexadienyl, and the like.
The term “heterocyceloalkenyl™ is a ype ol cycloalkenyl
group as delined above and is included within the meaning
of the term “cycloalkenyl,” where at least one of the carbon
atoms of the ring is substituted with a heteroatom such as,
but not limited to, nitrogen, oxygen. sullur. or phosphorus.
The eycloalkenyl group and heterocyeloalkenyl group can
be substituled or unsubstituted. The cycloalkenyl group and
heterocycloalkenyl group can be substituted with one or
more groups weluding, but not limited 1o, alkyl, alkoxy,
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alkenyl, alkyvoyl, aryl, hetercaryl, acyl, aldehvde, amino,
cyano. carboxylic acid. ester. ether. halide, hydroxyl, kelone.
nitre. phosphonyl. silyl. sulfo-oxo, sullonyl. sullone. sullox-
ide, or thiol as described herein.

The term “cyvelic group™ is used herein to refer to either
aryl groups, non-arvl groups (i.e., cveloalkyl, heterocyeloal -
kyl, eveloalkenyl, and heterocveloalkenyl groups), or both.
Cyelic groups have one or more ring sysiems (c.g.. mono-
cyclic. bicyelic, tricyclie. polyeyelic, elel) that can be sub-
stituled or unsubstiluted. A cycelic group can conlain one or
more aryl groups, one or more non-aryl groups, or one or
more aryl groups and one or more non-aryl groups.

The term “acyl™ as used herein is represented by the
formula  C{OY/' where 2! can be a hydrogen, hydroxyl.
alkosgy, alkyl. alkenyl. alkynyl, aryl. heteroaryl, eycloalkyl.
cycloalkenyl. heteroeyeloalkyl. or heleroeyeloalkenyl group
described above. As used herein, the term “acyl™ can be used
iterchangeably with “carbonyl.” Throughout this specifi-
cation “C{O)” or “CO™ is a shorthand notation for C—0O.

The term “acetal™ as used herein 1s represcnted by the
lormula (' A2 O30 073, where 7', A7, 72, and 77
can be, independently. a hydrogen. halogen. hydroxyl, alkyl.
alkenyl, alkvoyl, arvl, heteroarvl, cveloalleyl, eveloalkenyl,
beterocveloally]l, or heterocveloalkenyl group described
above.

The term “alkanol™ as used herein is represented by the
[ormula Z'OlL where 7' can be an alkyl. alkenyl, alkynyl.
arvl, heteroaryl, cyveloalkyl, cveloalkeny], heterocyeloalkyl,
or heterocveloalkenyl group described above,

Asg used herein, the term “alkoxy™ as used herein is an
alkyl group bound through a single. terminal ether Tinkage:
that is, an “alkoxy™ group can be deflined as 10 a group of the
formula 7' O, where 7' is unsubstituied or substiluted
alky] as defined above. Unless otherwise specified, alkoxy
groups wherein Z'is a C-Cay (e.g., C-Cy. C-Clags €,-C 15,
C-C, C-CL, C-C,, CCp, C-Cy, C-C, or C-CY)
alkyl group are inlended. lxamples include methoxy.
clthoxy, propoxy. 1-methyl-cthoxy. buloxy, l-methyl-
propoxy, 2-methyl-propoxy. 1.1-dimethyl-cthoxy, penloxy.
1-methy!-lwtyloxy, 2-methyl-butoxy, 3-methyl-butoxy, 2,2-
di-methyl-propoxy, 1-ethyl-propoxy, hexoxy, 1,1-dimethyl-
PrOPOXY, 1, 2-dimethy]-propoxy, l-methyl-pentoxy,
2-methyl-pentoxy, 3-methyl-pentoxy. 4-methyl-penoxy, 1,1-
dimethyl-butoxy.  1.2-dimethyl-butoxy.  1,3-dimethyl-bu-
toxy, 2,2-dimethyl-butoxy, 2,3-dimethyl-butoxy, 3,3-dim-
ethyl-butoxy,  l-ethyl-butoxy, Z-ethylbutoxy, 1,1,2-
trimethyl-propoxy, 1.2, 2-trimethyl-propoxy,  l-cthyl-1-
moethyl-propoxy. and 1-cthyl-2-methyl-propoxy.

The term “aldehyde™ as wsed herein is represented by the
formula —C{O)H. Thronghout this specification “C{0)" is a
shorthand notation tor C—0.

The term “amine™ as used herein are represented by the
l[ormula
substitution group as described herein, such as hydrogen, an
alkyl, alkenyl, allkynyl, arvl, bheteroarvl, cvcloalkyl,
cveloalkenyl, heterocveloalkyl, or heterocycloalkenyl group
deseribed above.

The werms “amide™ or “amide™ as used herein are repre-
sented by the formula —C({ONZ'Z*, where Z' and Z* can
each be substitution group as described herein, such as
hydrogen. an alkyl, alkenyl, alkynyl, aryl, heleroaryl.
cycloalkyl, cycloalkenyl, heterocycloalkyl, or heterocy-
cloalkenyl group described above.

The term “anhvdride™ as used herein is represented by the
formula ZMC(OYOC(0)Z? where Z*' and Z7, independently,

NZ'Z22 where 7', 77, and 77 can cach be s
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cal be an alkyl, alkenvl, alkvoyl, arvl, heteroarvl, cvcloal-
kyl. cycloalkenyl, heterocycloalkyl. or helerocyceloalkenyl
group described above.

The term “eyclic anhydride™ as used herein is represented
by the tormula:

0

A

Iy} 7!

8]

where 7' can be an alkyl. alkenyl, alkynyl. aryl, het-
eroaryl, cvcloalleyl, eveloalkenyl, heterocyeloallev], or
heterocveloalkenyl group described above,

The term “azide™ as used herein is represented by the
formula N_N_N.

The term “carboxylic acid™ as used herein is represented
by the tormula —C{OHOH.

A “carboxylate” or “carboxy]” group as used herein is
represented by the lormula CNO~.

The term “cyano™ as used herein is represented by the
formula  CN.

The term “ester” as used herein is represented by the
formula —OC(O)Z or —C(NOZ', where Z' can be an
alkyl, alkenyl. alkynyl. aryl, heteroaryl.  cycloalkyl,
cycloalkenyl, heterocyeloalkyl, or heterocyeloalkenyl group
described above.

The term “ether” as used herein is represented by the
formula Z'OZ?, where Z' and Z? can be, independently, an
alkyl, alkenyl. alkynyl. aryl, heteroaryl.  cycloalkyl,
cycloalkenyl, heterocyeloalkyl, or heterocyeloalkenyl group
described above.

The terin “epoxy™ or “epoxide” as used herein refers to a
cyelic ether with a three atom ring and can represented by
the Tormula:

9]

ZI>.A<7';
2 e

£ Z

where £'. ¥7, 77, and 7% can be. independently, an alkyl,
alkenyl, allkvoyl, arvl, heteroaryl, evcloalkyl, cveloalle-
envl, heterocycloalkyl, or heterocvcloalkenyl group
deseribed above.

The term “ketone”™ as used herein s represented by the
formula £'C{O)Z where 7' and #7 can be. independently,
an alkyl, alkenyl, alkyvovl, arvl, hetercarvl, cvcloalkyl,
cveloalkenyl, heterocyeloalkyl, or heterocyeloalkenyl] group
deseribed above.

The term “halide”™ or “halogen™ or “halo” as used herein
refers to fluorine, chlorine, bromine, and iodine.

The term “hydroxyl” as vsed herein is represented by the
formula —OH.

The term “nitro’™ as used herein is represented by the
formula  NO 2.

The term “phosphony]l” is wsed herein to refer 1o the
phospho-oxo grovp represented by the tormuls —P(O)
(OAYY 2, where Z1 can be hydrogen, an alkyl. alkenyl,
alkynyl. aryl, heteroaryl, cycloalkyl. cycloalkenyl. helero-
cycloalkyl. or heleroeyceloalkenyl group described above.

The term “silyl™ as used herein is represented by the
formula —81Z' 2277, where Z', Z°, and Z* can be, indepen-
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dently, hvdrogen, alkyl, alkoxy, alkenyl, alkvoyl, arvl, het-
croaryl, cycloalkyl. cycloalkenyl. heterocyeloalkyl, or het-
crocycloalkenyl group described above.

The term “sullonyl™ or “sullond™ is used herein o refer Lo
the sulfo-oxo group represented by the formula —S(0).Z",
where 7' can be hydrogen, an alkyl, alkenyl, alkynyl, arvl,
heleroaryl, cycloalkyl. cycloalkenyl, helerocycloalkyl. or
heterocycloalkenyl group desceribed above.

The term “sulfide™ as used herein comprises the formula
—5—.

The term “thiol” as used herein is represented by the
lormula  SIL

SRUTERET CREURe ele. where nis some inleger. as
used herein can, independently, possess one or more of the
groups listed above. For example, if R* is a straight chain
alkyl group. one ol the hydrogen atoms ol the alkyl group
can oplionally be substiluled with a hydroxyl group. an
alkosxy group. an amine group. an alkyl group. a halide. and
the like. Depending vpon the groups that are selected, a first
group can be incorporated within a second group or, alter-
natively, the (irst group can be pendant (Le.. atlached) 1o the
socond group. or example, with the phrase “an alkyl group
comprising an amino group,” the amino grovp can be
ecorporated within the backbone of the alkyl group. Alter-
natively, the amino group can be attached 1o the backbone of
the alkyl group. The nature ol the group(s) thal is {arc)
sclected will detlermine il the first group is embedded or
attached to the second group.

Unless stated to the contrary, a formwla with chemical

honds shown only as solid lines and nol as wedges or dashed 3

lines conlemplales cach possible siereoisomer or mixture ol

slereolsomer (e.g., cach enantiomer. cach diaslercomoer, cach

meso compound, a racemic mixture, or scalemic mixture).
Compositions

Disclosed hercin are hydrocarbon based compositions 3

derived rom pyrolysis o a leedstock comprising post-
consumer andior post-indusirial plastics. Pyrolysis depo-
lymerizes plastics into products comprised of building block
molecules. Contaminants are introduced during plastic tor-
mulation and manufacturing processes during the (st lile ol
plastic in conjunctiom with the source and collection method
of the plastics. Recvcling of plastics via pyrolysis is a
technology that generates products with a broad range of
quality dependent upon a variety of factors, including the
leedstock and manulacluring process.

“Post-industrial” or “Pre-consumer”  plastics  include
materials derived from waste streams during a plastic manu-
facturing process.

“Post-consumer™ plastics include malerials generaied by

houscholds or by commercial. industrial, and/or institutional s

[acilities in their roles as end-users of the product which can
0o longer be vsed tor its intended purpose. This inecludes
returns of material from the distribution chain.

Sources ol post-consumer andf/or post-industrial plastics

include, but are not limiled to. plastic resin producers: s

packaging converters; industrial, comunercial, retail, and
institutional tacilities; households: and waste collectors.

In some examples, the compositions disclosed herein can
comprise 4 wax. an oil, or a combination thereol.

Waux

For example, disclosed herein are waxes derived from
pyrolysis of a feedstock comprising post-consumer and/or
post-indusirial plastics. In some examples. the wax can be
produced via pyrolysis al an industrial scale.

The wax can. lor example, have a number average
molecular weight and/or a weight average molecular weight
of 300 Daltons or more (e.g., 305 Daltons or more, 310
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Daltons or more, 315 Daltons or more, 320 Daltons or more,
325 Dallons or more, 330 Daltons or more, 335 Daltons or
more, 340 Dallons or more, 345 Dallions or more, 350
Dallons or more, 355 Dalions or more, 360 Daltons or more,
365 Daltons or more, 370 Daltons or more, 375 Daltons or
more, 380 Dahions or more, 385 Daltons or more, or 390
Dallons or more). In some examples. the wax can have a
number average molecular weight and/or a weight average
molecular weight ot 400 Daltons or less (e.g., 395 Daltons
or less, 390 Daltons or less, 385 Daltons or less, 380 Daltons
or less, 373 Daltons or less, 370 Daltons or less, 365 Daltons
ar less, 360 Daltons or less. 355 1allons or less. 350 Dalions
ar less, 345 Daltons or less. 340 1allons or less. 335 Dalions
or less, 330 Daltons or less, 325 Daltons or less, 320 Daltons
or less, 315 Daltons or less, or 310 Dalons or less). The
number average molecular weight and/or weightl average
moleeular welight of the wax can range from any ol the
minimum values deseribed above o any of the maximum
values described above. For example, the wax can have a

20 number average molecular weight and/or a weight average

molceular weight of rom 300 w0 400 Daltons {c.g.. [rom 300
o 350 Daltons. [rom 350 (o 400 Dallons. from 300 10 320
Daltons, from 320 to 340 Daltons, from 340 to 360 Daltons,
trom 360 to 380 Daltons, trom 380 to 400 Daltons, from 300
to 380 Daltons, from 300 to 360 Daltons, from 300 1o 340
Dallons. [rom 320 (o 400 Daltons, rom 340 1o 4K 1Dallons,
from 364 10 400 Daltons, rom 310 1o 390 Daltons. [rom 320
to 380 Daltons, trom 325 to 375 Daltons, or from 325 to 350
Daltons).

The wax comprises a mixiure ol different hydrocarbons
{c.g.. lincar, branched. cyclic. acyclic. saturaled. unsatu-
raled, aromalic. non-aromatic. cle.). any of which can
optionally be substituted. In some examples, the wax com-
prises a mixture of different hydrocarbons, any of which can
oplionally be substituted, and 60% or more of the mixture
{wiw) compriscs ('5,-C,5 hydrocarbons {c.g.. 61% or more,
62% or more, 63% or more, 64% or more, 63% or more,
60% or more, 67% or more, 8% or more, 69% or more,
70% or more, 71% or more, 72% or more, 73% or more,
T4% or more, 73% or more. 76% or more, 77 or more, or
T8% or more). In some examples. the wax compriscs a
mixture of different hvdrocarbons, any of which can option-
ally be substituted, and 80% or less of the mixture (w/w)
comprises C,,-C 45 hydrocarbons (e.g., 79% or less, 78% or
less. 77% or less, 76'% or less. 75% or less, 74% or less, 73%
or less. 72% or less. T1% or less, 70% or less, 69% or less,
68% or less, 67% or less, 66% or less, 65% or less, 64% or
less, 63% or less, or 62% or less). The amount of the mixture
comprising (7, (7, hydrocarbons can range [rom any of the
minimum values deseribed above o any of the maximum
values deseribed above. Vor example. (he wax compriscs a
mixture of different hvdrocarbons, any of which can option-
ally be substituted, and from 60% to 80% of the mixture
{wiw) comprises C,,-C, 5 hydrocarbons (c.g., [rom 60% 1o
T0%, from 70% to 80%, from 60% 10 63%, rom 63% 1o
70%, from 70% 1o 75%, from 75% to 80%, from 60% 1o
75%, from 653% 1o B0%, or from 63% to 75%).

In some examples, the wax comprises a mixture of
dillerent hydrocarbons. any ol which can oplionally be
substituled. and 80% or more of the mixture (wiw) can
comprise C,-C; hydrocarbons (e.g., 81% or more, 82% or
more, 83% or more, 84% or more, 85% or more, 86% or
more, $7% or more, or 8%, or more). In some examples, the
wax comprises a mixture ol dillerent hydrocarbons. any of
which can optionally be substituled. and 90% or less ol the
mixture (w/w) can comprise C,-C,; hydrocarbons (eg.,
89% or less, 88% or less, 87% or less, 86% or less, 85% or
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less, 84% or less, 83% or less, or 82% or less). The amount
of the mixlure comprising Cg-C .y, hydrocarbons can range
[rom any of the minimum valucs described above (o any ol
the maximum values deseribed above. lor example, the wax
can comprise a mixture of different hydrocarbons, any of
which can optionally be substituted, and from 80% to 20%
of the mixture (wiw) can comprise Cy-C 4, hydrocarbons
(c.g.. [rom 80% Lo 85%. from 85% 10 90%, [rom B0% Lo
82%, from 82% to 84%, from 84% to 86%, from 86% to
88%, from BB% to 30%, from 80% to 88%, from 80% to
86%, from 80% to 84%, from 82% to 0%, from 84% to
90%. [rom 86 10 90%,, rom §1% o 89%. or [rom 82% (o
8894,

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituted, and 95%: or more of the mixture (w/w) com-
prises Cy-C,, hydrocarbons (c.g. 95.5% or more. 90% or
more. 96.5'% or more, 97 or more, 97.5% or morce. or 98%
or more). In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituted, and 99%, or less ol the mixture (w/w) comprises
,-C,, hydrocarbons {c.g.. 98.5% or less, 98% or less.
07.5% or less, 97% or less, 96.5% or less, or 96% or less).
The amount of the mixmre comprising C,-C ,; hvdrocarbons
can range from any of the minimum valves described above
o any of the maximum valucs described above. lor
example. the wax comprises 4 mixiure ol different hydro-
carbons, any of which can optionally be substituted, and
from 95% 1o 99% of the mixture (w/w) comprises Cy-C,,;
hydrocarbons (e, from 93% Lo 97%, [fom 97% 10 99%.
[rom 95% lo 96%. [rom 96% o 97%. [rom 97% Lo 98%.
[ram 98% 1o 99%, from 953% to 98%. [rom 96% 1o 99%, or
from 96% to 98%).

In some examples, the wax comprises a mixture of

different hydrocarbons. any ol which can optionally be 3

substituted, and 20%: or more of the mixture (w/w) com-
prises Cy-Cop, hydrocarbons (g, 21% or more, 22% or
more, 23% or more, 24% or more, 25% or more, 26% or
more, 27% or move, or 28% or more). In some examples, the
wax compriscs 1 mixlure ol different hydrocarbons, any ol
which can oplionally be substituled, and 30%: or less of the
mixture (wiw) comprises C,-C,,, hvdrocarbons (e.g., 29% or
less, 28% or less, 27% or less, 26% or less, 25% or less, 24%
or less, 23% or less, or 22% or less). The amount of the
mixlure comprising C,-C., hydrocarbons can range [rom
any ol the minimum values deseribed above to any of the
maximum values described above. For example, the wax
comprises a mixture of different hydrocarbons, any of which
can oplionally be substituled. and rom 20%: 1o 30%, ol the
mixlure (wiw) comprises Cg-Cop, hydrocarbons (c.g.. [rom
20% o 25%,, from 25% o 30%, [rom 20% o 22%, [rom
22% to 24%, trom 24% to 26%, from 26% to 28%, from
28% to 30%, trom 20% to 28%, from 20% to 26%, from
20% o 24%,, rom 22% o 30%, [rom 24% (o 30%, [rom
26% 1o 30%. Mrom 21% (o 29%. or [rom 22% 1o 28%).

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituted, and 20% or more of the mixture (w/w) com-
prises Ca-Cay hydrocarbons (c.g. 21% or more, 22% or
more. 23% or more. 24% or more. 25% or more. 26% or
more, 27% or move, or 28% or more). In some examples, the
wax comprises a mixture of different hydrocarbons, any of
which can oplionally be substituled, and 30%: or less of the
mixlure (w/w) comprises C,,-C., hydrocarbons (c.g., 29%,
or less, 28% or less, 27% or less, 26% or less. 25% or less.
24% or less, 23% or less, or 22% or less). The amount of the
mixture comprising C.,-C., hydrocarbons can range from

—
Pl

—
1

[
[y

40

45

La

Gl

G5

20

any of the minimum values described above to any of the
maximum values deseribed above. Vor example, the wax
comprises a mixture of different hydrocarbons, any of which
can oplionally be substituted. and [rom 20% (0 30%: of the
mixture (wiw) comprises C,,-C,, hydrocarbons (e.g., from
20% to 23%, from 25% to 30%, from 20% 1o 22%, from
22% to 24%, from 24% to 26%, from 26% 1o 28%, from
28% (o 30%. [rom 20% (o 28%. [rom 20% 0 26%. [rom
20% (o 24%. [rom 22% (o 30%. [rom 24% 1o 30%. [rom
26% 10 30%, [rom 21% 10 2%, or [rom 22% Lo 28%).

In some examples, the wax comprises a mixture of

different hydrocarbons, any of which can optionally be
substituted, and 20% or more of the mixture (w/w) com-
prises Co,~Co hydrocarboms (e.g., 21% or more. 22% or
more, 23% or more, 24% or more, 25'% or more, 26'% or
more, 27% or more, or 28%, or more). In some examples, the
wax comprises a mixture of different hyvdrocarbons, any of
which can optionally be substituted, and 30% or less of the
mixture (w/w) comprises C.,-C,, hvdrocarbons (e.g., 29%
or less. 28% or less. 27% or less, 26% or less, 25% or less,
24% or less, 23%, or less. or 22% or less). The amount ol the
mixlure comprising (,,-Cay hydrocarbons can range [rom
any of the minimum values described above to any of the
maximum valves described above. For example, the wax
comprises a mixture of different hydrocarbons, any of which
can oplionally be substituted. and [rom 20% (0 30%: of the
mixlure (w/w) comprises (5,-Ca, hydrocarboms (c.g., [rom
20% to 23%, from 25% to 30%, from 20% 1o 22%, from
22% to 24%, from 24% to 26%, from 26% 1o 28%, from
28% to 30%, from 20% to 28%, from 20% 1o 26%, from
20% (o 24%. [rom 22% (o 30%. [rom 24% 1o 30%. [rom
26% 10 30%, [rom 21% 10 2%, or [rom 22% Lo 28%).
n some cxamples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituted, and 10% or more of the mixture (w/w) com-
prises C.,-C,, hvdrocarbons (e.g., 11% or more, 12% or
more, 13% or more, 14% or more, 153'% or more, 16% or
more, 17% or more, or 18% or more). In some examples, the
wax comprises a mixture ol dillerent hydrocarbons. any of
which can optionally be substituted, and 20% or less of the
mixture (w/w) comprises C..-C,, hvdrocarbons (e.g., 19%
or less, 18% or less, 17% or less, 16% or less, 15% or less,
14% or less, 13% or less. or 12% or less). The amount ol the
mixlure comprising (,,-C;, hydrocarbons can range [rom
any of the minimum values described above to any of the
maximum valves described above. For example, the wax
comprises a mixture of different hydrocarbons, any of which
can oplionally be substituted. and [rom 10% (0 20%,: of the
mixlure (w/w) comprises (5,-C,, hydrocarboms (c.g., [rom
10% to 15%, from 15% to 20%, from 10% to 12%, from
12% to 14%, from 14% to 16%, from 16% 1o 18%, from
18% (o 20%. [rom 10% (o 18%. [rom 10% w0 16%. [rom
10% (o 14%. [rom 12% (o 20%. [rom 14% 0 20%. [rom
16% to 20%, from 11% to 19%, or from 12% to 18%).

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituled. and  the mixture comprises: 20-30% (e,
2530047 C,y-Cay, hiydrocarbons, 20-30% (c.g.. 20-25%) C,yy-
C.,, hydrocarbons, 20-30% (e.g., 20-25%) C,,-C,, hvdro-
carbons, and 10-20% (e.g., 10-15%) C,;-C,, hvdrocarbons.
In some examples, the wax comprises 2 mixture of dillerent
hydrocarbons. any of which can optionally be substituted,
and the mixture comprises: 25-30%, C,-C,,, hydrocarbons,
20-25% C,-C., hydrocarbons, 20-25% C,,-C.; hydrocar-
bons, and 10-13% C,,-C;. hydrocarbons.
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In some examples, the wax cowmprises
different hydrocarbons. any ol which can
substituted, and the mixiure is substantially
hydrocarbons.

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituted, and the mixture comprises saturaled hydrocar-
bhons (c.g.. linear, branched, and/or eyelic alkanes). unsalu-
rated (pon-aromatic) hydrocarbons (e.g., linear, branched,
andior cyvelic alkenes and/or alkynes), and aromatic hydro-
carbons, For example, the wax comprises a mixture of
different hydrocarbons. any ol which can optionally be
substituted, and the mixture comprises 80 wi. % or more
saturated hydrocarbons (e.g., 81 wt. % or more, 82 wt. % or
more, 83 wt. % or more, 84 wt. % or more, 85 wt. % or more,
86 wil. % or more. 87 wi % or more, 88 wil. % or more. 89
wil. % or more. 90 wi. % oor more. 91w %oor more, 92 will
%% or more, 93 wi % or more. 94wl % or more, 95 wi
or more, 36 wt, % or more, 97 wt. % or more, 98 wt. % or
more, or 99 wt. % or more). In some examples, the wax
comprises 2 mixture ol dillerent hydrocarbons. any ol which
can oplionally be substituted. and the mixture comprises 100
wt. %0 or less saturated hydrocarbons (e.g., 99 wt. % or less,
98 wt. % or less, 97 wt. % or less, 96 wt. % or less, 95 w1,
% or less, 34 wt. % or less, 93 wt. % or less, 92 wt. % or less,
91 wi % or less. 90 wi. % or less. 89 wil % or less, 88 wi.
%o or less, B7 wi. % or less, 86 wi % or less. 85 wil % or less.
84 wt. % or less, 83 wt. %0 or less, or 82 w1, % or less). The
amount of the mixture comprising saturated hydrocarbons

a mixture of
optionally be
free ol €)-C,

can range [rom any of the minimum values deseribed above 2

o any of the maximum valucs described above. lor
example. the wax can comprise a mixlure ol different
hvdrocarbons, any of which can optionally be substituted,
and from 80 wt. % to 100 wt, % ot the mixture can comprise
salurated hydrocarbons (e.g., rom 80 wi % 1o 90 wi. %
[rom wi. % 1o 100 wi. %, [rom 80 wi. % (0 85 wi. %, [rom
85 wi. % 1o 90 wi. ", from 90 wi. % o 935 wi. Y. from 95
wt. % to 100 wt. %, from 80 w1, % 10 98 w1, %, from 80 wt,
% to 90 wt. %, from 80 wt. % 10 94 wt. %, from 80 wt. %
10 92 wil. %, [rom 80 wi. % lo 88 wi. %y, rom 80 wi. % Lo
86 wi. %, [rom B0 wi. % 10 84 wi. %, [rom 80 wi % o 82
wt. %, from 82 wt. % to 100 wt. %, from 84 wt. % to 100
wt. %, from 86 wt. % t0 100 wt. %, from 88 wt. % to 100
wt. %, from 92 wt. % t0 100 wt. %, from 94 wt. % to 100
wil %, rom 96 wi % 1o 100 wi. %, rom 98 wi. % lo 100
wil. %, rom 82 wi. %10 98 wil %y, [rom 83 wi. % 1o 99 wi.
%, from 83 wt. % 1o 87 wt. %, or from 97 wi. % 10 99 w1,
%).

In some examples. the wax comprises 2 mixiure ol

different hydrocarbons. any ol which can oplionally be =

substituted, and the mixlure compriscs (0 wl. % or more
unsaturated (non-aromatic) hydrocarbons (e.g., 0.1 wt. % or
more, 0.2 wt. % or more, 0.3 wt. % or more, 0.4 wt. % or
more. (L5 wil % or more, L6 wi % or more, L7 wi. % or
more. 0.8 wi. % or more. L9 wi % or more. 1wl % or more.
1.25 wt, % or more, 1.5 wt. % or more, 1.75 wt. % or more,
2 wt. % or more, 2.25 wt. % or more, 2.5 wi. % or more, 3
wt. % or more, 3.5 wt. % or more, or 4 wi. % or more), In
some examples. the wax comprises a mixiure of different
hydrocarbong, any ol which can oplionally be substituted.
and the mixture comprises 3 wi. % or less unsaturated
{non-aromatic) hvdrocarbons (e.g., 4.5 wt. % or less, 4 wt.
%o orless, 3.5 wi W or less. 3 wil % or less, 2.5 wil % or less.
2.25 wi. % or less, 2wl % or less. 175 wi. % or less, 1.5
wilo W or less, 1.25 wi % or less, 1wl % or less. 0.9 wil
or less, 0.8 wt. % or less, 0.7 wt. % or less, 0.6 wt. % or less,
0.5 wt. % or less, 0.4 wt. % or less, 0.3 wt. % or less, or 0.2
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wt. % or less). The amount of the mixture comprising
unsaturated (non-aromatic) hydrocarbons can range [rom
any of the minimum valuecs described above Lo any ol the
maximum values described above. lor example. the wax can
comprise g mixture of different hyvdrocarbons, any of which
cal optionally be substituted, and from 0 10 5 wt, % of the
mixlure can comprise unsaturaled (non-aromatic) hydrocar-
bons (c.g., [fom O lo 2.5 wi. %, [rom 2.5 o 3 wi. %. [rom
Oto 1wt %, from 1 to 2 wt. %, trom 2 to 3 wt. %, from 3
to 4 wt. %, from 4 to 5 wt. %, from 0 10 4 wt. %, trom 0 1o
3 wt. %, from 010 2 wt. %, trom 1 to 5wt %, from 210 §
wi %, rom 3 (o 5 wi %, [rom L5 1o 4.5 wi. % or [rom (1.5
o 1.5 wi ).

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituled. and the mixlure comprises 0 wi. % or more
aromalic hydrocarbons (e.g., 0.1 wi. % or more. 0.2 wi. %
ar more. 0.3 wi. % or more. 004wl % or more, 0.3 wl %
or more, 0.6 wt. % or more, 0.7 wt. % or more, 0.8 wt. %
or more, 0.9 wt, % or more, 1 wt. % or more, 1.25 wt. % or
more, 1.5 wi. % or more. 1.75 wi. % or more, 2 wil. % or
more, 2.25 wi. % or more. 2.5 wl % or more, 3wl % or
more, 3.5 wt. % or more, 4 wi. % or more, 4.5 wi. % or more,
5.5 wt. % or more, 6 wt. % or more, 6.5 wt. % or more, 7
w1, % or more, 7.5 wt. % or more, 8 wt. % or more, 8.5 wt.
Y or more, 9 wl % or more. 9.5 wil % oor more. 10w, %
ar more. 1005 wi, % or more. 11 wi % ormore, 11.5 wi %
or more, 12 wi. % or more, 12.5 wt, % or more, 13 w1, %
or more, 13.5 wt. % or more, or 14 wt. % or more). In some
cxamples, the wax comprises 2 mixiure ol dillerent hydro-
carbons. any ol which can optionally be substituted. and the
mixlure comprises wl. % or less aromatic hydrocarbons
{e.g., 14.5wt. % or less, 14 wt. % or less, 13.5 w1, % or less,
13 wt. % or less, 12.5 wt. % or less, 12 wt. % or less, 11.5
wl % oor less, 11wt % or Tess, 105 wil % or less. 10wl %
or less. 9.5 wi % or less, 9wl % or less. 8.5 wil % or less,
8wl % oor less, 7.5 wi % or less. 7 wi % or less, 6.5 wi
% or less, 6 wt. % or less, 5.5 wt. % or less, 5 wt. % or less,
4.5 wt. % or less, 4 wt. % or less, 3.5 wt. % or less, 3 wt.
Yaor less, 2.5 wio % or less, 2,25 wil % or less. 2 wi % or
less. 175w % or less. 1.5 wil % or less, 1.25 wi % or less,
1 wt. % or less, 0.9 wt. % or less, 0.8 wt. % or less, 0.7 wt.
% or less, 0.6 wt. % or less, 0.5 wt. % or less, 0.4 w1, % or
less, 0.3 wt. %o or less, or 0.2 wt. % or less). The amount of
the mixlure comprising aromatic hydrocarbons can range
from any ol the minimum values deseribed above 1o any of
the maximum valves described above. For example, the wax
cal comprise a mixmre of different hyvdrocarbons, any of
which can oplionally be substituled, and from 0 to 15 wi. %
ol the mixture can comprise aromatic hydrocarbons (c.g.,
from O lo 7.5 wi. %, from 7.5 (o 15 wi %, rom O (o 3 wi.
%, trom 5 to 10 wt. %, from 10 to 15 wt. %, from 0 to 14
w1, %, from 0 10 12 w1, %, from 0 10 wi. %, from 010 8 wt.
W, rom 0 o 6wl %, rom 010 4wl %y rom 010 2 wi %,
from 0 10 1 wi. %, from 1 10 15 wi. %, [rom 2 1o 15 wi. %,
trom 4 to 15 wt. %, trom 6 1o 15 wt. %, from & to 15 wt. %,
from 12 1o 15 wt. %, from 0.5 10 14.5 w1, %, from 1 to 14
wt, %, or from 12 10 14 wt. %),

In some examples, the wax comprises a mixture of
dillerent hydrocarbons. any ol which can oplionally be
substituted, and the mixture comprises 80-100 wt, % sam-
rated hydrocarbons (e.g., 83-90 wt. % or 35 to 99 wt, %0); 0-5
wl. % unsaturated (non-aromaltic) hydrocarbons {e.g.. 0-2.5
wl. %, or 0-1.5 wi. %); and 0-15 wi. % aromatic hydrocar-
bons (c.g., 0-2.5 wi. %, or 12-14 wi. %), In some examples,
the wax comprises a mixmire of ditferent hvdrocarbons, any
of which can optionally be substituted, and the mixture
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comprises 85-90 wt. % saturated hydrocarbons; 0-2.5 wt. %
unsaluraled {non-aromatic) hydrocarbons; and 12-14 wi. %
aromatic hydrocarboms. In some examples, the wax com-
prises a mixture of dillerent hydrocarbons. any of which can
optionally be substituted, and the mixture comprises 95-99
wt. % saturated hydrocarbons; 0-1.5 wt. % unsaturated
(non-aromalic) hydrocarboms: and 0-2.5 wi. % aromalic
hydrocarbons.

The wax can, for example, have a melting point of 40° C.
or more (e.g., 41° C. or more, 427 C. or more, 43° C. or
more, 44° . or more, 45° C. or more, 46° C. or more, 47°
C.ormore, 487 C. or more, 49° C. or maore, 507 €. or more.
519 or more. 52° C.or more. or 33° (. or more). In some
examples, the wax can have a melting point ot 55° C. or less
(e.2., 54° C. or less, 53° C. or less, 52° C. or less, 51° C. or
less, 509 O, or less, 49° CLoor less. 487 ) or less, 47° Cloor
less, 46° C.or less. or less, 44° O, or less. 432 CLoor less. or
427 C.oor less). The melting point ol (the wax can range [rom
any of the minimum values described above 10 any of the
maximum values described above. For example, the wax can
have a melling point ol from 40¢ C. 10 55° C. (e.g.. [rom 40¢
oo 487 ¢, from 487 . 10 357 (7, from 40° C. 10 457 ..
from 45° C. 10 50° C, from 30° C. to 33° C,, from 10 34° C,
from 40° C. 1o 32° C, trom 40° C. to 50° C., trom 40° C.
10 46° C., from 42° C. to 35° C., from 44° C. 10 53° C., from
469 10 55° CL41° Coto 534° €, from 42° Cloto 300 €, or
[rom 437 C. 10 487 C.). "The melting point ol the wax can be
determined by any svitable method, such as those known in
the art. In some examples, the melting point of the wax is
determined using ASTM 13 127,

The wax can. lor example. have a congealing point of 40°
(. or more {e.g., 417 (L or more, 427 (. or more, 437 C.or
more, 44° . or more, 45° C. or more, 46° C. or more, 47°
C. or more, 48° C. or more, 49° C. or more, 30° C. or more,

519, or more. 52° (. or more. or 537 (C. or more). In some 3

examples. the wax can have a congealing poinl o 55° C.or
less (eag., 549 Coor less. 53 C. or less. 527 (L or less. 517
C. or less, 50° C. or less, 49° C, or less, 48° C. or less, 47°
C. or less, 46° C. or less, or less, 44° C. or less, 43° C. or
less, or 429 C.oor less). The congealing point of the wax can
range rom any ol the minimum values deseribed above Lo
any of the maximum valves described above. For example,
the wax can have a congealing point of trom 40° C. to 53°
C. (e.n., trom 40° C. 10 48° C, from 48° C. to 35° C, from
407 €10 45° Cu rom 437 Clio 507 €, [rom 307 C. 1o 557
(., from 1o 534° €. rom 40° C. o 5327 (., [rom 40° C. 10 50°
C., from 40° C. to 46° C ., from 42° C. 10 35° C., from 44°
C. 10 55° C,, from 46° C. 10 55° C, 41° C. 10 534° C,, from
429 Co e 52° Cloor [rom 437 C o 517 CU). 'The congealing

point of the wax can be delermined by any suitable method. =

such as those known in the arl. In some cxamples, the
congealing point of the wax is determined vsing ASTM D
938,

The wax can, lor example, have a (inal boiling point ol

9507 11 or more {e.g., 9759 I, or more. 1000° I, or more. 3

1025° F. or more, 1050° F. or more, 1075° F. or more, 1100°
F. or more, 1125° F. or more, 1150° F. or more, 1175° F. or
more, 1200° F. or more, 1225° F. or more, or 1250° F. or
more). In some examples, the wax can have a (nal boiling
point of 13007 I, or less (c.g.. 1275% 10 or less. 12507 I or
less, 1225°F. or less, 1200° F. or less, 1175° F. or less, 1150°
F. orless, 1125° F. or less, 1100° F. or less, 1075° F. or less,
1050° I, or less, 10257 1% or less, or 1000 I or less). The
{inal boiling point of the wax can range [rom any ol the
minimum values described above to any ol (he maximum
values described above. For example, the wax can have a
final boiling point of from 950° F. 10 1300° F. {e.g., from
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950° F. to 1125° F,, from 1123° F. 10 1300° F, from 930° F.
o 10007 1%, from 10007 10 o 10307 . rom 10307 1 1o
11007 I, [rom 11007 It 11507 I from 11507 17 10 12007
15, from 12000 I 10 12507 I, [rom 12507 1710 13007 1. [rom
950° F. 10 1250° F, from 950° F. 10 1200° F., from 950° F.
to 1150° F., trom 950° F. to 1100° F, from 930° F. 10 1030°
11, from 10007 1 10 13007 1., [rom 10507 17 10 13007 1. [rom
11007 14 1o 13007 1. from 11507 I 1o 1300° I [rom 12007
F. to 1300° F| from 975° F. 10 1275° F., from 930° F. 10
1250°F., from 1100° F. to 1250° F., or from 995° F. 10 1235°
F.). The final boiling point of the wax can be determined by
any suilable method, such as those known in the art. In some
cxamples, the (nal boiling point ol the wax is determined
vsing ASTM I 7169,

The wax can, for example, have a pour point of 30° F. or
more (c.g., 317 I or more. 32° I or more. 339 14 or more,
34° 1 or more. 35° 10 or more, 36° I or more. 379 10 or
more, 38° I or more. 399 1 or more. 40° I or more, 41° 1
or more, 42° F. or more, 43° F. or more, 44° F, or more, 45°

20 F. or more, 46° F. or more, 47° F. or more, 48° F. or more,

49° 11, or more. 30° I or more, 51° I or more. 329 10 or
more, 53° I or more. 549 14 or more. 357 I or more, 56° 1
or more, 37° F. or more, or 58° F. or more). In some
examples, the wax can have a pour point of 60° F. or less
{e.g., 39° F or less, 58° F. or less, 37° F. or less, 56° F. or
less. 559 1 orless. 5349 10 or less, 537 10 or less, 529 10 or less,
517 1% or less, 507 1 or less, 499 10 or less. 489 I or less. 479
F. or less, 46° F. or less, 45° F. or less, 44° F. or less, 43° F.
or less, 42° F. or less, 41° F. or less, 40° F. or less, 39° F. or
less. 389 10 orless. 379 10 or less. 367 10 or less, 337 10 or less,
347 I or less, 337 1l or less. or 329 10 or less). The pour point
ol the wax can range from any ol the minimum values
described above 10 any of the maximum values described
above. For example, the wax can have a pour point of from
307 1 1o (eg.. [rom 307 I to 4357 1, from 437 10 10 607 17,
from 307 I 1o 40° I [rom 40° 17 10 50° 14, from lo 609 16,
from 307 I 10 55° 1., [rom 307 I (o 507 . [rom 359 1 o
50°F, from 40° F. 10 60° F., from 32° F. 10 58° F., from 33°
F. w0 52°F., or from 45° F. 10 60° F.). The pour point of the
wax can be determined by any suilable method, such as
those known in (he arl. In some examples. (he pour point ol
the wax 15 determined using ASTM D 97,

In some examples, the wax can include one or more
contaminants, Contaminants cal, for example, comprise an
alkali melal, an alkaline carth metal. a transition melal, a
basic metal. a semimelal. 1 nonmetal, a halogen, a sall or
compound thereof, or a combination thereof. Examples of
contaminants include, but are not limited to, lithium,
sodium. beryllium, magnesium, calcium, strontium. Gla-
nium, vanadium, chromium. manganese, iron. coball, nickel,
copper. vine. molybdenuwm. cadmium, mercury. alwminum,
titapium silicon, tin, lead, nitrogen, phosphorus, arsenie,
antimony, oxyvgen, sulfur, selenivm, fluorine, chlorine, bro-
mine, compounds thereol. and combinations thercoll In
some cxamples. the wax includes a conlaminani comprising
chloride, nitrogen, silicon, sodivm, iron, phosphorus, sulfur,
caleium, nickel, copper, vanadium, or a combination thereot.

Contaminants are introduced during plastic formulation
and manulacturing processes during the first lile ol plastic in
conjunction with the source and collection method ol the
plastics.

For example, chlorine sources in used plastics can com-
prise PYDC layers. PVIC is olien used as a layer or coaling
in lood and pharma packaging applications because il pro-
vides excellent barrier propertics against moisture, UV light,
acids, salts, and detergents as well as having good transpar-
ency. Despite design for recvclability formulation changes,
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PVDC is forecasted to increase at 3.2% anmally through
2028 in the US. Packaging converlers produce a range ol
monolayer and mulli-layer packaging. Both Lypes can
hecome mixed in reeyeled streams. Posi-consumer sources
will contain higher volumes of materials containing chlorine
sources that can be difficult 1o differentiate and remove
through standard sorting lechnigues.

Nitrogen sources in used plastics can. lor example. be
derived from depolymerization of nvlon (e.g., Nvlon 6
(PA-6), Nylon-66 (PA-66) in vsed plastic sources, often
from food and industrial packaging materials. Nylon is used
in multi-layer flexible packing [ilms to prolect oxygen-
sensitive [oods or when excellent ol and grease resistance
and high mechanical strength are required, such as tor
processed meats and fish, and cheese and other dairy prod-
ucls. Nylon also provides a wide cold 10 hot temperature
range (e.g., =607 . 1o 150° () which enables loods o
move through freezer o the microwave/oven without pack-
aging degradation. In industrial packaging, nvlon is often

used as a reinforcing laver to provide high mechanical 2

strength and excellent abrasion and punclure resistance { for
example. in polypropylene supersacks thal conlain a nylon
interlaver or straps). Nitrogen can also come from protein
(tood) residue on plastics that arises from the aminoe acids in
decomposed protein. Post-consumer sources will contain
higher volumes ol materials conlaining nitrogen sources that
can be dillicult to dillerentiate and remove through standard
sorting techniques.

Silicon sources in used plastics can, for example, com-

prise silica desiccanl packages. In [ood packaging and 3

processing plants. silicom products are widely used as
release agents in a wide variety of materials and equipment.
leaving residue on plastic surfaces. Silicon is also an addi-
tive that can be added 10 1 wide range of materials 10 change

the appearance, extrusion propertics, andfor end-product 3

characleristics: this applied to (ilms as well as two-dimen-
slonal plastics. Post-consumer sources will contain higher
volumes of materials containing silicon sources that can be
difficult 1o differentiate and remove through standard sorting
lechnigues.

Silicon dioxide can be applied in a very thin coaling Lo
plastics, specifically polvethvlene, polvpropylene, and/or
polystyrene, to act as a barrier laver to improve the shelf life
of oxvgen and moisture sensitive food. This thin coating can
be applicd by a vacuum or plasma deposilion process; the
barricr layer and (he plastic forma covalent bond. The 8i(),
barrier coatings are chemically inert and enable benefits in
rigid and flexible food packaging applications, including,
but not limited o, reducing oxygen and moisture perme-

ability of plaslics. ensuring aroma protection and retention s

ol the smell and taste ol contents. not sensilive o Muclua-
Tions in temperature and humidity, well-suited for pasteuri-
zation and sterilization processes, ad can increase shelf life
of [oods without the addition of preservatives. The 8i),

coalings are thin, g, significantly thinner than a human s

hair, and therefore have a negligible impact on the packing
weight, For this reason, coated packaging is considered a
mono-material that can be mechanically recveled. Recvela-
bility initlatives are promoling the use of 8i0), coatings as a
replacement for PYVIXCT and Nylon barriers in flexible and
rigid packaging. Although these guidelines are intended for
mechanically recyeled plastics, several packaging torns and
lormulations are beller suited lor pyrolysis-based advanced
recyeling, 810, coalings have (he potential o be the “gilt
that keeps on giving™. especially when used in rigid and
flexible polvethylene and polvpropvlene plastics that are
mechanically recyeled indtially, which, after a few cveles,
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will then eventually become the nsed plastic feedstocks for
advanced recycling the silicon is predicted w0 accumulate
and carry lorward inlo cach successive application.
Phosphorus-containing lame retardants are widely used
in plastics where its rapid oxidation consumes all the oxvagen
present, thereby stopping the fire. Plastics commonly con-
laining these Mlame retardants include. but are not limited Lo,
cngineered plastics. polyurethane foams, polyamides (c.g.,
nvlon) and glass-fiber reinforced nylon, polvethylene and

3 BVA co-polvmers, and intumescent coatings on foams and

polvpropylene textiles. Phosphate esters are also used as
[Tame retardant plasticizers in PV high impact polystyrene
(IIIP8). polycarbonale (PC), and acrylonitrile butadienc
styrene (ABS). Phosphorus sources also include agricultural
applications, such as residval glvphosate in HDPE contain-
crs and residual phosphorus lertilizers om ground-level (ilms
{c.g.. mulch [ilms). Post-consumer sources will conlain
higher volumes ol malerials containing phosphorus sources
that can be difficult 10 differentiate and remove through
standard sorting techniques.

Sources ol sullur, calcium, sodium, iron, phosphorus, or
4 combination thercol are additives. surface residues. and
residual contamination of the incoming post-consumer and/
or post-industrdal plastics. A wash step can potemtially
remove certain surface residues, but would add cost and
complexity 1o the advanced {e.g., pyrolysis based) reeyeling
process. Accordingly, post-consumer sources will conlain
higher volumes of materals containing sources of sulfur,
caleivm, sodivm, iron, phosphorus, or a combination thereot’
that can be dillicull o dillerentiale and remove through
standard sorting lechnigues.

Copper alloys are commonly and increasingly used 1o
create molds tor plastic injection molding processes due to
their high thermal conduetivity that removes hot spots,
reduces warpage and reduces cycle lime, case of machining
by a varicly ol processes. and corrosion resistance o waler,
cooling Muids and the plastics being injected. Coppoer alloys
often contain nickel and silicon. Plastics manufactured in
copper alloy molds can have residual amounts of copper,
nickel, and silicom on their surface. In addition, the plaling
ol plastic with nickel and copper can be an elfeclive means
of protecting a substrate against corrosion from environ-
mental exposure and make it more resistant 1o damage from
chemicals vsed in the manufacturing process. In some
instances, the plating on plastic can increase the hardness,
strength, and wear resistance of the substrale. The presence
of copper and nickel on the surface of both pre-consumer
and post-consumer sources can be diflicult to differentiate
and remove through standard sorting lechnigues.

In some examples. the wax has a wotal chloride content of
50 ppm or less {e.g.. 45 ppm or less. 40 ppm or less, 35 ppm
or less, 30 ppm or less, 25 ppm or less, 20 ppm or less, 15
ppw or less, 10 ppm or less, 9 ppm or less, 8 ppm or less,
7 ppm or less, 6 ppm or less, 5 ppm or less, 4.5 ppm or less,
4 ppmoor less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm or less,
2 ppm or less, 1.5 ppm or less, 1 ppm or less, 0.75 ppm or
less, 0.5 ppm or less, 0.25 ppm or less, 0.1 ppm or less, ppm
or less, 0.05 ppm or less, 0.025 ppm or less, 0.01 ppm or
less. 0.0075 ppm or less. or ppm or less). In some examples,
the wax has a total chloride conlent o O ppm or more (e,
0.001 ppm or more, 0.0025 ppm or more, 0.005 ppm or
more, 0.0075 ppm or more, 0.01 ppm or more, 0.025 ppm or
more, (.35 ppm or more, (L0735 ppm or more, 0.1 ppm or
more, .25 ppm or more. 0.5 ppm or more. (.75 ppm or
more, 1 ppm or more, 1.5 ppm or more. 2 ppm or more. 2.5
ppw or more, 3 ppm or more, 3.5 ppm or more, 4 ppm or
more, 4.3 ppm or more, 5 ppm or more, § ppm or more, 7
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PpL or more, 8 ppw or more, 9 ppm or more, 10 ppm or
more. ppm or more, 20 ppm or more. 25 ppm or more. 30
ppm or more. 35 ppm or more, or 40 ppm or more). The tolal
chloride comtent of the wax can range [rom any of the
minimum valves described above 10 any of the maximum
values described above. For example, the wax can have a
teal ehloride content of rom 0 ppm o 50 ppm {c.g.. fom
010 25 ppm, from 25 (o 50 ppm. [rom 0 to 10 ppm, from 10
10 20 ppm, from 20 to 30 ppm, trom 30 10 40 ppm, from 40
10 50 ppm, from 0.001 to 50 ppm, from 0.001 10 45 ppm,
from 0.001 1o 40 ppm, trom 0.001 to 35 ppm, from 0.001 to
30 ppm. [rom 0.001 10 25 ppm, rom 0.001 0 20 ppm. [rom
0.001 10 15 ppm. [rom 0.001 o 10 ppm, om 0.001 10 5
ppom, tfrom 0.001 w 1 ppm, from 0.001 1o 0.1 ppm, thom
0.001 1o 0.01 ppm, from O to 45 ppm, from 0 to 40 ppu,
[rom O 10 35 ppm, rom 0 1o 30 ppm. [rom O Lo 25 ppm, [rom
0 o 20 ppm. rom O 1o 15 ppm. [rom 0 o 10 ppm, from 0
1 5 ppm. from 0 o 1 ppm. from 0 o 0.1 ppm, or from 0 (o
0.01 ppm). In some examples, the wax is substantially free
of chlorides. The total chloride content of the wax can be
determined by any suitable method. such as those known in
the arl. Vor example. the total chloride content ol the wax
can be determined vsing ASTM D 7359,

In some examples, the wax has a nitrogen content of 300
ppmor less (e.g., 275 ppm or less, 250 ppm or less, 225 ppm
or less, 200 ppm or less, 175 ppm or less. 150 ppm or less.
125 ppm or less, 100 ppm or less. 75 ppm or less. 50 ppm
or less, 43 pp or less, 40 ppm or less, 35 ppm or less, 30
ppm or less, 25 ppm or less, 20 ppm or less, 15 ppm or less,

10 ppm or less, 9 ppm or less, 8 ppm or less, 7 ppm or less. 3

6 ppm or less. 5 ppm or less. 4.5 ppm or less. 4 ppm or less.
3.5 ppmorless, 3 ppm or less, 2.5 ppm or less, 2 ppm or less.
1.5 ppm or less, 1 ppm or less, 0.75 ppm or less, 0.5 ppm or
less, 0.25 ppm or less, 0.1 ppm or less, 0.075 ppm or less,

0.05 ppm or less, 0.025 ppm or less, 0.01 ppm or less, 0.0073 2

ppm or less. or 0.003 ppm or less). In some cxamples. the
wax has a niltrogen content of O ppm or more (c.g.. 0.001
ppm or more, 0.0025 ppm or more, 0.005 ppm or more,
0.0075 ppm or more, 0.01 ppm or more, 0,025 ppm or more,
0.05 ppm or more. (L0735 ppm or more, (.1 ppm or more.
0.25 ppm or more, (0.5 ppm or more, .75 ppm or more, |
ppm or more, 1.5 ppm or more, 2 ppm or more, 2.5 ppm or
more, 3 pp or more, 3.3 ppm or more, 4 ppm or more, 4.5
PPL Or more, 3 ppi or More, & ppm or more, 7 pp or more,
8 ppm or more. 9 ppm or more, 10 ppm or more, 15 ppm or
more. 20 ppm or more, 25 ppm or more, 30 ppm or more.
33 ppm or more, 40 ppm or more, 45 pp or more, ppm of
more, 75 ppm or more, 100 ppn or more, 125 ppm or more,
150 ppm or more. 175 ppm or more, 200 ppm or more. 225

ppm or more, or 250 ppm or more). "The nitrogen content ol =

the wax can range [rom any of the minimum values
described above 1o any of the maximum valves described
above, For example, the wax can have a nitrogen content of
[rom O 10 300 ppm (c.g., rom 0 0 150 ppm. [rom 130 10 300

ppm. rom O o 100 ppm, rom 100 10 200 ppm. from 200 10 s

300 ppm, from 0.001 10 2735 ppm, trom 0.001 to 250 ppu,
from 0.001 to 225 ppm, trom to 200 ppm, from 0.001 1o 173
ppm, from 0.001 1o 150 ppm, from 0.001 to 125 ppm, thom
1o 100 ppm. [rom 0.0O1 to 75 ppm, from 0.001 0 50 ppm.
[rom 0L0O1 1o 45 ppm, from 0.001 0 40 ppm, lrom 0.001 (o
33 ppy, from 0.001 1o 30 ppm, from 0.001 to 25 ppm, from
10 20 ppm, from 0.001 to 15 ppm, from 0.001 10 10 ppm,
[rom 0.001 o 3 ppm. from 0.001 1o 1 ppm, [rom 0.001 10 (.1
ppm. rom 0.001 (o 0.01 ppm. [rom 010 273 ppm, rom O (o
250 ppm. [rom O to 225 ppm. from 0 to 200 ppm, [rom 0 (o
175 ppm, from O 10 150 ppm, from 010 125 ppm, from 0 o
100 ppm, trom 0 to 75 ppm, thom 010 50 ppm, from 010 43
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ppw, tfrom 010 40 ppm, from 010 35 ppm, from 0 o 30 ppm,
from 0 to 25 ppm, [rom O 10 20 ppm, from 0 (o 15 ppm. [rom
O o 10 ppm, rom O o 5 ppm. [rom 0 o 1 ppm, rom 0 1o
0.1 ppm. or [rom O 1o 0.01 ppm}. In some examples. the wax
is substantially tree of nitrogen. The nitrogen content of the
wax can be defermine using any suitable method, such as
those known in the arl. In some examples. the nitrogen
conlent ol the wax is delermined using ASTM 1D 4629,
The wax can, for example, have a silicon content ot 125
ppw or less (e.g., 100 ppm or less, 75 ppm or less, 50 ppm
or less, 45 ppm or less, 40 ppm or less, 35 ppm or less, 30
ppm or less, 25 ppm or less, 20 ppm or less. 15 ppm or less,
10 ppm or less. 9 ppm or less. 8 ppm or less. 7 ppm or less,
& ppm or less, 5 ppm or less, 4.5 ppm or less, 4 ppm or less,
3.5 ppm oor less, 3 ppm or less, 2.5 ppm or less, 2 ppm or less,
1.5 ppm or less, | ppm or less, .75 ppm or less. 0.3 ppm or
less. 0025 ppm or less. 0.1 ppm or less. 0.075 ppm or less,
0.05 ppm or less. 0,025 ppm or less, 0.01 ppm or less. 0.0073
ppw or less, or 0.005 ppm or less). In some examples, the

20 wax has a silicon content of O ppm or movre (e.g., 0.001 ppm

or more. .0025 ppm or more. 4.003 ppm or more. 0.0075
ppm or more. .01 ppm or more, 0.025 ppm or more, 0,05
ppm or more, 0.073 ppm or more, 0.1 ppm or more, 0.25
ppw or more, 0.5 ppm or more, 0.75 ppm or more, 1 ppm

3 ormore, 1.5 ppm or more, 2 ppm or more, 2.5 ppm or more,

3 ppm or more. 3.5 ppm or more. 4 ppm or more, 4.5 ppm
ar more, 5 ppm or more. 6 ppm or morve. 7 ppm or more, 8
ppw or more, 9 ppm or more, 10 ppm or more, 15 ppm or
more, 20 ppm or more, 23 ppm or wore, 30 ppm or more,
35 ppm or more. 40 ppm or more, 45 ppm or more, 30 ppm
or more. 75 ppm or more, or 100 ppm or more). "The silicon
conlent ol the wax can range [rom any ol the minimum
values described above 10 any of the maximum wvaluves
described above, For example, the wax can have a silicon
conlent ol rom O 1o 125 ppm {c.g.. [rom O 10 60 ppm. [rom
60 ppm to 125 ppm. [rom 0 (o 25 ppm. [rom 25 1o 50 ppm,
from 30 to 75 ppm. rom 75 to 100 ppm, rom 100 1o 125
ppw, trom 0.001 1o 100 ppm, trom 0.001 10 75 ppm, from
0.001 1o 30 ppm, trom 0.001 to 43 ppm, from 0.001 1o 40
ppm. rom 0.001 o 33 ppm. [rom 0.001 0 30 ppm. [rom
0.001 10 25 ppm. from 0.001 0 20 ppm. [rom 0,001 10 135
ppw, trom 0.001 to 10 ppm, from 0.001 to 5 ppm, from to
1 ppm, trom 0.001 10 0.1 ppm, from 0.001 10 0.01 ppm, from
0 to 100 ppm, trom O to ppm, trom 0 to 30 ppm, from 0 1o
45 ppm. [rom O 10 40 ppm, [rom 0 (o 35 ppm. [rom O 10 30
ppm. from 010 25 ppm, from 010 20 ppm, from 0 0 15 ppm,
from 0 1o 10 ppm, trom 0 to 5 ppm, trom 010 1 ppm, from
010 0.1 ppm, or trom O 1o 0.01 ppm). In some examples, the
wax 1s subslantially lrec ol silicon. The silicon content of the
wax can be delermine using any suilable method, such as
those known in the arl. lor example. (he silicon content ol
the wax can be determined vsing ASTM D 5185,

The wax can, for example, have a sodivm content of 150
ppm or less (e.g., 125 ppm or less, 100 ppm or less, 75 ppm
or less, 50 ppm or less. 45 ppm or less, 40 ppm or less. 33
ppw or less, 30 ppm or less, 25 ppm or less, 20 ppm or less,
15 ppm or less, 10 ppm or less, 9 ppm or less, 8 ppm or less,
7 ppm or less, 6 ppm or less, 3 ppm or less, 4.5 ppm or less,
4 ppmoor less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm or less,
2 ppm or less, 1.5 ppm oor less, 1 ppm or less, ppm or less,
0.5 ppmor less, 0.25 ppm or less, 0.1 ppm or less, 0.075 ppm
or less, 0.05 ppm or less, 0.025 ppm or less, 0.01 ppm or
less. 0.0073 ppm or less. or 0.005 ppm or less). [n some
cxamples, the wax has a sodium content of § ppm or more
{e.g.. 0L.001 ppm or more, .0025 ppm or more, 0.0035 ppm
or more, 0.0075 ppm or more, 0.01 ppm or more, 0.023 ppm
or more, 0.05 ppm or more, 0.075 ppm or more, 0.1 ppm or
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more, 0.25 ppm or more, 0.5 ppm or more, 0.75 ppm or
more. 1 ppm or more. 1.5 ppm or more, 2 ppm or more, 2.5
ppm or more, 3 ppm or more. 3.5 ppm or more. 4 ppm or
more. 4.5 ppm or more, 5 ppm or more. 6 ppm or more, 7
PpL or more, 8 ppw or more, 9 ppm or more, 10 ppm or
more, 15 ppm or more, 20 ppin or more, 25 ppm or more,
30 ppm or more, 35 ppm or more. 40 ppm or more. 45 ppm
or more, 50 ppm or more. 75 ppm or more. 100 ppm or more.
or 125 ppm or more). The sodivm content can range from
any of the minimum values described above 10 any of the
maximum values described above. For example, the wax can
have a sodium content ol from 0 o 150 ppm {c.g.. [rom O
1 75 ppm. from 75 lo 150 ppm. [rom O 10 50 ppm. [rom 50
10 100 ppm, from 100 to 150 ppm, trom to 130 ppm, from
0.001 10 123 ppm, from 0.001 10 100 ppm, from 0.001 10 73
ppm. [rom o 30 ppm, [rom 0.001 1o 45 ppm, [rom (0.001 o
40 ppm. [rom 0.001 10 35 ppm, from o 30 ppm. [rom 0.001
1 25 ppm. [rom 0.001 0 20 ppm, from 0L.0O1 10 15 ppm.
from 1o 10 ppm, from 0.001 10 3 ppmy, from 0.001 10 1 ppu,
from 0.001 w0 0.1 ppm, from 0.001 10 0.01 ppm, from O to
125 ppm, from O o 100 ppm. [rom 0 to 75 ppm, rom O o
50 ppm. from 10 45 ppm. from 0 w0 40 ppm, [rom 0 o 35
ppo, from 010 30 ppm, from O 10 23 ppm, from O 10 20 ppm,
from 0t 15 ppm, trom 0 10 10 ppm, from O to 5 ppm, from
0t 1 ppm, from 010 0.1 ppm, or from 0 to 0.01 ppm). In
some examples. the wax is substantially ree of sodium. The
sodium content ol the wax can be determined by any suitable
method, such as those known in the art. For example, the
sodium content of the wax can be determined using ASTM
13 5185,

The wax can, [or example, have an iron content ol 10 ppm
or less (c.g.. 9 ppm or less, 8 ppm or less. 7 ppm or less. 6
ppm or less, 5 ppm or less, 4.5 ppm or less, 4 ppm or less,
3.5 ppmorless, 3 ppm or less, 2.5 ppm or less, 2 ppm or less,

1.3 ppm or less. 1 ppm or less. 0.75 ppm or less, 0.5 ppm or 3

less, 0.25 ppm or less, 0.1 ppm or less. 0,075 ppm or less.
0.05 ppm or less, ppm or less. 0.01 ppm or less. 0.0075 ppm
or less, or 0,005 ppm or less). [n some examples, the wax can
have an iron content of 0 ppm or more (e.g., 0.001 ppm or
more. (L0025 ppm or more. 0.005 ppm or more, 0.0075 ppm
or more, (.01 ppm or more. 0.025 ppm or more. (LO5 ppm
or more, 0.075 ppm or more, 0.1 ppm or more, 0.25 ppm or
more, 0.5 ppm or more, ppm or more, 1 ppm or more, 1.5
PP or more, 2 ppm or more, 2.5 pp or More, 3 ppm or
more. 3.5 ppm or more. 4 ppm or more. 4.5 ppm or more.
5 ppm or more. 6 ppm or more. 7 ppm or more. 8 ppm or
more, or % ppm or more). The iron content of the wax can
range trom any of the minimum values described above to
any ol the maximum values deseribed above. lor example.

the wax can have an iron content of [rom O lo 10 ppm (c.g. =

[rom O 10 5 ppm, rom 5 o ppm, rom 1 o 2 ppm. from 2
10 4 ppm, from 4 to 6 ppu, from 6 to & ppm, trom 8 10 10
ppm, trom 0.001 to 10 ppm, from 0.001 10 9 ppm, thom
0.001 o 8§ ppm. lrom 0.001 10 7 ppm, [rom (o 6 ppm. [tom

0.001 10 5 ppm, [rom 0.001 10 4 ppm. [rom 0L.0O1 0 3 ppm. =

from 0.001 to 2 ppm, trom 0.001 10 1 ppm, trom 0.001 10 0.1
ppo, from 0.001 to 0.01 ppm, from 0 to 9 ppm, from 0 to
8 pp, from O 1o 7 ppm, from 010 6 ppm, trom 0 to 5 ppu,
[rom O 10 4 ppm, rom 0 0 3 ppm. [rom O 1o | ppm, [rom
010 0.1 ppm, or [rom 0 o 0.01 ppm). In some examples, the
wax is substantially tree of iron. The iron content of the wax
can be determined using any suitable method, such as those
known in the arl. Vor example. the iron content ol the wax
can be determined using ASTM 1) 5185,

The wax can, [or example. have a phosphorus content ol
50 ppm oor less (e.g., 45 ppm or less, 40 ppm or less, 35 ppm
or less, 30 ppm or less, 25 ppm or less, 20 ppm or less, 15
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ppw or less, 10 ppm or less, 9 ppm or less, 8 ppm or less,
7 ppm or less, 6 ppm or less, 5 ppm or less, 4.5 ppm or less,
4 ppmoor less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm or less,
2 ppm or less, 1.5 ppm or less, 1 ppm or less, .75 ppm or
less, 0.5 ppm or less, 0.25 ppm or less, 0.1 ppm or less, ppm
or less, 0.05 ppm or less, 0.025 ppm or less, 0.01 ppm or
less. 0.0075 ppm or less. or ppm or less). In some examples,
the wax can have a phosphorus content of O ppm or more
{e.g., 0,001 ppm or more, 0.0025 ppm or more, 0.005 ppm
or more, 0.0075 ppm or more, 0.01 ppm or more, 0.023 ppm
or more, 0.05 ppm or more, 0.075 ppm or more, 0.1 ppm or
more, .25 ppm or more. 0.5 ppm or more. (.75 ppm or
more, 1 ppm or more, 1.5 ppm or more. 2 ppm or more. 2.5
ppw or more, 3 ppm or more, 3.5 ppm or more, 4 ppm or

3 more, 4.5 ppm or more, 5 ppm or more, & ppln or more, 7

ppm or more, 8 ppm or more, 9 ppm or more. 10 ppm or
more, ppm or more. 20 ppm or more. 25 ppm or more, 30
ppm or more. 35 ppm or more, 40 ppm or more. or 45 ppm
or more). The phosphorus content of the wax can range from

20 any of the minimum valves described above to any of the

maximum values described above. lor example. the wax can
have a phosphorus content of rom 0 ppm o 50 ppm (c.g.,
from 0 to 25 ppm, from to 50 ppm, from O to 10 ppm, from
1010 20 ppm, from 20 to 30 ppm, from 30 1o 40 ppm, from

3 4010 50 ppm, from 0.001 to 30 ppm, trom 0.001 10 45 ppm,

from 0.001 (o 40 ppm, from (o 35 ppm. [rom 0.001 o 30
ppm. from 0.001 o 23 ppm. [rom 0.001 0 20 ppm. [rom
0.001 to 15 ppm, from 0.001 to 10 ppm, from 0.001 to 5
ppw, from 0.001 to 1 ppm, from 0.001 to 0.1 ppm, from
0.001 10 001 ppm. [rom 0 to 45 ppm, [rom O 1o 40 ppm,
from 0 to 35 ppm, [rom O 10 30 ppm, from 0 (o 25 ppm. [rom
O 10 20 ppm, Irom 0 (o 15 ppm. rom O 1o 10 ppm. [rom 0
to 5 ppm, trom 0 to 1 ppm, from 010 0.1 pp, or from O 10
0.01 ppm). In some examples, the wax can be substantially
free of phosphorus. The phosphorus content of the wax can
be determined using any suitable method, such as those
known in the arl. In some examples, the nitrogen content of
the wax 15 determined using ASTM D 3185,

The wax capn, for example, have a sulfir content of 500
ppm or less (e, 475 ppm or less, 450 ppm or less. 425 ppm
or less. 400 ppm or less. 375 ppm or less, 350 ppm or less,
325 ppm or less, 300 ppm or less, 273 ppn or less, 250 ppm
or less, 225 ppm or less, 200 ppm or less, 175 ppm or less,
150 ppm or less, 125 ppm or less, 100 ppm or less, 75 ppm
or less, 50 ppm or less. 45 ppm or less, 40 ppm or less. 33
ppm or less, 30 ppm or less, 25 ppm or less. 20 ppm or less,
15 ppm or less, 10 ppm or less, 9 ppm or less, 8 ppm or less,
7 ppm or less, 6 ppm or less, 3 ppm or less, 4.5 ppm or less,
4 ppmoor less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm or less,
2 ppm or less, 1.5 ppm or less, 1 ppm or less, .75 ppm or
less. 0.5 ppm oor less, 0.23 ppm or less. 0.1 ppm or less, 00073
ppw or less, 0.035 ppm or less, 0.025 ppm or less, 0.01 ppm
or less, ppm or less, or 0.005 ppm or less). In some
cxamples, the wax can have a sullur content ol O ppm or
more (¢.g.. .001 ppm or more, 0.0025 ppm or more. (.003
ppw or more, 0.0073 ppm or more, 0.01 ppm or more, 0.025
ppw or more, 0.05 ppm or more, 0.075 ppm or more, 0.1
ppw or more, 0.23 ppm or more, 0.5 ppm or more, 0.73 ppm
armore, 1 ppm or more. 1.5 ppm or more. 2 ppm or more,
2.5 ppm or more. 3 ppm or more. 3.5 ppm or more, 4 ppm
or more, 4.3 ppm or wore, 5 ppm or More, 6 ppL or more,
7 pp or more, 8 ppm or more, 9 ppm or more, 10 ppm or
more, 15 ppm or more, 20 ppm or more. 25 ppm or more,
30 ppm or more. 35 ppm or more, 40 ppm or more, 45 ppm
ar more. 50 ppm or more, 75 ppm or more, 100 ppm or more,
125 ppm or more, 150 ppm or more, 175 ppm or more, 200
ppw or more, 225 ppm or move, 230 ppm or more, 273 ppn
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or more, 300 ppm or more, 325 ppm or more, 330 ppm or
more. 375 ppm or more, 400 ppm or more, 425 ppm or more.
or 450 ppm or more). The sulfur content ol the wax can
range rom any ol the minimum values deseribed above Lo
any of the maximum valves described above. For example,
the wax can have a sultur content of trom 0 to 500 ppm (e.g.,
[rom O o 250 ppm, from 250 10 500 ppm. [rom O o 100
ppm. rom 100 1o 200 ppm, rom 200 10 300 ppm. [rom 300
10 400 ppm, trom 400 10 500 ppm, from 0.001 10 300 ppm,
from 0.001 10 475 ppm, from 0.001 10 450 ppm, from 0.001
10 425 pp, from 0.001 10 400 ppm, from 0.001 10 375 ppm,
[rom 0.001 to 350 ppm. [rom 0L0O7 10 325 ppm. [rom 0,001
10 300 ppm. [rom 0.001 10 275 ppm. from 0.001 to 250 ppm.
from 0.001 10 225 ppm, from 0.001 1o 200 ppm, from 0.001
10 175 ppu, from 0.001 10 150 ppm, from 0.001 1o 125 ppm,
[rom 0.001 o 100 ppm. [rom 0.001 (o ppm. [rom 0.001 Lo
50 ppm. [rom 0.001 10 45 ppm, rom 0.001 0 40 ppm. lrom
0.001 o 35 ppm. [rom 0.001 10 30 ppm, [om 0.001 (0 25
ppm, from 0.001 10 20 ppm, from 0.001 10 135 ppm, trom
0.001 to 10 ppm, trom 0.001 to 5 ppm, from 0.001 10 1 ppu,
[rom 0.001 o 0.1 ppm. [rom 0L007 10 0.01 ppm. [rom O o
475 ppm. [rom O to 450 ppm. from 0 1o 425 ppm, [rom 0 (o
400 ppu, from 010 375 ppmy, from 0 1o 350 ppm, from 0 to
325 ppu, from 0 10 300 ppmy, from 0 to 275 ppm, from 0 to
230 ppun, from 0 10 225 ppmy, from 0 to 200 ppm, from 0 to
175 ppm. [rom O o 130 ppm. from 010 125 ppm, [rom 0 (o
100 ppm, from O to 75 ppm. [rom 0 10 30 ppm. [rom 0 10 45
ppo, from 010 40 ppm, from O 1o 33 ppm, from O 10 30 ppm,
from 010 25 ppm, trom 0 to 20 ppm, from 010 15 ppm, from

010 10 ppm. [rom 010 5 ppm, [rom O o 1 ppm. [rom O o 3

0.1 ppm, or from 0 (o 0.01 ppm). In some examples, the wax
can be substantially [ree ol sulfur. The sullur content ol the
wax can be deterimined by any suitable methods, such as
those known in the art. In some examples, the sulfor content
ol the wax is determined using ASTM 13 4294,

The wax can. lor example, have a calelum conlent of 50
ppm or less (c.g.. 45 ppm or less. 40 ppm or less. 35 ppm or
less, 30 ppm or less, 25 ppm or less, 20 ppm or less, 15 ppm
or less, 10 ppm or less, 9 ppm or less, & ppm or less, 7 ppm
or less. 6 ppm or less. 5 ppm or less. 4.5 ppm or less. 4 ppm
or less. 3.5 ppm oor less. 3 ppm or less, 2.5 ppmoor less, 2 ppm
or less, 1.5 ppm or less, 1 ppm or less, 0.73 ppm or less, 0.5
ppm or less, 0.23 ppm or less, 0.1 ppm or less, ppm or less,
0.03 ppm or less, 0.025 ppm or less, 0.01 ppm or less, 0.0075
ppm or less, or ppm or less). In some examples, the wax can
have a calcium content ol O ppm or more {c.g., 0.001 ppm
or more, 0.0025 ppm or more, 0.005 ppm or more, 0.0075
ppm or more, 0.01 ppm or more, 0.025 ppm or more, 0.03
ppm or more, 3.075 ppm or more. (0.1 ppm or more, .25

ppm or more. (0.5 ppm or more, L7535 ppm or more. 1 ppm =

or more. 1.5 ppm or more, 2 ppm or mare, 2.5 ppm or more.
3 ppm or more, 3.3 ppm or more, 4 ppm or more, 4.5 ppm
or more, 5 ppm or more, & ppm of more, 7 pp or more, 8
ppm ar more. 9 ppm ormore, 14 ppm or more, ppm or more.

20 ppm or more, 25 ppm or more. 30 ppm or more. 35 ppm S

or mare, or 40 ppm or more). The calcium content of the wax
can range from any of the minimum valves described above
1o any of the maximum valves described above. For
example. the wax can have a caleium content of from 0 Lo
50 ppm (c.g.. from 0 o 25 ppm, [rom 25 10 30 ppm, [rom
010 10 ppm, trom to 20 ppm, trom 20 10 30 ppm, from 30
10 40 ppm, from 40 to 50 ppm, from 0.001 to 50 ppm, thom
0.001 o 45 ppm. [rom 0.001 w0 40 ppm, [om 0.001 (0 35
ppm. [rom 0.001 10 30 ppm. [rom 0.001 o 25 ppm, [rom
0.001 o 20 ppm. [rom 0.001 10 15 ppm, Fom 0.001 (o 10
ppm, from 0.001 to 3 ppm, trom 0.001 to 1 ppm, from 0.001
10 0.1 ppm, from 0.001 10 0.01 ppm, from 0 to 45 ppm, from
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0 10 40 ppm, trom 0 to 35 ppm, from O 1o 30 ppm, from 0
o 25 ppm, from O lo 20 ppm, rom 0 10 15 ppm, [rom 0 10
10 pprm, rom 010 5 ppm, [rom & o 1 ppm. rom 10 0.1 ppm,
or from 0 1o 0.01 ppm). In some examples. the wax can be
substantially free of caleium. The calcium content of the
waX can be determined using any suitable methods, such as
those known in the arl. In some examples, the caleium
conlent ol the wax can be determined using ASTM 1D 5185,

The wax can, for example, have a copper content of 10
ppw or less (e.g., 9 ppm or less, 8 ppin or less, 7 ppm or less,
& ppm or less, 5 ppm or less, 4.5 ppm or less, 4 ppm or less,
3.5 ppm orless, 3 ppm orless. 2.5 ppm or less. 2 ppm or less,
1.5 ppm or less, | ppm or less, .75 ppm or less. 0.3 ppm or
less, 0.25 ppm or less, 0.1 ppm or less, 0.075 ppm or less,

3 0.05 ppm or less, 0,023 ppm or less, 0.01 ppm or less, 0.0075

ppm or less, or 0.005 ppm or less). In some examples, the
wax can have a copper content of 00 ppm or more {e.g.. 0.001
ppm or more. (L3025 ppm or more, .005 ppm or more,
0.0073 ppm or more, 0,01 ppm or more, 0.023 ppm or more,

20 ppu or more, 0,073 ppm or more, 0.1 ppm or more, 0.25

ppm or more, .5 ppm or more, ppm or more, | ppm or
more, 1.5 ppm or more, 2 ppm or more, 2.5 ppm or more,
3 ppm or more, 3.5 ppm or more, 4 ppm or more, 4.5 ppm
or more, 3 ppm or more, 6 ppW or More, 7 ppam or ore, or
8 ppm or more). The copper content of the wax can range
from any ol the minimum values deseribed above 1o any of
the maximum values described above. For example. the wax
cal have a copper content of from O ppm to 10 ppm (e.g.,
from 0 1o 5 ppm, from 5 to 10 ppm, trom 1 10 2 ppm, from
210 4 ppm, rom 4 o 6 ppm, lrom 6 10 & ppm, [rom ¥ o 10
ppm. from o 10 ppm. rom 0.001 0 9 ppm. [rom 0.001 10
& ppm, [rom 0.001 0 7 ppm, lrom 0.001 10 6 ppm. [rom
0.001 to 5 ppm, trom 0.001 to 4 ppm, trom 0.001 10 3 ppm,
from 0.001 to 2 ppm, from 0.001 10 1 ppm, from 0.001 tw 0.1
ppm. rom 0.001 10 0.01 ppm, rom O 0 9 ppm, [rom O 10
& ppm, lrom 010 7 ppm. [rom 0 lo 6 ppm. [rom O o 5 ppm,
from 010 4 ppm. [rom O o 3 ppm, from 0 1o 1 ppm. [rom
010 0.1 ppm, or trom O 1o 0.01 ppm). In some examples, the
waX can be substantially free of copper. The copper content
ol the wax can be delermine using any suitable method. such
as those known in the arl. lor example. the copper conlent
of the wax can be determined using ASTM D 5185,

The wax can, tor example, have a nickel content of 100
ppw or less (e.g., 95 ppm or less, 90 ppm or less, 8BS ppm or
less. 80 ppm or less, 75 ppm or less. 70 ppm or less, 65 ppm
or less, ppm or less. 55 ppm or less, 50 ppm or less. 45 ppm
or less, 40 ppm or less, 35 ppm or less, ppm or less, 25 ppm
or less, 20 ppm or less, 15 ppm or less, 10 ppm or less, 9 ppm
or less, 8 ppm or less. 7 ppm or less, 6 ppm or less, 5 ppm
or less, 4.5 ppmoor less, 4 ppm or less. 3.5 ppm or less. 3 ppm
or less, 2.5 ppmoor less, 2 ppm orless. 1.5 ppm or less. 1 ppm
or less, 0.73 ppm or less, 0.5 ppm or less, 0.25 ppm or less,
0.1 ppm or less, 0.075 ppm or less, 0.05 ppm or less, ppm
or less. 0.01 ppm or less. 0.0075 ppm or less. or 0L005 ppm
or lesg). In some examples. the wax can have a nickel
content of O ppm or more (e.g., 0.001 ppm or more, 0.0025
ppw or more, 0,005 ppm or more, 0.0073 ppm or more, 0.01
ppw or more, 0.023 ppm or more, ppm or more, 0,075 ppm
or more, (L1 ppm or more. .25 ppm or more, (L5 ppm or
more, 1L75 ppm or more, 1 ppm or more, 1.5 ppm or more,
2 ppm or more, 2.5 ppm or more, 3 ppm or more, 3.5 ppm
or more, 4 ppm or more, 4.5 ppm or more, 3 ppw or more,
6 ppm or more. 7 ppm or more, 8 ppm or more, 9 ppm or
more, 10 ppm or more, 15 ppm or more. 20 ppm or more,
25 ppm or more. 30 ppm or mare, 35 ppm or more, 40 ppm
or more, 43 pp or more, 50 ppm or more, 35 ppm or more,
60 ppm or more, 63 ppm or more, 70 ppm or more, 75 ppm
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or more, 80 ppm or more, 85 ppm or more, or 90 ppm or
more). The nickel content ol the wax can range from any ol
the minimum values described above W0 any ol the maxi-
mum values described above. or example, the wax can
have a nickel content of trom 010 100 ppm (e.g., from 0 to
50 ppm, from 50 10 100 ppm, from 0 to 20 ppm, trom 20 to
40 ppm. from 40 to 60 ppm. rom 60 Lo ppm. from 80 to 100
ppm. rom 0.001 o 100 ppm. [rom 0.001 o 75 ppm, [rom
0.001 o 50 ppm, from 0.001 10 45 ppm, from 0.001 to 40
ppom, from 0.001 10 35 ppm, from 0.001 10 30 ppm, trom
0.001 t 25 ppm, from 0.001 10 20 ppm, from 0.001 to 15
ppm. rom 0,001 o 10 ppm. rom 0.001 o 5 ppm. [rom
0.001 (o 1 ppm. rom 4.001 10 0.1 ppm, [rom 0.001 o 0.01
ppo, from 010 73 ppu, from O 1o 30 ppm, from O 10 45 ppm,
from 010 40 ppm, trom 0 to 33 ppm, from 010 30 ppm, from
0 1o 25 ppm. from O 1o 20 ppm. [rom 0 o 15 ppm, from 0
1o 10 ppm. [rom O o 3 ppm. from 010 1 ppm, lrom 010 0.1
ppm. or from 0 o 0.01 ppm). In some examples. the wax can
be substantially free of nickel. The nickel content ot the wax
can be determined using any suitable method, such as those
known in the arl. For example. the nickel conlent can be
determined using ASTM 1 5185,

The wax can, tor example, have a vanadium content of 25
ppm or less (e.g., 20 ppm or less, 15 ppm or less, 10 ppm or
less, 9 ppm or less, 8 ppm or less, 7 ppm or less, 6 ppm or
less, 5 ppm or less, 4.5 ppm or less. 4 ppm or less. 3.5 ppm
orless. 3 ppmor less. 2.5 ppm or less, 2 ppmoor less, 1.5 ppm
or less, 1 ppm or less, 0.73 ppm or less, 0.5 pp or less, 0.23
ppm or less, ppm or less, 0.075 ppm or less, 0.03 ppm or

less, 0,025 ppm or less, 0.01 ppm or less. 0.0073 ppm or less. 3

or 0.005 ppm or less). In some examples, the wax can have
4 vanadium content o § ppm or more (e.g., 0.001 ppm or
more, 0.0023 ppm or more, 0.005 ppm or more, 0.0075 ppm
or more, 0.01 ppm or more, 0.025 ppm or more, 0.05 ppm

or more, .75 ppm or more, (.1 ppm or more, (.25 ppm or 3

more. (0.5 ppm or more. (.75 ppm or more. 1 ppm or more.
1.5 ppm or more, 2 ppm or more, 2.5 ppm or more. 3 ppm
or more, 3.5 ppm or more, 4 ppm or more, 4.3 ppl or more,
5 ppm or more, 6 ppm or more, 7 ppm or more, & ppm or
more. 9 ppm or more. 10 ppm or more, 15 ppm or more. or
20 ppm or more). The vanadium content ol the wax can
range trom any of the minimum values described above to
any of the maximum valves described above. For example,
the wax ¢an have a vanadium content of from 0 to 20 ppm
(c.g. rom 0o 10 ppm. [rom 1010 20 ppm. from 010 3 ppm.
[rom 3 10 10 ppm, from 10 10 15 ppm. [rom 15 0 20 ppm.
from 0.001 1o 20 ppm, trom 0.001 to 15 ppm, from 0.001 to
10 ppm, from 0,001 10 5 ppm, from 1o 1 ppm, trom 0.001 to
0.1 ppm. [rom 0.001 w0 0.01 ppm, from O w0 15 ppm, [rom

010 10 ppm. [rom 010 5 ppm, [rom O o 1 ppm. [rom O o =

0.1 ppm, or from 0 (o 0.01 ppm). In some examples, the wax
can be substantially thee of vanadivm. The vanadivm content
of the wax can be determined using any suitable method,
such as those known in the art. lor example. the vanadium

content of the wax can be determined using ASTM 12 53183, s

In some examples, the wax has a total chloride content of
50 ppm or less; a nitrogen content of 300 ppm or less; and
a silicon content of 123 ppm or less. In some examples, the
wax has 2 lotal chloride content of 50 ppm or less; a nitrogen
content of 300 ppm or less; a silicon conlent of 125 ppm or
less; and a sodivm content of 150 ppm or less. In some
examples, the wax has a total chloride content ot 50 ppm or
less: a nitrogen content ol 300 ppm or less; a silicon conlent
ol 125 ppm or less; a sodium conlent of 150 ppm or less; an
iron conlent ol 10 ppm or less: a sullur content o 500 ppm
or less; and a caleium content of 50 ppm or less. In some
examples, the wax has a total chloride content ot 50 ppm or
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less; a nitrogen content of 300 ppm or less; a silicon content
ol 125 ppm or less: a sodium content ol 150 ppm or less: an
irom conlent of 10 ppm or less; a phosphorus content ol 50
ppm or less: a sullur content of 300 ppm or less; and a
calcivm content of 50 ppm or less. In some examples, the
waXx has a total chloride content of 50 ppm or less; a nitrogen
conlent of 300 ppm or less: a silicon content ol 125 ppm or
less; a sodium conlent of 150 ppm or less: an iron content of
10 ppm or less; a phosphorus content of 50 ppm or less; a
sultur content of 500 ppm or less; a caleium content of 50
ppw or less; a copper content of 10 ppm or less; a nickel
conlent o 100 ppm or less: and a vanadium conlent of 23
ppm or less.

In some examples, the wax has a total chloride content of

3 25 ppm or less; a nitrogen content of 300 ppm or less; and

a silicon content of 100 ppm or less. In some examples, the
wax has a wolal chloride content ol 25 ppm or less; 4 nitrogen
conlent of 300 ppm or less: a silicon content ol 100 ppm or
less; and a sodivm countent of 10 ppm or less. In some

20 examples, the wax has: a total chloride content of 23 ppm or

less; a nitrogen conlent of 300 ppm or less: a silicon conlent
ol 100 ppm or less: a sodium content of 10 ppm or less; an
iron content of 10 ppm or less; a sulfur content of 10 ppm
or less; and a calcivm content of 3 ppm or less. In some
examples, the wax has a total chloride content of 23 ppm or
less; a nitrogen conlent of 300 ppm or less: a silicon conlent
ol 100 ppm or less: a sodium content of 10 ppm or less; an
iron content of 10 ppm or less; a phosphorus content of 50
ppw or less; a sulfir content of 10 ppm or less; and a calcium
conlent of 3 ppm or less. In some examples. the wax has a
lotal chloride content of ppm or less: 4 nitrogen content ol
300 ppm or less; a silicon content of 100 ppm or less; a
sodivm content of 10 ppn or less; an iron content of 10 ppm
or less; a phosphorus content of 30 ppm or less; a sulfur
conlent of 10 ppm or less; a caleium content ol 5 ppm or
less; a copper content of 10 ppm or less; a nickel content of
100 ppm or less: and a vanadium content of 25 ppm or less.

The wax can, for example, have a Gardoer color of 2 or
more (e.2., 2.5 or more, 3 or more, 3.5 or more, 4 or more,
4.5 or more. 5 or more, 3.5 or more, 6 or more. 6.5 or more,
7 or more, or 7.5 or more). In some examples, the wax can
have a Gardner color of 8 or less (e.g., 7.5 or less, 7 or less,
6.5 or less, 6 or less, 5.5 or less, 5 or less, 4.5 or less, 4 or
less, 3.5 or less, 3 or less, or 2.5 or less). The Gardner color
ol the wax can range from any ol the minimum values
deseribed above 10 any of the maximum values deseribed
above. For example, the wax can have a Gardner color of
from 2 10 8 (e.g., from 2 to 5, from 5 to 8, trom 2 10 4, from
4106, fom 6 o0 8. rom 210 7, [rom 2 to 6, [rom 3 (0 8. [rom
410 8, from 2.3 (o 7.5, [rom 2.5 o 8. or [rom 6.5 io 8). "The
Gardner color of the wax can be delermine using any
suitable method, such as those known in the art. For
example, the Gardner color of the wax can be determined
using ASTM 12 1500,

The wax can. [or example, have an oil conlent ol 3% or
more by weight (e.g., 10% or more, 153% or more, 20% or
more, 25% or more, 30% or more, 35% or more, or 40% or
more). [n some examples, the wax can have an oil content
ol 50% or less (c.g.. 45% or less. 40% or less, 35% or less,
30% or less, 25%, or less. 209 or less, 15% or less. or 10%
or less). The oil content of the wax can range from any ot the
minimum values described above to any of the maximum
values deseribed above. For example. the wax can have an
oil content of from 3% o 50% (c.g., lrom 5% w0 25%. [rom
23% 10 50, [rom 5% 10 15%, [rom 10 o 15%. [rom 15%
to 20%, from 20% to 23%, from 25% 1o 30%, from 30% to
35%, from 35% 1o 40%, from 40% to 45%, from 45% 1o
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50%, from 3% to 45%, from 5% to 40%, from 3% 1o 35%,
[ram 5% lo 30%. from 3% (o 200, [rom 3% 1o 15%. [rom
10% 10 30%, rom 15% lo 30%, [rom 20% o 50%, [rom
0% Lo S0M, Trom 353% (o 50%, [rom 40% (o 50%, [rom
10% to 43%, or from 25% to 45%). The oil content of the
wax can be determined using any suitable method, for
example those known in the art. lor example, the oil contlent
ol the wax can be delermined using ASTM 13 721,

The wax can, for example, have a Reid Vapor Pressure of
12.5 psig or less (e.g., 12 psig or less, 11.5 psig or less, 11
peig or less, 10.5 psig or less, 10 psig or less, 9.5 psig or less,
9 psig or less. 8.5 psig or less. 8 psig or less, 7.5 psig or less.
7 psig or less. 6.5 psig or less. 6 psig or less, 5.5 psig or less.
5 psig or less, 4.5 psig or less, 4 psig or less, 3.5 psig or less,
3 psig or less, or 2.5 psig or less). In some examples, the wax
can have a Reid Vapor Pressure of 2 psig or more (c.g.. 2.5
psig or more, 3 psig or more. 3.5 psig or more. 4 psig or
more. 4.5 psig or more. 5 psig or more. 5.5 psig or more. 6
psig or more, 6.5 psig or more, 7 psig or more, 7.5 psig or
more, 8 psig or more, 8.3 psig or more, 9 psig or more, 9.5
psig or more, 10 psig or more, 10.5 psig or more, or 11 psig
or more). The Reid Vapor Pressure of the wax can range
from any of the minimum values described above to any of
the maximum values described above, For example, the wax
can have a Reid Vapor Pressure of from 2 1o 12.5 psig (e.g.,
[rom 5 o 7 psig. [rom 7 10 12.5 psig. [rom 2 (o 4 psig, rom
4 10 6 psig. lrom 6 o 8 psig, rom 8 10 10 psig, rom 10 o
12.5 psig, from 2 to 12 psig, from 2 to 11 psig, thom 2 10 10
peig, trom 2 1o 9 psig, from 2 to 8 psig, trom 2 to 6 peig, from

2 o 5 psig, rom 3 lo 12.5 psig. [rom 4 o 12.5 psig, [fom 3

510 12.5 psig. from 6 10 12.5 psig. rom 7 10 12.5 psig. [rom
810 12.5 psig. from 9 o 12.5 psig. [rom 3 10 12 psig. [rom
510 11 psig, or trom 7 10 10 psig). The Reid Vapor Pressure
of the wax can be determined using any suitable method,

such as those known in the art. For example, the Reid Vapor 3

Pressure ol the wax can be determined using ASTM 135191,

The wax can. lor example, have a waler by distillation
amount of 0.5 vol. % or less (e.g., vol. % or less, 0.4 vol. %
or less, 0.35 vol. % or less, 0.3 vol. % or less, 0.25 vol. %
or less, 0.2 vl Y or less, 0015 vol. % or less, 001 vol. % or
less, 0,075 vol. % or less. 005 vaol. % or less, L0253 vol. %
or less, or 0.01 vol. % or less). In some examples, the wax
can have a water by distillation amount of O vol. % or more
{e.g., 0.01 vol. % or more, 0.025 vol. % or more, 0.03 vol.
% ar more. vol. % or more, 0.1 vol. % or more, (W15 vol. %
or more, (.2 vol. % or more. .25 vol. % or more. 0.3 vol.
% or more, 0.35 vol. % or more, or 0.4 vol. % or more). The
amount of water by distillation in the wax can range from
any ol the minimum values deseribed above to any of the

maximum values described above. For example, the wax can =

have a waler by distillation amount of [rom 0 (o 0.5 vol. %
(e.g., from 0 to 0.25 vol. %, trom 0.25 to 0.5 vol. %o, from
0to 0.1 vol. %, from 0.1 to 0.2 vol. %, trom 0.2 1o 0.3 vol.

%, from 0.3 10 0.4 vol. % [rom 0.4 10 0.5 vol. %, rom 0 Lo

0.4 vol. %, from 010 03 vol. % [rom 0 10 (.2 vol. %, fom 3

010 0.03 vol. %, or from 010 0.01 vol. %). The amount of
water by distillation in the wax can be determined by any
suitable method, such as those known in the art. For
example. the waler by distillation amount in the wax can be
determined using ASTM 12 95,

The wax can, tor example, have a total sediment content
ot 0.5 vol. % or less (e.g., 0.45 vol. % or less, 0.4 vol. % or
less, 035 val. % or less, 0.3 vol. % or less. 0025 vol. % or
less, 0.2 vol % or less, 0015 vol % or less, 01 vol. % or less.
0.075 vol. % or less. 0,05 vol. % or less. 0025 vol. % or less.
or 0.01 vol. % or less). In some examples, the wax can have
a total sediment content of 0 vol. % or more (e.g., 0.01 vol.
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% or more, 0,025 vol. % or more, 0,05 vol, % or more, vol.
v ar more, (L1 vol. % or more, .13 vaol. % or more, 0.2 vol.
Y or more. .25 vol. % or more, 0.3 vol. % or more, L35
vol. % or more, or 0.4 vol. % or more). The total sediment
content of the wax can range from any of the minimum
values described above 10 any of the maximum wvaluves
deseribed above. lior example. the wax can have a lotal
sediment content of Trom 0o 0.5 vol. % (c.g., rom 010 0.25
vol. %, from 0.25 1o 0.5 vol. %, tfrom 0 10 0.1 vol. %, from
0.1 to 0.2 vol. %, from 0.2 10 0.3 vol. %, trom 0.3 10 0.4 vol.
%, trom 0.4 to 0.5 vol. %, from O to 0.4 vol. %, trom 0 1o
0.3 vol. %, [rom 0 1o 0.2 vol. %y, from O lo 0,05 vol. %. or
from O to 0.01 vol. %) "The total sediment content of the wax
can be determined by any svitable method, such as those

3 known in the art. For example, the total sediment content of

the wax can be delermined using ASTM 13 4870,

The wax can, lor example. have an n-heplane insoluble
conlent of 0.5 wi. % or less (g, 045 wi % or less. 0.4 wi.
% or less, 0.35 wt. % or less, 0.3 wt. % or less, 0.25 wt. %

20 or less, 0.2 wt. % or less, 0.15 wt. % or less, 0.1 w1, % or

less. 0.075 wio % or less, 0.05 wi % or less, 0.025 wi % or
less. or 0.01 wi % or less). In some examples, the wax can
have an n-heptane insoluble content of 0wt. %o or more (e.g.,
0.01 wt. % or more, 0,025 wt. % or more, 0.05 wt. % or
more, Wi, % or more, 0.1 wt. % or more, 0.15 wt. % or more,
0.2 wi % or more. 023 wi. % or more. 0.3 wi % or more,
035 wi. % or more. or 0.4 wi. % or more). The n-heplane
insoluble content of the wax can range from any of the
minimum values described above to any of the maximum
values deseribed above. For example. the wax can have an
n-heplane insoluble content ol from O o 0.5 wi % (c.g.,
from 0 (o 0.25 wi. %, from 0.25 10 0.5 wi. %. from 0 1o 0.1
wt, %, from 0.1 to 0.2 wt. %, from 0.2 10 0.3 wt. %, from
0.3 to 0.4 wt. %, from 0.4 10 0.5 wt. %, trom 0 10 0.4 wt. %,
from ¢ to 0.3 wi %, [rom 010 0.2 wi. %y, from 0 10 0.05 wi.
Y, or from O lo wi. %), The n-heplane insoluble conlent of
the wax can be determined by any sullable method. such as
those known in the art. For example, the n-heptane insoluble
content of the wax can be determined vsing ASTM D 3279,

The wax can, lor cxample, have a total acid number of 1
mg KOIYg or less (cg.. 009 mg KOllig or less, 0.8 mg
KOHg or less, 0.7 mg KOH/g or less, 0.6 mg KOH/g or
less, 0.5 mp KOH/g or less, 0.4 mg KOHz or less, 0.3 mg
KOH/g or less, 0.2 mg KOH/g or less, or 0.1 mg KOH/g or
less). In some examples. the wax can have a lolal acid
number ol § mg KOl/g or more {c.g.. (.1 mg KOIlig or
mare, 0.2 mg KOH/g or more, 0.3 mg KOH/g or more, 0.4
mg KOH/g or more, 0.5 mg KOH/g or more, 0.6 mg KOH/g
or more. (0.7 mg KOIVe or more, 0.8 mg KOI g or more,
or LY mg KOl g or more). The total acid number of the wax
can range from any of the minimum values described above
to any of the maximum wvalves described above. For
example, the wax can have a total acid number of from 0 10
| mg KOIYg {c.g.. [rom 10 0.5 mg KOig. from 0.5 10 1 mg
KOIfg, from 0 0 0.2 mg KOIYg from 0.2 0 0.4 mg
KOH/, from 0.4 to 0.6 mg KOH/g, thom 0.6 10 0.8 mg
KOH/, from 0.8 to 1 mpg KOH/g, trom to 0.8 mg KOH/g,
from O 10 0.6 mg KOH/g, trom 010 0.4 mg KOH/g, or from
0 1o 0.1 mg KOIYg). The total acid number ol the wax can
be determined using any suitable method, such as those
known in the art. For example, the total acid number of the
wax can be determined vsing ASTM D 664,

In some examples. the wax has a Reid Vapor Pressure of
12.5 psig or less: and a [inal boiling point of 9507 11 10 1300°
i, In some examples, the wax has a Reid Vapor Pressure ol
from 7 to 10 psig; and a final boiling point of from 993° F.
to 1235° F.
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In some examples, the wax has a Reid Vapor Pressure of
12.5 psig or less; and a pour point o 30° I 10 607 I, In some
examples. the wax has a Reid Vapor Pressure ol from 7 o
10 psig: and a pour point ol from 33° 1 10 5327 14

In some examples, the wax has a final boiling point of
430° F. 10 1300° F.; and a pour point of 30° F. to0 60° F. In
some examples, the wax has a [inal boiling peint of [rom
9957 14 10 12357 1% and a pour point ol [rom 33 I, (o 527
F.

In some examples, the wax has a Reid Vapor Pressure of
12.5 psig or less; a final boiling point ot 950° F. to 1300° F;
and a pour point of 307 I, o 60° I In some examples. the
wax has a Reid Vapor Pressure of from 7 1o 10 psig: a (inal
boiling point of trom 995° F. to 1235° F; and a pour point
of from 33° F. to 52° F.

In some cxamples. the wax has a Reid Vapor Pressure ol
12.5 psig or less; a [mal boiling point of 9507 1. (o 13007 1
a pour point of 307 14 10 607 I a total chloride content ol
50 ppm or less; a nitrogen content of 300 ppm or less; a
silicon content of 123 ppm or less; a sodium content of 150
ppm or less: an ron content o 10 ppm or less; a phosphorus
content ol 50 ppm or less: a sullur content of 500 ppm or
less; and a calcium content of 30 ppm or less. In some
examples, the wax has a Reid Vapor Pressure of trom 7 to
10 psig; a final boiling point of trom 995° F. to 1235° F,; a
pour point of [rom 337 I 10 329 I'; a lotal chloride contlent
ol 25 ppm or less; a nitrogen conlent of 300 ppm or less: a
silicon content of 100 ppm or less; a sodium content of 10
ppm or less; an iron content of 10 ppm or less; a phosphorus
content of 30 ppm or less: a sullur content of 10 ppm or less:
and a calcium conlent ol 5 ppm or less.

In some examples. the wax is a raw pyrolysis product.
meaning the wax is produced by a method that substantially
excludes any hvdrotreatment or turther refining steps after
pyrolysis.

(il

Algo disclosed herein are oils derived [rom pyrolysis ol a
feedstock comprising post-consumer and/or post-industrial
plastics. In some examples, the oil can be produced wvia
pyrolysis al an industrial scale.

The o1l can. [or example. have a number average molecu-
lar weight and/or a weight average molecular weight ot 50
Daltons or more (e.g., 35 Daltons or more, 60 Daltons or
more, Daltons or more, 70 Daltons or more, 75 Daltons or
more. 80 1Jalions or more, 85 Daltons or more, 90 Dallons
or more. 95 Daltons or more, 104 Daltons or more, 110
Daltons or more, 120 Daltons or more, 130 Daltons or more,
140 Daltons or more, 130 Daltons or more, 160 Daltons or
more. 170 Daltons or more. 180 Daltoms or more. 190

Daltons or more. 200 Dalions or more. 225 Dallons or more. 5

250 Daltons or more. 275 Dallons or more. 300 Dallons or
more, or 323 Daltons or more). In some examples, the oil
can have a number average molecular weight and/or a
weight average molecular weight of 350 Dallons or less

(t.g.. 323 Daltons or less, 300 Daltons or less, 275 Daltons s

or less, 250 Daltons or less, 225 Daltons or less, 200 Daltons
or less, 190 Daltons or less, 180 Daltons or less, 170 Daltons
or less, 160 Daltons or less, 150 Daltons or less, 140 Daltons
or less, 130 Daltons or less, 1201 2allons or less. 110/ Dalions
or less. 100 Daltons or less. 95 Daltons or less, 90 Dallons
or less, 83 Daltons or less, 80 Daltons or less, 75 Daltons or
less, 70 Daltons or less, 65 Daltons or less, or 60 Daltons or
less). The number average molecular weight andfor a weight
average molecular weight of the oil can range [rom any ol
the minimum values described above W0 any ol the maxi-
mum values described above. For example, the oil have a
number average molecular weight and/or a weight average
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molecular weight of trom 30 to 350 Daltons (e.g., from 50
o 2000 Dalioms, from 200 (o 350 Dalions. rom o 150
Dallons. [rom 150 1o 230 Dallons, [rom 250 10 350 1allons,
from 30 (o 300 1alions, from 50 10 250 Dalions. [rom 50 10
100 Daltons, from 75 to 350 Daltons, trom 100 to 350
Daltons, from 150 to 350 Daltons, from 300 to 330 Daltons,
from 75 to 325 Daltons. or [rom 100 10 300 Daltons).

The oil comprises a mixture of dillerent hydrocarbons
{e.g., linear, branched, cvelic, acyelie, saturated, wnsam-
rated, aromatic, hon-aromatic, etc.), any of which can
optionally be substituted. In some examples, the ol com-
prises a mixture ol different hydrocarbons, any ol which can
oplionally be substituted, and 90% or more of the mixture
{wiw) comprises C,-C,,, hvdrocarbons (e.g., 90.5% or more,
91% or more, 31.5% or more, 32% or more, 92.5% or more,
93% or more. 93.5% or more, 94% or more. 94.5% or more,
95% or more. 93.5% or more, 96% or more. 96.5% or more,
97% or more. Y7.5% or more, 98% or more. 98.5% or more,
or 99% or more). In some examples, the oil comprises a

20 mixture of different hyvdrocarbons, any of which can option-

ally be substituted. and 100% or less ol the mixture (wiw)
comprises , -Cs,, hydrocarbons {c.g., 99.5% or less. 99% or
less, B8.5% or less, 98% or less, 37.5% or less, 97% or less,
96.5% or less, 36% or less, 35.5% or less, 95% or less,
94.5% or less, 34% or less, 33.5% or less, 93% or less,
92.5% or less, 92% or less. 91.5% or less. or 91% or less).
The amount ol the mixture comprising C, -C,,, hydrocarbons
cal range from any of the minimum valves described above
to any of the maximum wvalves described above. For
cxample, the oil comprises a mixture of dillerent hydrocar-
bons, any of which can oplionally be substituted, and [rom
0% o 100% ol the mixlure {(wiw) can comprise €, -C,,
hvdrocarbons (e.g., trom 20% to 95%, from 93% to 100%,
from 90% to 92%, from 92% 1o 94%, from 94% 10 96%,
from 96%: lo 98%. [rom 98% 10 100%. [rom 90% 10 98%,
from 90%: lo 96'%. [rom 90% 10 94%, rom 92% (o 100%,
from 94% (o 100%, [rom 96% to 1009, rom 91% 1o 99,
from 92% to 98%, or from 92% to 96%).

The oil comprises a mixture of differeit hydrocarbons
{c.g.. lincar, branched. cyclic. acyclic. saturaled. unsatu-
raled, aromalic. non-aromatic. cle.). any of which can
optionally be substituted. In some examples, the ol com-
prises a mixture of different hydrocarbons, any of which can
optionally be substituted, and 90% or more of the mixture
{wiw) compriscs (C,-C,,, hydrocarboms (c.g.. 90.5% or morg,
1% or more. 91.5%: or more, 92% or more. 92.5% or more,
93% or more, 33.5% or more, 34% or more, 94.5% or more,
95% or more, 35.5% or more, 36% or more, 96.5% or more,
97% or more. Y7.5% or more, 98% or more. 98.5% or more,
or 99%, or more). In some examples. (he oil comprises a
mixlure of dillerent hydrocarbons. any of which can oplion-
ally be substituted, and 100% or less of the mixture (w/w)
comprises C,-C,, hyvdrocarbons (e.g., 99.5% or less, 99% or
less. 98.5% or less. 98% or less. 97.5% or less, 97% or less,
96.5% or less, 96% or less, 95.5% or less. 93% or less,
94.5% or less, 34% or less, 33.5% or less, 93% or less,
92.5% or less, 92% or less, 91.5% or less, or 91% or less).
The amount of the mixture comprising C,-C,, hvdrocarbons
can range from any of the minimum values described above
lo any ol the maximum values deseribed above. lor
example, the oil comprises a mixture of different hydrocar-
bons, any of which can optionally be substituted, and from
90% 1o 100% ol the mixture (wiw) can comprise C-Cyg
hydrocarbons (c.g.. [rom 90%, 1o 95%. [rom 95% 1o 100%,
from 90% 10 92%, from 92% 10 94%, [rom 94%, 10 6%,
from 6% to 98%, from 98% 1o 100%, from 90% to 98%,
trom 90% to 96%, from 90% to 94%, from 92% to 100%,
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from 94% to 100%, trom 96% to 100%, from 1% to 99%,
[rom 92% 1o 98%, or [rom 92% 1o 96'%).

In some examples. the il comprises a mixture of different
hydrocarbong, any ol which can oplionally be substituted.
and 0% or more of the mixtire (w/w) can comprise C|,-C.g
hydrocarbons (e.g., 0.5% or more, 1% or more, 1.3% or
more. 2% or more. 2.5% or more, 3% or more, 3.5% or
more. 4% or more. 4.5 or more, 3% or more, 5.5% or
more, 6% or more, 6.5% or more, 7% or more, 7.5% or
more, 8% or more, 8.5% or more, or 9% or more). In some
examples, the oil comprises a mixture of different hydro-
carboms, any of which can optionally be substituled, and
10% or less of the mixture {wiw) can comprise C),-C,
hvdrocarbons (e.g., 9.5% or less, 9% or less, 8.3% or less,
8% or less, 7.5% or less, 7% or less, 0.5% or less, 6% or less,
or less, 5% or less. 4.5% or less, 4% or less, 3.5% or less.
A% or less, 2.5% or less. 2% or less, 1.5% or less, or 1% or
less). The amount ol the mixture comprising ¢, .-C5, hydro-
carbons can range trom any of the minimum valves
described above 1o any of the maximum valves described
dbove. or example, the o1l comprises a mixture ol different
hydrocarbong, any ol which can oplionally be substituted.
and trom 0% 1o 10% of the mixmre (w/w) can comprise
C,-Cye hydrocarbons (e.g., trom 0% 10 5%, from 5% to
10%, trom 0% to 2%, from 2% to 4%, from 4% to 6%, thom
6 10 8%, [rom 8% 10 10%. [rom 0% 10 8%, [rom (F% 1o 6%.
[ram (% 1o 4%, rom 1% 10 10%, [rom 2% 1o 10%, rom 4%,
10 10%, from 6% to 10%, from 0.5% to 9.5%, from 1% to
9%, or from 2% to 8%).

In some examples. the il comprises a mixture of different
hydrocarbong, any ol which can oplionally be substituted.
and 25% or more ol the mixture {(w/w) comprises C,-C,,
hydrocarbons (e.g., 25.5% or more, 26% or more, 26.5% or
more, 27% or more, 27.5% or more, 28% or more, 28.5% or

more. 29% or more, 29.5% or more, 30% or more. 30.5%, or 3

more. 3% or more, 3 1.5% or more, 32% or more. 32.5% or
more. 33% or more, 33.5% or more. or 34% or more). In
some examples, the oil comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and 35% or less of the mixiure (wiw) comprises € -C,
hydrocarbons (c.g.. 34.5% or less, 34% or less, 33.5% or
less, 33% or less, 32.5% or less, 32% or less, 31.5% or less,
31% or less, 30.5% or less, 30% or less, 29.5% or less, 29%
or less, 28.5% or less, 28% or less, 27.5% or less, 27% or
less, 26.5% or less, or 26% or less). The amount of the
mixlure comprising ¢, -, hydrocarbon can range [rom any
of the minimum valves described above 1o any of the
maximum valves described above. For example, the oil
comprises 2 mixture ol dillerent hydrocarbons. any ol which
can oplionally be substituled. and rom 25% 1o 35%: ol the
mixlure {w/iw) can comprise C, -C, hydrocarbons {(e.g., rom
25% to 30%, trom 30% to 35%, from 25% to 27%, from
27% to 29%, trom 29% to 31%, from 31% to 33%, from
33% to 35%, Mrom 25% (o 33%, [rom 235% o 31%, [rom
25% lo 29, from 27% o 35%, [rom 29% (o 35%, [rom
31% to 35%, from 235.5% 1o 34.5%, or from 26% to 34%).

In some examples, the ol comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and 25% or more ol the mixture {(w/w) comprises C,-C,
hydrocarbong {e.g., 23.5%: or more. 26% or more. 26.5% or
more, 27% or more, 27.5% or more, 28% or more, 28.5% or
more, 29% or more, 29.5% or more, 30% or more, 30.5% or
more. 3% or more, 3 1.5% or more, 32% or more. 32.5% or
more. 33% or more, 33.5% or more. or 34% or more). In
some examples, the oil comprises a mixture ol different
hvdrocarbons, any of which can optionally be substituted,
and 35% or less of the mixture (w/w) comprises C,-C,
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hvdrocarbons (e.g., 34.5% or less, 34% or less, 33.5% or
less. 33% or less, 32.5% or less. 32% or less, 31.5% or less,
31% or less, 30.5% or less. 300 or less, 29.5%, or less, 29%
or less. 28.5% or less, 28% or less, 27.5% or less. 27% or
less, 20.5% or less, or 26% or less). The amount of the
mixture comprising C,-C; hydrocarbon can range from any
ol the minimum values deseribed above 0 any ol the
maximum values deseribed above. For example, the oil
comprises a mixture of difterent hyvdrocarbons, any of which
cal optionally be substituted, and from 25% to 35% of the
mixture (w/w) can comprise C,-C; hydrocarbons (e.g., from
25% (o 30%. lrom 30% (o 35%. [rom 25% 1o 27%. [rom
27% (o 29%. lrom 29% (o 31%. [rom 31% 0 33%. [rom
33% to 35%, from 25% to 33%, from 25% 1o 31%, from
25% to 20%, from 27% to 33%, from 29% 1o 33%, from
3% 10 35%, from 25.5% Lo 34.5%, or [rom 26% 1o 34%).

In some examples, the oil comprises 2 mixiure ol dillerent
hydrocarbons. any of which can optionally be substituted,
and 53% or more of the mixture (w/w) can comprise Co-Cyy
hvdrocarbons (e.g., 53.5% or more, 36% or more, 36.5% or
more, 37% or more. 57.53% or more. 38% or more, 38.5% or
more, 39% or more. 59.53% or more. 60%: or more, 60.5% or
more, 61% or more, 61.5% or more, 62% or more, 62.5% or
more, 63% or more, 63.5% or more, or 64% or more). In
some examples, the oil comprises s mixture of different
hydrocarbons. any of which can optionally be substituted,
and 65% or less ol the mixture (wiw) can comprise C,-Ca,,
hvdrocarbons (e.g., 64.5% or less, 64% or less, 63.5% or
less, 63% or less, 62.5% or less, 62% or less, 61.5% or less,
61% or less, 60.5% or less. 60% or less, 39.5% or less, 539%
or less. 38.5% or less, 58% or less, 57.5% or less. 57% or
less. 56.5% or less. or 56% or less). The amount ol the
mixture comprising C,-C.,, hydrocarbons can range from
any of the minimum values described above to any of the
maximum values deseribed above. For example, the oil
comprises a mixture of different hydrocarbons, any of which
can oplionally be substituted. and [rom 53% (0 65%: of the
mixture (w/w) can comprise C,-C,, hydrocarbons (eg.,
from 55% to 60%, from 60% 1o 65%, from 55% 10 37%,
from 57% 1o 539%, from 39 10 61%, rom 61% 10 63%,
from 63% 1o 63%, from 33% 10 63%, [rom 35% 1o 6G1%,
from 55% to 39%, from 57% 1o 65%, from 59% 10 65%,
trom 61% 1o 653%, from 55.5% to 64.5%, or from 56% 1o
54%).

In some examples, the oil comprises 2 mixiure ol dillerent
hydrocarbons. any of which can optionally be substituted,
and 1% or more of the mixture (w/w) can comprise C,,-Cay,
hvdrocarbons (e.g., 1.5% or more, 2% or more, 2.5% or
more, 3% or more, 3.5% or more. 4% or more. 4.5% or
more, 3% or more, 5.5% or more. 6% or more. 6.5% or
more, 7% or more, 7.5% or more. 8% or more. 8.5% or
more, or 9% or more). In some examples, the oil comprises
a wmixture of different hydrocarbons, any of which can
oplionally be substituled. and 10% or less ol the mixture
{wiw) can comprise C,,-C,,, hydrocarbons (c.g. 9.5% or
less, 9% or less, 8.5% or less, 8% or less, 7.5% or less, 7%
or less, 6.5% or less, 6% or less, 5.5% or less, 5% or less,
4.5% or less, 4% or less, 3.5% or less, 3% or less, 2.5% or
less. or 2% or less). The amount of the mixlure comprising
oy -Cayy hydrocarboms can range lrom any of (he minimum
values described above 10 any of the maximum wvaluves
described above. For example, the oil comprises a mixture
ol different hydrocarbons, any ol which can oplionally be
substituled. and [rom 1'% 1o 10%: ol the mixlure {(w/w) can
comprise C,,-C., hydrocarbons (c.g. [rom 1% Lo 4.5%,
from 4.5% 1o 10%, trom 1% to 4%, from 4% to 7%, from
7% to 10%, from 1% to 9%, trom 1% to 8%, from 1% to 7%,
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from 1% to 6%, trom 1% to 5%, from 1% to 3%, trom 2%
10 10%, from 3% to 10%. [rom 4% to 10%, from 3% (o 10%.
[rom 6% (o 10%. from 8% 10 10%, from 1.5% 0 9.5%,, [rom
2% to 9%, or [rom 3% o B'%).

In some examples, the ol comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and the mixlure comprises: 2535% (e.g. 30-35%) C,-C,
hydrocarbong, 55-63%, (c.g., 60-65%) C,,-C,,, hydrocarbons.
and 1-10% (e.g., 3-8%) C,,-C,, hydrocarbons. In some
examples, the oil comprises a mixture of different hydro-
carbons, any of which can optionally be substituted, and the
mixlure compriscs: 30-35% €,-C, hydrocarbons. ,-C5,
hydrocarbong, and 3-8%, €5, -5, hydrocarbons.

In some examples, the ol comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and the mixlure comprises: 2535% (e.g. 30-35%) (,-C,
hydrocarbong, 55-63%, (c.g., 60-65%) C,,-C,,, hydrocarbons.
and 1-10% (e, 3-8%) C,,-C,, hydrocarbons. In some
examples, the oil comprises a mixture of different hydro-
carbons, any of which can optionally be substituted, and the
mixture comprises: 30-35% (,-C, hydrocarbons. (C-C,,
hydrocarbong, and 3-8%, €5, -5, hydrocarbons.

In some examples, the ol comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and the mixture is substantially free of hyvdrocarbons com-
prising or more carbons.

In some examples. the il comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and the mixture comprises saturated hyvdrocarbons (e.g.,

lincar, branched. andfor cyelic alkanes). unsalurated (non- 2

aromaltic) hydrocarbons (c.g.. Iincar, branched. and/or eyelic
dlkenes andfor alkynes). and aromatic hydrocarbons. lor
example, the oil comprises a mixture of different hydrocar-
bons, any of which can optionally be substituted, and the
mixlure comprises 90 wi. % or more unsaturated hydrocar-
hons (e.g., 90.5 wi. % or more. 91 wi % or more, 91.3 wi
%% or more, 92wl % or more, 92.5 wi. % or more, 93wl
% or more, 93.5 wi. % or more, 34 wi, % or more, 94.5 W,
% or more, 95 wt, % or more, 95.5 wt. % or more, 96 wt.
%% or more, 96.5 wi % or more, 97 wl. % or more, 97.5 wil.
%% or more, 98 wi. %o or more, 98.5 wi. % or more. or 99 wi,
% or more). In some examples, the oil comprises a mixture
of different hyvdrocarbons, any of which can optionally be
substituted, and the mixture comprises 100 wt. % or less
unsaluraled hydrocarbons {e.g.. 99.5 wi. % or less, 99 wi. %
or less. 98.5 wi. % or less. 98 wil % or less, 97.5 wi % or
less, 97 wt. % or less, 96.5 wt. % or less, 96 wt. % or less,
95.5 wt. % or less, 35 wt. % or less, 94.5 w1, % or less, 94
wil % or less. 93.5 wi % oor less, 93 wil % or Tess. 92.5 wil.

%o or less, 92 wil % or less, 91,5 wi. % or less, or 91 wi % s

or less). The amount ol the mixlure comprising unsaturated
hvdrocarbons can range from any of the minimum values
described above 1o any of the maximum valves described
dbove. or example, the o1l comprises a mixture ol different
hydrocarbong, any ol which can oplionally be substituted.
and the mixture comprises from 90 wt. % 10 100 wt. %
unsaturated hydrocarbons (e.g., from 90 to 95 wt. %, from
1o 100 wt, %, from 3010 92 wt. %, trom 92 10 94 w1, %, trom
94 10 96 wi. %, rom 96 1o 98 wi %, rom 98 10 100 wi. %.
[ram 90 (0 98 wi. % from 90 10 96 wi. %, [rom 90 1o 94 wi.
%, trom 92 to 100 wt. %, from 94 to 100 w1, %, from 96 to
100 wt. %, trom 91 10 99 wt. %, from 92 10 98 wt. %, or trom
94 10 96 wi.

In some examples. the il comprises a mixture of different
hydrocarbong, any ol which can oplionally be substituted.
and the mixture comprises 0 wt. % or more unsaturated
{non-aromatic) hvdrocarbons (e.g., 0.25 wt. % or more, 0.5
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wil. % or more, 0.75 wt. % or more, 1 wt. % or more, 1.25
wl % or more, 1.5 wi % or more. 1.73 wil % oormore, 2wl
Y or more, 2253 wi % or more. 2.5 wl % or more. 3wl %%
or more. 3.5 wi. % oor more, or 4wl % or more). In some
examples, the oil comprises a mixture of different hvdro-
carbons, any of which can optionally be substituted, and the
mixlure comprises 5 wi % or less unsalurated (non-aro-
matic) hydrocarbons (c.g.. 4.5 wi. % or less. 4 wi % or less,
3.5 wt. % or less, 3 wi. % or less, 2.5 wt, % or less, 2.25 wt.
% or less, 2 wt, % or less, 1.75 wt. % or less, 1.5 wt. % or
less, 1.25 wt. % or less, 1 wt. % or less, 0.75 w1, % or less,
or 0.5 wi. % or less). The amount of unsaturated (non-
aromatic) hydrocarbons in the mixture can range [rom any
of the minimum wvalues described above to any of the
maximum values described above. For example, the oil
comprises a mixture of different hydrocarbons, any of which
can oplionally be substituled. and the mixlure can comprise
from 0wl % o 5wl % unsaturated (non-aromalic) hydro-
carbons (e.g., from 010 2.5 wt. %, from 2.5 10 5 w1, %, from
Oto 1wt %, from 1 to 2 wt. %, trom 2 to 3 wt. %, from 3
o 4 wi. %, [rom 4 1o 3 wi. %, [rom 0 10 4 wi. %, [rom O 1o
3wl M rom 010 2 wi %, from 1 o 5wl %, rom 2 10 3
w1, %, from 3 to 5 wt. %, from 0.5 to 4.5 wi. %, or from 3.5
to 4.5 wt. %).

In some examples, the oil comprises a mixture of different
hydrocarbons. any of which can optionally be substituted,
and the mixture comprises O wl. % or more aromatic
hvdrocarbons (e.g., 0.25 wi, % or more, 0.3 wt. % or more,
0.75 wt. % or more, 1 wt. % or more, 1.25 wt. % or more,
1.5 wi % ormore, 1.75 wi. % or more. or 2 wi. % or morce).
In some examples. the oil comprises a mixture ol dillerent
hydrocarbons. any of which can optionally be substituted,
and the mixture comprises 2.5 wt. % or less aromatic
hvdrocarbons (e.g., 2.25 wt. % or less, 2 wi. % or less, 1.75
wl % oor less. 15wl % or less, 1.25 wi Yoo less, 1wl %
or less. 0.75 wi % or less. or 05 wi % or less). The amount
ol the mixlure comprising aromatic hydrocarbons can range
from any of the minimum valves described above 1o any of
the maximum valves described above. For example, the oil
comprises a mixture of different hydrocarbons, any of which
can oplionally be substituled. and the mixlure can comprise
from 0 w1, % 1o 2.5 wt. % aromatic hydrocarbons (e.g,, from
010 1.25 wt. %, from 1.25 to 2.5 wt. %, from 0 10 0.5 wt.
%, tfrom 0.5 to 1 wt. %, from 1 to 1.5 wt. %, from 1.510 2
wi W, rom 210 2.5 wi %y lrom O 10 2 wi %, rom 1o 1.5
wi %, rom O lo 1wt % rom 0.5 1o 2.5 wi %, rom 1 1o
2.5 w1, %, from 1.5 to 2.5 wt. %, trom 0.5 10 2 wt. %, or from
1102 wt. %).

In some examples, the oil comprises 2 mixiure ol dillerent
hydrocarbons. any of which can optionally be substituted,
and the mixture comprises: 90-100 wi. % saturaled hydro-
carbons (e.g., 94-96 wt. %); 0-5 wt. % unsaturated (non-
aromatic) hydrocarbons (eg., 3.5-4.5 wt. %); and wt. %
aromalic hydrocarbons (c.g.. 1-2 wi. %), In some examples,
the o1l comprises a mixture ol dillerent hydrocarbons. any ol
which can optionally be substituted, and the mixture com-
prises: 94-96 wt. % saturated hydrocarbons; 3.5-4.5 wt. %
visaturated (pon-aromatic) hydrocarbons; and 1-2 wt %
aromatic hydrocarbons.

The 0l can. [or example, have a [inal boiling point o 750
F. or more (e.g., 760° F. or more, 770° F. or more, 780° F.
or more, 790° F. or more, 800° F. or more, 810° F. or more,
8207 1I°. or more. 8307 I or more. 8407 1 or more, 830° 17
ar more. 8607 I or more, 8707 11, or more. 88307 I, or more,
8907 1°. or more. 9007 I or more. 9107 1 or more, 920° 17
or more, 930° F. or more, 340° F. or more, 950° F. or more,
960" F. or more, 970° F. or more, or 980° F. or more). In
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some examples, the oil can have a final boiling poimt of
1000 17 or less {eg. 9907 17 or less, 9807 1L or less, 9707
I"Car less, 9609 1 or less. 9507 1 or less, 9407 I or less, 930°
I ar less, 9200 10 or less. 9107 1 or less, 9007 1 or less, 890°
F. or less, 880° F. or less, 870° F. or less, 860° F. or less, 850°
F. or less, 840° F. or less, 830°F, or less, 820° F. or less, 810°
F. or less, 800° F. or less, 790° F. or less, 780° F. or less, or
FT07 1 or less). "The (inal boiling point of the oil can range
[rom any of the minimum valucs described above (o any ol
the maximum values deseribed above. lior example. the oil
can have a final boiling point of from 750° F. to 1000° F.
(e.g. trom 750°F 1o 875° F, from 875° F. to 1000° F., from
750° F. to 800° F, from 800° F. to 850° F, trom B50° F. to
9007 10, Trom 9007 17 lo 9507 1, [rom 9507 1% lo 10007 17,
[ram 7507 1 1o 973 14, [rom 750° 1 o 950° I, [rom 75(0°
I 10 925 1, Trom 7507 I lo 9007 17, from 750 10 o 850°
F., trom 750° F. to 825° F, from 775° F. 10 1000° F, from
800° F. to 1000° F., from 825° F. to 1000° F.| tfrom 830° F.
10 1000° F., from 900° F. to 1000° F., from 925° F. 10 10007
I [rom 7757 I to 9757 I [rom 8007 I, o 950° I, rom
8307 1. 10 9507 17, [ram 920° I 10 950° I, or [rom 935° 1\,
1o 950° F.). The final boiling point of the oil can be
determined using any svitable method, such as those known
in the art. For example, the final boiling point of the oil can
he determined using ASTM 13 7169,

The oil can. [or example, have a pour point ol 0° I or
more (e.g., 1°F. or more, 2°F. or more, 3° F. or more, 4° F.
or more, 5° F. or more, 6° F. or more, 7° F. or more, 8° F.
or more. 9° 1 or more. 10° 1 or more. 117 I or more. 12°
I or more. 13° I or more, 147 10 or more, 157 1Y or more.
167 10 or more. 177 I or more. or 18 1L or mare). In some
examples, the oil can have a pour point ot 20° F. or less (e g,
19°F. or less, 18° F. or less, 17° F. or less, 16° F. or less, 15°

ICor Tess, 149 1 or less, 139 1 or less, 12° 1 or less, 11910 3

or less, 109 1 or less. 97 1% or less, 89 10 or lTess. 79 1. or less.
6% I or less, 59 10 or less. 4°9 1) or less. 37 1 or less, or 2°
F. or less). The pour point of the oil can range from any of
the minimum valves described above to any of the maxi-
mum values described above. For example, the oil can have
4 pour point of from 07 I o 207 1 (c.g.. from 07 1L (o 107
F.. from 10° F. 10 20° F, from 0° F. to 5° F,, from 5° F. to
10°F., from 10° F. to 15° F,, from 15° F. to 20° F.,, trom 0°
F.10 15°F., from 3°F. to 20° F., from 5° F. 10 15° F., or from
89 1" o 15° 11). "The pour point ol the oil can be delermined
using any suilable method, such as those known in the art.
For example, the pour point of the oil can be determined
nsing ASTM D 97,

In some examples. the oll can include one or more

contaminants. Contaminants can lor example. comprise an =

alkali metal. an alkaline carth melal, a transition metal. a
basic metal, a semimetal, a nonmetal, a halogen, a salt or
compound thereot, or a combination thereof. Examples of
contaminanis include. bul arc not limited (o, lithium.

sodium, beryllium. magnesium. calcium. strontium. lila- 5

nium, vanadium, chrominm, manganese, iron, cobalt, nickel,
copper, Zine, molybhdenum, cadmivm, mercury, aliminum,
fitanivm silicon, tin, lead, nitrogen, phosphorus, arsenic,
anlimony. oxygen, sullur. sclenium, [uorine. chlorine. bro-
mine. compounds thereol, and combinations thercoll In
some examples, the oil includes a contaminant comprising
chloride, nitrogen, silicon, sodium, iron, phosphorus, sulfur,
caleium. nickel. copper, vanadium. or a combination thereol.

Contaminants are introduced during plastic [brmulation
and manulaciuring processes during the first life of plastic in
conjunction with the source and collection method of the
plastics.
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For example, chlorine sources in used plastics can com-
prise PYDC layers. PVIC is olien used as a layer or coaling
in lood and pharma packaging applications because il pro-
vides excellent barrier propertics against moisture, UV light,
acids, salts, and detergents as well as having good transpar-
ency. Despite design for recvclability formulation changes,
PVIXC 1s Torecasied 1o increase at 3.2%, annually through
2028 in the US. Packaging converlers produce a range ol
monolaver and multi-laver packaging. Both types can
become mixed in recyeled streams. Post-consumer sources
will contain higher volumes of materials containing chlorine
sources that can be difficult o dillereniiate and remove
through standard soriing lechnigques.

Nitrogen sources in used plastics can, for example, he
derived from depolvmerization of nyvlon (e.g., Nylon 6
(PA-6). Nylon-66 (PA-06) in used plastic sources, oflen
from [ood and industrial packaging malerials. Nylon is used
in mulii-layer Mexible packing (ilms o protecl oxygen-
sensitive foods or when excellent oil and grease resistance

20 and high mechanical strength are required, such as for

processed meats and (ish, and cheese and other dairy prod-
ucts. Nylon also provides a wide cold o hol lemperature
range (e.g., —60° C. o 150° C.), which enables foods 1o
move through treezer 1o the microwave/oven without pacl-
aging degradation. In industrial packaging, nylon is otften
used as a reinlorcing layer (o provide high mechanical
strength and excellent abrasion and puncture resistance (lor
example, in polvpropylene supersacks that contain a nylon
interlaver or straps). Nitrogen can also come trom protein
{food) residuc om plastics thal arises [rom the aminoe acids in
decomposed protein. Post-comsumer sources will conlain
higher volumes ol materials conlaining nilrogen sources (hat
can be difficult to differentiate and remove through standard
sorting techniques.

Silicon sources in used plastics can, lor example. com-
prise silica desiceant packages. In food packaging and
processing  planis, silicon products are widely used as
release agents in a wide variety of materials and equipment,
leaving residue on plastic surtaces. Silicon is also an addi-
tive that can be added (0 a wide range ol malerials (o change
the appearance. extrusion propertics. andior end-product
characteristics; this applied to films as well as two-dimen-
sional plastics. Post-consumer sources will contain higher
volumes of materials containing silicon sources that can be
dillicult to dillerentiate and remove through standard sorling
lechnigues.

Silicon dioxide can be applied in a very thin coating to
plastics, specifically polyethyvlene, polvpropvlene, andior
polystyrenc, 1o acl as a barrier layer o improve the shell lile
ol oxygen and moisture sensitive food. "This thin coating can
be applicd by a vacuum or plasma deposition process: the
barrier laver and the plastic forma covalent bond. The 510,
barrier coatings are chemically inert and enable benefits in
rigid and flexible food packaging applications. including,
but not limited to. reducing oxygen and moisture perme-
ability of plastics, ensuring aroma protection and retention
of the smell and taste of contents, not sensitive to fluctua-
tions in temperature and humidity, well-svited for pasteuri-
sation and sterilization processes. ad can increase shell lile
ol foods without the addition ol prescrvatives. The 8i0),
coatings are thin, eg. significantly thinner than a human
hair, and theretore have a negligible impact on the packing
weight. lior this reason, coaled packaging is considered a
mono-material that can be mechanically recyeled. Recyela-
bility iniliatives are promoting the use o 810, coalings as a
replacement for PVDC and Nylon barriers in flexible and
rigid packaging. Although these guidelines are intended tor
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mechanically recyeled plastics, several packaging torns and
lormulations are beller suited lor pyrolysis-based advanced
recyeling, 810, coalings have (he potential o be the “gilt
that keeps on giving™. especially when used in rigid and
flexible polvethylene and polvpropvlene plastics that are
mechanically recyeled indtially, which, after a few cveles,
will then eventually become the used plastic eedstocks lor
advanced recyceling; the silicon is predicled o accumulale
and carry forward into each successive application.

Phosphorus-containing flame retardants are widely used
in plastics where its rapid oxidation consumes all the oxygen
present, therehy stopping the (ire. Plastics commonly con-
Laining (hese Jame retardants include, but are not limited to.
engineered plastics, polvurethane foams, polvamides (e.g.,
nvlon) and glass-fiber reintorced nvlon, polvethvlene and
VA co-polymers, and intlumescent coatings on loams and
polypropylene textiles. Phosphate csters are also used as
flame retardant plasticizers in PV high impact polystyrene
(HIP'S), polycarbonate (PPC), and acrylonitrile butadiene
styrene (ABS). Phosphorus sourees also include agricultural
applications. such as residual glyphosate in TIDPL: contain-
ers and residual phosphorus fertilizers on ground-level (fims
(e.g., moulch films). Post-consumer sources will contain
higher volumes of materials containing phosphoris sources
that can be difficult to differentiate and remove through
slandard sorling techniques.

Sources of sullur. calcium, sodium. iron. phosphorus. or
a combination thereot are additives, surface residues, and
residual contamination of the incoming post-consumer and?

or post-industrial plastics. A wash step can potentially 3

remove cerlain surface residues. bul would add cost and
complexily 1o the advanced (e.g., pyrolysis based) recyeling
process. Accordingly, post-consumer sources will contain
higher volumes of materials containing sources of sultur,

calcium. sodium, iron, phosphorus. or 4 combination thereal 3

that can be dillicult o differentiale and remove through
slandard sorling techniques.

Copper allovs are commonly and increasingly used to
create molds for plastic injection molding processes due to
their high thermal conductivily (hal removes hol spots.
reduces warpage and reduces cycle ime. case o machining
by a variety of processes, and corrosion resistance 1o water,
cooling fluids and the plastics being injected. Copper allovs
often contain nickel and silicon. Plastics manutactured in
copper alloy molds can have residual amounts of copper.
nickel, and silicon on their surlace. In addition. the plating
of plastic with nickel and copper can be an effective means
of protecting a substrate against corrosion from environ-
mental exposure and make it more resistant o damage [rom

chemicals used n the manulacluring process. In some s

instances. the plating on plastic can increase the hardness.
strength, and wear resistance of the substrate. The presence
of copper and nickel on the surtace of both pre-consumer
and post-consumer sources can be dillicult o differentiale
and remove through standard sorling lechnigues.

In some examples, the oil has a total chloride content of
500 ppm or less (e.g., 473 ppm or less, 450 ppm or less, 425
ppm or less, 400 ppm or less, 375 ppm or less, 330 ppm or
less, 325 ppm or less, 300 ppm or less, 275 ppm or less, 250
ppm or less, 225 ppm or less. 200 ppm or less, 175 ppm or
less, 130 ppm or less, 125 ppm or less, 100 ppm or less, 73
ppm or less, 50 ppm or less, 45 ppm or less, 40 ppm or less,
35 ppm or less, 30 ppm or less. 25 ppm or less. 20 ppm or
less, 13 ppm or less, 10 ppm or less. 9 ppm or less, 8 ppm
or less. 7 ppm or less. 6 ppm or less. 5 ppm or less, 4.5 ppm
or less, 4 ppm oor less, 3.5 ppin or less, 3 ppm or less, 2.5 ppm
or less, 2 ppm or less, 1.5 ppm or less, 1 ppm or less, 0.73
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ppw or less, 0.5 ppm or less, 0.25 ppm or less, 0.1 ppm or
less. 0.075 ppm or less. .05 ppm or less, 0,025 ppm or less,
0.01 ppm or less. ppm or less, or 0.0035 ppm or less). In some
cxamples, (he oil has a total chloride content ol 0 ppm or
more (e.g., 0.001 ppm or more, 0.0025 ppm or more, 0.005
ppw or more, 0.0073 ppm or more, 0.01 ppm or more, 0.025
ppm or more. (L05 ppm or more. L0735 ppm or more. (0.1
ppm or more. .25 ppm or more, (L5 ppm or more. (.75 ppm
or more, 1 ppm or more, 1.5 ppm or more, 2 ppu or more,
2.5 ppm or more, 3 ppm or more, 3.5 pp or more, 4 ppm
or more, 4.3 ppm or wore, 5 ppm or More, 6 ppL or more,
7 ppm or more. 8 ppm or more, 9 ppm or more. 10 ppm or
more, 15 ppm or more, 20 ppm or more. 25 ppm or more,
30 ppm or more, 35 ppm or more, 40 ppm or more, 45 ppm

3 ormore, 30 ppm or more, 75 ppm or more, 100 ppm or more,

125 ppm or more, 130 ppm or more. 175 ppm or more. 200
ppm ar more, 225 ppm or more. 230 ppm or more. 275 ppm
or more. 300 ppm or more, 325 ppm or more. 350 ppm or
more, 375 ppm or more, 400 ppm or more, 425 ppm or more,
or 450 ppm or more). The total chloride content of the oil
can range from any of the minimum values described above
lo any ol the maximum values deseribed above. lor
example, the oil can have a total chloride content of from 0
to 500 ppm (e.g., from 0 to 250 ppm, from 230 10 300 ppm,
from 0 10 100 ppm, from 100 to 200 ppm, from 200 o 300
ppm. [rom 300 o 400 ppm. [rom 400 w0 300 ppm, [rom
0.001 10 500 ppm, [rom o 475 ppm, lrom 0.001 (o 450 ppm,
from 0.001 to 425 ppm, from 0.001 to 400 ppm, from to 375
ppw, from 0.001 t 330 ppo, trom 0.001 10 323 ppm, from
0.001 10 300 ppm, [rom o 275 ppm, lrom 0.001 (o 250 ppm,
from (.001 10 225 ppm, from 0.001 o 200 ppm, from 0.001
o 175 ppm, rom 0.001 (o 150 ppm, rom 0.001 o 125 ppm,
from 0.001 to 100 ppm, from 1o 75 ppm, from 0.001 to 50
ppw, from 0.001 10 45 ppun, from 0.001 10 40 ppn, from to
35 ppm, from 0.001 10 30 ppm. [rom 0.001 to 25 ppm, [rom
0.001 10 20 ppm. [rom 1o 15 ppm. rom 0.001 10 10 ppm,
from 0.001 10 5 ppm, [rom 0.001 10 1 ppm. [rom 0.001 o 0.1
ppw, from 0.001 10 0.01 ppm, from 0 to 475 ppm, from 0 1o
450 ppm, from 0 o 423 ppm, from 0 to 400 ppm, from O 10
375 ppm, from 0 o 350 ppm, [rom 0 (o 325 ppm. [rom 0 1o
300 ppm, from 0 o 275 ppm, [rom 0 (o 250 ppm. [rom 0 1o
225 ppm, from 0 o 200 ppm, from 0 to 175 ppmy, from O 1o
150 ppm, trom 0 to 1235 ppm, from O to 100 ppm, from 0 1o
75 ppy, from 0 10 50 ppm, from 0 to 45 ppm, from 0 10 40
ppm. [rom 0 1o 35 ppm, [rom 0 10 30 ppm, from O 0 ppm,
from 0 to 20 ppm, [rom (10 13 ppm, from 0 (o 10 ppm. [rom
0t 3 ppm, from 0 to 1 ppm, trom 0 10 0.1 ppm, or from 0
to 0.01 ppm). In some examples, the oil is substantially tree
ol chlorides. The total chloride content ol the ©il can be
determined using any suilable method. For example. the
total chloride conlent ol the oil can be delermined using
ASTM D 7359,

The oil can, for example, have a nitrogen content of 600
ppm or less (e, 575 ppm or less, 550 ppm or less. 525 ppm
or less. 500 ppm or less. 475 ppm or less, 450 ppm or less,
425 ppm or less, 400 ppm or less, 375 ppm or less, 350 ppm
or less, 325 ppm or less, 300 ppm or less, 275 ppm or less,
250 ppm or less, 225 ppm or less, 200 ppm or less, 173 ppm
or less. 130 ppm or less. 125 ppm or less, 100 ppm or less,
75 ppm or less. 50 ppm or less. 45 ppm or less, 40 ppm or
less, 35 ppm or less, 30 ppm or less, 25 ppm or less, 20 ppm
orless, 15 ppm or less, 10 ppm or less, 3 ppm or less, 8 ppm
or less, 7 ppm or less, 6 ppm or less. 5 ppm or less. 4.5 ppm
or less, 4 ppmoor less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm
or less, 2 ppm or less, 1.5 ppm or less, 1 ppm or less. .73
ppw or less, 0.5 ppm or less, 0.25 ppm or less, 0.1 ppm or
less, 0.073 ppm or less, 0.05 ppm or less, 0.025 ppm or less,



Us 11,964,315 B1

47
0.01 ppm or less, 0.0075 ppm or less, or 0.005 ppm or less).

In some examples. the oil can have a nitrogen content of
ppm ar more (c.g., L0GT ppm or more, 0.0025 ppm or more.
0.005 ppm or more, 0.OO7S ppm or more. .01 ppm or more.
0.025 ppm or move, 0.05 ppm or more, 0.075 ppm or more,
0.1 ppr or more, 0.25 ppm or more, 0.5 ppm or more, 0.73
ppm or more, 1 ppm or more. 1.5 ppm or more. 2 ppm or
more. 2.5 ppm or more. 3 ppm or more. 3.5 ppm or more.
4 ppm or more, 4.5 ppm or more, 3 ppm or ore, & ppLL o
more, 7 pp or more, 8 ppm or more, 9 ppm or more, 10
ppm or more, 15 ppm or more, 20 ppu or more, 25 ppm or
more. 30 ppm or more, 35 ppm or more, 40 ppm or more.
ppm or more. 50 ppm or more, 75 ppm or more. 100 ppm
or more, 125 ppm or more, 150 ppm or more, 173 ppm or
more, 200 ppm or more, 225 ppm or more, 250 ppin or more,
275 ppm or more. 300 ppm or more, 325 ppm or more. 350
ppm or mare. 375 ppm or more, 400 ppm or more, 425 ppm
or more, 450 ppm or more. 475 ppm or more, 3 ppm or
more, 525 ppm or more, or 350 ppm or more). The nitrogen
content ot the oil can range from any of the minimum values
deseribed above 10 any ol the maximum values described
dbove. lor example. the oil can have a sullur conlent of [rom
0t 600 ppm (e.g., trom 010 300 ppm, from 300 to 600 ppL,
from to 100 ppm, from 100 to 200 ppm, from 200 1o 300
ppm, from 300 to 400 ppm, trom 400 10 300 ppm, from 500
1 600 ppm. [rom 0.001 10 600 ppm. rom 0.001 to 375 ppm.
[rom 0.001 to 550 ppm. [rom 0L0O1 1o 525 ppm. [rom 0.001
10 500 pp, from 0.001 10 475 ppm, from 0.001 1o 450 ppm,
from 0.001 10 425 ppm, from 0.001 1o 400 ppm, from 0.001

1 375 ppm. [rom 0.001 10 350 ppm. from 0L001 1o 325 ppm. 3

[rom 0.001 to 300 ppm. rom 0L0O1 1o 275 ppm. [rom 0,001
1 250 ppm. [rom 0.001 10 225 ppm. [rom 0.001 to 200 ppm.
from 0.001 10 175 ppm, from 0.001 1o 150 ppm, from 0.001
10 1235 ppm, trom 0.001 to 100 ppm, from 0.001 10 75 ppm,

[rom 0.001 to 30 ppm, from 0.001 0 45 ppm, rom 0.001 0 3

40 ppm. [rom 0.001 10 35 ppm, rom 0.001 (0 30 ppm. [rom
0.001 o 25 ppm. [rom 0.001 w0 20 ppm, [om 0.001 (0 15
ppm, trom 0.001 to 10 ppm, from 0.001 10 5 ppm, thom
0.001 to 1 ppm, trom 0.001 10 0.1 ppm, from 0.001 to 0.01
ppm. [rom O 1o 575 ppm. [rom O 1o 530 ppm, lrom 0 1o 5325
ppm. [rom O 1o 500 ppm. from O 10 475 ppm, [rom 0 o 450
ppm, from 010 425 ppm, from 0 10 400 ppm, trom 0 to 375
ppm, from 0 10 330 ppm, from 010 323 ppm, trom 0 to 300
ppm, from 010 275 ppm, from 0 10 250 ppm, trom 0 to 225
ppm. [rom O 1o 200 ppm. from O 10 175 ppm, [rom 0 o 150
ppm. rom & o 125 ppm, from 0 to 100 ppm. rom 0 10 75
ppo, from 010 50 ppm, from O 10 43 ppm, from O 10 40 ppm,
from 010 35 ppm, trom 0 to 30 ppm, from 010 25 ppm, from
0 o 20 ppm. rom O 1o 15 ppm. [rom 0 o 10 ppm, from 0

1 5 ppm. from 0 1o 1 ppm. from 0 1o 0.1 ppm, or from 0o =

0.01 ppm). In some examples, the oil can be substantially
free of nitrogen. The nitrogen content of the oil can be
determined using any svitable method, such as those known
in the arl. lior example. the nitrogen content of the o1l can be
determined using ASTM 1) 4629,

The oil can, for example, have a silicon content of 2000
ppm or less (e.g., 1900 ppm or less, 1800 ppm or less, 1700
ppm or less, 1600 ppm or less, 1300 ppm or less, 1400 ppm
or less, 1300 ppm or less, 1200 ppm or less. 1100 ppm or
less, LOOO ppm or less. 950 ppm or less. 900 ppm or less. 850
ppm or less, 800 ppm or less, 750 ppm or less, 700 ppm or
less, 650 ppm or less, 600 ppm or less, 550 ppm or less, 500
ppm or less, 475 ppm or less. 450 ppm or less, 425 ppm or
less, 400 ppm or less, 375 ppm or less, 350 ppm or less, 325
ppm or less, 300 ppm or less. 275 ppm or less, 250 ppm or
less, 225 ppm or less, 200 ppm or less, 175 ppm or less, 150
ppm or less, 125 ppm or less, 100 ppm or less, 75 ppm or
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less, 30 ppm or less, 45 ppm or less, 40 ppm or less, 35 ppm
or less, 30 ppm or less. 25 ppm or less, 20 ppm or less. 13
ppm or less. 10 ppm or less, 9 ppm or less. 8 ppm or less,
7 ppm or less, 6 ppm or less, 5 ppm or less, 4.5 ppm or less,
4 ppmor less, 3.5 ppm or less, 3 ppm or less, 2.5 ppm or less,
2 ppm or less, 1.5 ppm or less, 1 ppm or less, 0.75 ppm or
less. 0.5 ppm oor less, 0.23 ppm or less. 0.1 ppm or less, 00073
ppm or less, 0L05 ppm or less. 0,023 ppm or less, 0,01 ppm
or less, 0.0075 ppm o less, or 0.005 ppm or less). In some
examples, the oil can have a silicon content of 0 ppm or
more (e.g., 0.001 ppm or more, 0.0025 ppm or more, 0.005
ppm or more, L0075 ppm or more. (L01 ppm or more. ppm
ar more. (L05 ppm or more, 0075 ppm or more, (.1 ppm or
more, 0.25 ppm or more, 0.5 ppm or more, 0.75 ppm or

3 more, | ppm or more, 1.5 ppm or more, 2 ppm or more, 2.5

ppm or more. 3 ppm or more, 3.5 ppm or more. 4 ppm or
more, 4.5 ppm or more. 5 ppm or more, O ppm or more. 7
ppm or more, 8 ppm or more, 9 ppm or more. 10 ppm or
more, 15 ppm or more, ppu or move, 25 pp or more, 30

20 ppm or more, 33 ppm or more, 40 ppm or more, 45 ppm or

more, 50 ppm or more, 75 ppm or more. 130 ppm or more,
125 ppm or more, 130 ppm or more. 175 ppm or more. 200
ppw or more, 225 ppm or move, 230 ppm or more, 273 ppn
or more, 300 ppm or more, 323 ppm or more, 330 ppm or

3 more, 375 ppm or more, 400 ppm or more, 425 ppm or more,

450 ppm or more, 475 ppm or more. 530 ppm or more. 550
ppm ar more, 600 ppm or more. 630 ppm or more. 700 ppm
or more, 750 ppm or more, 800 ppm or more, 830 ppm or
more, 300 ppm or more, 950 ppm or more, 1000 ppm or
more, 1100 ppm or more, 1200 ppm or more, 1300 ppm or
more, 1400 ppm or more. 1530 ppm or more, 1600 ppm or
more, 1700 ppm or more. or 1800 ppm or more). The silicon
content of the oil can range from any of the minimum valves
described above 10 any of the maximum values described
above. For example, the oil can have a silicon content of
from O 10 2000 ppm {c.g., fom 0 o 1000 ppm. [rom 1000
o 2000 ppm, [rom 0 w0 5300 ppm, Fom 500 0 1000 ppm,
from 100010 1500 ppm, from 1300 to 2000 ppm, from 0.001
to 2000 ppm, from 0.001 to 1750 ppm, from 0.001 10 1500
ppm. from to 1250 ppm, from 0.001 1o 1000 ppm. [rom
0.001 1o 750 ppm, from 0.001 (o 500 ppm. [rom 0.001 10 473
ppw, from 0.001 tw 430 ppo, trom 0.001 10 4235 ppm, from
0.001 to 400 ppm, trom 0.001 to 375 ppm, from 0.001 10 350
ppw, from 0.001 tw 325 ppo, trom 0.001 10 300 ppm, from
0.001 1o 275 ppm, from 0.001 (o 250 ppm. [rom 0.001 10 2235
pprm. from 0,001 o 200 ppm. from 0.001 10 175 ppm. [rom
0.001 to 150 ppm, trom 0.001 to 125 ppm, from 0.001 1o 100
ppw, from 0.001 to 75 ppm, from 0.001 to 50 ppm, from
0.001 10 45 ppm. from 0.001 0 40 ppm. [rom 0.001 10 33
ppm. from 0.001 o 30 ppm. [rom 0.001 0 25 ppm. [rom
0.001 10 20 ppm. from 0L0O7 © 15 ppm. [rom 0.001 o 10
ppw, trom 0.001 10 5 ppm, from 0.001 1o 1 ppn, trom 0.001
to 0.1 ppm, from 0.001 to 0.01 ppm, trom 0 to 1750 ppm,
from 0 o 1300 ppm, [rom O o 1250 ppm. from 0 o 1000
ppm. from 010 730 ppm, [rom 0 o 300 ppm. [rom O 10 475
ppw, from 010 450 ppm, from 0 to 425 ppm, from 0 1o 400
ppw, from 010 373 ppm, from 0 to 350 ppmy, from O 1o 325
ppw, from 010 300 ppm, from 0 to 275 ppm, from 0 1o 250
ppm. from 010 225 ppm, [rom 0 o 200 ppm. [rom O 10 175
ppm. from 010 130 ppm, [rom 0o 123 ppm. [rom O 10 100
ppw, from 010 75 ppm, from 010 50 ppm, from 0 o 45 ppm,
from O to 40 ppm, from O to ppm, from 0 to 30 ppm, from
0 0 25 ppm, Irom 0 o 20 ppm. rom O 1o 15 ppm. [rom 0
o 10 ppm, from 010 5 ppm, from 0 o 1 ppm. [rom O o 0.1
ppim. or [rom 0 o 0.01 ppm). In some examples. the oil can
be substantially free of silicon. The silicon content of the oil
cal be determined vsing any svitable method, such as those
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koown in the art. For example, the silicon content of the oil
can be determined using ASTM 1) 5185,

The oil can. for example, have a sodium conlent of 100
ppm or less (c.g., 95 ppm or less, ppm or less. 85 ppm or
less, 80 ppm or less, 75 ppm or less, 70 ppm or less, 65 ppm
or less, ppm or less, 35 ppm or less, 50 ppm or less, 45 ppm
or less. 40 ppm or less, 35 ppm or less, ppm or less, 25 ppm
or less. 20 ppm or less, 13 ppm or less. 10 ppm or less, 9 ppm
or less, B ppm or less, 7 ppm or less, 6 ppm or less, 5 ppm
or less, 4.5 ppm or less, 4 ppin or less, 3.5 ppm or less, 3 ppm
or less, 2.5 ppm or less, 2 ppn or less, 1.5 ppmoor less, 1 ppm
or less, 0.75 ppm or less, (0.5 ppm or less. (.25 ppm or less.
0.1 ppm or less. 0.073 ppm or less. 0,05 ppm or less, ppm
or less, 0.01 ppm or less, 0.0075 ppm or less, or 0.003 ppm
or less). In some examples, the oil can have a sodivm content
ol 0 ppm or more {c.g.. 0.001 ppm or more, 0.0025 ppm or
more. (L0035 ppm or more. 0.0075 ppm or more, L01 ppm or
more. (LO25 ppm or more, ppm or more. (U075 ppm or more.
0.1 ppr or more, 0.25 ppm or move, 0.3 ppm or more, ppm
or more, 1 ppm or more, 1.5 ppm or more, 2 ppm or more,
2.5 ppm or more, 3 ppm or more, 3.5 ppm or more. 4 ppm
or more. 4.5 ppm or more. 5 ppm or more, 6 ppm or more.
7 ppm or more, 8 ppm or more, ¥ ppm or more, 10 ppm or
more, 15 ppm or more, 20 ppin or more, 25 ppm or more,
30 ppm or more, 35 pp or more, 40 ppm or more, 43 ppm
or more. 50 ppm or more, 55 ppm ar more, 60 ppm or more.
65 ppm or more, 70 ppm or more. 75 ppm or more. 80 ppm
or more, 85 ppm or more, or 90 ppm or more). The sodium
content ot the oil can range from any of the minimum values

deseribed above 10 any ol the maximum values described 3

dbove. Por example. the oil can have a sodium conlent of
[rom 0 o 100 ppm (c.g.. rom O 10 30 ppm. from 50 10 100
ppm, trom O 1o 20 ppm, from 20 to 40 ppm, from 40 10 50
ppm, from 60 to ppm, from 80 to 100 ppm, from 0.001 to

100 ppm. [rom 0.001 (o 75 ppm. from 0.001 1o 50 ppm, lrom 3

0.001 o 45 ppm. [rom 0.001 w0 40 ppm, [om 0.001 (0 35
ppm. [rom 0.001 10 30 ppm. [rom 0.001 o 25 ppm, [rom
0.001 o 20 ppm, from 0.001 10 15 ppm, from 0.001 to 10
ppm, from 0.001 to 3 ppm, trom 0.001 to 1 ppm, from 0.001
1 0.1 ppm, [rom 0.001 10 0.01 ppm, [rom 0 o 75 ppm, [rom
0 1o 30 ppm. rom O 1o 45 ppm. [rom 0 o 40 ppm, from 0
10 33 ppm, from 0 10 30 ppm, from 0 to 25 ppm, throm O to
20 ppm, trom 010 15 ppm, from O to 10 ppm, thom 0 o 5
ppm, from 0 to 1 ppm, from 0 to 0.1 ppm, or from 0 10 0.01
ppm). In some examples. the o1l can be substantially frec ol
sodium. The sodium content of the oil can be delermined
nsing any suitable method, such as those known in the art.
For example, the sodium content of the oil can be deter-
mined using ANTM 1) 5185,

The oil can. for example. have an iron conlent ol 10 ppm - =

or less (c.g.. 9 ppm or less, 8 ppm or less. 7 ppm or less. 6
ppm or less, 5 ppm or less, 4.5 ppm or less, 4 ppm or less,
3.5 ppmorless, 3 ppm or less, 2.5 ppm or less, 2 ppm or less,
1.3 ppm or less. 1 ppm or less. 0.75 ppm or less, (.5 ppm or

less, 0.25 ppm or less, 0.1 ppm or less. 0L075 ppm or less. s

0.05 ppm or less, ppm or less, 0.01 ppm or less, 0.0075 ppm
or less, or 0.005 ppm or less). In some examples, the oil can
have an iron content of 0 ppm or more (e.g., 0.001 ppm or
more. (L0025 ppm or more. 0.005 ppm or more, 0.0075 ppm
or more. 0.01 ppm or more. 0025 ppm or more. ppm or
more, 0.075 ppm or more, 0.1 ppm or more, 0.25 ppm or
more, 0.5 ppm or more, 0.75 ppm or more, 1 ppm or more,
1.5 ppm or more, 2 ppm or more, 2.5 ppm or more. 3 ppm
or more. 3.5 ppm or more, 4 ppm or mare, 4.5 ppm or more.
5 ppm or more. 6 ppm or more. 7 ppm or more. or § ppm
or more). The iron content of the oil can range from any of
the minimum values above to any of the maximum values
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described above, For example, the oil can have an iron
conlent of from & ppm (0 10 ppm (c.g.. [rom 0 o 5 ppm,
from 5 to 10 ppm, from 1 lo 2 ppm. rom 2 10 4 ppm, [rom
4 10 6 ppm, lrom 6 1o 8 ppm. [rom 8 1o 10 ppm. [rom 0.001
to 10 ppm, from 0.001 to 9 ppm, trom 0.001 1o 8 ppm, from
0.001 to 7 ppm, trom 0.001 to 6 ppm, trom 0.001 10 3 ppm,
from 0.001 to 4 ppm. [rom 0.001 10 3 ppm, [rom 0.001 10 2
ppm. [rom (o 1 ppm, rom 0.001 0 0.1 ppm. rom 0.001 10
0.01 ppm, trom 0 10 9 ppm, from 0 to & ppm, from O w 7
ppw, trom O 1o 6 ppm, from O 1o 3 ppm, from O 10 4 ppm,
from O to 3 ppm, from 010 1 ppm, from 0t 0.1 ppm, or from
0 10 0.01 ppm). In some examples, the oil can be subslan-
tally free of iron. The iron conlent ol the oil can be
determined using any svitable method, such as those known

3 in the art. For example, the iron content of the oil can be

determined using ASTM 1D 5185,

The oil can. lor example. have a phosphorus content of 25
ppm or less (e.g., 20 ppm or less, 15 ppm or less, 10 ppm or
less, 9 ppm or less, 8 ppm or less, 7 ppm or less, 6 ppm or

20 less, 3 ppm or less, 4.5 ppm or less, 4 ppm or less, 3.5 ppm

or less, 3 ppmoor less, 2.5 ppm or less. 2 ppm or less. 1.5 ppm
orless, 1 ppm orless. 073 ppm or less. (L5 ppm or less, 0.23
ppw or less, ppm or less, 0.073 ppm or less, 0.05 ppm or
less, 0,025 ppm or less, 0.01 ppm or less, 0.00735 ppm or less,

3 or 0.005 ppm or less). In some examples, the oil can have a

phosphorus content of O ppm or more (c.g., 0.001 ppm or
more, 0.0025 ppm or more, 0,045 ppm or more. .0075 ppm
or more, 0.01 ppm or more, 0.023 ppm or more, 0.05 ppm
or more, 0.075 ppm or more, 0.1 ppm or more, 0.23 ppm or
more, (L5 ppm or more, .75 ppm or more, 1 ppm or more,
1.5 ppm or more. 2 ppm or more. 2.5 ppm or more, 3 ppm
ar more, 3.5 ppm or more. 4 ppm or more. 4.5 ppm or more,
3 ppm or more, § ppom or more, 7 ppl or more, 8 ppm or
more, ¥ pp or more, 10 ppm or more, 15 ppm or more, or
20 ppm or more). The phosphorus content of (he oil can
range [rom any ol the minimum values deseribed above 1o
any of the maximum values described above. For example,
the oil can have a phosphorus content of from 0 to 235 ppm
{e.g., from 0 to 12.5 ppm, from 12.5 o 25 ppm, from O 10
5 ppm, [rom 3 to 10 ppm, from 10 10 15 ppm, [rom 15 (0 20
pprm. [rom 20 (o 25 ppm. [rom 0.001 10 25 ppm, from 0.001
to 20 ppm, from 0.001 1o 15 ppm, trom 0.001 1o 10 ppm,
from 0.001 to 3 ppm, from 0.001 10 1 ppm, from 0.001 tw 0.1
ppw, from to 0.01 ppm, from 0 to 20 ppm, from 0w 15 ppm,
from 0 to 10 ppm, from 0 lo 5 ppm. rom O 1o 1 ppm, [rom
010 0.1 ppm. or from O o 0.01 ppm). In some examples. the
oil can be substantially free of phosphorus. The phosphorus
content of the oil can be determined using any suitable
method. such as those known in the arl. For cxample, the
phosphorus content of the oil can be delermined using
ASTM 12 5185,

The oil can, for example, have a sultur content ot 250 ppm
or less (e.g., 225 ppm or less, 200 ppm or less, 173 ppm or
less. 130 ppm or less. 123 ppm or less, 100 ppm or less, 73
ppm or less, 50 ppm or less, 45 ppm or less. 40 ppm or less,
35 ppm or less, 30 ppm or less, 25 ppm or less, 20 ppm or
less, 15 ppm or less, 10 ppm or less, 9 ppm or less, 8 ppm
or less, 7 ppm or less, 6 ppm or less, 5 ppm or less, 4.5 ppm
or less, 4 ppmoor less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm
or less, 2 ppm or less, 1.5 ppm or less, 1 ppm or less. .73
ppw or less, 0.5 ppm or less, 0.25 ppm or less, 0.1 ppm or
less, 0.073 ppm or less, 0.05 ppm or less, 0.025 ppm or less,
0.01 ppm or less, 0.0075 ppm or less, or 005 ppm or less).
In some examples. the oil has a sullur conlent ol ppm or
more (¢.g.. .001 ppm or more, 0.0025 ppm or more. (.003
ppw or more, 0.0073 ppm or more, 0.01 ppm or more, 0.025
ppw or more, 0.05 ppm or more, 0.075 ppm or more, 0.1
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ppm or more, 0.25 ppm or more, 0.5 ppm or more, 0.75 ppm
or more. 1 ppm or more, 1.5 ppm or more, 2 ppm or more.
2.5 ppm or more, 3 ppm or more, 3.5 ppm or more. 4 ppm
or more. 4.5 ppm or more. 5 ppm or more, 6 ppm or more.
7 ppm or more, 8 ppm or more, ¥ ppm or more, 10 ppm or
more, 15 ppm or more, 20 ppin or more, 25 ppm or more,
30 ppm or more, 35 ppm or more. 40 ppm or more. 45 ppm
or more, 50 ppm or more. 75 ppm or more. 100 ppm or more.
125 ppm or more, 150 ppm or more, 173 pp or more, or
200 ppm or more). The sultur content of the oil can range
from any of the minimum values described above to any of
the maximum values deseribed above. lior example. the oil
can have a sullur content ol [rom O ppm 10 250 ppm (c.g..
from 0 to 125 ppm, from 1235 10 230 ppm, from 010 50 ppun,
from 50 to 100 ppm, trom 100 10 150 ppu, from 130 to 200
ppm. rom 200 (o 250 ppm. [rom 0.001 10 250 ppm, rom Lo
225 ppm. [rom 0.001 10 200 ppm, from 0.001 o 175 ppm.
[rom 0.001 1o 150 ppm. [rom to 123 ppm, [rom (0.001 10 100
ppo, from 0.001 10 75 ppm, from 0.001 10 30 ppm, trom
0.001 t 45 ppm, from 0.001 10 40 ppm, from 0.001 to 33
ppm. [rom 0.001 (o0 30 ppm. [rom o 25 ppm, [rom (0.001 o
20 ppm. [rom 0.001 10 15 ppm, rom 0.001 o 10 ppm. lrom
10 5 ppm, from 0.001 10 1 ppm, from 0.001 10 0.1 ppm, from
0.001 to 0.01 ppm, from 0 10 223 ppm, trom 0 10 200 ppu,
from O 1o 175 ppm, trom 010 150 ppm, from 0t 125 ppu,
[rom 0 o 100 ppm, [rom 0 o 73 ppm. [rom O 10 50 ppm.
[rom O 10 45 ppm, rom 0 1o 40 ppm. [rom O Lo 35 ppm, [rom
0 to 30 ppm, from O 1o 23 ppm, from 0 to 20 ppm, trom 0
10 15 ppm, from 0 10 10 ppm, from 0 10 3 ppm, from 0 to

1 ppm, from 0 (o 0.1 ppm, or [rom 0 1o 0.01 ppm). In some 3

examples. the oil can be substantially free ol sullur. The
sullur comtent ol the oil can be determined by any suilable
method, such as those known in the art. For example, the
sulfur content of the oil can be determined vsing ASTM D
4294,

The oil can. [or example, have a calcium content of 50
ppm or less (c.g., 45 ppm or less, ppm or less. 35 ppm or
less, 30 ppm or less, 25 ppm or less, 20 ppm or less, 15 ppm
or less, ppm or less, 9 ppm or less, 8 ppm or less, 7 ppm or
less, 6 ppm oor less, 5 ppm or less. 4.5 ppm or less. 4 ppm
or less. 3.5 ppm oor less. 3 ppm or less, 2.5 ppmoor less, 2 ppm
or less, 1.5 ppm or less, 1 ppm or less, 0.73 ppm or less, 0.5
ppm or less, 0.23 ppm or less, 0.1 ppm or less, ppm or less,
0.03 ppm or less, 0.025 ppm or less, 0.01 ppm or less, 0.0075
ppm or less, or ppm or less). In some examples. (he oil can
have a caleium content of 0 ppm or more (e.g., ppm or more.
0.0025 ppm or more, 0.005 ppm or more, 0.0073 ppm or
more, 0.01 ppm or more, 0.025 ppm or more, 0.05 ppm or
more. 0.075 ppm or more, .1 ppm or more. .25 ppm or

more. 0.5 ppm or more. (.75 ppm or more. | ppm or more. §

1.5 ppm or more, 2 ppm or more, 2.5 ppm or more. 3 ppm
or more, 3.5 ppm or more, 4 ppm or more, 4.3 ppl or more,
5 ppm or more, 6 ppm or more, 7 ppm or more, & ppm or
more. 9 ppm or more. 10 ppm or more, 15 ppm or more, 20

ppm or more, 25 ppm or more. 30 ppm or more, 35 ppm or s

more, or 40 ppm or more). The calcium content of the oil can
range trom any of the minimum values described above to
any of the maximum valves described above. For example,
the oil can have a calcium content of [rom 0 o 50 ppm (c.g..
[rom 0 o 25 ppm. from 25 o 50 ppm. rom O 10 10 ppm.
from 1o 20 ppm, from 20 to 30 ppm, from 30 to 40 ppm, from
40 to 30 ppm, from 0.001 10 50 ppm, from 0.001 to 45 ppu,
[rom 0L0O1 1o 40 ppm, from 0.001 0 35 ppm, lrom 0.001 (o
30 ppm. [rom 0.001 10 25 ppm, rom 0.001 0 20 ppm. [rom
0.001 10 15 ppm. [rom 0.001 o 10 ppm, om 0.001 10 5
ppom, tfrom 0.001 w 1 ppm, from 0.001 1o 0.1 ppm, thom
0.001 1o 0.01 ppm, from O to 45 ppm, from 0 to 40 ppu,
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from 0 t0 33 ppm, from O 10 30 ppm, thom 0 to 23 ppm, from
O 10 20 ppm, Irom 0 (o 15 ppm. rom O 1o 10 ppm. [rom 0
o 3 ppm, rom 0 o 1 ppm, from 1o 0.1 ppm. or [rom O 10
0.01 ppm). In some examples, the o1l can be substantially
free of calcium. The calcium content of the oil can be
determined vsing any suitable methods, such as those known
in the arl. In some examples, the calcium content of the il
can be determined using ASTM 1D 5185,

The oil can, for example, have a copper content of 10 ppm
or less (e.g., 9 ppm or less, & ppm or less, 7 ppm or less, 6
ppw or less, 5 ppm or less, 4.5 ppm or less, 4 ppm or less,
3.5 ppm orless, 3 ppm orless. 2.5 ppm or less. 2 ppm or less,
1.5 ppm or less, | ppm or less, .75 ppm or less. 0.3 ppm or
less, 0.25 ppm or less, 0.1 ppm or less, 0.075 ppm or less,

3 0.05 ppm or less, ppm or less, 0.01 ppm or less, 0.0073 ppm

or less, or 0,003 ppm or less). In some examples, the oil can
have a copper conlent o 0 ppm or more (c.g.. 0L001 ppm or
more, 0.0025 ppm or more, 0,045 ppm or more. .0075 ppm
or more, 0.01 ppm or more, 0,025 ppm or more, ppu or

20 more, 0.075 ppm or more, 0.1 ppm or more, 0.25 ppm or

more, (L5 ppm or more, .75 ppm or more, 1 ppm or more,
1.5 ppm or more. 2 ppm or more. 2.5 ppm or more, 3 ppm
or more, 3.5 ppm or more, 4 ppn or more, 4.5 ppm or more,
3 ppm or more, § ppm or more, 7 ppl or more, or & ppm
or more). The copper content of the oil can range thom any
ol the minimum values deseribed above 0 any ol the
maximum values described above. For example. the oil can
have a copper content of from 0 ppm to 10 ppm (e.g., from
Ot 5 ppm, from 5 to 10 ppm, from 1 o 2 ppm, trom 2 1o
4 ppm. from 4 to 6 ppm, [rom 6 10 8 ppm, [rom 8 (0 10 ppm,
from 0.001 o ppm. from 0001 (0 9 ppm. from 0.001 0 8
pprm. [rom 0.001 o 7 ppm. from 0.001 1o 6 ppm. rom 0.001
to 3 ppu, from 0.001 10 4 ppm, from 0.001 10 3 ppm, from
0.001 10 2 ppm, thom to 1 ppm, from 0.001 to 0.1 ppm, from
0.001 (o 0.01 ppm, [rom 0 o Y ppm, from 0 1o 8 ppm. [rom
O o 7 ppm. [rom O to 6 ppm. [rom O 10 5 ppm. rom O 10 4
ppm. from O 10 3 ppm, [rom 0o 1 ppm. [rom O (o 0.1 ppm,
or from 0 to 0.01 ppm). In some examples, the oil can be
substantially free of copper. The copper content of the il
can be determine using any suilable method. such as those
known in the arl. lior example. the copper content of the oil
cal be determined using ASTM D 5183,

The oil can, for example, have a nickel content of 250
ppw or less (e.g., 225 ppm or less, 200 ppm or less, 175 ppm
or less. 130 ppm or less. 125 ppm or less, 100 ppm or less,
75 ppm or less. 50 ppm or less. 45 ppm or less, 40 ppm or
less, 35 ppm or less, 30 ppm or less, 25 ppm or less, 20 ppm
orless, 15 ppm or less, 10 ppm or less, 3 ppm or less, 8 ppm
or less, 7 ppm or less, 6 ppm or less. 5 ppm or less. 4.5 ppm
or less, 4 ppmoor less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm
or less, 2 ppm or less, 1.5 ppm or less, 1 ppm or less. .73
ppw or less, 0.5 ppm or less, 0.25 ppm or less, 0.1 ppm or
less, 0.073 ppm or less, 0.05 ppm or less, 0.025 ppm or less,
0.01 ppm or less, 0.0075 ppm or less, or 005 ppm or less).
In some examples, the oil can have a nickel conlent o 0 ppm
or more (e.g., 0.001 ppm or more, 0.0023 ppm or more,
0.005 ppm or more, ppm or more, 0.01 ppm or more, 0.025
ppw or more, 0.05 ppm or more, 0.075 ppm or more, 0.1
ppm or more. .25 ppm or more, (L5 ppm or more. (.75 ppm
armore, 1 ppm or more. 1.5 ppm or more. 2 ppm or more,
2.5 ppm or more, 3 ppm or more, 3.5 pp or more, 4 ppm
or more, 4.3 ppm or wore, 5 ppm or More, 6 ppL or more,
7 ppm or more. 8 ppm or more, 9 ppm or more. 10 ppm or
more, 15 ppm or more, 20 ppm or more. 25 ppm or more,
30 ppm or more, ppm or more, 40 ppm or more. 45 ppm or
more, 50 ppm or more, 75 ppm or more, 100 ppm or more,
125 ppm or more, 130 ppm or more, 175 ppm or more, or
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200 ppm or more). The nickel content of the oil can range
[rom any of the minimum valucs described above (o any ol
the maximum values deseribed above. lior example. the oil
can have a nickel content ol [rom O ppm o 250 ppm (c.g..
from 0 to 125 ppm, from 1235 10 230 ppm, from 010 50 ppun,
from 50 to 100 ppm, trom 100 10 150 ppu, from 130 to 200
ppm. from 200 o 250 ppm. [rom 0.001 1w 250 ppm. [rom
0.001 1o 223 ppm. [rom 0.001 (0 200 ppm, rom 0.001 (0 175
ppm, from 0.001 1o 150 ppm, from 0.001 to 125 ppm, thom
0.001 to 100 ppm, trom 0.001 to 75 ppm, from 0.001 w0 50
ppm, from 0.001 10 45 ppm, from 0.001 10 40 ppm, trom
0.001 o 35 ppm. [rom 0.001 10 30 ppm, [om 0.001 (0 25
ppm. [rom 0.001 10 20 ppm. [rom 0.001 o 15 ppm, lrom
0.001 to 10 ppm, trom 0.001 to 5 ppm, from 0.001 10 1 ppu,
from 0.001 w0 0.1 ppm, from 0.001 10 0.01 ppm, from O to
225 ppm. [rom O to 200 ppm. from 0 1o 175 ppm, [rom 0 (o
150 ppm. [rom O o 123 ppm. from 0 10 100 ppm, [rom 0 o
75 ppm. from 0 o 50 ppm, rom 0 1o 45 ppm, [rom 0 (o 40
ppo, from 010 33 ppum, from O 1o 30 ppm, from O 10 25 ppm,

from 010 20 ppm, trom 0 to 13 ppm, from 010 10 ppm, from 2

010 5 ppm, [rom 0o 1 ppm, [rom 0o 0.1 ppm. or [rom ¢
1 0.0 ppm). In some examples. the oil can be substantially
fee of nickel. The nickel content of the oil can be determined
nsing any suitable method, such as those known in the art.
For example, the nickel content of the oil can be determined
using ASIM 1D 5185,

The oil can. for example, have a vanadium content ol 235
ppm or less (e.g., 20 ppm or less, 15 ppm or less, 10 ppm or
less, 9 ppm or less, 8 ppm or less, 7 ppm or less, 6 ppm or

less, 5 ppm or less, 4.5 ppm or less. 4 ppm or less. 3.5 ppm - 3

orless. 3 ppmor less. 2.5 ppm or less, 2 ppmoor less, 1.5 ppm
or less, 1 ppm or less, 0,75 ppm or less, 0.3 ppm or less. (.25
ppm or less, 0.1 ppm or less, 0.075 ppm or less, 0.05 ppm
or less, 0.023 ppm or less, 0.01 ppm or less, 0.0073 ppm or

less, or 0005 ppm or less). In some examples. the oil can 3

have a vanadium content of O ppm or more (c.g., 0007 ppm
or more, L0025 ppm or more, 0.043 ppm or more, (.0075
ppm or more, 0.01 ppm or more, 0.025 ppm or more, 0.03
ppm or more, 0.075 ppm or more, 0.1 ppm or more, 0.25
ppm or more. (0.5 ppm or more, .75 ppm or more. 1 ppm
or more. 1.5 ppm or more, 2 ppm or mare, 2.5 ppm or more.
3 ppm or more, 3.3 ppm or more, 4 ppm or more, 4.5 ppm
or more, 5 ppm or more, & ppm of more, 7 pp or more, 8
ppom or more, Y ppm or more, 10 ppm or more, 15 ppm or
more. or 20 ppm or more). The vanadium content ol the oil
can range [rom any of the minimum values deseribed above
1o any of the maximum valves described above. For
example, the oil can have a vanadinm content of from O to
25 ppm (e.g., [rom 0 1o 12.5 ppm, from 12.5 (0 25 ppm, [tom

0o 5 ppm. from 3 1o 10 ppm, [rom 10 1o 15 ppm. lrom 15 =

1 20 ppm. from 20 (o 25 ppm, [rom 0.001 (0 25 ppm, [tom
0.001 o 20 ppm, from 0.001 10 15 ppm, from 0.001 to 10
ppm, from 0.001 to 3 ppm, trom 0.001 to 1 ppm, from 0.001
1o 0.1 ppm, [rom 0.001 10 0.01 ppm, [rom 0 Lo 20 ppm, [rom

0o 15 ppm. from 0 (o 10 ppm. rom 0 w0 5 ppm. from 0 lo s

1 ppm, trom 0 to 0.1 ppm, or from 010 0.01 ppm). In some
examples, the oil can be substantially free of vanadium. The
vanadium content of the oil can be determined using any
sullable method. such as those known in the art. For
example. the vanadium content of the oil can be delermined
using ASTM D 5185,

In some examples, the oil has a total chloride content of
500 ppm or less: a nitrogen content of 600 ppm or less: and
a silicom content ol 2000 ppm or less. In some examples, the
0il has a total chloride content ol 500 ppm or less: a nitrogen
content of 600 ppm or less; a silicon content of 2000 ppm or
less; and a sodivm content of 100 ppm or less. In some
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examples, the oil has a total chloride content of 300 ppm or
less; a nitrogen conlent of 600 ppm or less: a silicon conlent
ol 2000 ppm or less; a sodium content ol 100 ppm or less;
an iron conlent of 10 ppm or less; a sullur conlent of 250
ppw or less; and a caleium content of 50 ppm or less. In
some examples, the oil has a total chloride content of 300
ppm or less: a nitrogen content of 600 ppm or less; a silicon
conlent of 2000 ppm or less; a sodiwm content of 100 ppm
or less; an iron content of 10 ppm or less; a phosphorus
content of 23 ppm or less; a sultur content of 250 ppm or
less; and a calcium content of 50 ppm or less. In some
cxamples, the oil has a total chloride content ol 500 ppm or
less; a nitrogen conlent of 600 ppm or less: a silicon conlent
of 2000 ppm or less; a sodium content of 100 ppm or less;

3 an iron content of 10 ppm or less; a phosphorus content of

25 ppm or less: a sullur content ol 250 ppm or less: a
calcium content of 50 ppm or less: a copper conlent of 10
ppm or less; a nickel content of 230 ppm or less: and a
vanadivm content of 25 ppm or less.

In some examples, the oil has a total chloride content of
100 ppm or less; a nitrogen conlent o 600 ppm or less; and
a silicon content of 250 ppm or less. In some examples, the
oil has a total chloride content of 100 ppm or less; a nitrogen
content of 600 ppm or less; a silicon content of 230 ppm or
less; and a sodivm content of 25 ppm or less. In some
cxamples, the oil has a total chloride content ol 100 ppm or
less; a nitrogen conlent of 600 ppm or less: a silicon conlent
of 250 ppm or less; a sodivm content of 23 ppm or less; an
iron content of 10 ppm or less; a sulfur content of 10 ppm
or less; and a calcium content ol 5 ppm or less. In some
cxamples, the oil has: a wotal chloride content of 100 ppm or
less; a nitrogen conlent of 600 ppm or less: a silicon conlent
of 250 ppm or less; a sodivm content of 23 ppm or less; an
iron content of 10 ppm or less; a phosphorus content of 10
ppm or less: a sullur content of 10 ppm or less; and a caleium
conlent of 5 ppm or less. In some examples, the oil has a
total chloride content ol 100 ppm or less: 4 nitrogen conlent
of 600 ppm or less; a silicon content of 250 ppm or less; a
sodivm content of 23 ppin or less; an iron content of 10 ppm
or less; a phosphorus content of 10 ppm or less; a sullur
conlent of 10 ppm or less; a caleium content ol 5 ppm or
less; a copper content of 1 ppm or less; a nickel content of
30 ppm or less; and a vanadium content of 1 ppm or less.

The il can, for example, have a Reid Vapor Pressure of
12.5 psig or less (c.g. 12 psig or less, 11.5 psig or less, 11
psigor less. 10.5 psig or less. 10 psig or less, 9.5 psig or less,
O psig or less, 8.5 psig or less, 8 psig or less, 7.5 psig or less,
7 peig or less, 6.5 psig or less, 6 psig or less, 5.5 psig or less,
5 psig or less, 4.5 psig or less, 4 psig or less. 3.5 psig or less,
3 psig or less, or 2.5 psig or less). In some examples. the oil
can have a Reid Vapor Pressure ol 2 psig or more (.., 2.5
psig or more, 3 psig or more, 3.3 psig or more, 4 psig or
more, 4.5 psig or more, 5 psig or more, 5.5 psig or more, 6
psig or more. 6.5 psig or more. 7 psig or more, 7.5 psig or
more, ¥ psig or more, 8.5 psig or more, 9 pslg or more, 9.5
psig or more, 10 psig or more, 10.5 psig or more, or 11 psig
or more). The Reid Vapor Pressure of the oil can range from
any of the minimum values described above to any of the
maximum values described above. For example. the oil can
have a Reid Vapor Pressure of [rom 2 Lo 12,5 psig (c.g.. [rom
5310 7 psig, from 7 to 12.5 psig, from 2 1o 4 psig, trom 4 10
& psig, from & 10 8 psig, from 8 to 10 psig, from 1010 12.5
psig. [rom 2 10 12 psig. [rom 2 10 11 psig, [rom 2 to 10 psig,
from 2 to 9 psig, [rom 2 (o § psig. [rom 2 o 6 psig. rom 2
lo 3 psig, rom 3 Lo 12.5 psig. [rom 4 1o 12.5 psig, [rom 3
to 12.5 psig, from 6 1o 12.5 psig, trom 7 to 12.5 psig, from
Bto 12.5 psig, from 9 to 12.5 psig, from 3 to 12 psig, from
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510 11 psig, or trom 7 10 10 psig). The Reid Vapor Pressure
ol the oil can be determined using any suitable method, such
as those known In the arl. lor example. the Reid Vapor
Pressure ol the oil can be determined using ASTM 13 5191,

The oil can, for example, have a water by distillation
amount of 0.5 vol. % or less (e.g., vol. % or less, 0.4 vol. %
or less. 0.35 vol. % or less. 0.3 voll % or less, (025 voll %
or less, 0.2 vl Y or less, 0015 vol. % or less, 001 vol. % or
less, 0.075 vol. % or less, 0.05 vol. % or less, 0.025 vol. %
or less, or 0.01 vol. % or less). In some examples, the oil can
have a water by distillation amount of'0 vol. % or more (e.g.,
0.01 vol. % or more. 0,025 vol. % or more. 0L05 vol. % or
more. vol. % or more. 0.1 vol. % or more, 0115 vol. % or
more, 0.2 vol. % or more, 0.25 vol. % or more, 0.3 vol. %
or more, 0.35 vol. % or more, or 0.4 vol. % or more). The
amount o[ waler by distillation in the oil can range rom any
of the minimum values described above o any ol the
maximum valucs desceribed above. lior example, the oil can
have a water by distillation amount of from 0 to 0.3 vol. %
(e.g., from 0 to 0.25 vol. %, trom 0.25 to 0.5 vol. %o, from
010 0.1 vol. %, [rom 0.1 10 0.2 vol. %. from 0.2 10 0.3 vol.
%, from 0.3 10 0.4 vol. %. [rom 0.4 10 0.5 vol. %, [rom (o
0.4 vol. %, from 010 0.3 vol. %, from 0 10 0.2 vol. %, from
010 0.03 vol. %, or from 010 0.01 vol. %). The amount of
water by distillation in the oil can be determined by any
suilable method. such as those known n the arl. lor
example. the water by distillation amount in the oil can be
determined vsing ASTM D 93,

The oil can, for example, have a total sediment content of
0.5 vol. % or less (e.g., 0045 vol. % or Tess, 0.4 vol. % or less.
0.35 vol. % or less, 0.3 volo % or less. 0025 voll % or less.
0.2 vol. % or less. 0.15 vol. % or less, 001 vol. % or less.
0.075vol. % or less, 0.05 vol. % or less, 0,025 vol. % or less,
or 0.01 vol. % or less). In some examples, the oil can have

4 lotal sediment content of 0 vol. % or more (c.g.. 0.01 vol. 2

% or more. 0.025 vol. % or more. 0,05 vol. % or more. 0L075
vol. % or more. (L1 vol. % or more. (.15 vol. % or more. 0.2
vol. % or more, 0.25 vol. % or more, vol. % or more, 0.35
vol. % or more, or 0.4 vol. %o or more). The total sediment
content of the oil can range [rom any ol the minimum values
deseribed above 10 any ol the maximum values described
above, For example, the oil can have a total sediment content
of trom 0 to 0.5 vol. % (e.g., from 010 0.23 vol. %, from 0.25
10 0.5 vol. %, from 0 to 0.1 vol. %, from 0.1 to 0.2 vol. %,
[rom .2 10 0.3 vol. %, rom 0.3 1o 4.4 vol. %. [rom 0.4 o
0.3 vol. %. from 010 3.4 vol. % [rom O to (.3 vol. %, rom
010 0.2 vol. %, from 010 0.05 vol. %, or from 010 0.01 vol.
%0). The total sediment content of the oil can be determined
by any suitable method. such as those known in the art. For

example. the total sediment conlent ol the oil can be s

determined using ASTM 12 4870,

The ol can, for example, have an n-heptane insoluble
content o1 0.1 w1, % or less (e.g., 0.09 wt. %o or less, 0.08 wt.
% ar less, 007 wi % or less. 0.06 wi. % or less, .05 wil %

or less. 0.04 wi. % or less, .03 wi % or less, 0002wl % or s

less, or 0.01 wt. % or less). In some examples, the oil can
have an n-heptane insoluble content ot'0 wt. % or more (e.g.,
0.01 wt. % or more, 0.02 wt. % or more, 0.03 wt. % or more,
0.04 wi. % or more. .05 w. % or more. (L06 wi. % or more.
0.07 wi. % or more, or 0.08 wi. % or more). The n-heplane
mszoluble content of the oil can range from any of the
minimum valves described above 10 any of the maximum
values deseribed above. lior example, the oil can have an
n-heplane inseluble content of rom 0 o 0.1 wi. % (c.g.
[ram 0 1o 0.05 wi. %, [rom 0,05 1o 0.1 wi %y rom (1o (.02
wt. %, from 0.02 1o 0.04 w1, %, from 0.04 to 0.06 wt. %,
from 0.06 to 0.08 wt. %, trom 0.08 10 0.1 wt. %, from 0 to
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0.09 wt, %, trom 0 to 0.08 wt. %, from 0 to 0.07 wt. %, from
0 1o 0,06 wi %, rom O o 0.04 wi. %, [rom O to 0.03 wi. %,
or from 010 0.01 wi. %), The n-heplane insoluble content of
the oil can be delermined using any suitable method. such as
those known in the art. For example, the n-heptane insoluble
content of the oil can be determined using ASTM D 3279,

The 0il can, lor example. have a lotal acld number ol 1 mg
KO or less (c.g. 0.9 mg KO or less. 0.8 mg KOI /g
or less, 0.7 mg KOH/p or less, 0.6 mg KOH/g or less, 0.5 mg
KOHg or less, 0.4 mg KOH/g or less, 0.3 mp KOH/g or
less, 0.2 mg KOH/g or less, or 0.1 mg KOH/g or less). In
some examples, the oil can have a total acid number ol 0 mg
KOIlfg or more {(e.g., 0.1 mg KOIlig or more, 0.2 mg
KOHg or more, 0.3 mg KOH/g or more, 0.4 mg KOH/g or

3 more, 0.5 mp KOH/g or more, 0.6 mg KOH/g or more, 0.7

mg KOIg or more. 0.8 mg KOllig or more, or (.9 mg
KOOI /g or more). The total acid number ol the oil can range
from any ol the minimum values deseribed above 1o any of
the maximum valves described above. For example, the oil

20 can have atotal acid humber of from 0 to 1 mg KOH/z (e.g.,

from 0 to (0.5 mg KO, from 0.3 10 1 mg KOIYg. from 0
o 0.2 mg KOIYe. [rom 0.2 1o 0.4 mg KOIYe. om 0.4 10
0.6 mg KOH/g, from 0.6 to 0.8 mg KOH/g, trom 0.8 to 1 mg
KOH/, from 0 to 0.8 mg KOH/g, from 0 w 0.6 mg KOH/g,
from O 10 0.4 mg KOH/g, or trom 0 to 0.1 mg KOH/g). The
total acid number of the oil can be delermined using any
suilable method, such as those known in the arl. lior
example, the total acid number of the oil can be determined
vsing ASTM D> 664,

In some cxamples, the oil has a Reid Vapor Pressure of
12.5 psig or less: and a [inal boiling point of 7507 11 10 1000
. In some examples, the oil has a Reid Vapor Pressure ol
from 7 to 10 psig; and a final boiling point of from 933° F.
to 950° F,

In some cxamples, the oil has a Reid Vapor Pressure of
12.5 psig or less; and a pour point of (7 1 o 207 I, In some
cxamples, the oil has a Reid Vapor Pressure of from 7 0 10
psig; and a pour point of from 10° F. to 15° F.

In some examples, the oil has a final boiling point of 7507
i to 10007 1i: and a pour point of 07 10 to 207 1 In some
cxamples, the ol has a final boiling point ol [rom 935° 11 10
950° F.; and a pour point of from 10° F. 10 15° F.

In some examples, the oil has a Reid Vapor Pressure of
12.5 psig or less; a final boiling point of 750° F. 10 1000° F.;
and a pour point ol 07 I, 1o 20° I, In some examples. the oil
has a Reid Vapor Pressure ol from 7 o 10 psig: a [inal
boiling point of from 935° F. t0 930° F; and a pour point of
from 10° F. 10 15° F; In some examples, the oil has a Reid
Vapor Pressure of 12.5 psig or less; a (inal boiling point ol
7507 1 to 10007 175 a pour point ol 07 1) (0 207 14 a total
chloride conlent of 500 ppm or less: a nitrogen conlent of
600 ppm or less; a silicon content of 2000 ppm or less; a
sodivm content of 100 ppm or less; an iron content of 10
ppm or less; a phosphorus content ol 25 ppm or less: a sullur
conlent ol 250 ppm or less; and a calcium content ol 50 ppm
or less. In some examples, the oil has a Reid Vapor Pressure
of from 7 to 10 psig; a final boiling point of trom 933° F. 10
9507 F.; a pour point of from 107 F. 10 15° F.; a total chloride
conlent ol 100 ppm or less: a nitrogen content ol 600 ppm
or less: a silicon content of 250 ppm or less: a sodium
content of 235 ppm or less; an iron content of 10 ppm or less;
a phosphorus content of 10 ppm or less; a sulfur content off
10 ppm or less: and a caleium conlent ol 5 ppm or less.

In some cxamples. the oil s a raw pyrolysis product,
meaning the oil is produced by a method thal substantially
excludes any hydrotreatment or further refining steps atter
prrolysis.
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Compositions Comprising the Oil and the Wax, Such as
3lends

Algo disclosed herein are composilions comprising any ol
waxes disclosed herein and any ol the oils disclosed herein.

For example, the composition can comprise 50% or more
of the odl by volume (e.g., 51% or more, 32% or more, 53%
or more, 54% or more, 35% or more, 56% or more, 57% or
more. 538% or more. 39% or more. 60% or more. 61% or
more. 62% or more. 63% or more. 64% or more. 65% or
more. 66% or more, 67'% or more. 68% or more. or 69% or
more). In some examples, the composition can comprise
T70% or less of the oil by volume (e.g., 69% or less, 68% or
less, 67% or less, 66% or less, 65% or less, 64% or less, 63%
or less, 62% or less, 61% or less, 60% or less. 59%: or less.
58% or less. 57% or less, 56% or less. 55% or less, 54% or
less, 33% or less, 32% or less, or 31% or less). The amount
of 01l by volome in the composition can range from any of
the minimum valves described above to any of the maxi-
mum valies described above. For example, the composition
can comprise [rom 50% (o 70%: of the oil by volume {c.g..
[rom 50% Lo 60%. [rom 60% o 70%. [rom 50% Lo 55%.
[rom 55% to 60%. [rom 60% o 65%. [rom 63% Lo 70%.
from 50% ta 65%, trom 35% to 70%, or from 53% 1o 65%).

In some examples, the composition can comprise 30% or
more of the wax by volume (c.g. 31% or more, 32% or
more. 33% or more. 34% or more. 35% or more. 36% or
more. 37% or more. 38% or more. 39% or more. 40% or
more, 41% or more, 42% or more, 43% or more, 44% or
more, 43% or more, 46% or more, 47% or more,
more, or 4%% or more). In some examples, the composition
can comprise S0% or less ol the wax by volume (c.g.. 49%,
or less, 48% or less, 47% or less, 6% or less. 45% or less.
44% or less. 43% or less, 42% or less. 41% or less, 400 or
less, 39% or less, 38% or less, 37% or less, 36% or less, 35%
or less, 34% or less, 33% or less, 32% or less, or 31% or
less)y. The amount of wax by volume in the composition can
range rom any ol the minimum values deseribed above Lo
any ol the maximum values deseribed above. lor example.
the composilion can comprise [rom 30% o 50% ol the wax
by volume (e.g., from 30% 1o 40%, from 40% 10 50%, from
30% to 35%, trom 33% to 40%, from 40% to 45%, from
45% to 50%, from 30% to 45%, trom 35% to 50%, or from
35% (o 45%).

l'or example. the composition can comprise 50-70%, ol
the o1l and 30-30% of the wax by volume. For example, the
composition can comprise 63% oil and 33% wax by volume.
In some examples. the composition comprises 50% oil and
50% wax by volume. In some examples. the composition
comprises 4 blend ol the wax and the oil.

Swstems and Methods of Maldng

Also disclosed herein are methods of malking any of the
composilions (c.g., waxces, oil, blends. ete.) deseribed herein.

I'or example, disclosed herein are systems and methods
for making hydrocarbon based compositions derived from
pyrolysis of a feedstock comprising post-consumer and/or
post-industrial plastics, such as any of the compositions
deseribed herein above. In some examples, the compositions
disclosed herein can comprise a wax, an oil. or a combina-
tion thereod.

Recycling of plastics via pyrolysis is a technology that
generales products with a broad range ol quality dependent
upon a variely ol factors, including the feedstock and
manulacluring process. Pyrolysis depolymerizes plastics
nto products comprised of building block molecules. Con-
taminants are wtrodvced during plastie formulation and
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manufacturing processes during, the first life of plastic in
conjunction with the source and collection method ol the
plastics.

I'or example, desceribed herein are systems and methods
for plastic 1o liquids conversion that can accept, for example,
polvethylene, polypropvlene, and/or polystyrene plastics
that arc neither suitable nor desirable lor conventional
{moechanical) plastic reeycling, The plastic is thermally
converted to liquid (e.g., 0il) and wax hydrocarbon products.
The hydrocarbon products can, for example, be vsed in the
production of new plastics through conventional hydrocar-
bon cracking units. The hydrocarbon products can. lor
cxample, also be used as an allernative [or naphtha. [uel. ele.
The svstems and methods herein can also produce char/coke
and combustible gases, e.g. as products or byproducts.

Plastics that are typlcally received would have otherwise
been destined [or disposal at a land(1l or wasle o energy
plant because of their physical lorm andf/or make-up pre-
vents them from being effectively recyeled by current con-
ventional (lmechanical) recyeling means. Most film plastics
fall inlo this calegory, as do others that have inlermixed
types ol plastic resing or simply have contaminants (such as
paper labels, organic tood residue, functional additives,
colorants, etc.) that make conventional (lwechanicaly recy-
cling uneconomical.

The systems and/or methods deseribed herein can. lor
cxample, operale on an industrial scale.

In some examples, the systems and/or methods described
herein can process 5 metric tons or more of plastic feedstock
per day {e.g.. 5.5 metric tons or more, 6 metric lons or more,
6.5 metric lons or more, 7 metric lons or more, 7.5 melric
lons or more, 8 metric wns or more. 8.5 melric 1ons or more,
9 metric tons or more, 9.5 metric tons or more, 10 metric
tons or more, 11 metric tons or more, 12 metric tons or more,
13 metric tons or more. 14 melric wms or more. 15 melric
lons or more. 20 melric lons or more, 25 metric tons or more,
30 metric lons or more. 35 metric wns or more. 40 melric
tons or more, 45 metric tols or more, 30 metric tons or more,
60 metric tons or more, 70 metric tons or more, 80 metric
lons or more. 90 metric lons or more, 100 meiric lons or
more, 125 metric tons or more, 130 metric tons or more. 175
metric tons or more, 200 metric tons or more, 225 metric
tons or more, 250 metric tons or more, 300 metric tons or
more, 350 metric tons or more, 400 metric tons or more, 450
melric lons or more. 300 metric tons or more, 600 melric
lons or more. 700 metric lons or more. 800 metric lons or
more, or 300 metric tons or more). In some examples, the
svstems and methods described herein can process 1000
metric lons or less ol plastic feedstock per day (c.g.. 200
meltric lons or less, 800 metric tons or Tess, 700 metric ons
or less. 600 metric lons or less. 500 meltric ons or less, 430
metric tons or less, 400 metric tons or less, 350 metric tons
or less, 300 metric tons or less, 250 metric tons or less, 225
meltric lons or less, 200 metric tons or Tess, 175 metric ons
or less. 150 metric lons or less. 1235 meltric (ons or less, 100
metric tons or less, 90 metric tons or less, 80 metric tons or
less, 70 metric tons or less, 60 metric tons or less, 30 metric
tons or less, 45 metric tons or less, 40 metric tons or less, 35
melric tons or less. 30 melric lons or less, 25 meiric lons or
less. 20 metric tons or less. 15 metric tons or less, 14 melric
tons or less, 13 metric tons or less, 12 metric tons or less, 11
metric tons or less, 10 metric tons or less, 9.5 metric tons or
less. 9 meiric tons or less, 8.5 metric tons or less, 8 melric
lons or less. 7.5 melric oms or less, 7 meldric tons or less, 6.5
melric tons or less, or 6 metric tons or less). The amount of
plastic feedstock processed by the svstems and/or methods
herein can range trom any of the minimum valves described
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above to any of the maximum valves described above. For
example. the syslems and/or methods deseribed herein can
process [rom 3 1o 1000 metric lons of plastic eedsiock per
day {c.g.. [rom 5 Lo 500 metric tons. [rom 500 o 1000 metric
tons, from 5 to 200 metric tons, from 200 1o 400 metric tons,
from 400 to 600 metric tons, from 600 to 800 metric tons,
from 800 to 1000 metric tons, from 35 to 800 metric tons,
[rom 5 1o 600 metric tons, from 5 (o 400 metric tons. [rom
5 1o 100 meiric ons. from 5 lo 50 meiric tons, rom 5 o 25
melric tons, [rom 10 o 1000 meiric lons, fom 25 1o 1040
metric tons, trom 50 1o 1000 metric tons, from 100 1o 1000
metric tons, trom 200 to 1000 metric tons, from 400 to 1000
metric tons, from 600 to 1000 metric tons, from 10 to 900
metric tons, rom 15 1o 800 metric tons. rom 25 o 750
metric tons. or [rom 50 to 500 meiric (ons).

In some examples. the systems and/or methods deseribed
herein can produce 10,000 gallons of pyrolysis produoct (e.g.,
oil and/or wax, etc.) or more i1 an amount of time (e.g.,
11,000 gallons or more; 12,000 gallons or more; 13,000
gallons or more: 14.000 gallons or more: 15.000 gallons or
more; 20,000 galloms or more: 25000 galloms or more:
30,000 gallons or more: 35.000 gallons or more: 40,000
gallons or more; 43,000 gallons or more; 50,000 gallons or
more; 60,000 gallons or more; 70,000 gallons or more;
80,000 gallons or more; 90,000 gallons or more: 100,000
gallons or more: 125,000 gallons or more; 150,000 gallons
or more; 175,000 gallons or more; 200,000 gallons or more:
225,000 gallons or more; 230,000 gallons or more; 300,000
gallons or more; 330,000 gallons or more; 400,000 gallons
or more;, 450,000 gallons or more; 500,000 gallons or more;
600,000 gallons or more: 700,000 gallons or more: 800,000
gallons or more: or 900,000 gallons or more). In some
examples. the systems and/or methods deseribed herein can
produoce 1,000,000 gallons of pyrolysis produet (e.g., oil
and/or wax, efc.) or more in an amount of time (e.g., 900,000
gallons or less; B00,000 gallons or less; 700,000 gallons or
less: 600.000 gallons or less: 500,000 galloms or less:
450,000 gallons or less; 400,000 gallons or less; 350,000
gallons or less; 3000000 gallons or Tess: 250,000 gallons or
less; 225,000 gallons or less; 200,000 pallons or less;
175,000 gallons or less; 150,000 gallons or less; 125,000
gallons or less; 100,000 gallons or less; 90,000 gallons or
less: 80,000 gallons or less: 70,000 gallons or less; 60,000
gallons or less: 50,000 gallons or less; 43,000 gallons or less:
gallons or less; 35,000 gallons or less; 30,000 gallons or less;
23,000 gallons or less; 20,000 gallons or less; 15,000 gallons

or less; 14,000 gallons or less: 13.000 galloms or less; or

12,000 gallons or less). The amount of pyrolysis product s

produced in the amount ol time by the syslems andior
methods described herein can range trom any of the mini-
mum values deseribed above to any of the maximum values
deseribed above. lior example, the systems andfor methods

deseribed herein can produce [rom 10,000 10 100000 s

gallons of pyrolysis product (e.g., oil and/or wax, etc.) or
more in an amount of tive (e.g., from 10,000 to 300,000
gallons; from 500,000 to 1,000,000 gallons; from 10,000 to
200,000 gallong; from 200,000 w0 400,000 gallons: rom
400,000 o 600.000 gallons: from 600.000 © 800,000 zal-
lons; trom 800,000 1o 1,000,000 gallons; from 10,000 to
800,000 gallons; from 10,000 to 600,000 gallons; from
10,000 1o 400,000 gallons: from 10,000 1o 200,000 gallons:
[rom 10,000 10 100,000 gallons; [rom 10,000 10 50,000
gallons: from 10,000 10 25.000 gallons; [rom 25.000 Lo
1,000,000 gallons; from 30,000 1o 1,000,000 gallons; from
100,000 to 1,000,000 gallons; from 200,000 to 1,000,000
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gallons; from 400,000 1o 1,000,000 gallons; trom 600,000 1o
1,000.000 gallons; rom 15,000 (o 900000 gallons: or [rom
20,000 10 800,000 gallons).

The amount of time in which the pyrolysis product is
produced by the systems and/or methods can, for example,
be 5 davs or more (e.g., 6 days or more, 7 days or more, §
days or more, 9 days or more. 10 days or more, 11 days or
more, 12 days or more, 13 days or more. 14 days or more,
15 days or more, 16 days or more, 17 days or more, 18 days
or more, 19 days or more, 20 davs or more, 21 days or more,
22 days or more, 23 davs or more, 24 davs or more, 25 davs
or more. 26 days or more. 27 days or more, 28 days or more,
29 days or more. 30 days or more, 35 days or more. 40 days
or more, 45 days or more, 30 dayvs or more, 60 days or more,
70 days or more, or 80 days or more). In some examples, the
amount ol time in which the pyrolysis product is produced
by the systems and/or methods can be 90 days or less (c.g.,
80 days or less. days or less. 00 days or less. 50 days or less,
45 davs or less, 40 days or less, 35 days or less, days or less,

20 29 davs or less, 28 davs or less, 27 davs or less, 26 days or

less. 25 days or less, 24 days or less, 23 days or less. 22 days
or less. 21 days or less. 20 days or less, 19 days or less. 18
davs or less, 17 days or less, 16 days or less, 15 days or less,
14 davs or less, 13 davs or less, 12 davs or less, 11 days or

3 less, 10 davs or less, 9 davs or less, 8 days or less, or 7 days

or less). The amount ol ime in which the pyrolysis product
is produced by the systems and/or methods can range [rom
any of the minimum values described above to any of the
maximum values described above, For example, the amount
ol time in which the pyrolysis product is produced by the
systems and/or methods can be [rom 3 10 90 days (c.g., [rom
4 10 45 days, rom 45 o 90 days. from 3 1o 30 days. [rom
30 to 60 days, from 60 to 90 days, from 3 to 80 days, from
3 to 70 days, from 5 10 60 days, from 5 to 50 davs, from 5
o 40 days, [rom 5 1o 21 days. [rom 5 10 14 days. from 3 10
10 days, rom 7 (o 90 days, rom 10 o 90 days, [rom 14 10
20 days. from 21 o days, lrom 30 10 90 days. [rom 40 1o 90
davs, from 30 10 90 days, from 70 o 90 days, from 7 10 80
davs, or trom 10 1o 60 days).

In some examples, the systems and/or methods deseribed
herein can process [rom 5 10 1000 metric ons per day of
plastic teedstock and produce from 10,000 to 1,000,000
sallons of pyrolysis product (e.g., ¢il, wax, or a combination
thereof) per 5 to 90 days.

IF1G. 1-110G. 5 are block [ow diagrams of example sys-
lems and methods deseribed herein.

The systems and methods can, tor example, include intake
of plastic feedstock, sorting and/or reducing the size of the
plastic [cedstock. Tollowed by pyrolysis and/or removal ol
conlaminants o produce the hydrocarbon product, which
can oplionally be post-treated.

Feedstock

The feedstock comprises post-consumer and/or post-in-
dustrial plastics. “Post-industrial™ or “Pre-consumer™ plas-
lics include materials derived from wasle streams during a
plastic mamtacturing process. “Post-consumer” plastics
include materials generated by households or by commer-
cial, industrial, and/or institutional facilities in their roles as
end-users of the product which can no longer be used lor its
intended purpose. This includes returmns ol material rom the
distribution chain.

In some examples, the feedstock comprises 50% or more
by weighl post-consumer plastics (c.g.. 51% or more. 52%
ar more. 53% or more, 34%, or more. 35% or more, 56'% or
more, 57 or more, S8% or more, 59% or more, 60% or
more, 51% or more, 62% or more, 63% or more, 64% or
more, 565% or more, 66% or more, 67% or more, 68% or
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oF more,
QOr maore.
QOr maore.
QOr maore.
oF more,

69%
3%
7%
B1%
85%

72%
6%
B0%
4%
88%
2%

70%
T4%
T8%
82%
86%

1%
T5%
T9%
83%
87%

more,
mare.
mare.
mare.
more,
more,

or more,
or maore.
or maore.
or maore.
or more,
89% or more, 90% or more, 31% or more,
more. 93% or more. 94% or more. 95% or more. 96%
more. 7% or more, 98% or more. or 99% or more). In some
examples, the feedstock comprises 100% or less by weight
post-constmer plastics (e.g., 99% or less, 38% or less, 7%
or less, 96% or less, 33% or less, 94% or less, 93% or less,
92% or less. 91% or less, 90% or less. 89% or less, 8% or
less, 7% or less, 86% or less, 85% or less. 84% or less, 83%
or less, 82% or less, 81% or less, 80% or less, 79% or less,
T8% or less, 77% or less, 76% or less, 75% or less, 74% or
less, 73% or less. 72% or less, 71% or less, 70% or less, 69
or less, 68% or less, 67% or less, 66% or less. 65% or less.
64% or less. 63% or less, 62% or less. 61% or less, 600 or
less, 59% or less, 58% or less, 57% or less, 56% or less, 55%
or less, 34% or less, 53% or less, or 52% or less). The
percent by weight ol the leedstock that is post-consumer
plastics can range [from any ol the minimum  values
described above 1o any of the maximum valves described
above, For example, the feedstock can comprise from 50%
10 100% by weight post-consumer plastics (e.g., trom 50%
10 75%, [rom 75% (o 100%, [rom 30% (o 60%. rom 60%
Ly 70%. from 70% 10 80%. rom 80% o 90%. rom 90
100%, trom 50 10 99%, from 50 to 95%, from 30 o 90%,
from 50% 1o 80%, from 50% to 70%, from 55% 10 100%,
[rom 60% o 100%. [rom 70% 10 10O, rom 75 o 100%.
[ram 80 10 T00%. rom 95 (o 100%, [rom 55% lo 99%. lrom
FO% (o 99%. or from 75 w0 95%).

Plastic feedstock can be provided in any suitable form,
such as, tor example, loose film, baled film, rigids, thermo-

oF more,
QOr maore.
QOr maore.
QOr maore.
oF more,

lorms. sheets. [oams. non-wovens, strips, pellels, powder. 3

purge paitics. densilied, shredded, ele. In some examples.
the leedstock comprises [ilms, such as single and/or mulii-
lavered films.

In some examples, the plastic feedstock can be packaged,
c.g. in bales. boxes, drums. cle.

The leedstock can, lor example. comprise polyethylene
(e.g., LDPE, LLDPE, VLDPE, MDPE, HDI'E, UHMWPE,
PEX, etc.), polvpropylene, polvstyrene, or a combination
thereot. In some examples, the feedstock inecludes plastics
with a plastic type classification #2, 4, 5. 6. or 1 combination
thereal.

In some examples, a majority of the plastic that is
processed by the systems and methods described herein
compriscs low-densily or Iincar-low densily polyethylene
(L1DP1 04y and high-densily polyeihylene (113P1E
in particular Mlm plastic, and the syslems and methods
described herein are optimized to effectively process these
materials.

A substaniial portion ol polyethylene and polypropylenc

polymers are used in single use plastics and get discarded s

atter irs vse. Polvethyvlene is used widely in various con-
sumer and industrial products. Polvethylene is the most
common plastic, over 100 million tons of polvethylene
resing are produced annually. [s primary use 1s in packaging
(plastic bags. plastic [lms, geomembranes. conlainers
ecluding bottles, etc.). Polvethylene is produced in a variety
of forms (e.g.. ultra-high molecular weight polvethylene
(UTIMWPLD. high-density polyethylene (1P, medium
densily polyethylene (MDPILD. linear low-density polyeth-
ylene (T.11P1), low-density polyethylene (T.DPEY. very low
density polvethylene (VLDPE), crosslinked polvethylene
(PEX)) with the same chemical formwula (C,H4),, but difter-

i2). s

1

3l

40

45

.t

Gl

G5

62

ent molecular structure. HDPE has a low degree of branch-
ing with short side chains while T.DPI has a very high
degree of branching with long side chains. TLIDPI is a
substantially lincar polymer with significant numbers ol
short branches, commonly made by copolvmerization of
ethylene with short-chain alpha-olefins,

The leedstock can, [or example, comprise polyethylene,
polypropylene. polysiyrene. or a combination thereol in an
amount of 0% or more by weight (e.g., 91% or more, 92%
or more, 93% or more, 34% or more, 33% or more, 96% or
more, 97% or more, 98% or more, or 99% or more). In some
cxamples, the leedstock comprises polycthylene, polypro-
pylene. polysiyrene, or a combination thereol in an amount
of 100% or less by weight (e.g., 99% or less, 98% or less,
7% or less, 36% or less, 95% or less, 94% or less, 93% or
less. 92% or less. or 91%: or less). The amount ol polyeth-
vlene, polypropylene. polystyrene. or a combination thereol
in the leedstock can range [rom any ol the minimum values
described above 10 any of the maximum values described

20 above. For example, the feedstock can comprise polvethyl-

cne. polypropylene. polystyrene. or a combination thereol in
an amount ol [rom 90% o 100% by weight (c.g.. [rom 0%
to 953%, from 95% to 100%, from 90% 1o 92%, from 92%
to 84%, from 94% to 26%, from 96% 10 98%, from 98% 1o
100%, from 90% 1o 98%, from 20% to 96%, from 90% 1o
234%, from 92% 1o 100%,. from 94% to 100%, [rom 96% 1o
100%, [rom 91% lo 99%. [rom 92% lo 98%. or rom 93%
to 97%).

In some examples, the teedstock comprises moisture (e.g.,
waler) in an amount ol 20% or less by welght (c.g., 19.5%
or less. 19% or less. 18.5% or less, 18% or less. 17.5% or
less, 175 or less, 16.5% or less. 16% or less, 15.5% or less,
15% or less, 14.5% or less, 14% or less, 13.5% or less, 13%
or less, 12.5% or less, 12% or less, 11.5% or less, 11% or
less. 10053%, or less. 10% or less, 9.5% or less. 9% or less,
R.5% or less. 8% or less. 7.5%, or less, 7% or less, 6.5% or
less. 6% or less, 5.5% or less. 5% or less, 4.5% or less. 4%
or less, 3.5% or less, 3% or less, 2.5% or less, 2% or less,
1.5% or less, 1% or less, or 0.5% or less). In some examples,
the [eedstock comprises moisture in an amount of 0% or
more by welght (g, 0.5% or more, 1% or more, 1.3% or
more, 2% or more, 2.5% or more, 3% or more, 3.5% or
more, 4% or more, 4.5% or more, 5% or more, 5.5% or
more, 6% or more, 6.5% or more, 7% or more, 7.5% or
more, 8% or more, 8.5% or more. 9% or more. 9.5%, or
more, 10% or more. 10.5% or more. 1% or more. 11.5% or
more, 12% or more, 12.5% or more, 13% or more, 13.5% or
more, 14% or more, 14.5% or more, 15% or more, 15.5% or
more, 16% or more. 16.5% or more. 17% or more, 17.5% or
more, 18% or more, 18.5% or more, or 19% or more). The
amount of moisture in the leedstock can range from any of
the minimum valves described above to any of the maxi-
mum values described above. For example, the feedstock
can comprise moisture in an amount ol rom 0% 1o 20% by
welght {e.g., rom 0% o 10%. [rom 10% to 20%. [rom 0%
to 5%, from 5% to 10%, from 5% 10 15%, trom 15% 10 20%,
from 0% to 2.5%, 2.5% to 5%, from 5% 10 7.5%, from 7.5%
to 10%, from 10% to 12.5%, from 12.5% 1o 15%, from 15%
o 17.5%. [rom 17.5% to [rom (% 1o 19%. rom % o 18%,
from 0% 1o 17%. [rom 0% (o 16%,. rom 0% o 15%, [rom
0% to 14%, from 0% to 13%, from 0% 1o 12%, from 0% 1o
11%, from 0% to 9%, trom 0% to 8%, from 0% 1o 7%, from
0% 10 6%, [rom 0% (o 4%, [rom % 1o 3%, from % 1o 2%,
from 0% 10 1%, [rom 1% (0 20%. [rom 2% (o 20%. [rom 3%
o 208, [rom 4% 10 20%, [rom 6% (o 20%,. [rom 7% 1o 200,
from 8% to 20%, from 9% to 20%, from 11% to 20%, from
12%% to 20%, from 13% to 20%, from 14% 1o 20%, from
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16% to 20%, from 17% to 20%, from 18% to 20%, from
0.5% o 19.5%. from 1% 1o 19%. from 1% o 15%. from 1%
1o 10%, or [rom 1% Lo 5%).

Polyvinyl chlorine (PVC).  polyvinylidene  chloride
(PVDIC), polvethvlene terephthalate (PET) (commonly nsed
for plastic bottles), nvlon, ethvlene vinyl alcohol (EVOH),
polycarbonale (PCY. acrylonitrile butadiene styrene (AlIS).
rubber, thermosels, and non-plastic components {(e.g., metal.
glass, wood, cotton, paper, cardboard, ditt, inorganics, etc.)
are 1ot desirable and their presence should be minimized.

In some examples, the feedstock comprises 5% or less by
weight polyvinyl chloride (PVC). polyvinylidene chloride
(PVDC). polyethylene wrephihalate (P17 nylon. ethylene
vinyl alcohol (EVOH), polvearbonate (PC), acrvlonitrile
butadiene styvrene (ABS), rubber, thermosets, or a combina-
tion thereofl (e.g., 4.5% or less, 4% or less. 3.5% or less, 3%
or less, 2.5% or less. 2% or less. 1.75% or less, 1.5% or less.
1.25% or less, 1% or less. 009% or less. (008% or less, 0.7%,
or less, 0.6% or less, 0.5% or less, 0.4% or less, 0.3% or less,
0.2% or less, or or less). In some examples, the feedstock
comprises 0% or more by weight polyvinyl chloride (PVC).
polyvinylidene ehloride (PV1C. polyethylene terephithalate
(PET), nylon, ethylene vinyl alcohol (EVOH), polycarbon-
ate (P’C), acrvlonitrile butadiene stvrene (ABS), rubber,
thermosets, or a combination thereot (e.g., 0.1% or more,
0.2% or more. 0.3% or maore, 0.4% or more, 0.3% or more.
0.6 or more. 0.7% or maore, 0.8% or more, 0.9% or more.
1% or more, 1.23% or more, 1.5% or more, 1.75% or more,
2% or more, 2.5% or more, 3% or more, 3.5% or more, or

4% or more). "The amount of polyvinyl chloride (PYC). 3

polyvinylidene ehloride (PV1C. polyethylene terephithalate
(PIETY, nylon, cthylene vinyl alcohol (EVOIT), polycarbon-
ate (P’C), acrvlonitrile butadiene stvrene (ABS), rubber,
thermosets, or a combination thereof in the teedstock can

range rom any ol the minimum values deseribed above Lo 3

any ol the maximum values deseribed above. lor example.
the leedstock can comprise [rom 0% 1o 5% by weight
polyvinyl chloride (PVC), polyvinylidene chloride (PVDC),
polvethyvlene terephthalate (PET), nvlon, ethylene wvinyl
aleohol (YOI polycarbonate (PC). acrylonitrile butadi-
ene styrene (ABY), rubber, thermosels. or a combination
thereot (e.g., from 0% tw 2.5%, from 2.5% 10 3%, trom 0%
10 1%, from 1% to 2%, from 2% to 3%, from 3% to 4%,
from 4% 10 5%, from 0% to 4.5%, from 0% to 4%, trom 0%
10 3.5%, [rom 0% 10 3%, from % 1o 2%. rom 0% o 1.5%.
[ram 0% Lo (L5%, [rom O.5% 10 3%, rom 1% 1o 53%. [rom
1.5% to 5%, from 2% to 5%, trom 3% 1o 5%, from 3.5% to
5%, trom 0.1% 10 4.5%, from 0.2% 10 4%, or from 0.3% to
3%4).

The leedstock can. lor example. comprise 15% by weight =

or less non-plastic materials. such as meltal, glass, wood.
cotton, paper, cardboard, dirt, inorganics, etc., or a coubi-
nation thereof (e.g., 14.5% or less, 14% or less, 13.5% or
less, 13% or less. 12.5%, or less. 12% or less, 11.5% or less.

11% ar less. 1005%, or less, 10% or less. 9.5% or less, 9% or s

less, 8.5% or less, 8% or less, 7.5% or less, 7% or less, 6.5%
or less, 6% or less, 5.5% or less, 5% or less, 4.5% or less,
4% or less, 3.5% or less, 3% or less, 2.5% or less, 2% or less,
1.3% or less. 1% or less, or or less). In some examples, the
leedstock comprises 0% or more by weight non-plastic
materials {e.g., 0.5% or more, 1% or more, 1.5% or more,
2% or more, 2.5% or more, 3% or more, 3.5% or more, 4%
or more, 4.5% or more. 3% or more. 5.5% or more, 6% or
more. 6.53% or more. ™ or more, 7.5% or more, 8% or
more. 8.5% or maore, 9% or more, 9.5% or more. 10% or
more, 10.5% or more, 11% or more, 11.5% or more, 12% or
more, 12.5% or more, 13% or more, 13.5% or more, or 14%
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or more). The amount of non-plastic materials in the feed-
stock can range from any ol the minimum values deseribed
above 1o any ol the maximum values described above. lior
cxample, the leedslock can comprise non-plastic materials
in an amount of from 0% to 15% by weight (e.g., trom 0%
to 7.5%, from 7.5% to 15%, from 0% to 5%, from 5% to
109, from 10% to 15%. [rom 0% (o 2.5%. 2.5% 10 3%. [rom
3% 10 T.8% from 7.5% o 10%, [rom 10% o 12.5%, [rom
12.5% to 15%, from 0% to 14%, from 0% to 13%, from 0%
to 12%, from 0% 1o 11%, from 0% to 10%, from 0% to 9%,
from 0% to 8%, from 0% 1o 7%, from 0% to 6%, trom 0%
o 4%, [rom % lo 3%, rom 0% 10 2%. from 1% 1o 135%,
from 2% to 153%. [rom 3% (o 153%. from 4% lo 15%, [rom
5% to 15%, from 6% to 15%, from 7% 1o 15%, trom 8% 1o
15%, from 9% to 15%, from 11% 1o 15%, from 12% 10 15%,
from 15% lo 15%. [rom 0.5% lo 14.5%. rom 1% 10 14%,
or from 1% 1o 10%).

In some examples. the lTeedstock can initially be manually,
visvally, and/or antomatically (e.g., by an avtomated systeny/
component) checked to ensure it contains the correct mate-
rial and does not contain an inordinale amount ol obvious
conlamination. During the manualivisualiaulomated inspec-
tion of the feedstock, the teedstock is inspected for large
contaminant irems, such as metal, glass, PV, paper, wood,

3 PET plastics, and cardboard, which are removed when

identilied.

In some examples. the [eedstock can Turther be asscssed,
eg. tor chemical and/or physical properties. This can
include, for example, assessing at least a representative
sample portion ol each leedstock via infrared analysis (e,
porlable inlrared analyser), gas chromatography-mass spec-
trometry (GOC-ME), a bench-scale pyrolysis lesl. ASTM
testing for specific contaminants and physical properties,
melt-index test, ash test, or a combination thereot.

I'eedstock that fail 1o meet the Initial inspection criteria is
not lurther processed by the systems or methods deseribed
herein.

After the initial inspection is complete, the acceptable
teedstock can be stored for tfuture nse (e.g., in a stockpile, a
hopper. cle.) andior loaded into the system for processing.

Inleed

In some examples, the feedstock can be loaded into the
svstelm via al infeed convevor. The rate at which the intfeed
convevor provides feedstock 1o the system (e.g., the feed
rale) can, for cxample, be 500 pounds per hour (Th/hr) or
more (c.g.. 550 Th/hr or more: 600 Th./hr. or more: 630
1b./hr. or more; 700 1b./hr. or more; 750 1b./hr. or more; 800
1b./hr. or more; 850 Ib./hr. or more; 900 1b./hr. or more; 950
Ib./hr. or more; 1000 1bshr, or more: 11060 bshr. or more;
1200 1b./hr. or more: 1300 1b./hre or more: 1400 Tb./hr. or
more: 1500 1b./hr. or more; 1750 Th./hr. or more; 2000 Th./hr.
or more; 2250 1b./hr. or more; 2500 1b./hr. or more; 2750
Ib./hr. or more; 3000 Ib./hr, or more; 3230 1b./hr. or more;
3500 Tb./hr or more: 3730 1bhr. or more: 4000 Th./hr. or
more: 4250 1h./hr. or more;, 4500 Th./hr. or more; 4750 Th./hr.
or more; 5000 1b./hr. or more; 5300 1b./hr. or more; 6000
Ib./hr. or more; 6300 1b./hr, or more; 7000 1b./hr. or more;
7500 Ib./hr. or more; 8000 Ib./hr. or more; 8500 lb./hr, or
more: S000 Th./hr. or more: 9300 Th./hr. or more; 10,000
1b./hr. or more: 11,000 Th./hr. or more: 12.000 Th./hr. or more;
13,000 Ib./hr. or more; 14,000 1b./lir. or more; 15,000 1b./hr.
or more; 16,000 Ib/hr. or more; 17,000 1b./hr. or more;
18,000 b./hr. or more: or 19,000 1b./hr. or more). In some
cxamples, the rate al which the infeed conveyor provides
leedstock Lo the system (e.g., the Teed rate) can be 20,000
Ib./hr. or less (e.g., 19,000 lb./hr. or less; 18,000 1b./hr. or
less; 17,000 Ib./hr, or less: 16,000 Ilb./hr. or less; 15,000
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Ib./hr. or less; 14,000 1b./hr. or less; 13,000 Ib./hr. or less;
12,000 Th./hr. or less: 11.000 Th/hr or less: 10,000 Thhr. or
less: 9500 Th./hr or less; 9000 Th./hr. or less: 8500 lbshr or
less: 8000 Tb./hr or less; 7500 Tho/hr. or less: 7000 1bshr or
less; 6500 1b./hir. or less; 6000 Ib./hr. or less; 5500 1b./hr. or
less; S000 1b./hir. or less; 4750 Ib./hr. or less; 4500 1b./hr. or
less; 4250 1b./hir. or less; 4000 Ib./hr. or less; 3750 1b./hr. or
less: 3500 Th/hr or less; 3230 Tho/hr. or less: 3000 bshr or
less: 2750 Th/hr or less; 2500 Tho/hr. or less: 22350 1bshr or
less: 2000 Tb/hr or less; 1730 Tho/hr. or less: 15300 1bshr or
less; 1400 1b./hir. or less; 1300 Ib./hr. or less; 1200 1b./hr. or
less; 1100 1b./hr. or less; 1000 Ib./Dr. or less; 950 1b./hr. or
less; 900 1b./hr. or less; 850 Ib./hr. or less; 800 1b./hr. or less;
750 1h./hr. or less; 700 Thihr or less: 650 Th./hr. or less; or
600 Th./hr. or less). The rale al which the infeed conveyor
provides [eedsiock o the system can range [rom any of the
minimum valves described above 10 any of the maximum
values described above. For example, the rate at which the
infeed convevor provides feedstock to the system can be
[rom 300 pounds per hour (h./hr) o 200000 Th./hr. (c.g..
[ram 500 (o 5,000 Th./hr; from 5.000 10 20,000 Th./hr.; [rom
500 to 4000 1b./hr.; trom 4000 1o 3000 1b./hr.; trom 8000 to
12,000 1b./hr.; from 12,000 to 16,000 1b./hr.; from 16,000 to
20,000 1b./lir.; from 500 to 15,000 Ib./hr.; from 500 1o 10,000
Ib./hr; [rom 300 o 9000 Ib./hr.: [rom 500 to 8000 1b./hr.
[ram 500 (o 7000 1b./hr.: [rom 500 10 603 Th./hry [rom 500
10 2500 lb./hr.; from 1000 to 20,000 1b./hr; trom 2500 to
20,000 1b./hr.; from 6000 1o 20,000 1b./hr: from 7000 to

20,000 b/hr: from 8000 10 20,000 Th./hry [rom 9000 1o 3

20,000 Th.ihrg from 10,000 10 20.000 Th./hr; [rom 330 (o
19,000 Th./hr; from 600 10 19,000 1b./hr.: or from 103 (o
15,000 [b.hr. ).

Sorting,

In some examples. feedstock loaded inte the system can 3

undergo additional sorting.

In some examples, the plastic feedstock can be deposited
onte a convevor and/or further processed to remove con-
taminants. This can, for example, include visual inspection
and manual removal, aulomated inspeclion and remaoval.
posilioning one or more magnels o magnelically remove
ferrous contaminants (e.g., varions components such as nuts,
bolts, screws, small pieces of wire, efc. comprising ferrous
metals and/or allovs), washing and/or drving, size based
separation {c.g.. screening. silling, elel. air jets, sink float.
cle.

In some examples, the teedstock can be transported 10 a
trommel, such as a screen trommel. The screened trommel
can, lor example. be used 1o remove (ne dust, particles, and

other contaminants rom the incoming leedstock stream, lor =

example belore andfor aller it has passed through a shredder.
The trommel can receive teedstock and trommel rotation can
agitate incoming teedstock and promote removal of granular
malerials (e.g., sand. pigment. binder. food particulates. dirt.

eley in the leedstock through the trommel sereen. The s:

remaining oversized material from the trommel can be
deposited, for example, onto a conveyor for further inspec-
tion and/or sorting.

In some examples, visual inspection and manual sorting
and/or aulomated inspection and sorting is used 1o remove
contaminants from the plastic teedstock, e.g., before and/or
atter passing through the tromumel and/or shredder. Contami-
nants 1o be removed can, lor example. include undesirable
plastic (such as PI7L PV nylon, and thermosels) as well as
other malerials that can damage downsiream oquipment or
degrade the quality of the finished products such as strap-
ping, paper, cardboard, rope, batteries, beverage bottles still
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containing liquid, glass, wood, metal, electronics, and a
wide range ol other non-plastic malerials.

Size Reduction

In some examples, [eedstock loaded inte the system can
viaderao one or more size reductions. The size reduction can
be accomplished by any svitable means, such as those
known in the arl. For example. the feedstock can be shred-
ded. pelletized. densillied, or a combination thereoll lior
example, the system can include one or more size reduction
components, such as a chipper, granvlator, grinder, hammer-
mill, shredder (e.g., a shear shredder), pelletizer, densifier,
agglomeralor. or a combination therecol.

In some examples, the leedstock can be shredded. Tor
example vsing one or more shredders. Each shredder can

3 comprise any suitable tyvpe of shredder, such as those known

in the art. In some examples. the system can include one or
more shear shredders.

The shredder can perform a sive reduction on incoming
plastic, for example 10 a range of to 36 inches (longest

20 dimension). For example, the shredder can reduce the aver-

age initial size of the incoming plastic Lo 0.25 inches or more
{lomgest dimension) (eg., 0.5 inches or more, 1 inch or
more, 1.5 inches or more, 2 inches or more, 3 inches or
more, 4 inches or more, 5 inches or more, & inches or more,
7 inches or more, 8 inches or more, 9 inches or more, 10
inches or more, 11 inches or more. 12 inches or more. 13
inches or more. 14 inches or more. 15 inches or more. 16
inches or more, 17 inches or more, 18 inches or more,
inches or more, 22 inches or more, 24 inches or more,
inches or more. 28 inches or more. 30 inches or more. .
inches or more, or 34 inches or more). [n some examples, the
shredder can reduce the average initial size of the incoming
plastic to 36 inches or less (longest dimension) (e.g., 34
inches or less, 32 inches or less, 30 inches or less, 28 inches
or less. 26 inches or less. 24 inches or less. 22 inches or less,
20 inches or less, 18 inches or less. 17 inches or less, 16
inches or less. 13 inches or less, 14 inches or less, 13 inches
orless, 12 inches or less, 11 inches or less, 10 inches or less,
9 inches or less, 8 inches or less, 7 inches or less, 6 inches
or less. 5 inches or less. 4 inches or less. 3 inches or less, 2
inches or less, or 1 inch or less). The average longest
dimension of the plastic processed by the shredder can range
from any of the minimum valves described above 1o any of
the maximum valves described above. For example, the
shredder can reduce the average initial size of the incoming
plastic to from (.25 inches 10 36 inches (longest dimension)
{e.g., from 0.25 10 18 inches, from 18 1o 36 inches, thom 0.25
to 6 inches, from 6 to 12 inches, trom 12 to 18 inches, from
1% 10 24 inches, from 24 10 30 inches, from 30 10 36 inches,
from (.25 10 30 inches, from (.25 10 24 inches. rom (.23 10
1% inches, [rom 0.25 (o 16 inches, [rom (.25 (0 14 inches,
trom 0.25 10 12 inches, trom 0.25 1o 10 inches, trom 0.25 1o
8 inches, from 0.25 to 4 inches, trom 0.25 10 2 inches, from
(0.25 inches 1o 1 inch, rom 1 1o 36 inches, rom 2 10 36
inches. rom 4 1o 36 inches, rom 6 o 36 inches. [rom 8 1o
36 inches, trom 10 to 36 inches, from 12 to 36 inches, from
14 to 36 inches, from 16 to 36 inches, from 18 to 36 inches,
from 1 to 30 inches, or from 2 10 18 inches).

Plastic [eedstock (hat passes through the shredder can
then be stored in a hopper andfor transporied Tor Turther
processing.

In some examples, the shredded feedstock can go through
a second size reduclion process using any suilable sive
reduction lechnigue.

Drying Component

In some examples, the systems and methods can further
include washing and/or drving the teedstock.
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For example, the systems and methods can turther com-
prise drying the leedstock. Tor cxample o remove at least a
portion ol the moisture or other liquids comprising a con-
taminant within the [eedsiock.

In some examples, the feedstock can be deposited onto a
conveyor which passes the feedstock through a drver before
depositing the leedstock in a storage bunker andfor trans-
porting the feedstock w0 a [urther system component for
further processing.

The drver can comprise any suitable equipment, such as
a rotary drver. Heated air can be directed through the drver
across the leedstock to remove moisture rom the leedstock.
The surlace arca exposed can allow the heated air [ow Lo
remove moisture or free water that may be present in the
feedstock. The moist air along with small, entrained par-
ticles [rom the dryer can be exhausted using any suilable
means. The required air can be heated by any suilable
means, such as clectrically heated. The maximum air lem-
perature will be below the softening point of any of the
plastics. Using an effective drving solution upstream of the
extruders andior reactors can reduce the problems of vent
flow atl downsiream extrusion cquipment and waler intrusion
to the reactors.

Storage Bunker

In some examples, the svstem can further include a
storage bunker. [or example (o store Teedstock belore under-
going melting. removal of conlaminants, pyrolysis. or a
combination thereof.

In some examples, the system includes a storage bunker

that receives the leedstock from the inleed conveyor, the 2

shredder (when present), the dryer (when present). the

trommel {when present), ele. or a combination thercol.
The storage bunker can, for example, have the capacity to

store encugh feedstock to provide an vninterrupted supply of

plastic to the downstream components (e.g., extruder(s)) for 2

a period ol time (e.g., up 1o two hours), lor example il any
ol the upstream equipment has o be shut down brielly lor
maintenance or repait,

Feedstock levels inside the storage bunker can be moni-
lored. for example using one or more camoeras or other
[eedback mechanisms.

Metals Detection and Removal

In some examples, feedstock loaded into the system can
undergo additional metals detection and removal. In some
examples. the plastic Teedstock can be deposited onto a
conveyor andi/or [urther processed 10 melal conlaminants.
This can, for example, include visval inspection and manual
removal, automated inspection and removal, positioning one
or more magnels Lo magnetically remove lerrous conlami-
nants {e.g.. various components such as nuls, bolls. scrows.
small picees of wire, ele. comprising lerrous melals andior
allovs), washing and/or drving, size based separation (e.g.,
screening, sifting, etc.), air jets, sink tloat, etc.

l'or example. al one or more points in any of the systems

or methods desceribed herein, there ¢can he one or more s

additional magnetic components to magnetically remove
ferrous contaminants from the feedstock, for example betfore
the shredder, atter the shredder, betore the trommel, atter the
trommel. belore the dryer. aller the dryer, belore the storage
buriker. aller the storage bunker, belore the components Tor
melting, removal of contaminants, and/or pyrolysis, or a
combination thereof. For example, the system can include
magnels posilioned belore, aller, or as part of cach of the ome
or more conveyors Lhal transport the leedstock between each
syslem location/component. The strength of the magnels can
be selected based on the location in the system and/or the
throughput of feedstock processed.
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In addition, the svstem can turther include a metal detec-
tion and rejection system o climinate lurther metal con-
laminants, such as non-lerrous melals (c.g. copper. brass,
bronve. stainless steel. aluminum and other non-ferrous
allows). Non-ferrous metals can be present in a variety of
forms, such as, for example, nuts, bolts, screws, washers,
batterics, machine parts. wols, cle. The additional metal and
detection system can be included in the system, for example,
oi the convevors teeding the storage bunkers. This addi-
tional metal and detection system can detect non-ferrous
metals and then trigger a quick-acting diverter gate that
moves this metal oll the conveyor and inlo a collection bin.
While aluminum is the primary target of this sysiem, copper,
stainless steel, and brass can also be detected and rejected.

Convevors

In the system described herein. cach ol the conveyors can
comprise any suilable (ype of conveyor. lxamples of con-
veyors Include. but are not limiled o, belt conveyors, roller
convevors, slat convevors, apron conveyors, ball transfer
coavevors, magnetic convevors, bucket convevors, chute
conveyors. chain conveyors, pneumalic conveyors. vacuum
conveyors. screw conveyors, vibraling conveyors. wheel
convevors, sandwich convevors, and combinations thereot.
In some examples, each of the convevors can comprise a
screw conveyor, a belt convevor, or a combination thereof.
In some examples. the system can include a plurality of belt
conveyors. The bell conveyors can. lTor example. be
designed with side walls. The belt convevors can include
any type of belt convevor, such as standard flat belts, cleated
belis, semi-trough belts, compound belts (e.g., hockey stick
conligurations), or a combination thercol.

The dimensions and/or speed ol any of the conveyors can
be selected in view of a variety of factors. For example, the
dimensions and/or speed of the convevor can be selected 1o
regulate the flow ol materials al a desired rate.

Melling. Removal of Contaminanis, and/or Pyrolysis

In some examples. the systems can include one or more
components for melting the teedstock, volatilizing various
contaminants in the feedstoclk, pyrolvzing the feedstock, or
4 combinalion thereofl.

While some contaminants can be physically removed by
obe or more of the processes discussed above, for certain
teedstock components, such as multilaver filins, it is difficult
to physically remove the contaminants and instead they can
be removed by heating the leedstock 1o a temperature
sullicient 1o volatilive said contaminant.

For example, the svstems and methods can comprise
prrolyzing the feedstock, wherein the pyrolysis reactor and
method includes a component or siep [or removal ol volatile
conlaminants. The pyrolysis can be accomplished using any
suilable pyrolysis reactor, such as. lor example, an auger
prrolysis reactor, a rotary kdln pyvrolysis reactor, a drom
prrolysis reactor, a ubular pyrolysis reactor, a fluidized bed
reactor. a spouled bed reactor. a mollen sall reaclor, a
fixed-bed reactor, a conlinuously stirred reactor. a leinz
Retort Pyrolysis reactor, a vortex pyrolyvsis reactor, a batch
prrolysis reactor, a semi-batch pyrolysis reactor, or a com-
bination thereof.

In some examples, the systems and methods can comprise
heating and/or melting the [eedslock belore introducing the
melted feedstock into a pyrolysis reactor, wherein the feed-
stock is heated and/or melted at a temperature sufficient 1o
volalilize a conlaminant and the systems and methods can
lurther include removing said volatilized conlaminants Any
suitable component lor heating andfor melling can be used,
such as those known in the art. In some examples, the
svstems and methods can include one or more extruders,
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wherein the feedstock is heated and/or melted within the
extruder and oplionally wherein the extruder includes one or
more venls lor removing volalile conlaminanis [rom the
heated andfor melied feedstock.

Extruders

In some examples, plastic feedstock (e.q., optionally
shredded plastic feedstock) from the slorage bunker is
conveyed separately 1o one or more extruders {(c.g.. two or
more), for example vsing a convevor. The extruders can be
any suitable tvpe of extruder. The extruders can, tor
example, be designed to heat the plastic and convert it into
semi-mollen plastic that is moved Lo the reactors. In some
examples. the systems includes two or more extruders and
the two or more extruders can be in operation simultane-
ously,

In some examples. the system includes a plurality ol
extruders and cach extruder is conligured to process a
portion ol normal throughput, lor example so as (o allow
plastic flow to and operation of the reactors 1o continne when
one of the extruders is taken out of service for repair or
mainicnance. In some examples. the system can include
three extruders, with two extruders being in operation simul-
tanecusly and the third extruder being a redundancy, for
example the third extruder can be operated while one of the
other extruders is taken out of service for repair or mainte-
nance.

lach extruder can, [or example. use an intermal pneumali-
cally operated ram to increase the density of the plastic in
order to achieve the desired throughput rate. The ram can

alse move the plastic rom the extruder inlet inte the 3

extruder’s screw mechanism.

In some examples, the extruder barrel can include one or
more openings (e.2, ohe or more vents o PorTs) at one or
more positions along the length of the extruder barrel. In

some examples. cach extruder barrel can include a plurality 3

ol venls {c.g.. two or more vents) along the length ol the
extruder barrel. "The vent(s) can allow vapors andior gases
produoced from the plastic feedstock during the heating
process 1o escape from the extruder. Moisture in the feed-
stock s converled 1o steam at the high lemperatures created
in (he extruder and this steam typically exils al the venl
Other gasecus material such as volatile inks from plastic
labels, various lipids and fats from tood contamination on
the plastic, and decomposed PVC and PET polvmers can
also exil al the venl alomg with gas made up ol entrained line
particulates. This system allows removal ol significant
amounts of chlorine and other undesirable elements that
otherwise would end vp in the reactor and potentially affect
the quality of both oil and wax products and/or corrode the
processing equipment.

In some examples. cach extruder comprises a lwo or more
vents (e.2., wherein the extruder includes at least a first vent
and a second vent). In some examples, the first vent of the
extruder comprises an ambient pressure venl. In some

examples. the second vent of the extruder comprises a 5

vacuum vent, for example where a vacuum is applied
through the vent to pull gases and/or contaminants out of the
semi-molten feedstoclk.

In some examples, a venl [eeding deviee can be used at
one or more ol the extruder vents o prevent expulsion ol
melted plastic trom that vent. The vent teeder can force any
plastic that is flowing or being expelled from the vent back
inte the barrel where it 1s then carried lorward down the
extruder. This leeder can be equipped with a vent scellon
that can allow steam and other volatiles 1o pass by the leeder.

In some examples, the barrel of the extruder can be
heated, for example by one or more externally mounted
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heaters. In some examples, the barrel of the extruder can be
heated by a plurality ol externally mounted healers. The
healers can be any suilable type of healer. such as resistive
clectric heaters andfor inductive heaters. Additional healing
can, for example, be provided by friction as the plastic is
forced through the internal geometry of the extruder barrel
by the screw. Mulliple vones along the length ol the extruder
can. in some examples. be independently heated and cooled
vsing barrel heaters and/or cooling fans to achieve a pre-set
temperature profile that varies depending on the tvpe of
material being fed into the extruder.

In some examples, the barrel of the extruder can be heated
such that the [eedstock within the extruder has a lemperature
o1 20° C. or more at the first of the one or more vents (e.g.,
25° C. or more, 50° C. or more, 75° C. or more, 100° C. or
more, 125° . or more, 1507 . or more. 173° . or more,
200° C. or more. 2257 O or more, 230° C or more. 2757 €.
ar more, 2807 €. or more. 2857 C. or more, 2907 CC. or more,
205° C. or more, 300° C. or more, 305° C. or more, 310° C,

20 ormore, 315° C. or more, 320° C. or more, 325° C. or more,

330° C.ormore, 375° C. ormore, 400° C. or more, or 425°
C. or more). In some examples, the barrel of the extruder can
be heated such that the feedstock within the extruder has a
temperature of 430° . or less at the first of the one or more
vents (e.g., 4257 C. or less, 400° C. or less, 375° C. or less,
350° . oor less. 325% CLoor less, 3200 Cloor less, 3132 Cloor
less. 3107 €. or less. 3057 CLoor less. 3007 C. or less. 295
. or less, 290° C. or less, 285° C. or less, 285° C. or less,
280° C. or less, 275° C. or less, 250° C. or less, 225° C. or
less. 2007 C.oor less. 1757 Cooor less. 150° €. or less. 1259
Coorless, 100° CLoor less. 759 C.oor less. or 5309 C. or less).
The temperature of the Teedstock within the extruder at the
first vent can range from any of the minimum wvalves
described above 10 any of the maximum values described
above. lior example. the barrel of the extruder can be heated
such that the [eedstock within the extruder has a lemperature
ol [rom 20° . 1o 4507 C. al the [irst of the one or more vents
{e.g., from 20° C. 1o 225° C,, from 223° C. 10 450° C., from
200 C.to 125° C., from 125° C. to 225° C., from 225° C. 10
3257 (. [rom 325% . o 4507 C.. from 20° C. (o 4007 ¢,
from 20° C. 10 3507 C.. from 207 C. 10 3007 C.. lrom to 2507
C., from 20° C. to 200° C ., from 20° C. to 250° C, trom 20°
C. 10 100° C_, from 20° C. 1o from 50° C. to 450° C ., from
100° C. to 450° C., trom 150° C. 10 450° C., from 200° C.
o 250° C.. [rom 2307 C. 10 2507 ¢, from 300° C. o 4507
C.. from 3507 C. 1o 450° C.. from 507 C. 10 4007 C.. [rom
100° C. 1o 375° C., from 250° C. 10 350° C, or from 275°
C. 10 323° C).

In some examples, cach extruder includes a screw with
mulliple #zones, such as a pumping scelion. a compression
seelion. a decompression scction, a mixing scellon. or a
combination thereot. In some examples, each extruder screw
includes a decompression section at or before the first vent,
for cxample o promole expulsion ol entrained air. moisture,
andi/or other gases (c.g.. volaliles) [rom the [eedslock at the
first vent.

The residence time of the feedstock within each extruder
cal be selected in view of a variety of factors. For example,
the residence time of the [eedstock within cach extruder can
be selecled in view ol the speed at which the extruder is run
{which in turn can be selected based on the thronghput rate
of the reactor(s) that the extruder is feeding), the identity of
the plastics within the leedstock, or a combination thereol.

In some examples. the residence ime ol the leedstock
within the extruder can be 30 sceonds or more (e.g., 1 minute
or more, 1.5 minutes or more, 2 mimites or more, 2.5
minutes or more, 3 minutes or more, 3.5 minutes or more, 4



Us 11,964,315 B1

71

mimtes or more, S minutes or more, 5.5 minutes or more, ©
minules or more, 6.3 minules or more, 7 minules or more.
7.5 minules or more. 8 minules or more. 8.5 minules or
more. or 9 minules or more). In some examples. the resi-
dence tilme of the feedstock within the extruder can be 10
mintes or less (e.g., 9.5 minutes or less, 9 minutes or less,
8.5 minutes or less. 8 minutes or less, 7.5 minuics or less, 7
minules or less. 6.5 minutes or less, 6 minules or less. 5.5
mimtes or less, 5 minutes or less, 4.5 minutes or less, 4
mimtes or less, 3.5 minutes or less, 3 minutes or less, 2.5
mimtes or less, 2 minutes or less, 1.5 minutes or less, or 1
minule or less). The residence time ol the [eedstock within
the extruder can range rom any ol the minimum values
described above 1o any of the maximum valves described
above, For example, the residence time of the feedstock
within (he extruder can be from 30 seconds (o0 10 minules
(c.g.. from 30 sceonds o 5 minules, [rom 3 minutes o 10
minules. from 30 seconds w0 2.5 minutes. rom 2.5 (0 5
mimtes, trom 5 to 7.5 minutes, trom 7.5 minutes to 10
mimtes, trom 30 seconds 1o & mimites, from 30 seconds to
8 minutes. [rom 30 sccomds W0 7 minules. [rom 30 seconds
10 6 minuies. [rom 30 scconds (o 4 minutes, Mrom 30 scconds
10 3 mimtes, trom 30 seconds to 2 minutes, from 1 minute
10 10 minutes, from 2 to 10 minutes, from 3 to 10 minutes,
from 4 to 10 minutes, trom 6 1o 10 minutes, trom 7 to 10
minules. [rom 8 1o 10 minutes, [rom 1 minuie to 9 minulcs.
or [rom 1.5 minules o0 5 minules).

Feedstock material subsequently enters the extruder
screw’'s pumping section where it is propelled out of the

extruder and inte the pyrolysis reactor. for example via a 3

heated transler pipe. A rupture disk can be provided lor
emergeney pressure reliel 0 prevent down-stream damage
10 piping and equipment.

Pvrolysis Reactors

The hydrocarbons that make up the [eedstock plastic 3

polymers include chains and rings o hydrocarbon molecules
linked together o form the solid malerials with some
additives to the structures to adjust properties such as
plasticity, stabilization against vltraviolet light degradation,
and extrusion slip.

01l and wax production is accomplished by heating the
coming stream of plastic (e.g., raw feedstock, melted
feedstock, semi-molten plastic from the extruders, ete.) in an
oxygen-free environment to the point where the plastic is a
[ully molien liquid and the polymers “depolymerize™. Dur-
ing the conversion process. the hydrocarbon plastic chains
and groups of rings are split apart by the heating process nto
smaller segments until they are small and light enovgh to
exil the reaclor as a vapor.

l'or example. the systems and methods can include ome or 5

more pyrolysis reaclors (e.8., lwo or more. or three or more)
for pyrolyzing the feedstock. The pyrolysis can be accom-
plished vsing any suitable pyrolysis reactor, such as, for
example. an auger pyrolysis reaclor. a rotary kiln pyrolysis

reaclor, a drum pyrolysis reactor, a lubular pyrolysis reaclor. s

a fluidized bed reactor, a spouted bed reactor, a molten salt
reactor, a fixed-bed reactor, a continuously stirred reactor, a
Heinz Retort Pyrolvsis reactor, a vortex pyrolysis reactor, a
balch pyrolysis reactor. a semi-balch pyrolysis reaclor. or a
combination thereol. In some examples. the system and
methods can include one or more batch pyrolyvsis reactors,
semi-batch pyrolvsis reactors, a continuously stirred reactor,
or a combination thereol. The reactors can have any suilable
orientation, such as horivontal or veriical. In some examples.
the reaclors are verlical reaclors.

Each reactor can receive feedstock from one or more
upsiream compobents (e.2., storage bunker, extruder, etc.).
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In some examples, the system includes one or more
reaclors (c.g. two or more. or three or more) conligured 1o
receive  the semi-molten  plastic feedstock  [rom  the
extruder(s). In some examples. the system can include a
plurality of reactors. Each reactor can, for example, process
the output of one or more extruders.

The volume of cach reacior can be seleeted, lor example,
in view ol the throughput of the system.

In some examples, the volume of each reactor can inde-
pendently be 1 cubic foot (1) or more (e.g., 2 i or more,
31t or more, 4 1% or more, 5 1 or more, 10 1 or more, 15
i* or more, 20 1 or more, 25 [t or more. 30 [ or more, 35
i* or more, 40 1 or more, 45 [ or more. 50 17 or more, 60
1t* or more, 7047 or more, 80 £t or more, 90 1t or more, 100

s 1t or more, 125 1% or more, 150 i or more, 175 £ or more,

200 11 or more. 225 [ or more, 250 11 or more. 300 [ or
more, 350 [ or more. 400 % or more. 450 ¥ or more, S00
i* or more, 600 1* or more. 700 [1? or more. 800 [ or more,

900 £t* or more, 1000 £ or more, 1100 £ or more, 1200 {3

20 or more, 1300 £% or more, or 1400 fi* or more). In some

cxamples, the volume of cach reactor can independently be
1500 113 or less (c.g. 1400 17 or less, 1300 [ or less. 1200
1t* or less, 1100 1% or less, 1000 11° or less, 900 £t or less,
800 1t or less, TO0 117 or less, 600 £ or less, 300 1 or less,

5 450 1t or less, 400 117 or less, 350 £ or less, 300 1 or less,

250 [t or less. 225 117 or less, 200 1% or less. 175 ° or less,
150 11? or less. 125 117 or less. 100 17 or less. 90 [0 or less,
80 117 or less, 70 £t or less, 60 f1° or less, 50 17 or less, 45
¥ or less, 40 £ or less, 35 117 or less, 30 £t or less, 25
orless, 20 [ orless. 15 Y orless, 10 6° or less. 5 17 or less,
4 1 arless, 3 [ or less. or 2 [0 orless). The volume ol cach
reaclor can independently range from any ol the minimum
values described above 10 any of the maximum wvaluves
described above, For example, the volume of each reactor
can independently be from 1 A% o 1500 [P {c.e., rom 1 1o
730 [, from 750 o 1300 [, from | to 300 17, [rom 500 1o
1000 %, from 1000 0 1500 %, from 1 to 1400 1, from 1
to 1300 f1°, from 1 to 1200 £°, from 1 to 1100 ft*, trom 1
to 1000 1, from 1 to 900 f£, from 1 to 800 ft*, from 1 1o
T00 1C, from 1 to 600 M. from 1 1o 400 0 rom 1 to 300
i, [rom 1 10 200 [, from 1 10 100 17, [rom 1 (e 50 13, [rom
11025 £, from 1 to 10 11*, from 10 to 1500 #t*, from 25 10
1500 fi*, from 50 1o 1500 ft, from 10010 1500 £t°, from 200
to 1500 1, from 300 to 1500 1%, from 400 to 1500 1, from
500 o 1500 M3, rom 600 1 1500 [, fom 700 10 1500 [,
from 800 to 1500 13, [rom 900 10 1500 1%, from 1200 w0
1500 f*, trom 1300 10 1500 1%, from 10 to 1400 11°, from
100 1o 1000 £, or trom 500 to 750 £17),

In some examples, the volume of cach reactor can inde-
pendenily be 100 gallons or more (e.g., 250 gallons or more,
500 gallons or more. 730 gallons or more. 1000 galloms or
more, 1500 gallons or more, 2000 gallons or more, 2500
gallons or more, 3000 gallons or more, 3300 gallons or
more, 4000 gallons or more. 4500 gallons or more, 3000
gallons or more, 5500 gallons or more. 6000 galloms or
more, 6300 gallons or more, 7000 gallons or more, 7500
gallons or more, 8000 gallons or more, 8300 gallons or
more, or 9000 gallons or more). In some examples, the
volume ol cach reactor can independently be 10,000 gallons
or less (e.g.. 9300 gallons or less, 9000 galloms or less, 8500
gallons or less, 8000 gallons or less, 7500 gallons or less,
7000 gallons or less, 6300 gallons or less, 6000 gallons or
less. 5500 gallons or less. 5000 gallons or less. 4300 gallons
or less. 4000 gallons or less, 3500 gallons or less, 3000
gallons or less. 2500 gallons or less, 2000 gallons or less,
1500 gallons or less, 1000 gallons or less, 750 gallons or
less, 300 gallons or less, or 250 gallons or less). The volume
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of each reactor can independently range from any of the
minimum values described above to any ol (he maximum
values deseribed above. lior example, the volume of cach
reactor can independently be [rom 100 gallons to 10,000
gallons (e, trom 10010 1000 gallons; from 1000 to 10,000
gallons; from 100 1o 500 gallons; from 500 to 1000 gallons;
[rom 1000 to 5000 gallonsg; rom 5000 o 10,000 galloms:
[rom 100 o 9000 gallons: from 100 10 8000 gallons; [rom
100 10 8000 gallons; trom 100 10 7000 gallons; from 100 to
6000 gallons; from 100 to 5000 gallons; from 100 10 4000
gallons; from 100 to 3000 gallons; from 10010 2000 gallons;
[rom 500 1 10,000 gallons; [rom 1000 0 10.000 galloms:
[rom 2000 10 10,000 gallons; from 3000 (0 10.000 gallons:
from 4000 to gallons; from 6000 to 10,000 gallons; from
7000 10 10,000 gallons; from B000 to 10,000 gallons; from
500 0 9000 gallons: or from 1000 0 7500 gallons).

lach reactor is cquipped with heaters. [or example inter-
nal and/or exlermnal heaters. The heaters can be any suilable
tvpe of heaters, such as electric, microwave, and/or gas
heaters. The heaters provide the heat needed to raise tem-
peratures inside the reactor 1o a poinl where the depolymer-
ization process lakes place. In some examples. a plurality ol
heaters can be arraved on the reactor’s exterior and/or within
its interior.

In some examples, the heaters are gas heaters (e.g., gas
powered healers), which can be led [rom commercial gas
[uel and/or reeyeled hydrocarbon gases recovered [rom the
reactor products (e.g., propane, butane, and/or pentane). In
some examples, the heaters are electric heaters (e.g., elec-

trically powcered healers. resistive healers. inductive healers. 3

eley. In some cxamples. the clectric heaters can be powered
by a generator. which in tum can be gas powered and which
can be fed from commercial gas fuel and/or recveled hydro-
carbon gases recovered from the reactor products (e.g.,
propanc. butane, and/or pentane).

In some cxamples. the reactors are equipped with a
plurality of internal clectric heaters, ¢.g. a plurality ol
electric heaters disposed within the reactor (e.g., 2 or more,
3 or more, 4 or more, 5 or more, & or more 7 or more, 8 or
more. 9 or more, 10 or more, 11 or more, 12 or more, 13 or
more. 14 or more, or 15 or more). The clectric heaters can.
for example, be orented in any suitable direction (e.g.,
horzontally, vertically, angled) within each reactor inside
dry wells. The electric heater temperature can be controlled
1o provide a preseribed temperature and energy density Lo
the dry well walls which in tum provide a controlled heat
flux into the plastics bath to drive the reactions and mini-
mizing char tormation. The number of internal heaters can,
lor example, be selecled based on the sive of the reaclor

and/or the sive ol the heaters. Supplemental electric heaters =

om the ouler surface of the reactlors can also be provided that
operate at the same temperatures and energy density as the
internal heaters, as necessary.

The energy density applied by cach ol the internal andéor

exlernal heaters can, lor example. independently be 5 walls =

per square inch (Wiin®) or more (e.g., 6 Win® or more, 7
W/in© or more, 8 WA or more, 9 Win? or more, 10 Wiin®
or more, 11 Win? or more, 12 Win? or more, 13 Wiin® or
more. 14 Win? or more. 15 Wiin® or more, 16 W/in®
more. 17 Win® or more. 18 Wiin® or more, 19 W/in® or
more, 20 W/n® or more, 21 W/in® or more, 22 Wiin®
more, 23 WAn? or more, 24 W/n© or more, 25 Wiin®
more. 26 Win® or more. 27 Wiin® or more, 28 W/in®
more. 29 W/in more. 30 Win® or more, 31 W/in?
more. 32 W/in more. 33 Win® or more, 34 W/in?
more, 35 W/n® or more, 36 W/in® or more, 37 Wiin®
more, 38 WAn? or more, 39 W/n© or more, 40 Wiin®
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more, 41 Win® or more, 42 WAn® or more, or 43 Win? or
more). In some examples, the energy densily applied by cach
ol the internal andfor external heaters can independently be
45 Wiin® or less (e.g., 44 W/n® or less. 43 W/in® or less. 42
Wiin® or less, 41 Win® or less, 40 W/in® or less, 39 Win?
or less, 38 Wiin? or less, 37 Wiin® or less, 36 Wiin® or less,
335 Wiin? or less, 34 W/in® or less. 33 W/in? or less, 32 Wiin®
or less, 31 W/in? or less, 30 W/in? or less, 29 W/in® or less,
28 Wiin® or less, 27 Wiin® or less, 26 Wiin® or less, 25 Wiin?
or less, 24 Wiin? or less, 23 Wiin® or less, 22 Wiin® or less,
21 WAn? or less, 20 Wn~ or less, 19 Win® or less, 18 Win®
or less, 17 W/in? or less, 16 W/in® or less, 15 W/in® or less,
14 Wiin® or less. 13 W/in® or less, 12 Wiin® or less. 11 Wiin?®
or less, 10 Win® or less, 9 W/in® or less, 8 W/in® or less, or
7 Whn® or less). The energy density applied by each of the
internal andfor exlernal heaters can independently range
from any ol the minimum values deseribed above 1o any of
the maximum values deseribed above. or example, the
eneray density applied by each of the internal and/or exter-

20 nal heaters can independently be from 5 to 45 Win? (e.g.,

from 510 23 Wiin®. from 25 o 45 W/in®, from 3 o 15 Wiin®,
from 15 10 25 Wiin® [rom 25 10 35 W/in?, from 35 (0 45
Wiin®, from 5 to 40 W/in®, from 5 to 35 W/n®, from 5 to 30
Wiin?, from 5 to 20 Wiin?, from 10 to 45 W/in2, from 15 10

5 45 Win?, from 20 to 45 Wiin?, from 30 to 45 W/in®, from

10 10 40 Win®. [rom 15 o 35 Wiin?, from 12 10 30 W/in®,
or from 16 10 24 W/in®).

The depolymerization process can produce light hvdro-
carbon gases (e.g., propane, butane, and/or pentane) which
can be separated from the oil and wax product streams and
used as an cnergy source. [uel. or chemical leedstock.

| .ocalized overheating and/or high (emperatures can resull
in solid char (coke) formation. Char buildup can require
petiodic clean out of a reactor for char removal from heating
surfaces. Loose char can also be lormed by any wood,
cardboard. or paper materials thal enter the syslem as part of
the plastic leedstock. Reaclor lemperalure moniloring, aceu-
rate and precise individval heater control, and good heat
transfer from the heaters into the liquid plastic can, for
cxample, be selected 1o control and limit the amount and/or
rale ol char [ormation.

The feedstock can, tor example, be heated to a tempera-
ture of 200° C. or more within the reactor (e.g., 225° C. or
more, 250° C. or more, 275° C. or more, 300° C. or more,
325° . or more. 3507 C.ormore, 3757 C, or more., 4007 (.
armore, 4257 € or more. 4307 C. or more, 47357 . or more,
500° C. or more, 5530° C, or more, 600° C. or more, 650° C.
or more, 700° C. or more, or 750° C. or more). [n some
cxamples, the leedstock can be healed 1o a lemperature of
8007 C. or less within the reaclor {e.g., 7307 C. or less. 7007
C.oor less, 650° C. or less, 600° CLor less, 550° C. or less,
500° C. or less, 475° C. or less, 450° C. or less, 425° C. or
less, 400° C. or less, 375° C. or less, 350° C. or less, 325°
Coorless, 3000 Coorless, 275° Cl orless. or 250° O or less).
The temperature (o which the feedstock is heated within the
reactor can range from any of the minimum valves described
above 10 any of the maximum valves described above, For
example, the feedstock can be heated to a temperature of
from 2007 C. o 8007 . within the reaclor (e.g., [rom 2007
C. 10 5007 C.. Trom 5007 C. (o 8007 C.. from 2007 C. 1o 3007
C., from 300° C. to 400° C, from 400° C. to 500° C., from
500° C. to 600° C., from 600° C. 10 700° C., from 700° C.
o 8007 C.. [rom 2007 C. 10 7007 ., from 2007 C. o 6007
.. rom 200° C. o 400° C.. from 300° ¢ o 800° (., rom
4007 C. o 8007 C.. Trom 6007 C. 10 8007 C.. [rom 2507 C.
to 750° C., from 300° C. 10 700° C, from 350° C. to 500°
C., from 375° C. to 425° C., or from 385° C. to 415° C.).
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The liquid and/or vapor phase plastic inside a reactor can
be agitaled. lor example. (the pyrolysis reactor can comprise
an auger pyrolysis reaclor, a rolary kiln pyrolysis reaclor. a
fluidized bed reactor, a continuously stirred reaclor. or a
combination thereot, wherein the reactor agitates the liquid
and/or vapor phase plastic.

In some examples. the liguid and/or vapor phase plastic
inside a reaclor can be kept in continuous molion using an
agitator that circulates the liquid and/or vapor phase plastic
ingide the reactor. For example, the liquid plastic can be
agitated in a manner that fosters heat transfer from the
internal and/or extemal healers o the liquid. Tiguid plastic
is a4 good insulator (Le.. has a low thermal conductivily) and
the ability 1o get heat into it in a way that does not lead to
charring but still provides enough heat to promote depo-
Iymerization can be an imporlant Laclor.

For example. cach reactor can include an agitator, lor
example a mixer or stirrer comprising one or more blades.
The agitator can be configured so that it can produce liquid
flow velocities inside the reactor such that the bath acquires
the necessary heal and also avolds long residence limes at
the heated surlaces. For example, the agitator can be con-
figured such that the entire liquid bath is agitated, e.g.
substantially none of the liquid bath is static.

The agitator can, for example, be operated at a speed of
20 RPM or more (c.g., 25 RPM or more, 30 RPM or more.
35 RPM or more, 40 RPM or more. 45 RPM or more, 50
RIPPM or more, 553 RPM or more, 60 RPM or more, 65 RI'M
or more, 70 RPM or more, 75 RPM or more, RPM or more,

85 RPM or more, 90 RPM or more, 95 RPM or more. 100 3

RPM or more. 105 RPM or more, 110 RPM or more. 115
RPM or more. 120 RPM or more, 125 RPM or more, 130
RPPM or more, 135 RPM or more, 140 RPM or more, 145
RPPM or more, 150 RPM or more, 155 RPM or more, 160

RPM or more. 165 RPM or more, 170 RPM or more, 175 3¢

RPM or more. 180 RPM or more, 185 RPM or more. or 190
RPM or more). In some examples. (he agitalor can be
operated at a speed of 200 RP’M or less (e.g., 195 RPM or
less, 190 RPM or less, 185 RPM or less, 180 RIPM or less,
175 RPM or less. 170 RPM or less, 165 RPM or less, 160
RPM or less. 155 RPM or less, 150 RPM or less. 145 RPM
orless, 140 RPM or less, 135 RPM or less, 130 RPM or less,
125 RPM or less, 120 RPM or less, 115 RPM or less, 110
RIPPM or less, 105 RPM or less, 100 RPM or less, 95 RI'M
or less, 90 RPM or less. 85 RPM or less, 80 RPM or less. 75
RPM or less. 70 RPM or less, 65 RPM or less. 60 RPM or
less, 55 RPM or less, 30 RPM or less, 45 RI'M or less, 40
RPM or less, 35 RPM or less, or 30 RIM or less). The speed

al which the agilator is operated can range [rom any of the

minimum values described above 1o any ol the maximum =

values described above. lior example. the agilalor can be
operated at a speed of from 20 10 200 RPM (e.g., from 20
10 125 RI'M, from 125 10 200 RPM, from 20 to 60 RPM,
[rom 60 1o 100 RPM. from 100 RPM (o 140 RPM. from 140

10 200 RPM. from 20 (o 180 RPM, [rom 20 10 160 RPM. s

from 20 to 140 RI'M, from 20 to 120 RPM, from 20 to 100
RI’M, from 20 to 80 RI'M, from 20 1o 40 RT’M, from 40 to
200 RT’M, from 60 to 200 RPM, from 80 to 200 RPM, from
100 (o 200 RPM, [rom 120 o 200 RPM, [rom 140 10 200
RPM. [rom 160 10 200 RPM. [rom 25 (o 195 RPM, from 30
1o 190 RPM, from 3010 175 RI'M, from 75 10 150 RPM, or
from 120 1o 160 RIM).

The agilator can be conligured o produce homogencous
or inhomogencous (Muid (c.g. liguid andior vapor) llow
inside the reactor. In some examples. the agilalor is conlig-
ured to produce fluid flow velocities inside the reactor of
greater than 0 meters per second (W/s) (e.g,., /s or more, 0.1

[

1

)

21

[
i

40

45

.t

Gl

G5

70

mds or more, 0.15 m‘s or more, 0.2 W% or more, 0.25 mfs or
more, (0.3 mfs or more, .35 mfs or more. 0.4 mfs or more,
(.43 m‘s or more. (1.5 mfs or more. (0.6 mfs or more, 0.7 mis
or more. (L8 m/s or more, 0.9 m's or more, 1 mds or more,
1.25 ms or more, 1.5 m/s or more, 1.73 /s or more, 2 ms
or more, 2.25 m/s or more, 2.5 mfs or more, 2.75 m's or
more, 3 mfs ormore, 3.5 mfs or more. 4 mfs or more. 4.5 mfs
or more. 3 més or more, 5.5 mfs or more, 6 mfs or more. 6.5
mds or more, 7 /s or more, 7.5 mfs or more, 8 mfs or more,
8.5 m‘s or more, or 9 m‘s or more). [0 some examples, the
agitator is configured to produce fluid How velocities inside
the reactor of 10 mfs or less (e, 9.5 mifs or less. 9 mds or
less. 8.5 mfs or less, 8 més or less, 7.5 mds or less. 7 mifs or
less, 6.5 m's or less, 6 m/s or less, 5.5 /s or less, 5 m's or

5 less, 4.5 mfs or less, 4 mfs or less, 3.5 /s or less, 3 m's or

less. 2.75 mis or less, 2.5 mfs or less. 2.25 mfs or less, 2 mis
or less. 1.75 més or less. 1.5 mis or less, 1.25 mis or less, 1
m/s or less, 0.9 mis or less, 0.8 mifs or less, 0.7 més or less,
0.6 m's or less, 0.5 mss or less, 0.43 mfs or less, 0.4 m's or
less, 0.35 s or less, 0.3 m/s or less, 0.25 /s or less, 0.2
mfs or less, 0013 mds or less, or 0.1 mfs or less), The Muid
Mlow velocity inside the reactor produced by the agitator can
range from any of the minimum valves described above 1o
any of the maximum values described above. For example,

3 the agitator can be configured to produce fluid flow veloci-

lies inside the reactor ol [rom greater than O mfs o 10 m/s
{c.g.. from greater than 0 o 3 mfs. rom 5 10 10 mfs. [rom
areater than 0 to 2.3 w/s, from 2.5 10 5 m%, trom St 7.5
m's, trom 7.5 to 10 ms, trom greater than O 10 2 /s, from
2 104 mfs, from 4 lo 6 mfs. [rom 6 10 8 mds, rom 8 10 10
m/s. [rom greater than O to 9 mds, rom grealer than O o 8
m/s. [rom greater than O to 7 ms, rom grealer than O o 6
ms, from greater than 0 to 4.5 n/s, trom greater than 0 1o
4 /s, trom greater than O 10 3.5 0/s, trom greater than 0 1o
3 mfs, from greater than O 10 2.5 mds, from greater than 0 1o
1.5 mfs. [rom 0.05 10 10 més, rom (.1 (o 10 mis. [rom (.5
o 10 m/s. [rom 1 o 10 m/s. rom 1.5 10 10 mfs, rom 2 10
10 m's, from 3 to 10 /s, trom 4 to 10 m's, from 6 1o 10 /s,
trom 7 1o 10 nv/s, from 9 to 10 m's, trom 0.05 10 3.5 n/s,
from 0.1 1o 9 mfs, or [rom (.25 (0 3 mis).

liguid level inside the reaclors can be monilored using
any suitable means, for example vsing one or more (2.2, a
series of) thermocouples arranged along the internal reactor
wall or through non-contact means, such as radar or ultra-
sonic sensors. For example, a plurality ol thermocouples can
be arranged vertically along the inlernal reactor wall. The
liquid bath is typically hotter than the vapor in the headspace
above it. As the liquid bath level inside a reactor changes, the
change can be seen by changing (emperatures. Ueedsilock
inpul and product output can be monitored andior adjusted
basced on the observed variations in the liquid bath level.

The liquid volume in each reactor can, for example,
comprise 40% or more of the volume of the reactor (e.g.,
41% or more, 42% or more, 43% or more, 44% or more,
43% or more, 46% or more, 47% or more, 48% or more,
49% or more, 30% or more, 51% or more, 52% or more,
53% or more, 54% or more, 35% or more, 30% or more,
57% or more, 58% or more, 39% or more, 60% or more,
61% or more, 62% or more, 63% or more, 64% or more,
63% or more, 66% or more, 67% or more, 68% or more,
69%% or more, 70% or more, 71% or more, 72% or more,
73% or more, 74% or more, 75% or more, 70% or more,
TT% or more, or 78% or more). In some examples. the liquid
volume in the reactor can comprise 80% or less ol the
volume ol the reactor (e.g., 79% or less. 78% or less. 77%
or less, 70% or less, 75% or less, 74% or less, 73% or less,
72% or less, 71% or less, 70% or less, 69% or less, 68% or
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less, 67% or less, 66% or less, 65% or less, 64% or less, 63%
or less, 62% or less, 61% or less, 60% or less. 59%: or less.
58% or less. 57% or less, 56% or less. 55% or less, 54% or
less, 53% or less. 52% or less, 31% or less, 50% or less, 490
or less, 48% or less, 47% or less, 40% or less, 45% or less,
44% or less, 43% or less, or 42% or less). The liquid volume
in the reactor can range from any of the minimum values
deseribed above 10 any ol the maximum values described
dbove. For example, the liquid volume in the reactor can
comprise [rom 40% 1o 80% ol the volume ol the reactor
(e.g., from 40% 1o 60%, from 60% 1o 80%, from 40% to
50%, from 50% to 60%, from 60% to 70%, from 70% to
80%, from 40% to 73%, from 40% to 70%, from 40% to
65%. [rom 40% o 55%. [rom 40% o 45%. rom 45% Lo
80%. [rom 50% o BO%. [rom 55% (o B0%. [rom 65% Lo
80%. [rom 73% lo 680, rom 45% o 75%, or rom 50%,
10 70%).

In some examples, the headspace volume in each reactor
comprises 20% or more of the volume of the reactor (e.g,.,
21% or more. 22% or more. 23% or more. 24% or more.
25% or more. 26% or more. 27% or 28% or more.
29% or more, 30% or more, 31% or 32% or more,
33% or more, 34% or more, 35% or 36% or more,
37% or more, 38% or more, 39% 40% or more,
41% or more. 42% or more. 43% 44%, or more.
45% or more. 46% or more. 47% 48% or more.
49% or more, 50% or more, 51% 52% or more,
53% or more, 54% or more, 55% or more, 56% or more,
57% or more, or 38% or more). In some examples, the
headspace volume in cach reactor comprises 60% or less ol
the volume of the reaclor {c.g.. 59% or less, SB% or less.
57% or less, 56% or less, 55% or less, 34% or less, 53% or
less, 52% or less, 51% or less, 50% or less, 49% or less, 48%
or less, 47% or less, 6% or less, 45% or less. 44%: or less.
43% or less. 42% or less, 1% or less. 40% or less, 39% or
less, 38%: or less. 37% or less, 36% or less. 35% or less, 34%,
or less, 33% or less, 32% or less, 31% or less, 30% or less,
29% or less, 28% or less, 27% or less, 26% or less, 25% or
less, 24% or less, 23% or less. or 22% or less). The
headspace volume in the reactor can range [rom any of the
minimum valves described above 10 any of the maximum
values described above, For example, the headspace volume
in the reactor can comprise from 20% 1o 60% of the reactor
volume (e.g. [rom 20% o 40%. rom 40% 10 60%, Tom
20% 1o 300, Trom 30% o 40%, [rom 40% (o 50%, [rom
50% to 60%, trom 20% to 55%, from 20% to 50%, from
20% to 45%, trom 20% to 35%, from 20% to 25%, from
25% to 60, Trom 30% o 60%, [rom 353% (o 60%, [rom
45% 1o 60%. [rom 33% 10 60%, rom 25% 1o 55%. or [rom
30% (o 50%).

Hydrocarbon vapor generated inside each reactor exits the
reactor through a piping or dueting manitold connected to a
product recovery system which is deseribed below. In some
examples. the reactor vapor pressure is monilored. The type
and quality of produet output can be controlled to some
degree by altering the pressure inside the reactor. Each
reactor is connected to g manitold, and vapor low trom each
reactor is controlled by a valve designed o operale al the
high vapor exil temperalure or a down-stream blowoer/
vacuum system, allowing the individual reactors to be
maintained as needed between a slight positive pressure and
a slight vacuum pressure. depending on reaclor performance
and the types ol hydrocarbon products condensing in the
downstream product recovery which operates under a slight
vacuum as described below. The piping manifold system
also allows inert gases to be introduced when necessary to

mare.
more,
more,
more,
mare.
mare.
more,

[
[y

40

45

La

Gl

G5

78

purge the reactor interior, or displace the liquid bath or vapor
headspace in cach reactor (o another reactor without the use
ol pumps.

The pressure inside cach reactor can, lor example. be
—7.25 psig or more (e.g., -7 psig or More, —0.5 psig or more,
-G psig or more, —5.5 psig or more, —3 psig or more, —4.5
psig or more, =4 psig or more, =3.5 psig or more. =3 psig or
more, =2.5 psig or more, =2 psig or more, =1.5 psig or more,
-1 psig or more, —0.5 psig or more, 0 psig or more, 0.5 psig
or more, 1 psig or more, 1.3 psig or more, 2 psig of more,
2.5 psig or more, 3 psig or more, 3.5 psig or more, 4 psig or
more, 4.5 psig or more, 5 psig or more, 5.5 psig or more, 6
psig or more. 6.5 psig or more. 7 psig or more, 7.5 psig or
more, 8 psig or more, 8.5 psig or more, Y psig or more, 9.5
psig or more, 10 psig or more, 10.5 psig or more, 11 psig or
more, 11.5 psig or more. 12 psig or more. 12.5 psig or more,
13 psig or more, 13.5 psig or more. or 14 psig or more). In
some examples. the pressure inside the reactor can be 14.5
psig or less (e.g., 14 psig or less, 13.5 psig or less, 13 psig
or less, 12,5 psig or less, 12 psig or less, 11.5 psig or less,
11 psig or less. 10.5 psig or less, 10 psig or less. 9.5 psig or
less. 9 psig or less. 8.5 psig or less. 8 psig or less. 7.5 psig
or less, 7 psig or less, 6.5 psig or less, & psig or less, 3.5 psig
or less, 5 psig or less, 4.5 psig or less, 4 psig or less, 3.5 psig
or less, 3 psig or less, 2.5 psig or less, 2 psig or less, 1.5 psig
or less. 1 psig or less, 0.5 psig or less. O psig or less, =0.3
psig or less. =1 psig or less. =1.5 psig or less, =2 psig or less,
-2.5 psig or less, -3 psig or less, -3.5 psig or less, —4 psig
or less, -4.5 psig or less, -5 psig or less, —5.3 psig or less,
=6 psig or less, =6.5 psig or less, or =7 psig or less). "The
pressure within the reactor can range [rom any ol the
minimum values deseribed above o any of the maximum
values described above, For example, the pressure inside the
reactor can be from -7.23 to 14.5 psig (e.g., from -7.25 10
3.5 psig, rom 3.5 o 14.5 psig. rom =7.25 o 0 psig. [rom
010 7.25 psig, [rom 7.23 to 14.3 psig, [rom =7.25 10 10 psig,
from =7.25 to 5 psig, rom =3 (o 14.5 psig, rom 5 10 14.5
psig, from -3 to 10 psig, from -5 to 3 psig, or trom -2.3 10
2.5 psig).

The residence time ol the [eedstock within the reactor
{c.g.. the lime that it takes o pyrolyzc) can vary based on a
variety of factors. For example, the residence time of the
teedstock within the reactor can vary based on the type of
reactoy, the composition of the feedstock, the temperature
within the reactor. the pressure within the reaclor, the
agilation rale, the amount ol char, or a combination thereol.

For example, the residence tine of a given polvmer
comprising the feedstock within the reactor can be 1 second
or more (c.g.. 2 seconds or more, 3 seconds or more, 4
seconds or more. seconds or more. 10 seconds or more. 15
sceonds or more. 20 sceomds or more, 23 seconds or more,
30 seconds or more, 35 seconds or more, 40 seconds or
more, 45 seconds or more, 30 seconds or more, 55 seconds
or more. 1 minule or more, 2 minules or more, 3 minules or
more, 4 minules or more. 5 minuies or more. 10 minutes or
more, 15 minutes or more, 20 minutes or more, 25 minutes
or more, 30 minutes or more, 35 minutes or more, 40
minutes or more, 45 minutes or more, 50 minutes or more,
33 minutes or more. 1 hour or more, 1.5 hours or more, 2
hours or more. 2.5 hours or more, 3 hours or more. 3.5 hours
or more, 4 hours or more, 4.5 hours or more, 5 hours or
more, 5.5 hours or more, 6 hours or more, 7 hours or more,
8 hours or more, 9 hours or maore. 10 hours or more, 12 hours
or more, 14 hours or more. 16 hours or more, 18 hours or
more, 20 hours or more, or 22 hours or more). In some
examples, the residence time of'a given polyiner comprising
the feedstock within the reactor can be 24 hours or less (e.g.,
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22 hours or more, 20 hours or more, 18 hours or more, 16
hours or more, 14 hours or more, 12 hours or more. 10 hours
or more, 9 hours or more. 8§ hours or more, 7 hours or more.
6 hours or more. 5.5 hours or more, 5 hours or more, 4.5
hours or more, 4 hours or more, 3.5 hours or more, 3 hours
or more, 2.5 hours or more, 2 hours or more, 1.5 hours or
more. 1 hour or less, 55 minules or less. 500 minutes or less.
45 minules or less. 40 minutes or less, 35 minules or less. 30
mimtes or less, 25 minutes or less, 20 minutes or less, 15
mimtes or less, 10 minutes or less, 5 minutes or less, 4
mimtes or less, 3 minutes or less, 2 mintes or less, 1 minute
or less. 55 seconds or less, 50 sceconds or less. 45 seconds or
less, 40 sceomds or less, 35 scconds or less, 30 seconds or
less, 25 seconds or less, 20 seconds or less, 15 seconds or
less, 10 seconds or less, or 5 seconds or less). The residence
time ol a given polymer comprising the leedstock within the
reaclor can range from any ol the minimum values deseribed
dbove o any of the maximum values deseribed above. Por
example, the residence time of a given polymer comprising
the feedstock within the reactor can be from 1 second to 24
hours {c.g., rom | second 1o 12 hours. from 12 hours (o0 24
hours. rom 1 sceomd (o 1 minule, from 1 minuie to 1 hour.
from 1 hour to 24 hours, trom 1 second to 1 hour, from 1
hour to 6 hours, from & hours to 12 hours, from 12 hours to
18 hours, to 24 hours, tfrom 1 minute to 20 hours, trom 1
sceomd o 18 hours. [rom 1 second w0 16 hours. rom 1
sceomd o 14 hours. [rom 1 second w0 10 hours. rom 1
second to 8 hours, trom 1 second to 4 hours, from 1 second
10 2 hours, from 1 second to 30 minutes, from 1 second to
15 minutes. from 1 sccond o 10 minutes. from 1 sceond o
5 minuies. from 1 minuie to 24 hours, [fom 3 minutes 1o 24
hours. [rom 10 minuics to 24 hours, [rom 15 minuies o 24
hours, from 30 minutes 1o 24 howurs, from 1 hour to 24 hours,
from 2 hours to 24 hours, from 4 hours to 24 hours, from 6
hours 10 24 hours. from 8 hours 1o 24 hours. rom 10 hours
10 24 hours. [rom 12 hours (o 24 hours, rom 14 hours 10 24
hours. from 16 hours 10 24 hours. from 20 ours (o 24 hours.
from 30 seconds to 22 hours, or from 1 minute 1o 20 hours).

Inert material that enters the reactors, such as bits of metal
and grit, as well as loose char that can be created through the
heating process, can optionally be removed by any suitable
processing component or step, such as sedimentation, decan-
tation, filtration, sieving, ete.

In some examples, the reactor can further include an
addilive. such as a calalyst, a diluent. an adsorbent, cle.

Vaporived Product Recovery

Vapor leaving the reactors contains a complex hvdrocar-
bon mixture ranging from light molecules (short carbon
chains) o heavy molecules (lomg carbon chains). "The pro-
cess uses one or more stages ol cooling and condensation Lo
condense the vapor product into one or more liguid products.
In some examples, the vapor can be subjected to an addi-
tional processing step (e.g., further heated, distilled, filtered,
cley hefore andfor aller condensation.

lI'or example, vapor [rom the reactors cnlers 2 condenser 5

where hydrocarbons that have a boiling point at or above the
temperature of the condenser are condensed. The condenser
can comprise any svitable condenser. Condensed liquid from
the condenser can then be transforred, lor example. 10 a
storage tank. In some examples. condensed liguid [rom the
condenser can then be distilled, for example to separate the
produoet into one or more tractions and/or purity the product.

In some examples, the process uses a plurality ol stages
ol cooling and condensation (o selectively separale reactor
vapor product inle g wax product {c.g.. comprising long-
chain hydrocarbons that are a solid or semi-solid wax at
ambient temperatures) and an oil produet (e.g., comprising
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lighter, shorter-chain hydrocarbons that are a liquid at ambi-
cnl lemperalures). In some examples, there is alse uncon-
densed gas.

In some examples. wax condensation lakes place inside a
first condenser (e.g., a wax condenser). The first condenser
call comprise any suitable condenser. For example, vapor
from the reactors enlers the first condenser where hydrocar-
bons that have a boiling point al or above the tlemperature of
the first condenser are condensed. Condensed liquid (e.g.,
liquid wax) from the first condenser can then be transferred,
for example, 1o a storage tank (e.g., a wax storage tank).

In some cxamples, vapor phase material thal passes
through the wax condenser can low Lo a second condensing
svstem (e.2., a second condenser). The second condenser
call comprise any suitable condenser. For example, vapor
from the wax condenser cnlers the second condenser where
hydrocarbons that have a boiling poinl al or above the
lemperature of the second condenser are condensed. Con-
densed liquid (e.g., liquid oil) trom the second condenser
cal then be transferred, for example, to a storage tank (e.g.,
an oil slorage tank).

In some cxamples, vapor phase material thal passes
through the second condenser, such as vncondensed hydro-
carbons (e.g., pentanes and some heavier, longer chain
allkanes) and non-condensables (e.g., butane and lighter
hydrocarbons and any non-hydrocarbon gases). can flow 1o
a gas-liquid separator andior o a third condenser. The
2as-liquid separator, when present, can comprise any suit-
able separator.

In some cxamples, vapor phase material thal passes
through the sceond condenser can [ow Lo a third condenser.
The third condenser can comprise any suilable condenser.
For example, vapor trom the second condenser enters to the
third condenser where hydrocarbons that have a boiling
point al or above the lemperature of the third condenser are
condensed. such as Co-C; hydrocarbons. Condensed liquid
from the third condenser can then be transferred, lor
example, 10 a storage tank.

In some examples, the temperature cut-off of each of the
one or more condensers can be selected in view ol a varicly
ol lactors. In some examples. the lemperature cul-olT of the
obe or more condensers can be selected such that a portion
of the oil produet is not condensed. For example, a certain
portion of the ol product can, in some examples, comprise
a high concentration ol contaminants. and the condensers
can be conligured to selectively allow this portion of the oil
product to pass through each of the one or more condensers
without condensing,

In some examples, the systems and/or methods deseribed
herein can produce the pyrolysis products (e.g., wax and/or
oily at a yield of 50%: or more (c.g.. 51% or more, 52%, or
more, 33% or more, 54% or more, 55% or more, 56% or
more, 37% or more, 38% or more, 53% or more, 60%
more, 61% or more, 62% or more, 63% or more, 64%,
more, 63% or more, 66% or more, 67% or more, G8%,
more, 69% or more, 70% or more, 71% or more, 72%
more, 73% or more, 74% or more, 75% or more, 76%
more, 77% or more, 78% or more, 73% or more, 80%
more, $1T% or more, 82% or more, 83% or more, 84%,
more, 83% or more, 86% or more, 87% or more, 88%,
more, 8%% or more, 90% or more, 91% or more, 92%
more, 93% or more, 94% or more, 95% or more, 96% or
more, 97% or more. 98% or more, or 99%, or more). In some
cxamples, the systems and/or methods deseribed herein can
produce the pyrolysis products {e.g., wax andfor oil) al a
vield of 100% or less (e.n., 99% or less, 8% or less, 97%
or less, 96% or less, 95% or less, 94% or less, 33% or less,
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92% or less, 91% or less, 90% or less, 89% or less, 88% or
less, 7% or less, 86% or less, 85% or less. 84% or less, 83%
or less, 82% or less, 81% or less, 0% or less. 79% or less.
T8% or less. T7% or less, 76% or less. 73% or less, 74% or
less, T3% or less, 72% or less, 71% or less, 70% or less, 69%
or less, 08% or less, 67% or less, 60% or less, 65% or less,
64% or less. 63% or less, 62% or less. 61% or less, 600 or
less, 39% or less. 38% or less, 37% or less, 56% or less, 55%
or less, 34% or less, 53% or less, or 52% or less). The vield
of the svstems and/or methods described herein can range
from any of the minimum values described above to any of
the maximum values deseribed above. For example. the
syslems and/or methods deseribed herein can produce the
pyrolysis products (e.g., wax and/or oil) at a vield of from
50% to 100% (e.g., from 50% to 75%, from 75% to 100%,
[rom 50% Lo 60%. [rom 60% o 70%. [rom 70% o B0%.
[ram 80% 1o 90%, rom 90% 1o 100%, rom 30% 0 95%.
[rom 50% Lo 90%. [rom 50% o 85%. [rom 50% o 80%.
from 50% to 70%, from 50% to 65%, from 30% to 55%,
from 55% to 100%, from 60% to 100%, from 65% to 100%,
[ram 700 o 100%, [rom 80%: 1o 10O, [rom $5% 1o 100%.
[rom 90% (o 100%.. from 33*%) 10 95%. or [rom 80% Lo 95%)).

Post-Treatment

In some examples, the methods and systems herein pro-
duce a raw pyrolysis product with a reduced level of
contaminants, lor example such that no lurther post-treat-
ment ol the produet 1s needed (e.g.. the methods substan-
tially exclude any hyvdrotreatment or turther refining steps
atter the pyrolysis).

In some cxamples, the methods and syslems herein can 3

[urther comprise post-treating the pyrolysis products. For
example. the wax andior oil can be lurther processed by
refining, filtering, cracking, hydrotreating, distilling, ete., or
a combination thereot. I some examples, the post-treatment

can reduce the level of one or more contaminants in the 3

pyrolysis product {c.g.. oil andior wax).

Product Storage

After hydrocarbon product has been condensed as wax
{molten) and/or oil (and optionally post-treated), it is trans-
lerred 10 storage tanks. Liguid product can be transflorred
using any sullable means (o the storage tanks.

The storage tanks can be constructed of any suitable
material. In some examples, the storage tanks can turther
nclude a feedback system. For example, liquid levels in the
Llanks can be monitored using an clectronic sensor. In some
examples. the feedback system can include a temperature
control system (e.g., to control the temperature of the liquid
within the storage tank, for example by lLeating and/or
cooling). The [eedback system can. [or example. activate the

heating andior cooling systems as needed. for example s

based on particular temperature  scl-points. In some
examples, at least a portion of the storage tank(s) can be
insulated.

lHeal Tracing

In some examples, (he system can lurther include heat s

trace components. For example, mineral insulated heat trace
cable can be used on some or all process lines conveving
either molten plastic or liquid produets. This cable can
ensure that products within the process lines remain low-
able under all conditions. Such cables can be protected
through cladded insulation. Thermocouples on each inde-
pendent section of heat trace can be installed to monitor heat
levels within these seetioms and [eedback mechanisms can
provide an alert il piping scctions may nol be receiving
proper healing. For example, some or all ol the piping
romning from the extruder into the reactors can be insulated
and/or include heat tracing. Such insulating and heat tracing
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to process lines can be particularly important during colder
ambient conditions. I is imperative that all process lines
always remain [ully open and operable, regardless of the
ambicnl lempoerature.

Svystem Availability

Svystem availability is typically expressed as a percentage
and refers 1o the amount of tine a system is operating,
divided by the total amount ol time in the period. Availabil-
ity 1% a combination of scheduled maintenance (non-oper-
aling hours) and reliability (deflined as 1 minus lorced
outages divided by operating hours). Availability is depen-
dent on several factors, including the quality of equipment,
engineering and construction emploved, the degree of baclk-
up or redundant equipment. the expertise and cffort of
personnel, the level of preventative, predictive and corree-
live mainlenance. the replenishment ol spare parts. (he
operating demand placed on a facility, and first vear versus
mature operatioln.

In some examples, the systems and methods described
herein can have an availability lactlor of 30% or more (c.g.,
553% or more, 60% or more, 63% or more, T0% or more,
T3% or more, B0% or more. 85% or more, 0% or more, or
95% or more). In some examples, the systems and methods
described herein can have an availability factor of 100% or
less (g, 95% or less, 90% or less. B5% or less, 80%, or less,
T3% or less, 70%, or less, 65% or less. or 60% or less). The
availability faclor can range from any ol the minimum
values described above 10 any of the maximum wvaluves
described above, For example, the systems and methods
described herein can have an availability factor of from 30%
o 100%: (c.g.. rom 50% o 75%, [rom 75% o 100%, [rom
50% (o 60%. [rom 60% (o 70%. [rom 70% 0 80%. [rom
80% 10 0%, rom 9% o 100%, rom 50% o 80%. [rom
50% 1o 80%, from 50% to 70%, from 60% 1o 100%, from
70% 1o 100%, from 80% to 100%, from 90% to 100%, from
95% 1o 100%, trom 55% to 93%, or from 60% to 90%).

Compositions, Articles o Manulaclure, Methods ol Use

Also disclosed herein are composilions comprising any of
the waxes disclosed herein. any of the oils disclosed herein,
any of the blends disclosed herein, or any of the products of
the methods or systems disclosed herein.

Also disclosed herein are compositions derived from any
ol the waxes disclosed herein, any ol the oils disclosed
herein, any ol the blends disclosed herein. or any of the
products of the methods or systems disclosed herein.

Also disclosed herein are methods of vsing any of the
compositions deseribed herein (e.g.. any ol the waxes dis-
closed herein, any of the oils disclosed herein, any of the
blends disclosed herein, or any of the products ol the
methods or svetems disclosed herein).

Also disclosed herein are articles of manutacture com-
prising any ol the composilions deseribed herein {e.g., any
ol the waxes disclosed herein, any ol the oils disclosed
herein, any of the blends disclosed herein, or any of the
products of the methods or systems disclosed herein).

Also disclosed herein are methods of making any of the
compositions or arlicles of manulacture. lor example,
wherein the method comprises additional processing of the
composition, such as refining, filtering, cracking, hydrotreat-
ing, etc.

In some examples. the composition or arlicle comprises a
lubricaling oil. a mineral oil, a group Il base oil. a lully
relined parallin wax, or a combination thereol.

In some examples, the composition or article comprises a
binder, a processing aid, or a combination thereof.
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In some examples, the composition or article comprises
kerosene including cosmetic kerosene, while oils, high value
parallin and purified liquid luels, or 2 combination thereol.

In some examples, the composition or arlicle comprises
naphtha.

In some examples, the composition or article comprises
[uel.

In some examples, the composition or arlicle comprises
liquelied petroleum gas (1.PG), naphtha. kerosene, dicscl
and gas oil, or a combination thereof.

In some examples, the composition or article comprises
lube oil. gasoline. jet [uel, diesel luel, or a combination
thereol.

In some examples, the composition or article comprises
packaging, film, and/or fibers for carpets and clothing,
molded articles, and extruded pipes, or a combination
thereol.

In some examples, the composition or arlicle compriscs 2
medical device.

In some examples, the composition or the article com-
prises lubricant. candles, adhesives. packaging. rubber, cos-
metics, [ire logs. biluminous mixtures, superficial wear
coalings. asphall. scaling coalings. or a combination thereol.

In some examples, the composition or article comprises
agphalt, automotive fuel, aviation tuels, base oil, bitumen,
cadalene. culling Muid, diesel fuel. Tuel oil. gasoline, heating
0il, heavy el oil, hydrocarbon solvents, jet luel, kerosene.
ligroin, lubricant, mazut, microcrystalline wax, mineral oil,
motor tuel, motor oil, naphtha, naphthenic acid, paratlin
wax, petroleum benzine, petroleum ether, petrolenm jelly,
petroleum naphtha, petroleum resin. relene. or a combina-
tion thereol.

In some examples, the composition or article comprises
gasoline, jet tuel, diesel and other fuels, asphalt, heavy fuel
oil, lobricants, parathin wax, tar, asphalt, fertilizer, flooring,
perlume. insecticide. petroleum jelly. soap. vitamin, amine
acid, or a combination thereol.

In some examples, the composition or article comprises
wood-based composites such as oriented-strand  board
(O813), particlchoard. hardboard. medium density  (Tber-
hoard. gypsum board. or a combinalion thercol.

In some examples, the composition or arlicle comprises
fully refined parattin which is vsed to produce candles,
cosmetics, crayvons, food packaging, paper and carton coat-
ings, or a combination thercol.

In some examples, the composition or arlicle compriscs 2
hvdrocarbon feedstock for a petroleum refinery, a catalytic
cracking svstem, a thermal craclking system, a polymeriza-
Tion system, or a combination thereof. For example, also

disclosed herein are methods of using any ol the composi- 5

tions disclosed herein as a hydrocarbon Teedstock for a
petrolenm refinery, a catalytic cracking svstem, a thermal
cracking system, a polymerization system, or a combination
thereol.

A number ol embodiments of the invention have been
deseribed. Nevertheless, it will be understood that various
modifications may be made without departing from the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope of the [bllowing claims.

The examples below are intended 10 further illustrate
certain aspects of the svstems and methods described herein,
and are not intended 1o limit the scope of the ¢laims.

EXAMPLLS

The following examples are set forth below to illustrate
the methods and results according to the disclosed subyject
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matter, These examples are not intended to be inclusive of'all
aspocts of the subjeet matler disclosed herein. bul rather 1o
llustrate  representative methods and  results. These
examples are not intended (o exclude equivalents and varia-
tions of the present invention which are apparent to one
skilled in the art.

I:MMorts have been made W ensure aceuracy with respeet o
numbers (¢.g.. amounts, lemperalure. ele.) bul some errors
and deviations should be accounted for. Unless indicated
otherwise, parts are parts by welght, temperatore is in © C.
or is at ambient temperature, and pressure is at or near
almospheric. There are numerous variations and combina-
tions ol measurement conditions. e.g., componenl concen-
trations, temperatures, pressures and other measurement
ranges and conditions that can be used to optimize the
described process.

lixample 1

A wax derived from pyrolysis of a feedstock comprising
post-consumer andior post-industrial plastics was produced
and analyred. Al ambient lemperature and pressure, the wax
was a solid with an amber to beige color

The following techniques were applied 1o the wax: UV-
¥is, FTIR, carbon number distribution by GC, hydrocarbon
types by clay-gel absorption chromatography. *1I-NMR, and
BUNMR.

A summary of the substance identity profile is provided in
Table 1.

TABRLL

Sumrey ol wix prodog.

Hydrocarhon 1ype Concentraion (% wiw)

Sarurated content arL
Unsatnratsd content, 1.0
Avromatic content L.l

Asphalicne conten <0l

IIydracarbon munber Concentration (%% wiw)

Y a9
10 Y]
L 075
Clz Ry
LK) 1.27
14 L.78
C15 L.54
6 239
C17 3T
C1% KRR
(L 415
cz0 .06
C20-024 2280
(2240128 2210
C28-032 1451
32036 175
C36-0240 363
C40-C44 L49
Cad-Clan .39
C46+ R

UV-¥is spectrophotomelry was perlormed using a Shi-
madsu UV 1800 spectropholomeler using a single cell (10
m) over g wavelength range of from 200 to 800 nm. The
sample was dispersed in hexane (dilution factor 100 and
100x). The UV-Vis results (11G 6 and 11 7) show that the
sample had maximum absorplions at wavelengths ol 380
nm. 325 nm. 255 nm. and 200 nm.

FTIR-ATR spectroscopy was performed vsing a Perkin
Elmer Instruments Spectrum Three FT-IR Spectrometer,
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equipped with an ATR  Golden Gate  bridge
{crystal=diamond) over a spectral range o 4000 (o 630 cm™
with baseline correction. The I'UIR spectrum is shown in
IFICr. 7. The I'TIR main peaks are summarized in Table 2.

TABLE 2

IITR main peaks o weax prodoc.

Main FIIR-AI'R
1

TPeals tem ' Luterpretation

24955 Anti-symunetic stretching of methyl
2914 Anti-gymmeltic stretching of mehylens
2871 Syviumetric stretehing of methyl
2HIY Symmutric stretehing ol methylence

14721463 Anti-gymimaltic bending vibrdions

of methyl and methylens
1378 Lmbrella bending vibrations ol methy|
965 -0 skeleron vibradions, methy! bending
F2:719 Methylene bending roclang vibrations {crystallinity)

Carbon number distribution In the wax product was
assessed by simulated distillation (GC) using ASTM
D3442M and ASTM D2887. The GC chromatogram of the
wax product is shown in V1G9, The resulls are summarized
in "lable 3-Table 5.

TABLE 3

Carhon munber distribution parameters.

TEST RESTLT TNITS
[nitial Boiling Poinl 1442 v
Final Dailing Toint ¢ $9.5%) 3710 "G

% OFF BOILING POINT TNITS
0.5 144.2 AL
300 2513 "G
0.0 2RT0 AL
15.0 3075 AL
200 3252 "G
25.0 3400 AL
300 3522 AL
330 3631 "G
40.0 37301 AL
45,00 3833 "G
LR L3l "G
350 401.9 AL
an. 410.4 "G
65.0 4193 AL
F0.0 4287 AL
I3 4388 "G
B0 45015 AL
g3.00 4626 "G
Qg 4790 "G
95.0 032 AL
G55 5710 "G

TARLIL 4

ASUM DE6 cortelalion rosullz.

% OFF BOILING POINT UNKITS

[BP 2399 R O%

a0 2919 ~C
10.0 31005 ~C
20110 3347 R O%
30.0 3559 ~C
40100 R O%
0.0 3835 R O%
600 — ~C
Foa 4143 R O%

1
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TABLE 4-continued

ASTM DHG comrelation resilis.

4 OULY BOLING POINT TONITS
B0 4281 .
PO 451.3 .
Q5.0 4713 Ll
FBT 484.3 .

% vl at 3507 C
TABLE 5
Cul poinls.

CARBON NUMBER 1 4 Ol
o 151 058907
C1 174 09886
1l 0] 17416
clz 216 261410
(4 235 JRRLS
Ol 234 S.8678
Cl5 271 76124
e K7 L0047
[0 02 L3.0783
Cl8 316 16,8530
(R 330 210007
20 344 26,0614
24 391 488578
{28 431 AR
3z 466 25,8719
{236 498 Q36182
{40 522 072452
44 545 OB, 7369
46 556 Qo 1241

Hydrocarbon tvpes in the wax sample were further
assessed vsing clav-gel absorption chromatography accord-
ing lo AS'TM 122007, The resulls are summarized in Table 6.

TARBLL 6

ASTM 132007 rosulls.

ITydracarhan Result Units
Halumdle contenl, ®al W U
Aromatic content 128 Wt %
Tolar content Ll Wt %
Asphaienes =01 W1, %

The wax sample was further subjected 10 "H-NMR spec-
troscopy. ‘The Y11 spectra were oblained in CDCL, solvent
{Cross Scientific 17, 99.8%) al ambicnt laboratory lempera-
lure and aulo relerenced against the solvent peak using the
JEOL ECS 400 NMR spectrometer.

The *H-NMR spectra are shown in FIG. 11 and FIG. 12.
The annotations in IIG. 12 18 a guide highlighting cerlain
peaks ol interest. The 'TI-NMR spectra generated [or the
wax sample are dominated by resonances that are consistent
with saturated, vnsaturated and aromatic hydrocarbons.

The normalized NMR integration values indicate there is
27.9% aliphalic protons (region (.5-3.2 ppm), 1.0% unsatu-
raled protoms (region 4.5-6.0 ppm) and 1.1% aromatic
protons (region 6.3-8.5 ppm). This refers to the percentage
of proton atoms in the aliphatic saturated, nnsaturated and
aromatic rings only relative 1o the total proton content. There
were no signals observable outside the range shown in the
"TI-NMR speetra.

The wax sample was further subjected to "*C-NMR
spectroscopy. The *C-NMR spectra were obtained in
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CDCI, solvent (Goss Scientific D, 99.8%) at ammbient labo-
ralory lemperalure and auto referenced against the solvent
peak.
The PC-NMR spectra are shown in FIG. 13 and PIG. 14,
The annotations in FIG. 14 is a guide highlighting certain
peaks of interest. The “*C-NMR spectra generated for the
wax sample are dominated by resonances that are consistent
with salurated. unsaturaled and aromalic hydrocarbons.
There were no signals observable outside the range shown in
the "*C-NMR spectra.

Example 2

An oil derived [rom pyrolysis ol a feedstock comprising
post-constmer andor post-industrial plastics was produced
and analyzed. At ambient temperature and pressure, the oil
was a dark brown, clear liquid.

The lollowing lechnigques were applicd (o the wax: Uv-
Vis, IFTIR, GC-UID. GC-MS, kinematic viscosily. (lash
point, distillation characteristics, '"H-NMR, and "*C-NMR.

A summary of the substance identity profile is provided in
Table 7.

TARBRLILT

Sununary of ail product.

Hydrocarhon 1ypes Concenmadion (% wia)

Aliphatic contem. 9.8
Unsahrated content 38
Arpmatic coutent 1.4

ITydracarben munber Cancentration % ww]

(2 (.03
ca 061
4 L.&d4
5 6.62
Ci PAE]
o7 547
ca R.GE
cw 14.1
(D] .34
c11 a4
iz 5.30
LK) 5.14
Cl14 6,19
15 432
Cla 351
C17 304
1R 282
19 221
{220 L.&3
21 1.22
22 R
23 [.ad
24 R
25 00
26 .58
cz 0.4z
2R .24
L] 013

1V-Vis spectrophotometry was performed using a Shi-
madzu UVT800 spectropholomeler using a single cell (10
mm} over a wavelength range of from 200 © 800 om. The
sample was dispersed in hexane (dilution factor 100 and
100:). The TV-Vig results (FIG. 15 and FI1G. 16) show that
the sample had maximum absorplions al wavelengihs o 333
nm, 245 nm, and 200 nm.

FTIR-ATR spectroscopy was performed using a Perkin
Elmer Instruments Spectrum Three FT-IR Spectrometer,
equipped with an ATR  Golden Gate  bridge
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(ervstal diamond) over a spectral range of 4000 to 600 cm™!
with bascline correction. The TR spectrum is shown in
I 17 The FTIR main peaks are summarized in lable 8.

TABLE 8

LTIR mmain peaks ol oil prodig.

Main FTIR-ATR Peaks (cm ') Interpretation

2956 Anti-synunetric stretching of methyl
2922 Ant-syrmeneltic sirelching of mehylene
2853 Svmmwetric stretching of methylens
1457 Anti-synunetric bending
vibrations of methylens
1374 Lmbrella bending vibrations ol methyl
o9a2 Mothyl bending
265 C-C skeleton vibrations. methyl bending
721 Methyvlene bending rocking vibrations

Gas chromalography was performed on the oil product
using an Agilent 6890 Gas Chromatograph with Adlas soli-
ware and a flame ionization detector (GC-FID) (GC tem-
perature program: Initial 20° C-10 minutes; Ramp 1.5°
C.J/min to 250° C.; Final 250° C.-10 minutes). The GC
spectrum is shown in PIG. 18, The resulls are summarived
in Table 9 and Table 10.

TABLE 4

laiended PIONA wsnlis.

Tdentified carban Arca [deniificd carbon Arca

chain lengih % chain lenah %
Cl =011 C1s 4,32
(2 0.03 Cla 351
3 .61 [ 309
4 1.64 Cl18 2,82
5 662 [ 221
C6 a3 Cz20 1.63
7 547 Cz21 22
9.3 B.GR (22 (.56
[y 14.1 cz4 0,85
(M| 6.34 (25 0.70)
[ 784 26 (.38
1z 530 27 0.42
13 Il4 2% .24
C14 6,14 Cz9 0,13

Tl [[303]

TABLIL 1O
Extended PIONA substance list.

Substance Area % Substance  Avea %% Substance  Area %
Pentane 3495 Decane 282 Ilexadecane 2,77
Hexane 201 Lndeeane 298 Heptadecane 244
[Teptane 248 Dadecane 314 Octadecane 219
Oetane 259 Tridecane 314 Nonadecane 179

J-ethylheptane 296 letradecane 3012 Tiigesns 1.45
Nonane 268 Pentadecane 291 Ileneicosane 109

Gas chromalography-Mass spectrometry (GC-M8) was
performed using a "Thermo Scientific Trace 1300 GC with a
Thermo Scientific 15Q QD (injection volume .5 micro-
liters; split ratio 1:3; injection temperature 250° C.; oven
program—70° C., hold 1 min, 10° C./min to 300° C., hold
24 min). The GC-MS results are summarized in Table 11.
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TABLE 11-continued

GIC-ME Tesuls.

- MY resilis

Reten- Raten- N Rosten- Reten-
tion tion B tion tion
time time time time
{mind  Compenen {mind Componen (min)  Companem, (it Compenend
1.537  Tropane 10,21 gnéz 131, 146, 162) 6,35 C10I120 alkene 1595 C17 alkene (mvz
1.61  Isphutane 10,27 undz 162, 166, 917 (méz 1440, 97, 417 238, 111, 169
1.63  1-hniene 10,38 (mae 1620 105, 145) 10 643 (mi 113, 43,40 1606 €17 alkene (més
1.65  2-butene 10,43 umfz 131, 146, 143 97,198, 238
173 Bulane, 2-methyl- 1047 {mae 146, 131, 144) 650 C1IH24 alkane 1625 (md LGH, 18D, 1823
177 Penane 10,53 {mae 144, 129, 145) [m 43, 113,41
1,80 C5 alkene qufz 535, 42, 41) 10,62 1-ridecene 6,79 (mfz 154, 41, 111 L1630 (mz 179, 196, 184)
191 1-Pewene, 4-mehyl- 10,82 Iridecans 6497 Indanc L6338 (mé 165, 182, 167y
1.94  Dutane, 2.3-dimethyl- 10,84 ndz 182, 197, 1113 15 713 aromate CLOIIL4 1643wz 211, 181, 2109
201 Tentane, 2-metlyl- 10,88z 111, 43, 125) ) (fz 105, 134, 85
205 n-Hexane 10,98 {ma 111, 141, 142) T2 (mir 119, 43, 85 L6AR  (md 179, 194, 178)
208 C6 allene (mz 84, 41, 697 LY (miz 111, 134, 125) 132 (mfz 119, 105, 41 1653 (nvz 225 224, 111
212 Coalkene {mas 41, 35, §4) 11.23 Mothylnaphthalene TAR (mir L1, 112,40 16,54 (mé 179, 232, 1943
v 142, TES (mas LR L, L2y L6862 (md LG5, 8L, 2107
141. 115) . 108 iz 119, 41, 97) 1595 C17 alkene (v'z
215 Coalkene (mar 41, 67, 39) LLA4 L3 alkene {mes = 238,100, L6Y)
182, 125, 111} 776 arcmate CLOII12 1676 1-Octadecens
218 Ilexane, 2-methyl- LLAL iz 180, 154, 176) (mz 117, 115, 132)
220 Cyelopentne, methyl- LS9 (i 155, 145, L5 THG  Undecans 16.91  Octadecane
2,28 1-Tentene, 2.4-dimethyl- LL60 (mfz 143, 160, 176) 789 C11I122 alkene 1714 (wyz 178, 250, 971
230 OF alkene {mar B3, 98, 41) LLa9 (o 176, 169, L68) (ma L34, 9741
233 Cyelopeniene, 1-methyl- LL7S (s 111, 125, L6R) 23 01 CIHLH22 alkene {mds 1749 (mfec 225,179, 178
2,38 Ilewane, 2-methyl- LLAR (miz 139, 145, 176) 154, 41, 132
240 Bemaene 12,000 L-Tetradeeene B.22 (mir 132,125,410 L7587 (mée 239, 179, 194
244 Hexane, J-meihyl- 12,17 letradecanc B4 (mir 134119, 130 1763 (mée 246, 179, 1940
254 C7 alkene miz 41, 98, 53] 12,50 unfz 196, 156, 141) 8.7 aromate (miz 117, 152, 113y 1772 (mwéz 266, 193, 181)
261 Heplane 12,69 Dimethy naphthalene Bl (mae 131, 119, 148 L1781 1-Menadecens
(1Y 136, an £.67 arcmate (mz 148, 105, 106y 1794 Nonadecane
141, 174 875 aromate (miz 117, 115, 132y 1831 (mvz 179, 239, 208)
A5 (e 98, 8L BE) 1275 {mav 156, 153, 1534) BB aromale (mdz 148, LL9, 115 LB&0 (méz 253, 252, 103)
271 C7 alkene imfz 98, 41, 3% 12,81 nfz 196, 168, 83) B2 aromate (miz 148, 105, 106 18069 (mz 260, 192, 191)
284 Cyelohexane, methyl- 12280 {moe 190, 169, L68) 917 012 alkene (mar 97, LG, LRH0 1-licosens
2492 Cyelopenane, othyl- 13000 {mae 156, 183, LH2) 41)
20%  CTIIN2 (niz 81, 96. 79) 1307 miz 199, 194, 159 15 9.2 (miy 131,170, 45) LRBE3  licosine
IO CTHIZ v BL 96, 953 13.14 (i 190, 103, L55) 9.32 Naplrhalene 1947 fmyz 253, 274, 2523
3,19 Ileptane, 4-methyl- 1318 umiz 156, 137, 172) 937 Doidecane 1976 T-Hencicosend
3,24  Toluene 13.28  1-Pentadecense 939 C12 alkene 1987 Ileneicasane
F28 0 CTHIZ {mds 98, KL, 91 1348 Peniwdecans (mdz 168, 97, 131}
339 CR allene (miz 41. 112, 351 1351 miz 167, 141, 182) H.46 aremae CLIHTA 20.77 Doecosane
343 CRalkene (mév 41, 35, 43) 1358 24-Di-ten-hutylphenol iz 131. 146, 115)
355 Oeclane 13.70 (e 111, 208, 153 0 ws) (miv LGK, 131, 146 2164 Iricosane
3,59 [z 112 41, 55) 13,82 gniz 155, 170, ]_53'] GH2 (mix 45 155, L&y 2247 Clemacosans
361 IWmothylevelohexine 1389 L-lsopropenyinaphihalene .92 (wdz 162, 166, 153) 23.27 Tentacosane
3,79 COll2d alkane 13,92 unfz 153, 97, 2040 ST (miy Lo, 117, TH3) 24.04  Huxacosane
{miz 85, 43, 413 L0002 (mdr 162, 117, 119 2484 Heplacosane
391 (e 83, 126, 413 14.01 {imfe 168, 169, 155) 1007 (mdz 145, 166, 160 2574 Octacosane
407 C% allene iz 43, 126, 533 140 iz 170, 155, 133) 45 L2 (mer 145, 182, 160y 26,79 Nonacosane
415 (e L0, 95, 109 1414 LS alkene (s
LH3, 210, 183%
430 Cyclohexane. 14.16 iz 157, 204, 208 The kinematic viscosity of the oil was assessed using
1.3 5= hyl- ASTM 12445 and ASTM 137042 using an Anton Paar
437 wylene {méy 91, 106, 105) 14.23 {197, 196, 155) SVYM3I000 Stabinger Viscometer G2, "The oil sample had a
44_@ xylens 4; m'z L6, 91, 10ty 1435 Em-'.z 204, 3u§, 173 30 kinematic viscosity of 28.2 mmza’s, cRt.
457 COH1A (mde 109, 124, B3) 1442 {moe 204, 103, 224 N . ) .
470 C9 alkene ymiz 41. 43, 67) 14.51 Cetene The flash point of the oil was measured using ASTM
476 CLOIDR0 (g 43, 83, 104 14.67 [exadecans 1293A using a Pensky Martens |lerzog, 1lectronic MP329
4R2 wylene + (méy 1068, 43,91 1480 {mae 224, 111, 195) instrument. The oil had a Nashpoint of 11.3° C.
484 Nonane , N 15.10 vz 155, 168, 154) The oil was subjected 10 distillation according o 1IN 180
523 Bemeene, (T-rmethylothy - 1518 {moe 1820 183, 169) S5 405. Th - . .
532 (miv 97,83, 126) 15.25 (i 187, 196, 1K2) 5. The results are summarized in Table 12
564  Denzene, propyl- 1532 mfz 197, 196, 153)
571 Gmde 124,41, 95 1538 {mae 167,224, 165) TABLE 12
576 aromate CHII12 1539 unfz 218, 211, 210
imiz 105, 120. 103] Distillation results of oil sample.
ST aromute CYHI2 1545 {mae 196, 197, 105)
imz 105, 120, 106) o0 Analysis Now L Amalysiz Noo 20 Uniis
SBG aromude CYHI2 15.57 {mae 167, 218, 165) -
fmdz LDS, 120, 118 Receiver temperatire 16 16 - C
6.05  aromate COII12 1480 ynz 224, 111, 195) Starting Sample lemperdie 220 22.0 L¢3
fméz LDS, 120, 103) Initial Roiling Point 37 37 s C
6,14  CL0II20 alkene 15,66  1-Ileptadecene 5% Recavery 137.7 135.8 o
iz 41 97, 55) 65 35% Reravery 1631 161.% C
6.28 Decane 15.83  Hepladeeane 45% Recavery L&A.6 1883 s
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TABLE 12-continuved

Distillanien resnlls ol oil sample.

Analysis Moo 1 Analysis Neo 20 Unils
55% Recovery 216.1 217.6 T CL
65% Recovery 244.9 244.4 T CL
Ta% Reeovery 2716 2T L
280% Recovery 2RED 286 T CL
85% Recovery — 305 T CL

The oil sample was further subjected to "H-NMR spec-
troscopy. The 'H spectra were obtained in CDCIl, solvent
(Goss Scientific D), 99.8%) at ambient laboratory tempera-
ture and auloe reflerenced against the solvent peak using the
JEOLL 1CS 400 NMR spectrometer.

The 'TI-NMR spectra are shown in FIG. 19 and FIG. 20,
The annotations in FIG. 20 is a guide highlighting certain
peaks of interest. The 'H-NMR spectra generated for the oil
sample confirm the presence of saturated, unsaturated and
aromatic hydrocarbons. 'II-NMR indicates the presence of
vinyl. inlernal and vinylidene olefinic Tunctionalitics.

The normalized NMR integration valves indicate there is
34.8% aliphatic protons (region 0.2-4 ppm), 3.8% olefinic
protons (region 4.5-6.0 ppy) and 1.4% aromatic protons
(region 6.7-8.3 ppm). This relers to the pereentage of proton
aloms in the aliphatic saturated. olelinic and aromalic rings
only relative to the total proton content. There were no
sighals observable outside the range shown in the ‘H-NMR
spoclra.

The oil sample was further subjected 10 "*C-NMR spec-
roscapy. The "*C-NMR spectra were oblained in C1C1,
solvent (Goss Scientific D, 99.8%) at ambient laboratory
temperature and auto referenced against the solvent pealk.

The 3C-NMR spectra are shown in FIG. 21 and FIG. 22, 3

The annotations in 1. 22 1s a goide highlighting certlain
peaks ol interest. The "C-NMR spectra generated lor the ail
sample are dominated by resonances that are consistent with
saturated, unsaturated and aromatic hydrocarbons. C-
NMR indicates the presence ol vinyl, intermal  and
vinylidene olelinic functionalities. "There were no signals
observable outside the range shown in the '"*C-NMR spec-
1ra.

Other advantages which are obwvious and which are inher-
ent 1o the inventiom will be evident (o one skilled in the art.
It will be understood that certain features and sub-combi-
hations are of utility and may be emploved without reference
1o other features and sub-combinations. This is contem-
plated by and is within the scope of the claims. Since many

possible embodiments may be made ol the invention without =

departing [rom the scope thereol. it is o be undersiood that
all matter herein set forth or shown in the sccompanyving
drawings is 10 be interpreted as illustrative and not in a
limiting sense.

The methods ol the appended claims are not limited in s

scope by the specific methods described herein, which are
tended as illustrations of a tew aspects of the claims and
any methods that are functionally equivalent are intended to
[all within the scope of the claims. Various modilications ol
the methods in addition (o those shown and described herein
are intended to fall within the scope of the appended claims.
Further, while only certain representative method steps
disclosed herein are specilically deseribed. other combina-
tions ol the method steps also are intended (o [all within the
scope ol the appended claims, cven il not specilically
recited. Thus, a combination of steps, elements, compo-
Lents, or constitnents may be explicitly mentioned herein or
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less, however, other combinations of steps, elements, com-
ponents. and constituents are included, cven though not
explicilly stated.

What is claimed is:
1. A first composition comprising a wax and an oil,
whoerein:

the lirst composition comprises S0-70% ol the oil and
30-50% of the wax by volume;

the wax and the oil are each derived from pyrolvsis of a
feedstock comprising post-consumer and/or post-in-
dustrial plastics;

the wax and the oil are cach produced al an industrial
scale;

the wax comprises a first mixture of different hydrocar-
bons, any of which can oplionally be substiluted,
wherein [rom 60% lo 80% ol the rst mixture {(wiw)
comprises Ca,-C,c hydrocarbons:

the oil comprises a second mixture of different hydrocar-
bons, any of which can optionally be substituted,
wherein [rom 90 1o 100% of the second mixture (wiw)
comprises (C,-C,, hydrocarbons;

the wax has:

a humber average molecular weight and/or a weight
average molecular weight of thom 300 to 400 Dal-
lons:

a Reid Vapor Pressure of 12,5 psig or less:

a final boiling point of 950° F. 1o 1300° F.;

a pour point of 30° F. to 60° F;

4 lolal chloride conlent ol 50 ppm or less:

4 nitrogen content of 300 ppm or less:

4 silicon content ol 125 ppm or less;

a sodivm content of 150 ppm or less;

al iron content of 10 ppm or less;

4 phosphorus content of 30 ppm or less;

4 sullur content ol 300 ppm or less:

4 caleium content of 50 ppm or less;

or a combination thereof;

and the oil has:

4 number average molecular weight and/or a weight
average molecular weight ol from 50 0 350 Dallons;

a Reid Vapor Pressure of 12.5 psig or less;

a final boiling point of 750° F. 1o 1000° F.;

a pour point of 0° F. to 20° F;

4 tolal chloride conlent ol 300 ppm or less:

4 nitrogen content of 600 ppm or less:

a silicon content of 2000 ppm or less;

a sodivm content of 100 ppm or less;

an iron content ol 10 ppm or less;

4 phosphorus conlent of 25 ppm or less;

4 sullur content ol 250 ppm or less:

a calcium content of 50 ppm or less;

or a combination thereof.

2. The first composition ol claim 1. wherein the wax has
a4 linal boiling point ol 9507 I 1o 13009 14

3. The first composition of claim 1, wherein the wax has
a pour point of from to 60° F.

4. The first composition of claim 1, wherein the wax has
a lolal chloride content of 50 ppm or less.

5. The first composition ol claim 1. wherein the wax has
a hitrogen content of 300 ppm or less.

6. The first composition of claim 1, wherein the wax has
4 silicom content ol 125 ppm or less.

7. The first composition ol claim 1. wherein the wax has
a sodium content ol 130 ppm or less.

8. The first composition of claim 1, wherein the wax has
an iron content of 10 ppm or less.
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9. The first composition of claim 1, wherein the wax has
4 phosphorus content of ppm or less.

1. The first composition of claim 1. wherein the wax has
a sullur content ol 500 ppm or less.

11. The first composition of claim 1, wherein the wax has
a caleinm content of 50 ppm or less.

12. "T'he [lirst composition ol claim 1. wherein the oil has
4 [inal boiling point ol rom 7307 I o 10007 17

13. The first composition of claim 1, wherein the oil has
a pour point of trom 0° F. 10 20° F.

14. The first composition of claim 1, wherein the oil has
4 lotal chloride content of 300 ppm or less.

15. "T'he [lirst composition ol claim 1. wherein the oil has
a nitrogen content of 600 ppm or less.

16. The first composition of claim 1, wherein the oil has
a silicon comtent of 2000 ppm or less.

17. "T'he [lirst composition ol claim 1. wherein the oil has
4 sodium content of 100 ppm or less.

18. The first composition of claim 1, wherein the oil has
an ron content of 10 ppm or less,

19. "T'he [lirst composition ol claim 1. wherein the oil has
4 phosphorus content of ppm or less.

20, The first composition of claim 1, wherein the oil has
a sulfor content of 250 ppm or less.

21. The first composition of claim 1, wherein the oil has
a calcium content of 50 ppm or less.
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