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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 Colo 5357 C. (e.g., rom 407 Cotlo 50 C.. or [rom 437 C.
to 48° C.), for example as determined by ASTM D 127 In
some examples, the wax has a congealing point ot 40° C. 10
557 (. {eg. lrom 457 C. 10 51° €, lor example as
determined using ASTM 13 938, In some examples. the wax
has a final boiling point of 950° F. 10 1300° F. (e.g., from
950° F. to 1250° F, from 1100° F. 10 1250° F., or from 995°
F. 10 1235° |}, for example as determined using ASTM D
7169, In some examples, the wax has 4 pour point ol [rom
307 1L o 607 1 {eag., [rom 307 10 lo 557 17, [rom 33° 1 1o
52° F,, or trom 45° F. 10 60° F,, for example as determined

3 vsing ASTM D 97,

In some examples. the wax has a wotal 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 1o ASTM D 7338, In

20 some examples, the wax has a nitrogen content of 300 ppm

or less (c.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
ppw or less), tor example as determined according 1o 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
ppm or less, 10 ppm or less, 3 ppm or less, or | ppm or less),
for example as determined according 10 ASTM 13 5185, In
some examples, the wax has a sodivm content of 130 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), lor example
as determined according o ASTM 13 5185, In some
cxamples, the wax has an iron conlent 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
12 5185, In some examples. the wax has a phosphorus
conlent ol 30 ppm or less {e.g.. 30 ppm or less. 10 ppm or
less. 5 ppm or less, or 1 ppm or less), lor example as
determined according to ASTM D 5185, In some examples,
the wax has a sulfur content of 500 ppm or less (e.g., 250
ppm or less. 100 ppm or less, 10 ppm or less, or 1 ppm or
lesy), Tor example as determined according o ASTM DD
4294, In some examples, the wax has a caleium content of
50 ppm or less (e.g., 25 ppm or less, 10 ppm or less, 5 ppm
or less, 1 ppm or less, 0.1 ppm or less, or 0.01 ppm or less),
for example as determined according 10 ASTM 13 5185, In
some examples, the wax has a copper conlent ol 10 ppm or
less (e, 5 ppm or less, 1 ppm or less, 0.1 ppm or less, or
0.01 ppm or less), tor example as determined according to
ASTM 12 5185, In some examples, the wax has a nickel
conlent of 100 ppm or less (e.g. 50 ppm or less. 25 ppm or
less. 10 ppm or less. 5 ppm or less. or 1 ppm or less). Tor
example as determined according to ASTM D 5185, In some
examples, the wax has a vanadium content of 23 ppim or less
{e.g.. 10 ppm or less. 5 ppm or less. or 1 ppm or less), Tor
cxample as delermined according o ASTM 1D 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 lolal chloride conlent ol 30 ppm or less; a
nitrogen conlent ol 300 ppm or less: a silicon content ol 123
ppw or less; and a sodivm content of 150 ppm or less. In
some examples, the wax has: a total chloride content of 50
ppm 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
300 ppm or less; and a caleium content of 50 ppm or less.
In some examples, the wax has: a total chloride content of
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50 ppm or less; a nitrogen content of 300 ppm or less; a
silicon content of 125 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 total chloride content of 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 content of 10 ppm or less; a phosphoris 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 ol 100 ppm or less: and a vanadium
content of 25 ppm or less.

In some examples, the wax has: a total chloride content of
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
ppmor less; and a sodinm content of 10 ppm or less. In some
examples, the wax has: a total chloride content of 25 ppm or
less: a nitrogen content ol 300 ppm or less; a silicon conlent
ol 100 ppm or less; a sodium content ol 10 ppm or less: an
iron content of 10 ppm or less; a sultur content of 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 ol 300 ppm or less; a silicon conlent
ol 100 ppm or less; a sodium content ol 10 ppm or less: an
iron content of 10 ppm or less; a phosphoris content of 50
ppm or less; a sultor content of 10 ppm or less; and a caleium

contenl o 5 ppm or less. In some examples. the wax has: a 3

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 content of 10 ppm
or less; a phosphorus content of 50 ppm or less; a sultur

content ol 10 ppm or less: a calelum content of 5 ppm or 3

less: a copper comlent ol 10 ppm or less: a nickel conlent of
100 ppm or less; and a vanadium conlent ol 25 ppm or less.

In some examples, the wax has a Gardner color of from
2to 8 (eg., from 2.5 to §, or from 6.5 to 8), for example as
determined according 1o ASTM 12 1500, In some examples.
the wax has an oil content ol [rom 53-50%, (e.g., [rom 25 Lo
43%, or from 40 t 45%) 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 [rom 7 (o 10 psig). for example as
determined using ASTM 1D 5191, In some examples. the
wax has a water by distillation amount 01 0.5 vol. % or less
(e.g., 0.1 vol. % or less, or 0.01 vol. % or less), for example
as determined by ASTM 1D 950 In some examples, the wax

hag a lotal sediment content ol 0.5 vol. % or less (e, 01 5

vol. % or less, or .01 vol. % or less). lor example as
determined by ASTM DI 4870. In some examples, the wax
has an n-heptane insoluble content 0f 0.5 wt. % or less (e.g.,
0.1 wi. % or less, 0L05 wi % or less, .01 wi. % or less), lor

example as determined by ASTM 1) 3279, In some s

examples, the wax has a total acid number of 1 mg KOH/g
or less (e.g., 0.5 mg KOH/g or less, or 0.2 mpg KOH/g or
less), for example as determined according 10 ASTM I3 664,

In some examples. the wax has: a Reid Vapor Pressure ol
12.5 psig or less; a [mal boiling point of 9507 1. (o 13007 1
and a pour point of 30° F. to 60° F. In some examples, the
wax has: a Reid Vapor Pressure of trom 7 to 10 psig; a final
hoiling point of rom 9957 i lo 1235 17 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
ot 950° F. to 1300° F.; a pour point of 30° F. 10 60° F.; a total
chloride content of 50 ppm or less; a nitrogen content of 300
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ppw or less; a silicon content of 125 ppm or less; a sodivm
conlent of 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
conlent 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 ol [rom 10.000 10 1,000,000 gallons per 5 o 90
days.

Also disclosed herein is an ol derived from pyrolvsis of
a teedstock comprising post-consumer and/or post-industrial

2 plastics. In some examples, the oil has a number average

molceular weight andfor a welghl average molecular weight
ol rom 50 to 350 Dallons. In some cxamples. the oil
comprises a mixture of difterent hyvdrocarbons, any of which
can optionally be substituted, wherein 90% to 100% of the
mixture (w/w) comprises C,-C., hydrocarbons. In some
cxamples, the oil comprises a mixture of different hydro-
carbons. any ol which can optionally be substituted. wherein
90% to 100% of the mixture (w/w) comprises C,-C,,
hvdrocarbons. In some examples, the oil has: a Reid Vapor
Pressure ol 12.5 psig or less: a [mal boiling point ol 7507 17
o 1000° 1i: a pour point ol 07 14 10 20° 1 a total chloride
conlent ol 300 ppm or less: a nitrogen conlent ol 600 ppm
or less; a silicon content of 2000 ppm or less; a sodivm
content ot 100 ppm or less; an iron content of 10 ppm or less;
a phosphorus content ol 235 ppm or less: a sullur conlent of
250 ppm or less: 4 caleium conlent of 50 ppm or less: or a
combination thereol.

In some examples of the oil, from 92% to 96% of the
mixture (w/w) comprises C,-C., hydrocarbons. In some
cxamples ol the oil. 0-10% ol the mixture (wiw) comprises
CayCay hydrocarbons. In some examples of the oil, the
mixture comprises: 25-35% (e.g., 30-35%) C, -C,, hvdrocar-
bons, 35-65% (e.g., 60-65%) C,-C,, hydrocarbons, and
1-10% (e.g., 3-8%) (,-C,; bhvdrocarbons. In some
cxamples of the oil, the mixlure is substantially [rec of
hydrocarbons comprising 30 or more carbons.

In some examples of the oil, from 92% to 96% of the
mixture (w/w) comprises C,-C., hydrocarbons. In some
cxamples ol the oil. 0-10% ol the mixture (wiw) comprises
CayCay hydrocarbons. In some examples of the oil, the
mixlure comprises: 25-35% (e.g., 30-35%) €, -C,, hydrocar-
bons, 35-65% (e.g., 60-65%) C,-C,, hydrocarbons, and
1-10% (e.g., 3-8%) (,-C,; bhvdrocarbons. In some
cxamples of the oil, the mixlure is substantially [rec of
hydrocarbons comprising 30 or more carbons.

In some examples of the oil, the mixture comprises:
90-100 wt. % vnsaturated hydrocarbons (e.g., 94-96 w1, %0);
0-5 wt. % unsaturated (non-aromatic) hyvdrocarbons (e.g.,
3.5-4.5 wi. %)) and 0-2.5 wi. % aromatic hydrocarbons (c.g.,
12 wi. %).

In some examples, the oil has a final boiling point of from
750° F. to 1000° F. (e.g., trom 900° F. 10 950° F., from 920°
I to 9507 I or [rom 935° 10 1o 9507 1), lor example as
determined using ASTM 1D 7169, In some examples. the oil
has 2 pour point ol [rom ¢ I o 20° 1 {¢c.g.. [rom 3° 1. 1o
15° F, from 8° F. 10 15° F,, or from 10° F. to 15° F), for
example as determined vsing ASTM D 97,
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In some examples, the oil has a total chloride content of
500 ppm or less {eg., 100 ppm or less. 50 ppm or less. 25
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 to ASTM D 7339, In some examples,
the oil has a nitrogen content of 600 ppm or less (e.n., 250
ppm or less, 200 ppm or less, 150 ppm or less, 100 ppm or
less, S0 ppm or less. 10 ppm or less, or 1 ppm or less), lor
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, 5 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 (e.g., 5 ppm or less, 1 ppm or less, 0.1 ppm or
less, or 001 ppm or less), lor example as delermined
according o ASTM 1) 5185, In some examples, the oil has
a phosphorus content of 23 ppm or less (e.g., 10 ppm or less,
5 pp or less, or 1 ppm or less), for example as determined
according to ASTM D 3183, In some examples, the oil has
a sullur content ol 250 ppm or less (c.g., 100 ppm or less.
10 ppm or less. or 1 ppm or less). for cxample as determined
according to ASTM D 4294, In some examples, the oil has
a caleium content of 50 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. [or cxample as determined according 1o ASTM
13 5185, In some examples, the oil has a copper conlent ol
10 ppm or less (e.g., 5 ppm or less, 1 ppm or less, 0.1 ppm
or less, or 0.01 ppm or less), tor example as determined

according 0 ASTM 1) 5185, In some examples, the oil has 3

a nickel content of 250 ppm or less (eag., 100 ppm or less.
50 ppmoor less, 23 ppm or less. 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 vanadinm
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 Lo
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 of 500 ppm or less: 4 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
examples. the oil has: a lotal chloride content of 300 ppm or

less: a nitrogen content ol 600 ppm or less; a silicon conlent =

ol 2000 ppm or less: a sodium content of 100 ppm or less:
an iron content of 10 ppm or less; a sulfur content of 250
ppm or less; and a calcium content of 30 ppm or less. In
some examples, the oil has: a lotal chloride conlent ol 500

ppm or less; a nitrogen content ol 600 ppm or less: a silicon s

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 of 25 ppm or less; a sulfur content of 250 ppm or
less: and a calelum conlent of 50 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 of 10 ppm or less: a phosphorus content ol
25 ppm or less; a sullur content ol 250 ppm or less; a
calcium conlent of 50 ppm or less; a copper content ol 10
ppm or less; a nickel content of 230 ppm or less; and a
vanadium content of 23 ppm or less.
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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 wolal chloride content ol 100 ppm or less; 4 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 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 sulfur content of 10 ppm
or less; and a calcivm content of 3 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

3 iron content of 10 ppm or less; a phosphorns content of 10

ppm or less: a sullur content of 10 ppm or less; and a caleium
conlent o 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

20 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
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.

In some examples, the oil has a Reid Vapor Pressure of
12.5 psig or less (c.g.. 10 psig or less. or [rom 7-10 psig), lor
cxample as determined using ASTM 12 51910 In some
examples, the oil has a water by distillation amount of 0.5
vol. % or less (e.g., 0.1 vol. % or less, or 0.01 vol. %o or less)
for cxample as determined by ASTM 13 95, In some
cxamples, the oil has a total sediment content of 0.5 vol. %
or less (c.g., 0.1 vol. % or less. or 0.01 vol. % or less), Tor
example as determined by ASTM D 4870, In some
examples, the oil has an n-heptane insoluble content of 0.1
wi % or less (eg., 0.03 wi % or Tess. 0L01 wi % or less),
for cxample as determined by ASTM 1D 3279, In some
cxamples, the ol has a lotal acid number of 1 mg KOI g or
less, 0.5 mg 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 oil has: a Reid Vapor Pressure of
12.5 psig or less: a final boiling point of 750° 1%, 10 10007 11
and a pour point of 0° F. 0 20° F. In some examples, the oil
has: a Reid Vapor Pressure of from 7 to 10 psig; a final
boiling point of from 935° F. t0 930° F; and a pour point of
from 107 I 10 157 I In some examples, the oil has: a Reid
Vapor Pressure of 12.5 psig or less; a (inal boiling point ol
7507 F. 10 1000° F.; a pour point of 0° F. to 20° F.; a total
chloride content of 500 ppm or less; a nitrogen content off
600 ppm or less: a silicon content of 2000 ppm or less: a
sodium conlent o 100 ppm or less; an ron conlent of 10
ppm or less; a phosphorus content ol 25 ppm or less: a sullur
content of 250 ppm or less; and a caleium content of 50 ppm
or less. In some examples, the oil has: a Reid Vapor Pressure
ol [rom 7 o 10 psig: a [inal boiling point of from 9357 11 1o
2307 1. a pour point of [rom 107 I o 137 1°; 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 sodivm
content of 235 ppm or less; an iron content of 10 ppm or less;
a phosphorus content ol 10 ppm or less: a sullur conlent of
10 ppm or less: and a caleium conlent ol 5 ppm or less.

In some examples, the oil is produced at an industrial
scale. 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
days.

Also disclosed herein are composilions comprising any of
waxes disclosed herein and any of the oils disclosed herein.
In some examples, the composition comprises 50-70% of
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the oil and 30-50% of the wax by volume. In some
examples. the composition comprises a blend ol the wax and
the oil. In some examples, the composilion compriscs 63'%
oil and 35% wax by volume. In some examples, the com-
position comprises 30% odl and 30% wax by volume.

Also disclosed herein are methods of malking any of the
waxes disclosed herein andfor any ol the oils disclosed
herein. In some examples, the method comprises pyrolysis
ot a feedstock comprising post-consumer and/or post-indus-
trial plastics. In some examples, the method comprises
thermal depolvmerization of the feedstock. In some
examples. the pyrolysis is substantially ree ol any added
catalysl. 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 of from
10,000 10 1,000,000 gallons per 5 o 90 days. In some
examples. the method produces the oil andfor the wax al a
vield ol 75% or more, 0% or more. or 3% or more. In
some examples, the oil and/or the wax produced by the
method is a raw pyrolvsis product, meaning method sub-
stantially excludes any hydrotreatment or lurther refining
sleps aller the pyrolysis.

In some examples, the feedstock comprises 50% or more,
60% or more, or 70% or more by weight post-consumer
plastics. In some examples, the post-consumer and/or post-
indugirial plastics comprise polyethylene (c.g. LDPLL
LLDPL, TIDPL). polypropylene. polyslyrene, or a combi-
nation thereof. In some examples, the teedstock comprises
90% or more (e.g., 93% or more) by weight of polvethylene,

polypropylene, polyslyrene, or a combination thereoll In 3

some examples, the leedstock comprises moisture al an
amowunt of 20% or less (c.g. 10% or less, 13% or less. 3%
or less, or 3% or less) by weight. In some examples, the
feedstock comprises 5% or less (e.g., 2.5% or less, or 1% or

less) by weight polyvinyl chloride (PVCY. polyvinylidene 2

chloride (PV12(T). polyethylene werephthalate (P, nylon.
elhylene vinyl alcohol (1IVOIT. polycarbonale (PCY. acry-
lonitrile butadiene styrene (ABS), rubber, thermosets, or a
combination thereot. In some examples, the feedstock com-
prises 15% by weight or less (c.g.. 10% by welight or less.
5% by woeight or less, or 3% by weight or less) non-plastic
materials such as metal, glass, wood, cotton, paper, card-
board, dirt, inorganies, etc. In some examples, the feedstock
comprises films, such as single and/or multi-lavered films. In
some examples, the feedstock includes plastics with a plastic
Lype clagsilication 52, 4. 5. 6, or a combination thereol.

Also disclosed herein are compositions comprising 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 thereol.

Also disclosed herein are methods of use ol any ol the
waxes disclosed herein, any of the oils disclosed herein, any
of the blends disclosed herein, the product of any of the
methods disclosed herein. or a combination thereol.

Also disclosed herein are articles of manulaciure com- 3

prising any of the waxes disclosed herein, any of the oils
disclosed herein, any of the blends disclosed herein, the
produoet of any of the methods disclosed herein, or a com-
bination thercol.

Also disclosed herein are compositions derived [rom any
of the waxes disclosed herein, any of the oils disclosed
herein, any of'the blends disclosed herein, the product of any
ol the methods disclosed herein, or a combination thereof.
Also disclosed herein are methods of making said compo-
silioms. Por example, the method can comprise additional
processing of the composition, such as refining, filtering,
cracking, hvdrotreating, etc. In some examples, the compo-
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sition comprises a lubricating oil, a mineral oil, a group 111
basc oil, a [ully refined paraflin wax, or a combinalion
thereol. In some examples, the composition comprises a
binder. a processing aid. or a combination thercol. In some
examples, the composition comprises kerosene including
cosmetic kerosene, white oils, high valve paratlin and puri-
fied liquid fuels, or a combination thereof. In some
cxamples, the composilion 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 fuel, diesel fuel, or a
combination thereol. Also disclosed here are articles of
manulacture comprising any ol the compositions. In some
cxamples, the arlicle comprises packaging, [ilm. and/or
fibers for carpets and clothing, molded articles, and extruded
pipes, or a combination thereof. In some examples, the

2 article comprises a medical device. In some examples, the

arlicle comprises lubricant, candles. adhesives, packaging,
rubber. cosmetics, lire logs, biluminous mixiures, superficial
wear coatings, asphalt, sealing coatings, or a combination
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
tuel, kerosene, ligroin, lobricant, mazut, microcrvstalline
wax, mineral oil, motor fuel, motor oil, naphtha, naphthenic
acid. parallin wax, petroleum benzine, petroleum cther,
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,
asphall. fertilizer, Mlooring. perfume. insceticide, 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 thereol. In some examples. the
composition or article comprises lully refined parallin which
is used to produce candles, cosmetics, cravons, food paclk-
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-
tion system, or g combination thereot. 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 sel lorth in part in the description which
lollows. and in parl will be obvious [rom (he description.
The advantages of 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 of 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.
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BRIEF DESCRIPTION OF THE FIGURES

The accompanying lgures, which are incorporaled in and
conslitule a parl of this specification. illustrale several
aspects of the disclosure, and together with the description,
serve to 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-
lion.

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 to one implementa-
tion.

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

FIG. 5. Schematic diagram of an example svstem and/or
method as disclosed herein according to one implementa-
lion.

IFI¢r. 6. UV-Vis speetrum ol wax product in hexane with
a 100w dilution faclor.

FIG. 7. UV-¥is gpectrum of wax produet in hexane with
a 1000x dilution factor.

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

I'I¢r. 9. Gas chromalogram ol wax product.

FIG. 10. Gas chromatogram of wax product.

FIG. 11. 'H-NMR spectrum of wax product.

FIG.
Latioms.

I"ICT.

FIG.
tations.

FIG. 15, UV-Vis spectrum of oil produet 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.

I'I¢r. 18, GC-ID chromatogram ol oil product.

I'I¢r. 19, GC-LTD chromatogram ol oil product.

FICGE 200 'TI-NMR spectrum of oil product.

FIG. 21. "H-NMR spectrum of oil product with annota-
tions.

I"ICT.

I"ICT.
tions.

13. PC-NMR spectrum of wax product.
14. "*C-NMR spectrum of wax product with anno-

22,
23

BCNMR spectrum of oil product.
BUNMR spectrum of oil product with annola-

DIFTATLED DESCRIPTION

The compositions. methods. and systems described herein
may be understood more readily by reference to the follow-
g detailed description of specific aspects of the disclosed
subject matler and the Iixamples included therein.

Belore the present compositions, methods. and systems s

are disclosed and described, it is to be understood that the
asgpects described below are not limited o specific svathetic
methods or specific reagents, as such may, of course, vary.
ICis also 10 be understoond that the terminology used herein
is [or the purpose of describing particular aspects omly and
is ot intended to be limiting.

Also, thronghout this specification, variouns publications
are relerenced. The disclosures ol these publications in their
enlirelics are herchy incorporated by reference into this
application in order to more [ully deseribe the stale ol the art
1o which the disclosed matter pertains. The reterences dis-
closed are also individually and specifically incorporated by

12. 'H-NMR spectrum of wax product with anno- 3
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reference herein tor the material contained in them that is
discussed in the sentence in which the reference s relied
upon.

General Definitions

In this specilication and in the claims that [ollow. reler-
cnce will be made o a number of terms. which shall be
defined 1o have the following 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 forms “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”

20 includes mixtures of two or more such agents, reference 1o

“the component” includes mixtures of two or more such
componenlts, and the like.

“Crptional™ or “optionally” means that the subsequently
described event or circumstance can or cannot occur, and
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% ol 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
dislinguishing the various components and steps ol 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 contaimed 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.



Uus 11,891,518 Bl

11

The term “or combinations therect™ as used herein refers
1o all permulations and combinations of (he listed ilems
preceding the lerm. Uor example, “A, 13, C. or combinations
thereal™ is intended o include at Teast one o AL 13, O AR
AC, BC, or ABC, and it order is important in a particular
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 delined. all wechnical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
vention belongs.

The organic moeictics mentioned when delining variable
positions within the general Tormulae deseribed herein (e.g..
the term “halogen™) are collective terms for the individual
substituents encompassed by the organic moiety. The prefix
C -C,, preceding a group or moiety indicates, in each case,
the possible number ol carbon atoms in the group or moicly
that [ollows.

The term “ion,” as used herein, refers to any molecule,
portion of a molecule, cluster of molecules, molecular

complex. moiely. or alom thal contains a charge (posilive. 3

negalive. or both al the same lime within one molecule.
cluster o molecules. molecular complex, or moicly (c.g..
zwitterions)) or that can be made 1o contain a charge.
Methods for producing a charge in a molecule, portion of a

molecule. cluster of molecules, molecular complex, moiety. 3

or atom are disclosed herein and can be accomplished by
moethods known In the arl. e.g., prolonation, deprotonation.
oxidation, reduction, alkvlation, acetylation, esterification,
de-esterification, hyvdrolysis, etc.

The term “anion™ is a type ol ion and is included within
the meaning ol the term “ion” An “anion” is any molecule.
portion of a molecule (e.g., Zwitterion), cluster of molecules,
molecular complex, moiety, or atom that contains a net
legative charge or that can be made 1o contain a net negative
charge. The term “anion precursor” is used herein Lo spe-
cilically reler (o a molecule that can be converted Lo an anion
via a chemical reaction (e.g., deprotonation).

The term “cation™ is a type of ion and is included within
the meaning ol the term “ion”™ A “cation”™ is any molecule.

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

molecular complex, moicly. or alom. thal conlains a nel
positive charge or that can be made 1o contain a net positive
charge. The term “cation precursor” is vsed herein 1o spe-
cilically reler o a molecule thal can be converled 1o a catlon
via @ chemical reaction (e.g., prolomation or alkylation).
As used herein, the term “substituted” is contemplated to
include all permissible substituents of organic compounds.
In a broad aspect, the permissible substituents include acy-
clic and eyclic. branched and unbranched. carboeycelic and
helerocyclic. and aromatic and nonaromalic substituents ol
organic compounds. Illustrative substitwents include, tor
example, those described below, The permissible substitu-
enls can be one or more and the same or dillerent for
appropriale organic compounds. or purposcs of this dis-
closure, the heleroaloms, such as nitrogen, can have hydro-
gen substitvents and/or any permissible substitvents of
organic compounds described herein which satisfy the
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valencies of the heteroatoms. This disclosure is not intended
o be limited in any manner by the permissible subslituents
ol organic compounds. Also. the terms “substilulion™ or
“substitluted with™ include the implicit proviso that such
substitution ig i1 accordance with permirted valence of the
substituted atom and the substituent, and that the substi-
lion results in 4 stable compound. c.g.. a compound that does
not spontancously undergo translformation such as by rear-
rangement, ¢vclization, elimination, ete.

wgbmoegzeoagd e oand “Z* are used herein as generic
svimbols 1o represent various specific substitments. These
symbols can be any subslituent. not limited (o those dis-
closed herein, and when they are delined (o be cerlain
substituents in ohe instance, they can, in another instance, be
defined as some other substitvents.

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

As vsed herein, the term “alkvl” refers to saturated,
straight-chained or branched saturated hvdrocarbon moi-
clies. Unless otherwise specilied, € C,, (cg., €-C.,,
CrCoae C1-C s GG €10y €, GGy €O
C,-C,, or C,-C,) alkyl groups are intended. Examples of
ally] groups include methyl, ethyl, propyl, 1-methyl-ethyl,
butyl, 1-methvl-propvl, 2-methyvl-propyl, 1,1-dimethyl-
cthyl, pentyl. T-methyl-buiyl, 2-methyl-butyl, 3-methyl-
butyl, 2.2-dimethyl-propyl. l-cthyl-propyl. hexyl. 1,1-dim-
ethyl-propyl, 1.2-dimethyl-propyl, 1-methyl-pentyl,
2-methyl-pentyl, 3-methyl-pentyl, 4-methyl-pentyvl, 1,1-di-
methyl-buiyl, 1,2-dimethyl-butyl. 1 3-dimethyl-butyl. 2.2-
dimethyl-butyl.  23-dimethyl-butyl.  3.3-dimethyl-butyl,
l-cthyl-butyl, 2-cthyl-butyl, 1.1,2-trimethyl-propyl. 1.2.2-
trimethyl-propyl,  l-ethyl-l1-methyl-propvl,  1-ethyl-2-
methyl-propyl, heptvl, octyl, nonyl, decyl, dodecyl, tetra-
deeyl, hexadeeyl. cicosyl. (elracosyl, and the like. Alkyl
substitucnls may be unsubstiluted or substituled with one or
more chemical moletics. The allkyl group can be substituled
with one or more groups including, but not limited to,
hvdroxyl, halogen, acyl, allkyl, alkoxy, allceny], alkvoyl, arvl,
heterparyl. aldehyde. amino, cyano, carboxylic acid. ester,
cther, ketone. nitro. phosphonyl. silyl. sullo-oxo, sullonyl,
sultone, sultoxide, or thiol, as described below, provided
that the substituents are sterically compatible and the rules
of chemical bonding and strain energy are satisfied.

Throughout the specilication “alkyl™ is generally used o
reler 1o both unsubstituled alkyl groups and substituted alkyl
aroups; however, substituted alkyl groups are also specifi-
cally referred 1o herein by identifving the specific
substitucnt{s) on the alkyl group. lor example. the lerm
“halogenated alkyl™ specilically relers to an alkyl group that
is substituted with one or more halides (halogens: e,
fluorine, 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
is substituted with one or more amine groups, as described
below, and the like. When “alky]” is used in one instance and
a specific term such as “alkylaleohol™ is vsed i another, it
i not meant o imply that the lerm “alkyT™ does not also reler
o speeilic lerms such as “alkylaleohol™ and the like.

This practice is also uvsed for other groups described
herein. That is, while a term such as “cyeloalky!™ refers 1o
both unsubstiluted and substituled cycloalkyl moictics. the
substituled moictics can, in addition. be speciflcally identi-
fied herein: [or example, a particular substituted cycloalkyl
cal be reterred 10 as, e.g., an “alkyvlevcloalkyl.” Similarly, a
substituted alkoxy can be specifically referred to as, e.g., a
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“halogenated alkoxy,” a particular substituted alkeny] can
be. e.g.. an “alkenylaleohol,” and the like. Again. the prac-
lice of using a general term. such as “cycloalkyl,” and a
speeilic term, such as “alkyleycloalkyl”™ is nol meant Lo
wply that the general term does not also include the specific
Tern.

Ag used herein. the term “alkeny!” relers o unsalurated.
straight-chained. or branched hydrocarbon moicties contain-
ing a double bond. Unless otherwise specified, C,-C., (e.2.,
Ca-Cay, Cp-Cap, Cy-Cry, Cy-Chg Carlgy CoChyy C-Cpy,
C,-Cy, C,-C,, or C,-C,) alkeny! groups are imended. Alk-
enyl groups may contain more than one unsaturaled hond.
Ixamples  include  clhenyl.  l-propenyl,  2-propenyl.
1-methylethenyl, 1-buteny], 2-butenyl, 3-butenyl, l-methyl-
1-propenyl, 2-methyl-1-propenyl, 1l-methyl-2-propenyvl],
2-methyl-2-propenyl, 1-penienyl, 2-pentenyl. 3-pentenyl.
4-pentenyl, T-methyl-1-butenyl.  2-methyl-1-butenyl.
3-methyl-T-butenyl. 1-methyl-2-butenyl, 2-methyl-2-bulc-
oyvl, 3-methyl-2-butenyl, 1-methyl-3-butenyl, 2-methyl-3-
butenyl, 3-methyvl-3-butenyl, 1,1-dimethyl-2-propenyl, 1,2-
dimethyl-T1-propenyl, 1,2-dimethyl-2-propenyl, 1-cthyl-1-
propenyl.  l-cthyl-2-propenyl,  1-hexenyl.  2-hexenyl.
3-hexenyl, 4-hexenvl, S-hexenyl, l-methyl-1-pentenyl],
2-methyl-1-pentenyl, 3-methyl-1-pentenyl, 4-methyvl-1-pen-
tenyl, 1-methyl-2-pentenyl, 2-methyl-2-pentenyl, 3-methyl-
2-pentenyl,  4-methyl-2-pentenyl.  l-methyl-3-pentenyl.
2-methyl-3-penienyl, 3-methyl-3-pentenyl, 4-methyl-3-pen-
tenyl, 1-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- 3

clthyl-2-butenyl.  1.2-dimethyl-3-butenyl.  1.3-dimethyl-1-
butenyl, 1.3-dimethyl-2-butenyl.  1,3-dimethyl-3-butenyl.
2,2-dimethyl-3-butenyl, 2,3-dimethyl-1-butenvl, 2,3-dim-
ethyl-2-butenyl, 2,3-dimethyl-3-butenyl, 3.3-dimethvl-1-

butenyl, 3,3-dimethyl-2-bulenyl, 1-cthyl-1-butenyl. 1-cthyl- 3

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-ethyl-1-methyl-2-propenyvl, 1-ethyl-2-methyl-1-propenyv],
and l-ethvl-2-methyl-2-propenyl. The term “vinyl” refers to
a group having the structure CH—CT1,; T-propeny] relers
1 & group with the structure CH—_CTD Cll;: and 2-pro-
peny]l refers to a group with the structure —CH,—
CH—CH.. Asymmetric structures such as (Z'Z*)C—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 svmbol C—C. Alkeny] substituents
may be unsubstituted or substituted with one or more
chemical moiclics. lixamples ol suilable  substiluenis

include, lor cxample, alkyl, alkoxy. alkenyl, alkynyl, aryl. s

heleroaryl, acyl, aldehyde, amino, cyano. carboxylic acid.
ester, ether, halide, hydroxyl, ketone, nitro, phosphonyl,
silvl, sulfo-oxo, sulfonyl, sultone, sulfoxide, or thiol, as
deseribed below. provided that the substituents are sterically

compalible and the rules ol chemical bonding and strain s

energy are satisfied.

Asg used herein, the term “allynyl” represents straight-
chained or branched hydrocarbon moieties containing a
rriple bond. Unless otherwise specilied. C,-Cal, (g
CoCoy CaCae O CaiCy e CarCoa CorC g GG
C,-C,, C,-C,, or C,-C,) alkvuyl grovps are intended. Alloy-
oyl groups may contain more than one unsaturated bond.
Examples include C,-C-alkynyl. such as cthynyl, 1-propy-
nyl, 2-propynyl (or propargyl). T-butynyl. 2-butynyl.
3-butynyl, l-methyl-2-propynyl. T-pentynyl, 2-pentynyl.
3-pentvoyvl, 4-pentvnyvl, 3-methvl-1-butvoyl, 1-methyvl-2-
butvoyl, 1-methyl-3-butvayl, 2-methyl-3-butyoyl, 1,1-dim-
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ethyl-2-propvoyl, 1l-ethyl-2-propynyl, 1-hexvoyl, 2-hexy-
nyl. 3-hexynyl, 4-hexynyl, S-hexynyl. 3-methyl-1-pentynyl,
4-methyl-1-pentynyl. l-methyl-2-pentynyl. 4-methyl-2-pen-
tynyl, T-methyl-3-pentynyl, 2-meihyl-3-pentynyl, T-methyl-
4-pentvny], 2-methyl-4-pentynyl, 3-methyl-4-pentvnyl, 1,1-
dimethyl-2-butynyl, 1,1-dimethyl-3-butvayl, 1,2-dimethyl-
3-butynyl, 2.2-dimethyl-3-butynyl, 3,3-dimethyl-1-bulynyl,
l-cthyl-2-butynyl. T-cthyl-3-butynyl, 2-cthyl-3-bulynyl, and
1-ethyl-1-methyl-2-propyny]l. Alkvoyl substitvents may be
vosubstituted or substituted with one or more chemical
moieties. Examples of suitable substitvents include, for
cxample, alkyl, alkoxy, alkenyl, alkynyl, aryl, heleroaryl,
acyl. aldchyde. amino, cyano, carboxylic acid. ester, cther,
halide, hvdroxyl, ketone, nitro, phosphonyl, silvl, sulfo-oxo,
sulfonyl, sultone, sultoxide, or thiol, as described below.

As used herein. the lerm “aryl”™ as well as derivalive
lerms such as aryloxy. refers o groups thal include a
monovalent aromalic carbocyelic group ol from 3 (o 50
carbon atoms. Arvl groups can include a single rng or

20 multiple condensed rings. In some examples, aryl groups

include C-C aryl groups. Lxamples of aryl groups
include. but are not limited 10. bensene. phenyl, biphenyl,
naphihyl, tetrahvdronaphthyl, phenvlevclopropyl, phenoxy-
benzene, and indanyl. The term “arvl™ also includes “het-
eroarv],” which is defined as a group that contains an
aromatic group thal has al least one heleroatom incorporated
within the ring ol the aromatic group. I'xamples ol heleroa-
toms include, but are not limited to, nitrogen, oxvaen, sulfur,
and phosphorus. The term “non-hetercaryl,”™ which is also
included in the term “aryl,” delines a group thal conlaing an
aromatic group that does not contain a heleroatom. The aryl
substitucnls may be unsubstiluted or substituled with one or
more chemical moieties. Examples of suitable substitments
include, for example, alkyl, alkoxy, alkenvl, 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 "“biary]” is a specific type of arvl
aroup and is included in the definition of arvl. Biary] refers
o two aryl groups thal are bound logether via a lused ring
structure, as in naphthalene, or are attached via one or more
carbon-carbon bonds, as in biphenvl.

The term “cveloalky]l” as used herein is a non-aromatic
carbon-based ring composed of at least three carbon atoms.
lixamples of eycloalkyl groups include. but are not limited
lo, cyclopropyl. cyclobulyl. eyelopentyl, eyclohexyl, cle.
The term “heterocyeloaller]™ is a eveloalky] group as defined
above where at least one of the carbon atoms of the ring is
substituled with a heleroatom such as, bul not limited (o,
nitrogen, oxygen, sullur. or phosphorus. The eycloalkyl
group and helerocyeloalkyl group can be substiluted or
vusubstituted. The cyveloally]l group and heterocyeloalkyl
aroup can be substituted with one or more groups including,
but not limited to, alkyl, alkoxy, alkenyl, alkynyl. aryl,
heteroaryl. acyl. aldchyde. amino. cyano, carboxylic acid,
ester, ether, halide, hydroxyl, ketone, nitro, phosphonyl,
silvl, sulto-oxo, sulfonyl, sulfone, sultoxide, or thiol as
described herein.

The term “cycloalkenyl”™ as used herein is 2 non-aromatic
carbon-based ring composed ol al least three carbon aloms
and containing at least one double bound, ie, C—C.
Examples of cveloalkenyl groups include, but are not lim-
ited to. cyclopropenyl, cyclobutenyl. eyclopentenyl. cyclo-
pentadienyl, cyclohexenyl, cyclohexadienyl. and the like.
The term “heterocyceloalkenyl™ is a ype ol cycloalkenyl
aroup as defined above and is included within the meaning
of the term “cycloalkenyl,” where at least one of the carbon
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atoms of the ring is substituted with a heteroatom such as,
but not limited 1o, nitrogen. oxygen. sullur, or phosphorus.
The eycloalkenyl group and helerocyceloalkenyl group can
be substituted or unsubstituled. The eycloalkenyl group and
heterocveloalkenyl group can be substituted with one or
more groups including, but not limited to, alkyl, alkoxy,
alkenyl, alkynyl, aryl, heleroaryl. acyl. aldehyde, amino.
cyano. carboxylic acid. ester. ether. halide, hydroxyl, kelone.
nitro, phosphonyl, silyl, sulfo-oxo, sulfonyl, sulfone, sulfox-
ide, or thiol as described herein.

The term “cyvelic group™ is used herein to refer to either
aryl groups. non-aryl groups (i.c., cycloalkyl, helerocyceloal -
kyl, eycloalkenyl, and heterocyeloalkenyl groups), or both.
Cyclic groups have one or more ring systems (e.g., mono-
cyelie, bicvelic, trievelie, polveycelic, ete.) 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(0)Z" where Z* can be a hydrogen, hydroxyl, 2

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 hyvdrogen, halogen, hvdroxyl, alkyl,
alkenyl, alkvoyl, arvl, heteroarvl, cveloalleyl, eveloalkenyl,
helerocycloalkyl. or heterocycloalkenyl group  described
above.

The term “alkanol™ as used herein is represented by the
formula Z'OH, where Z' can be an alkyl, alkenyl, allynyl,
arvl, heteroaryl, cyveloalkyl, cveloalkeny], heterocyeloalkyl,
or helerocycloalkenyl group described above.

As used herein, the term “alkoxy™ as used herein 1s an
alkyl group bound through a single. terminal ether Tinkage:
that is, an “alkoxy™ group can be defined as 1o a group ot the
formula Z'—O—, where Z' is vnsubstitted or substituted
alkyl as defined above. Unless otherwise specilied, alkoxy
graups wherein 7' isa (C-C, (e, C-Cap. =00, G -Cl
C,-C,,, C-C,. CC., C-C, C-C, C-C,, or C,-C)
alkyl group are intended. Examples inclide methoxy,
ethoxy, propoxy, l-methyl-ethoxy, butoxy, 1-methyl-
propoxy, 2-methyl-propoxy. 1.1-dimethyl-cthoxy, penloxy.
T-methyl-butyloxy, 2-methyl-buloxy, 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.
loxy, 2.2-dimethyl-butoxy. 2,3-dimcethyl-buloxy, 3.3-dim-
ethyl-butoxy,  l-ethyl-butoxy, Z-ethylbutoxy, 1,1,2-
trimethyl-propoxy, 1,2 2-trimethyvl-propoxy,  1-ethvl-1-
moethyl-propoxy. and 1-cthyl-2-methyl-propoxy.

The term “aldehyde”™ as used herein is represented by the s

formula —C{O)H. Thronghout this specification “C{0)" is a
shorthand notation for C—O.

The term “amino” as used herein are represented by the
formula N7/ where /4 77, and 77 can cach be
substilution 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 CUINZ 22, where 7' and 77 can
each be substitution group as described herein, such as
hvdrogen, an alkyl, alkenyl, alkyvnyl, arvl, heteroarvl,

1,3-dimethyl-bu- =
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cveloalkyl, cweloalkenyl, heterocycloalkyl, or heterocy-
cloalkenyl group described above.

The term “anhydride™ as used herein is represented by the
formula Z'CIOWCOWE where 7' and 72, independently,
cal be an alkyl, alkenvl, alkvoyl, arvl, heteroarvl, cvcloal-
kvl, evcloalkenyl, heterocycloalkyl, or heterocveloalkenyl
group described above.

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

where 74 can be an alkyl. alkenyl, alkynyl. aryl, het-
croaryl, cycloallyl, cycloalkenyl, helerocyceloalkyl, 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 formula  C{OYIIL

A “carboxylate” or “carboxy]” group as used herein is
represented by the formula —C(O)O™.

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

The term “ester”™ as used herein 1s represented by the
formula —OC(O)Z' or —C(NOZ', where Z' can be an
allyl, alkenvl, alkvoyl, arvl, heteroaryl, cveloalkyl,
cycloalkenyl, heterocyeloalkyl, or heterocyeloalkenyl group
deseribed above.

The term “ether” as used herein is represented by the
formula Z'OZ?, where Z' and Z? can be, independently, an
allyl, alkenvl, alkvoyl, arvl, heteroaryl, cveloalkyl,
cycloalkenyl, heterocyeloalkyl, or heterocyeloalkenyl group
deseribed 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:

where £'. ¥7, 77, and 7% can be. independently, an alkyl,
alkenyl, alkynyl. aryl. heleroaryl, cycloalkyl. cycloalk-
envl, heterocycloalkyl, or heterocvcloalkenyl group
described 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
described above.

The term “halide”™ or “halogen™ or “halo” as used herein
relers o MMuorine. 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,.

The term “phosphonyl™ is used herein 1o reler o the
phospho-oxo grovp represented by the tormuls —P(O)
(OZY),, where Z' can be hydrogen, an alkyl, alkenyl, alky-
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oyl arvl, heteroarvl, cycloalkyl, cveloalkenyl, heterocy-
cloalkyl. or heterocyeloalkenyl group described above.

The term “silyl™ as used herein is represenied by the
[ovmula  Si7' 7277 where 7', 72, and 7 can be, indepen-
dently, hvdrogen, alkyl, alkoxy, alkenyl, alkvoyl, arvl, het-
eroarvl, cveloalkyl, cveloalkeny], heterocyveloalkyl, or het-
erocveloalkeny] group described above.

The term “sullonyl™ or “sullond™ is used herein o refer Lo
the sullo-oxo group represented by the formula 80,7
where 7' can be hydrogen. an alkyl, alkenyl. alkynyl, aryl.
heteroaryl, cveloallel, eveloalkenyl, heterocyveloallyl, or
heterocveloalkenyl group described above,

The term “sulfide™ as used herein comprises the formula

5

The term “thiol™ as used herein is represented by the
lormula  8IL

SR 4R, <R CRR” ete., where n is some integer, 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 amine group,” the amine group can be
ecorporated within the backbone of the alkyl group. Alter-
natively, the amino group can be attached 1o the backbone of
the allyl group. The nature of the group(s) that is (are)
sclected will detlermine il the first group is embedded or
allached (o the second group.

Unless staled o the conlrary, a lormula with chemical
bonds shown only as solid lines and not as wedges or dashed
lines contemplates each possible sterecisomer or mixture of
stereoisomer (e.g., each enantiomer, each diastereomer, each
mese compound, a racemic mixlure, or scalemic mixlure).

Compositions

Disclosed herein are hydrocarbon based cowmpositions
derived rom pyrolysis o a leedstock comprising post-
consumer andior post-indusirial plastics. Pyrolysis depo-
Iymerizes plastics into products comprised ol building block
molecules. Contaminants are introduced during plastic tor-
mulation and manitacturing processes during, the first life of
plastic in conjunctiom with the source and collection method

of the plastics. Recyeling of plastics via pyrolysis 15 a 3

lechnology thal generales products with a broad range ol
quality dependent upon a variety of factors, including the
feedstock and manvfacturing process.

“Post-industrial” or “Pre-consumer”  plastics  include

malerials derived from waste strcams during a plastic manu- 5

facturing process.

“Tost-consumer” plastics include materials generated by
households or by commereial, industrial, and/or institutional
[acilities in their roles as end-users of the product which can
no longer be used for its inlended purpose. This includes
returns of material from the distribution chain.

Sources of post-consumer and/or post-industrial plastics
include, bul are not limiled 1o, plastic resin producers:
packaging converters: industrial, commercial, retail. and
institutional Facilitics: houscholds; and wasle collectors.

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

lor example, disclosed hercin are waxes derived [rom
pyrolysis of a leedstock comprising post-comsumer and/or
posi-indusirial plastics. In some cxamples, the wax can be
produced via pyrolysis at an industrial scale.

The wax can, for example, have a number average
molceular weight andfor a welghl average molecular weight
ol 300 Dallons or more {c.g.. 305 Daltons or more. 310
Daltons or more, 315 Daltons or more, 320 Daltons or more,
325 Daltons or more, 330 Daltons or more, 335 Daltons or
more, 340 Daltons or more, 345 Daltons or more, 350
Dallons or more, 355 Dalions or more, 360 Daltons or more,
363 Dallons or more, 370 Daltons or more, 375 Daltons or
more, 380 Dahions or more, 385 Daltons or more, or 390
Daltons or more). In some examples, the wax can have a
number average molecular weight and/or a weight average
molceular weight of 400 Daltoms or less (c.g.. 3495 Dallons
ar less, 390 Daltons or less. 385 1allons or less. 380 Dalions
or less, 373 Daltons or less, 370 Daltons or less, 365 Daltons
355 Daltons or less, 350 Daltons
ar less, 345 Daltons or less. 340 1allons or less. 335 Dalions
ar less, 330 Daltons or less. 325 1allons or less. 320 Dalions
or less, 315 Daltons or less, or 310 Dalons or less). The
nuber average molecular weight and/or weight average
molecular weight of the wax can range from any of the
minimum values deseribed above o any of the maximum
values described above. Por example. the wax can have a
number average molecular weight and/or a weight average
malecular weight of from 300 to 400 Daltons (e.g., from 300
o 350 Daltons. [rom 350 (o 400 Dallons. from 300 10 320
Dallons. [rom 320 (o 340 Daltons, [rom 340 10 360 1allons,
from 360 10 380 Daltons, Mrom 380 o 400 Daltons. [rom 300
to 380 Daltons, from 300 to 360 Daltons, from 300 1o 340
Daltons, from 320 to 400 Daltons, from 340 to 400 Daltons,
from 364 10 400 Daltons, rom 310 1o 390 Daltons. [rom 320
1o 380 1alions, rom 325 10375 Daltons, or [rom 325 (0 350
Dallons).

The wax comprises a mixture of ditterent hvdrocarbons
{e.g., linear, branched, cvelic, acyelie, saturated, wnsam-
raled, aromalic. non-aromatic. cle.). any of which can
oplionally be substituted. In some examples, the wax com-
prises a mixture of different hydrocarbons, any of which can
optionally be substituted, and 60% or more of the mixture
(wiw) comprises C,,-C ¢ hyvdrocarbons (e.g., 61% or more,
62% or more, 63% or more, 64% or more, 63% or more,
66% or more, 67% or more, 68% or more, 699 or more,
70% or more, 71% or more, 72% or more, 73% or more,
74% or more, 75% or more, 76% or more, 77% or more, or
T8% or more). In some examples. the wax compriscs a
mixlure of dillerent hydrocarbons. any of which can oplion-
ally be substituled. and 80% or less ol the mixlure (w/iw)
comprises C,,-C 45 hydrocarbons (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. 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 C.-C, ¢ hvdrocarbons can range from any of'the
minimum values described above to any of the maximum
values deseribed above. Vor example. (he wax compriscs a
mixlure of dillerent hydrocarbons. any of which can oplion-
ally be substituted, and from 60% to 80% of the mixture
(wiw) comprises C,,-C 45 hydrocarbons (e.g., from 60% 1o
T0%, from 70% to 80%, from 60% 10 63%, rom 63% 1o
T0%, from 70% 1o 73%, from 753% 10 80%, rom 60% 1o
T3%, rom 65% to 80%, or from 65% lo T3%).

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
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substituted, and 80% or more of the mixture (w/w) can
comprise Cg-C, hydrocarbons (c.g. 8% or more. 82%, or
more. 83% or more. 84% or more. 85% or more. 86% or
more. 87% or more. or 8% or more). In some examples. the
wax comprises a mixture of different hydrocarbons, any of
which can optionally be substituted, and 90% or less of the
mixture (wiw) can comprise Cg-{,, hydrocarbons (c.g.
89% or less. 88% or less, 87% or less. 86% or less, 85%, or
less, 84% or less, 83% or less, or 82% or less). The amount
of the mixture comprising C,-C,, hydrocarbons can range
from any of the minimum values described above to any of
the maximum values deseribed above. lor example, the wax
can comprise a mixiure of dillerent hydrocarbons, any ol
which can optionally be substituted, and from 80% to 20%
of the mixture (w/w) can comprise C,-C,, hydrocarbons
(c.g.. [rom 80% Lo 85%. from 85% 10 90%, [rom B0% Lo
82%. [rom 82% o B4%. [rom 84% o B6%. [rom 86% Lo
BR%. [rom 88% lo 90%. [rom 80% o B8%. [rom R0% Lo
86%, from 80% to 84%, from 82% to 0%, from 84% to
0%, from 86% to 90%, trom 81% to 89%, or from 82% to
B84,

In some examples. the wax comprises 2 mixiure ol
different hydrocarbons, any of which can optionally be
substituted, and 93% or more of the mixture (w/w) com-
prises Co-C 4 hvdrocarbons (e.g., 95.5% or more, 96% or
more. 96.5'% or more, 97 or more, 97.5% or morce. or 98%
or more). In some examples. the wax comprises a mixlure ol
different hydrocarbons, any of which can optionally be
substituted, and 99% or less of the mixture (w/w) comprises
Co-C, hydrocarbons (c.g. 98.3% or less, 98% or less.
97.5% or less. 97% or less. 96.3%, or less, or 96, or less).
The amount of the mixture comprising C,-C, ., hydrocarbons
can range from any of the minimum valves described above
1o any of the maximum valves described above. For
example. the wax comprises 4 mixiure ol different hydro-
carboms, any of which can optionally be substituled, and
[rom 95% to 99% of the mixlure (w/w) comprises C,-C
hydrocarbons (e.g., from 95% to 97%, trom 97% 10 99%,
from 93% to 36%, from 96% to 87%, from 97% to 98%,
[ram 98% 1o 99%, from 953% to 98%. [rom 96% 1o 99%, or
[rom 96%: 10 98%).

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 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 comprises a mixture of different hydrocarbons, any of
which can oplionally be substituled, and 30%: or less of the

mixture (w/w) comprises (,-C,,, hydrocarbons (e, 29% or =
p TR IR g

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 Co-C,, hydrocarbons can range from
any ol the minimum values deseribed above to any of the

maximum values deseribed above. For example. the wax s

comprises a mixture of different hydrocarbons, any of which
can optionally be substitted, and thom 20% to 30% of the
mixture (wiw) comprises Co-C,, hydrocarbons (e.g., from
20% o 25%,, from 25% o 30%, [rom 20% o 22%, [rom
22% lo 24%,, rom 24% (o 26%, [rom 26% (o 28%, [rom
28% to 30%, from 20% to 28%, from 20% to 26%, from
20% to 24%, from 22% to 30%, from 24% to 30%, from
26% 1o 30%. Mrom 21% (o 29%. or [rom 22% 1o 28%).

In some examples. the wax comprises 2 mixiure ol
different hydrocarbons. any ol which can optionally be
substituted, and 20% or more of the mixture (w/w) com-
prises C,,-C,, hvdrocarbons (e.g., 21% or more, 22% or
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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 ol dillerent hydrocarbons. any of
which can optionally be substituled. and 30% or less ol 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 (C,,-Ca, 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 difterent hyvdrocarbons, any of which
can oplionally be substituted. and [rom 20% (0 30%: of the
mixlure (w/w) comprises (C5,~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% (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
substituled. and 20% or more ol the mixture {(w/w) com-
prises (5=, hydrocarbons (e, 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 substituled. and 30% or less ol the
mixlure (wiw) comprises C,,-Co, 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
mixlure comprising C,,-C, 5 hydrocarbons can range [rom
any of the minimum valuecs described above Lo any ol the
maximum values deseribed above. Vor example, the wax
comprises a mixture of difterent hyvdrocarbons, any of which
cal optionally be substituted, and from 20% to 30% of the
mixture (wiw) comprises C,,-C,, hydrocarboms (e.g., [rom
20% (o 25%. [rom 25% (o 30%. [rom 20% 0 22%. [rom
22% (o 24%. [rom 24% (o 26%. [rom 26% 10 28%. [rom
28% to 30%, from 20% to 28%, from 20% 1o 26%, from
20% to 24%, from 22% to 30%, from 24% 1o 30%, from
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 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 of different hyvdrocarbons, any of
which can optionally be substituted, and 20% or less of the
mixture (wiw) compriscs (C,,-C,, hydrocarbons (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
mixture comprising C,,-C,. hydrocarbons can range from
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
cal optionally be substituted, and from 10% to 20% of the
mixture (wiw) comprises C.,-C,, hyvdrocarbons (e.g., from
10% to 15%, from 15% to 20%, from 10% to 12%, from
12% (o 14%. [rom 14% (o 16%. [rom 16% 0 18%. [rom
18% (o 20%. [rom 10% (o 18%. [rom 10% w0 16%. [rom
10% to 14%, from 12% to 20%, from 14% 1o 20%, from
16% to 20%, from 11% to 19%, or from 12% to 18%).

In some examples, the wax comprises a mixture of
dillerent hydrocarbons. any ol which can oplionally be
substituled. and  the mixture comprises: 20-30% (e,
25-30%) Co-C, hydrocarbons, 20-30% (e.n., 20-25%) C,,;-
C, 4 hvdrocarbons, 20-30% (e.g., 20-25%) C,,-C,; hvdro-
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carbons, and 10-20% (e.g., 10-15%) C,,-C; - hydrocarhons.
In some examples. the wax comprises a mixlure ol different
hydrocarbong, any ol which can oplionally be substituted.
and the mixture comprises: 23300, C,-C,,, hydrocarbons.
20-25% C,-C., hvdrocarbons, 20-25% C.,-C, ¢ hydrocar-
bons, and 10-15% C.;-C,, hydrocarbons.

In some examples. the wax comprises 2 mixiure ol
different hydrocarbons. any ol which can optionally be
substituted, and the mixture is substantially free of C,-C,,
hydrocarbons.

In some examples, the wax comprises a mixture of
different hydrocarbons. any ol which can optionally be
substituted, and the mixture comprises saturaled hydrocar-
bons (e.g., linear, branched, and/or cvclic alkanes), unsatu-
rated (pon-aromatic) hydrocarbons (e.g., linear, branched,
andfor cyclic alkenes and/or alkynes), and aromalic hydro-
carboms. l'or example. the wax comprises 4 mixlure ol
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 wi % ormore, 84 wil % or more, 83 wi. % or more.
86 wil. % or more. 87 wi % or more, 88 wil. % or more. 89
wt. % or more, 90 wt. % or more, 31 wt. % or more, 32 wt.
% or more, 33 wi. % or more, 94 wt. % or more, 95 wt. %
or more, 36 wt, % or more, 97 wt. % or more, 98 wt. % or
more. or 99 wi. % or more). In some cxamples. the wax
comprises 2 mixture ol dillerent hydrocarbons. any ol which
can optionally be substituted, and the mixture comprises 100
wt. %0 or less saturated hydrocarbons (e.g., 99 wt. % or less,
O8 wi. % or less. 97 wi % or less. 96 wi % or less, 95 wil.
%o or less, 94 wi % or less, 93 wi % or less. 92wl % or less.
91 wi % or less. 90 wi. % or less. 89 wil % or less, 88 wi.
% or less, 87 wt. % or less, B0 wt. % or less, 85 wt. % or less,
84 wt. % or less, 83 wt. %0 or less, or 82 w1, % or less). The
amount of the mixture comprising saturated hydrocarbons
can range [rom any of the minimum values deseribed above
o any of the maximum valucs described above. lor
example, the wax can comprise a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and from 80w % o 100 wi. % of the mixlure can comprise
salurated hydrocarbons (e.g., rom 80 wi % 1o 90 wi. %
from 90 wt. % to 100 wt. %, from 80 wt. % to 85 wt. %, from
85 wt. % to 90 wi. %, from 90 wt. % to 95 wt. %, from 95
wt. % to 100 wt. %, from 80 w1, % 10 98 w1, %, from 80 wt,
%o o 96 wil. %o, [rom 80 wi. % 10 94 wi %, rom 80 wi. %
10 92 wil. %, [rom 80 wi. % lo 88 wi. %y, rom 80 wi. % Lo
86 wt. %, from 80 wt. % 10 84 wt. %, from 80 wt. % to 82
wt. %, from 82 wt. % to 100 wt. %, from 84 wt. % to 100
wil, %, rom 86 wi % 1o 100 wi. %, rom 88 wi % lo 100
wil %, rom 92 wi % 10 100 wi. %, [rom 94 wi.
wil %, rom 96 wi % 1o 100 wi. %, rom 98 wi. % lo 100
wt. %, from 82 wi. % 10 98 wt. %, from 85 wt. % 10 99 wi.
%, from 83 wt. % 1o 87 wt. %, or from 97 wi. % 10 99 w1,
%).

In some examples. the wax comprises 2 mixlure ol 3

different hydrocarbons, any of which can optionally be
substituted, and the mixture comprises O wi. % or more
unsaturated (non-aromatic) hydrocarbons (e.g., 0.1 wt. % or
more. (.2 wil % oor more, 0.3 wi. % or more, 0.4 wi. % or
more. (L5 wil % or more, L6 wi % or more, L7 wi. % or
more, 0.8 wt. % or more, 0.9 wt. % or more, 1 wt. % or more,
1.25 wt, % or more, 1.5 wt. % or more, 1.75 wt. % or more,
2wl M or more, 2.25 wi. % or more. 2.5 wio % or more, 3
wl. % or more, 3.5 wl. % or more, or 4 wi. % or more). In
some examples. the wax comprises a mixiure of different
hvdrocarbons, any of which can optionally be substituted,
and the mixture comprises 3 wi. % or less unsaturated
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{non-aromatic) hydrocarbons (e.g., 4.3 w1, % or less, 4 wt.
aorless. 3.5 wi % or less, 3 wil % or less. 2.5 wil % or less,
225 wil. " or less. 2 wio % or less, 175 wio % or less. 1.3
wl % oor less. 1.25 wi % or less. 1wl % or less, 009 wi %
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
wl. % or less). The amount ol (he mixlure comprising
unsaturated (non-aromatic) hydrocarbons can range [rom
any of the minimum values described above to any of the
maximum values described above, For example, the wax can
comprise g mixture of different hyvdrocarbons, any of which
can oplionally be substituled. and [rom 0 1o 5 wi. % of the
mixlure can comprise unsaturaled (non-aromatic) hydrocar-
bons (e.g., from 0 to 2.5 wt. %, from 2.5 to § wi. %0, 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
wi %, rom 3 (o 5 wi %, [rom L5 1o 4.5 wi. % or [rom (1.5
to 1.5 wt. %).

In some examples, the wax comprises a mixture of
dillerent hydrocarbons. any ol which can oplionally be
substituled. and the mixlure comprises 0 wi. % or more
aromatic hydrocarbons (e.g., 0.1 wt. % or more, 0.2 wt. %
or more, 0.3 wt. % or more, 0.4 wt. % or more, 0.5 wt. %
or more, 0.6 wt. % or more, 0.7 wt. % or more, 0.8 wt. %
ar more. L9 wi. % or more. 1 wi. % or more. 1.25 wi % or
more, 1.5 wi. % or more. 1.75 wi. % or more, 2 wil. % or
more, 2.25 wt. % or more, 2.5 wi. % or more, 3 wt. % or
more, 3.5 wt. % or more, 4 wi. % or more, 4.5 wi. % or more,
5.5 wil % or more, 6wl % oor more, 6.5 wi. % or more. 7
wl. % or more, 7.5 wi % or more. 8wl % or more, 8.5 will
Y or more, 9 wl % or more. 9.5 wil % oor more. 10w, %
or more, 10.5 wt. % or more, 11 wt. % or more, 11.5 w1, %
or more, 12 wi. % or more, 12.5 wt, % or more, 13 w1, %
or more. 13.5 wi. % or more. or 14 wi. % or more). In some
cxamples, the wax comprises 2 mixiure ol dillerent hydro-
carbons. any ol which can optionally be substituted. and the
mixture comprises 15 wi. % or less aromatic hydrocarbons
{e.g., 14.5wt. % or less, 14 wt. % or less, 13.5 w1, % or less,
13wl % or less. 12,5 wi. % or Tess, 12 wi % or less, 11.5
wl % oor less, 11wt % or Tess, 105 wil % or less. 10wl %
or less, 9.5 wt. % or less, 9 wt. % or less, 8.5 wt. % or less,
8 wt. % or less, 7.5 w1, % or less, 7 wi. % or less, 6.5 wt.
% or less, 6 wt. % or less, 5.5 wt. % or less, 5 wt. % or less,
4.5 wil % or less, 4 wio % or less. 3.5 wi % or Tess, 3wl
Yaor less, 2.5 wio % or less, 2,25 wil % or less. 2 wi % or
less, 1.75 wt. % or less, 1.5 wt. % or less, 1.25 wt. % or less,
1 wt. % or less, 0.9 wt. % or less, 0.8 wt. % or less, 0.7 wt.
W or less. 006 wi %0 or less, (L5 wil % or less. 04 wil % or
less. 03wl % or less, or 0.2 wil % or less). The amount of
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 wax
can comprise a4 mixlure ol different hydrocarbons. any of
which can oplionally be substituled, and from 0 to 15 wi. %
of the mixture can comprise aromatic hyvdrocarbons (e.g.,
trom O to 7.5 wt. %, from 7.5 to 15 wt. %, trom 0 to 5 wt.
%, trom 5 to 10 wt. %, from 10 to 15 wt. %, from 0 to 14
wl. %, [rom 0 to 12 wi % from 0 lo 10w %, rom 010 §
wi %, rom 010 6 wi %, om O o 4 wi %, from O lo 2 wi.
%, from 0 to 1 wt. %, from 1 to 15 wt. %, from 2 10 15 wt.
%, trom 4 10 15 wt. %, from 6 1o 15 wt. %, from & to 15 wt.
Y, rom 12 10 15 wi. %, rom 0.5 10 145 wi. %, rom 1 1o
14 wi. %, or from 12 10 14 wi. %),

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituted, and the mixture comprises 80-100 wt, % sam-
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rated hydrocarbons (e.g., 85-90 wt. % or 95 10 99 wt. %); 0-5
wil. % unsaluraled (non-aromatic) hydrocarbons (c.g., 0-2.5
wl. %, or 0-1.5 wi. %) and 0-15 wi. % aromalic hydrocar-
bhons {e.g.. 0-2.5 wi. %, or 12-14 wi. %), [n some examples.
the wax comprises a mixture of different hyvdrocarbons, any
of which can optionally be substituted, and the mixture
comprises 83-90 wi. % saturaled hydrocarbons; 0-2.5 wi. %
unsaluraled {non-aromatic) hydrocarbons; and 12-14 wi. %
aromatic hyvdrocarbons.

In some examples, the wax comprises a mixture of
different hydrocarbons, any of which can optionally be
substituted, and the mixture comprises 95-99 wi. % salu-
rated hydrocarbons: 0-1.5 wi. % unsaluraled {non-aromatic)
hydrocarbons; and 0-2.5 wt. % aromatic hydrocarbons.

The wax can, for example, have a melting point of 40° C.
or more (c.g., 41° . or more, 42° €. or more, 43° C. or
more. 44° ¢ or more, 43° €. or more, 469 C, or more. 47°
C.ormore, 487 C. or more, 49° C. or maore, 507 €. or more.
519 C. or more, 52° C. or more, or 53° C, or more). In some
examples, the wax can have a melting point ot 55° C. or less
(c.g. 349 Coor less. 537 Cloorless, 527 Cloor less, 519 Cloor
less, 509 O, or less, 49° CLoor less. 487 ) or less, 47° Cloor
less, 46° C. or less, 45° C. or less, 44° C. or less, 43° C. or
less, or 42° C. or less). The melting point 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 a melting point ol [rom 407 C. o 35° C.
(e.g., trom 40° C. 10 48° C., from 48° C. to 55° C., from 40°
C. 10 45° C, from 45° C. 10 50° C,, from 30° C. 10 55° C,
[ram 40° . 1o 542 ., rom 407 C. o 52° C.. from 40° .
10 30° C.. rom 40° C. o 46° (., rom 42° Co10 35° €L rom
447 Coto 55° Co Trom 467 CL oo 337 C, 417 Clto 54° (L
from 42° C. 10 30° C., or from 43° C. 10 48° C.). The melting,
point of the wax ¢can be determined by any suitable method,

such as those known in the arl. In some cxamples, the 3

melting point ol the wax is delermined using ASTM 1D 127,

The wax can. lor example. have a congealing point of 40°
C. or more (e.g., 41° C. or more, 42° 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 congealing point of 53° C. or
less {e.g., 34° C. or less, 53° C. or less, 527 C. or less, 51°
C. or less, 50° C. or less, 49° C, or less, 48° C. or less, 47°
C.oor less, 46° Cloor less. 45° Clor less, 447 CLoor less, 43°
C.orless. or 427 CL or less). The congealing point ol 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 congealing point of [rom 407

.10 557 CL (g, from 407 CL 1o 487 Cu rom 487 Clo 55° =

., rom 40° CLto 43° €, rom 45° . 1o 50° .. [rom 50°
C. 10 55° C., from 40° C. 10 54° C,, tfrom 40° C, 10 52° C,,
from 40° C. 1o 30° C., from 40° C. to 46° C., trom 42° C.

1o 53° (7, [rom 44° Colo 552 C. from 46° (. 10 53° (., 41°

Coto 34° Cl Trom 42° Coto 52° O, or rom 43° Clio 51° 3

C.). The congealing point of the wax can be determined by
any suitable method, such as those known in the art. In some
examples, the congealing point of the wax is determined
using ASTM 1) 938,

The wax can, lor example, have a (inal boiling point ol
930° F. or more (e.g., 975° F. or more, 1000° F. or more,
1025° F. or more, 1050° F. or more, 1075° F. or more, 1100°
I or more. 1123° I or more. 11307 10 or more, 1175% 10 or
more. 12007 1L or more, 12257 I or more. or 1230° I or
more). In some examples, the wax can have a (nal boiling
point of 1300° F. or less (e.g., 1275 F. or less, 1250° F. or
less, 1225°F. or less, 1200° F. or less, 1175° F. or less, 1150°
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F. orless, 1125° F. or less, 1100° F. or less, 1075° F. or less,
10307 14 or Tess. 10257 I or less. or 10007 1) or less). "The
final boiling point ol the wax can range rom any ol the
minimum values deseribed above o any of the maximum
values described above. For example, the wax can have a
final boiling point of from 950° F. to 1300° F. (e.g., from
9307 I to 11257 10, [rom 11257 14 10 13007 1, [rom 9507 |7
o 10007 I, from 1000° 1 o 10507 I rom 1050° 17 10
1100° F., from 1100° F. 10 1150° F., trom 1150° F. 10 1200°
F..trom 1200° F. 10 1250° F., from 1250° F. 10 1300° F., from
950° F. 10 1250° F, from 950° F. 10 1200° F., from 950° F.
o 11507 17, from 9507 I to 11007 11, from 9507 11 to 1050
11, from 10007 1 10 13007 1., [rom 10507 17 10 13007 1. [rom
1100° F. to 1300° F., from 1150° F. to 1300° F., from 1200°

5 F oto 1300° F| from 975° F 10 1275° F., from 930° F. 10

1250¢ 10, [rom 11009 1 1o 12507 1. or [rom 995° 11 10 12357
11y, "The final bolling point ol the wax can be delermined by
any suilable method, such as those known in the art. In some
examples, the final boiling point of the wax is determined

20 vsing ASTM D 7169,

The wax can, lor example, have a pour point of 307 I, or
more (c.g., 317 I or more. 32° I or more. 339 14 or more,
34° F. or more, 353° F. or more, 36° F. or more, 37° F. or
more, 38° F. or more, 39° F. or more, 40° F. or more, 41° F.
or more, 42° F. or more, 43° F. or more, 44° F, or more, 45°
li, or more. 469 I, or more. 47° I or more, 487 11, or more,
49° 11, or more. 30° I or more, 51° I or more. 329 10 or
more, 33° F. or more, 34° F. or more, 55° F. or more, 56° F,
or more, 37° F. or more, or 58° F. or more). In some
cxamples, (the wax can have a pour point ol 607 I or less
{eg.. 597 1% or less, 587 10 or less. 577 10 or less, 567 1 or
less. 559 1 orless. 5349 10 or less, 537 10 or less, 529 10 or less,
51°F. or less, 50° F. or less, 49° F. or less, 48° F. or less, 47°
F. or less, 46° F. or less, 45° F. or less, 44° F. or less, 43° F.
or less, 42° 1 or less. 419 10 or less, 407 1 or less. 399 1l 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
of the wax can range from any of the minimum valves
described above 10 any of the maximum values described
above. For example. the wax can have a pour point ol [rom
307 1L o 607 1 {eag., [rom 307 10 lo 457 17, [rom 45° 1 1o
50° F, from 30° F. 10 40° F., from 40° F. 10 50° F., from 50°
F.to 60° F, trom 30° F. 10 35° F., from 30° F. 10 50° F| from
35°F. 10 60° F., from 40° F. to 60° F., from 32° F. to 58° F,
from 33% 1. (o 52° I or [rom 459 I (o 607 1L). "The pour
point ol the wax can be determined by any suilable meithod,
such as those known in the art. In some examples, the pour
point of the wax is determined vsing ASTM D 97,

In some examples. the wax can include one or more
conlaminants. Conlaminants can, [or example. comprise an
alkali melal, an alkaline carth metal. a transition melal, a
basic metal, a semimetal, a nonmetal, a halogen, a salt or
compound thereof, or a combination thereof. Examples of
conlaminants include, but are noil limiled to. lithium,
sodium. beryllium, magnesium, calcium, strontium. Gla-
ninm, vanadinm, chromiom, manganese, iron, cobalt, nickel,
copper, zine, molvbdenum, cadmium, mercury, aluminum,
titapium silicon, tin, lead, nitrogen, phosphorus, arsenie,
antimony, oxygen. sullur, selenium, (luorine, chlorine, bro-
mine, compounds thereol. and combinations thercoll In
some examples, the wax includes a contaminant comprising
chloride, nitrogen, silicon, sodivm, iron, phosphorus, sulfur,
calcium. nickel, copper. vanadium. or a combination thereol.

Conlaminants are introduced during plastic [ormulation
and manulacturing processes during the first lile ol plastic in
conjunction with the source and collection method of the
plastics.



Uus 11,891,518 Bl

25

For example, chlorine sources in vsed plastics can com-
prise PV1IC layers. PV is oflen used as a layer or coaling
in food and pharma packaging applications because il pro-
vides excellent barricr propertics against moisture. UY light.
acids, salts, and detergents as well as having good transpar-
ency. Despite design for recvelability formulation changes,
PVDIC 13 lorecasted o ncrease al 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 recveled streams. Post-consumer sources
will contain higher volumes of materials containing chlorine
sources (hat can be dillicult 1o differentiate and remove
through standard sorting lechnigues.

Nitrogen sources in used plastics can, for example, be
derived from depolymerization of nvlon (e.g., Nvlon 6
(PA-6). Nylon-66 (PA-66) in used plastic sources. ollen
[rom [ood and industrial packaging malerials. Nylon is used
in multi-layer flexible packing [ilms to prolect oxygen-
sensitive foods or when excellent oil and grease resistance

and high mechanical strength are required, such as for 2

processed meats and fish. and cheese and other dairy prod-
ucls. Nylon also provides a wide cold 10 hot temperature
range (e.g., —60° C. 10 150° C.), which enables foods to
move throngh freezer to the microwave/oven without pack-
aging degradation. In industrial packaging, nvlon is often
used as a reinforeing layer o provide high mechanical
strength and excellent abrasion and punclure resistance { for
example, in polvpropyvlene supersacks that contain a nyvlon
interlaver or straps). Nitrogen can also come from protein

(Tood) residue on plastics that arises rom (he amine acids in 3

decomposed protein. Posl-conswmer sources will contain
higher volumes ol materials conlaining nitrogen sources that
can be difficult to differentiate and remove through standard
sorting techniques.

Silicon sources in used plastics can. for example, com- 3

prise silica desiccanl packages. In [ood packaging and
processing plants. silicom products are widely used as
release agents in 1 wide variety of materials and equipment,
leaving residue on plastic surfaces. Silicon is also an addi-
tive that can be added 10 a wide range ol materials o change
the appearance, extrusion propertics, andfor 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
dificult to dilferentiate and remove through standard sorting
lechnigues.

Silicon dioxide can be applied in a very thin coating to
plastics, specifically polvethvlene, polvpropylene, and/or
polystyrene. (o act as a barrier layer lo improve the shell lile

ol oxygen and moisture sensitive [ood. This thin coaling can =

be applicd by a vacuum or plasma deposilion process; the
barrier laver and the plastic torma covalent bond. The Si),
barrier coatings are chemically inert and enable benefits in
rigid and [exible [pod packaging applications, including.

but not limited o, reducing oxygen and moisture perme- 5

ability of plastics, ensuring aroma protection and retention
of the smell and taste of contents, not sensitive 1o tluctua-
Tions in temperature and humidity, well-suited for pasteuri-
vation and sterilivation processes, ad can increase shell life
of lpods withowt the addition of preservatives. The 8i0),
coatings are thin, e.g. significantly thinner than a human
hair, and therefore have a negligible impact on the packing
weight. Por this reason, coaled packaging is considered a
mono-malerial that can be mechanically recycled. Reeyela-
bility initlatives are promoling the use of 8i0), coatings as a
replacement for PVDC and Nylon barriers in flexible and
rigid packaging. Although these guidelines are intended for
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mechanically recveled plastics, several packaging forms and
formulations are better suited Tor pyrolysis-based advanced
reeyeling. 8i0), coatings have the polential to be the “gill
that keeps om giving”, especially when used in rigid and
flexible polvethvlene and polvpropylene plastics that are
mechanically recycled initially, which, atter a few cycles,
will then eventually become the used plastic leedstocks lor
advanced recycling the silicon is predicted w0 accumulate
and carry forward into each successive application.

Phosphorus-containing flame retardants are widely vsed
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,
engineered plastics, polvurethane toams, polyvamides (e.g.,
nvlon) and glass-fiber reinforced nylon, polvethylene and
I'VA co-polymers. and inlumescent coatings on foams and
polypropylene textiles. Phosphale esiers are also used as
[Tame retardant plasticizers in PV high impact polystyrene
(HIPS), polvearbonate (PC), and acrvlonitrile butadiene
styrene (ABS). Phosphorus sources also include agricultural
applicatioms, such as residual glyphosate in 1Pl contain-
crs and residual phosphorus lertilizers om ground-level (ilms
{e.g., mulch films). Post-consumer sources will contain
higher volumes of materials containing phosphorus sources
that can be difficult 10 differentiate and remove through
standard sorting lechnigues.

Sources ol sullur, calcium, sodium, iron, phosphorus, or
a combination thereof are additives, surtace residues, and
residual contamination of the incoming post-consumer and/
or posi-industrial plastics. A wash slep can polentially
remove cerlain surlace residucs, bul would add cost and
complexity 1o the advanced {e.g., pyrolysis based) reeyeling
process. Accordingly, post-consumer sources will contain
higher volumes of materals containing sources of sulfur,
calcium. sodium. irom. phosphorus, or a combination thereol
that can be dillicull o dillerentiale and remove through
standard sorting lechnigues.

Copper allovs are commonly and increasingly used to
create molds tor plastic injection molding processes due to
their high thermal conductivity that removes hol spols,
reduces warpage and reduces cycle lime, case of machining
by a variety of processes, and corrosion resistance to water,
cooling fluids and the plastics being injected. Copper allovs
often contain nickel and silicon. Plastics manufactured in
copper alloy molds can have residual amounts ol copper,
nickel, and silicom on their surface. In addition, the plaling
of plastic with nickel and copper can be an effective means
of protecting a substrate against corrosion from environ-
mental exposure and make i more resistant o damage rom
chemicals used in the manulacturing process. In some
instances, the plating on plastic can increase the hardness,
strength, and wear resistance of the substrate. The presence
of copper and nickel on the surface of both pre-consumer
and post-consumer sources can be difficult (o dillerentiate
and remove through standard sorting lechnigues.

In some examples, the wax has a total chloride content of
30 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
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 or less, or 0.005 ppm or less). In some
examples, the wax has a total chloride content of 0 ppm or
more (e.g., 0.001 ppm or more, 0.0025 ppm or more, 0.005
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ppm or more, 0.0075 ppn or more, 0.01 ppm or more, 0,023
ppm or more, .05 ppm or more, L0735 ppm or more, (.1
ppm ar more, 0.25 ppm or more. .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 pp or more, 3.5 ppm of more, 4 ppm
or more, 4.5 ppm or more, 3 ppm or more, & ppm or more,
7 ppm or more. 8§ ppm or more, Y 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, or 40 ppm or more). The
total chloride content of the wax can range from any of the
minimum valves described above 10 any of the maximum
values described above. lor example, the wax can have a
teal ehloride content of rom 0 ppm o 50 ppm {c.g.. fom
010 23 ppm, from 23 to 50 ppu, from 0 to 10 ppm, trom 10
10 20 ppm, from 20 to 30 ppm, trom 30 10 40 ppm, from 40
1o 530 ppm. [rom 0.001 0 50 ppm, from 0001 10 45 ppm.
[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 1o 15 ppm, from 0.001 to 10 ppm, from 0.001 10 3
ppom, tfrom 0.001 w 1 ppm, from 0.001 1o 0.1 ppm, thom
0.001 10 0.01 ppm, from O (o 45 ppm. [rom 0 0 40 ppm.
[rom O 10 35 ppm, rom 0 1o 30 ppm. [rom O Lo 25 ppm, [rom
0 to 20 ppm, from O 1o 135 ppm, from 0 to 10 ppm, trom 0
10 3 ppu, from 0 to 1 ppm, from 0 to 0.1 ppm, o from 0 to
0.01 ppm). In some examples, the wax is substantially free
of chlorides. The total chloride conlent ol the wax can be
determined by any suitable method. such as those known in
the art. For example, the total chloride content of the wax
can be determined vsing ASTM D 7359,

In some examples, the wax has a nitrogen content of 300 3

ppm or less (c.g.. 275 ppm or less. 230 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, 73 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. 3

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 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, 0.023 ppm or less, 0.01 ppm or less, 0.0073
ppm or less, or 0.005 ppm or less). In some examples, the
wax has a nitrogen 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 maore. (.01 ppm or more. (L0235 ppm or more.
0.05 ppm or more. (L0735 ppm or more, (.1 ppm or more.
0.23 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, 3 ppm or more. 6 ppm or more, 7 ppm or more. s

8 ppm or more. 9 ppm or more, 10 ppm or more, 15 ppm or
more, 20 pp or more, 25 pp or more, 30 ppm or more,
33 ppm or more, 40 ppn or more, 45 pp or more, 50 ppm
or more, 75 ppm or more, 104 ppm 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 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 a nitrogen
content ol from 0 (o 300 ppm {c.g., [rom O 1o 150 ppm. [rom
150 to 300 ppm, from O to 100 ppm, from 100 10 200 ppm,
from 200 to 300 ppw, trom 0.001 10 275 ppm, trom 0.001
1 250 ppm. [rom 0.001 10 225 ppm. [rom 0.001 to 200 ppm.
[rom 0.001 to 173 ppm. [rom 0L0O7 1o 150 ppm. [rom 0.001
1 125 ppm, [rom 0,001 1o 100 ppm, rom 0.001 10 75 ppm.
from 0.001 1o 50 ppm, trom 0.001 to 45 ppm, from 0.001 to
40 ppy, from 0.001 10 33 ppm, from 0.001 to 30 ppm, from
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0.001 1o 25 ppm, trom 0.001 to 20 ppm, from 0.001 10 15
ppm. rom 0.001 o 10 ppm, from 0.001 10 5 ppm, [rom
0.001 o 1 ppm, rom 0.00] o 0.1 ppm. from 0001 10 0.01
ppm. from 010 275 ppm, [rom 0 o 250 ppm. [rom O 10 225
ppw, from 010 200 ppm, from 0 t0 175 ppm, from 0 1o 150
ppuw, from 0 to 125 ppm, from 0 1o 100 ppm, from 0 to 75
ppm. from 0o 30 ppm, from 010 43 ppm, from 0 o 40 ppm,
from 0 to 35 ppm, [rom O 10 30 ppm, from 0 (o 25 ppm. [rom
010 20 ppm, trom 0 to 15 ppm, from O 1o 10 ppm, from 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 is substantially tree
ol nitrogen. "The nitrogen content of the wax can be deter-
mine using any suilable method. such as those known in the
art. In some examples, the nitrogen content of the wax is

3 determined using ASTM D 4629,

The wax can, lor example, have a silicon conlent of 125
ppm or less (c.g.. 100 ppm or less, 75 ppm or less, 30 ppm
or less, 45 ppm or less. 40 ppm or less, 35 ppm or less. 30
ppw or less, 23 ppm or less, 20 ppm or less, 15 ppm or less,

20 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 ppm orless. 2.5 ppm or less. 2 ppm or less,
1.5 ppm oor 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, 0.0075
ppm or less, or 0.005 ppm or less). In some examples, the
wax has a silicon content ol 0 ppm or more (c.g.. 0.001 ppm
or move, 0.0025 ppm or more, 0.005 ppm or more, 0.0075
ppw or more, 0.01 ppm or more, 0,025 ppm or more, 0.05
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, | ppm
ar 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, & ppu 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 or more, 30 ppm
or more, 75 ppm or more, or 100 ppm or more). The silicon
content of the wax can range from any of the minimum
valucs described above o0 any of the maximum values
deseribed above. For example, the wax can have a silicon
content of from 0 1o 123 ppm (e.g., from O 10 60 ppm, from
650 ppm 10 123 ppm, from 0 to 23 ppm, from 25 to 50 ppm,
from 50 10 75 ppm, from 735 10 100 ppm, from 100 to 125
ppm. from 0.001 1o 100 ppm, from 0.001 10 75 ppm. [rom
0.001 10 50 ppm. from L0071 0 45 ppm. [rom 0.001 o 40
ppw, from 0.001 to 35 ppm, from 0.001 to 30 ppm, from
0.001 1o 25 ppm, trom 0.001 to 20 ppm, from 0.001 10 15
ppm. rom 0.001 o 10 ppm, from 0.001 10 5 ppm, [rom
0.001 o 1 ppm, rom 0.00] o 0.1 ppm. from 0001 10 0.01
ppm. [rom O 1o 100 ppm, [rom O 10 75 ppm. from 0 o 50
ppw, from 010 45 ppm, trom 010 40 ppm, from 0 o 35 ppm,
from 0 to 30 ppm, from 010 25 ppm, thom 0 to 20 ppm, from
010 15 ppm, [rom O to 10 ppm, rom O 10 3 ppm, [rom 0 1o
1 ppm. [rom ¢ to 0.1 ppm. or [rom 0 o 0.01 ppm). In some
examples, the wax is substantially free of silicon. The silicon
content of the wax can be determine using any suitable
method, such as those known in the art. For example, the
silicon content ol the wax can be determined using ASTM
12 5185,

The wax can, for example, have a sodivm content of 150
ppw 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
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 ppmor less, 3.5 ppm or less, 3 ppm or less, 2.5 ppm or less,



Uus 11,891,518 Bl

29

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. 0L075
ppm or less. 0.05 ppm or less, 0,025 ppm or less, 0.01 ppm
or less. 0.0075 ppm or less. or 0.003 ppm or less). In some
examples, the wax has a sodium content of 0 ppm or more
(e.g., 0.001 ppm or more, 0.0023 ppm or more, 0.005 ppm
or more. (LS ppm or more, (.01 ppm or more. 4.025 ppm
or more, .05 ppm or more. 0.075 ppm or more. (.1 ppm or
more, 0.25 ppm or more, 0.5 ppm or more, 0.75 ppm or
more, 1 pp or more, 1.5 ppm or more, 2 ppm or more, 2.5
Ppom or more, 3 ppm or more, 3.3 ppu or More, 4 ppm or
more. 4.5 ppm 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 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. 75 ppm or more. 100 ppm or more.
or 123 ppm or more). The sodium content can range [rom
any ol the minimum values deseribed above to any of the
maximum values described above. For example, the wax can
have a sodivm content of trom 0 to 130 ppm (e.g., from 0
1 75 ppm. from 75 lo 150 ppm. [rom O 10 50 ppm. [rom 50
1o 100 ppm. from 100 1o 150 ppm. rom 0.001 1o 150 ppm.
from 0.001 10 125 ppm, from 0.001 1o 100 ppm, from 0.001
10 75 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 to 0.01 ppm, from 010 123 ppm, from 0 10 100 ppu,

[rom O 10 75 ppm, rom 0 (o 50 ppm. [rom O to 43 ppm, [rom 3

0 o 40 ppm. rom O 1o 35 ppm. [rom 0 o 30 ppm, from 0
1 25 ppm. [rom 0 10 20 ppm. rom 0 o 15 ppm. [rom O (o
10 ppm, from 0 to 5 ppm, from 0 10 1 ppm, thom 0 10 0.1
ppm, or from 010 0.01 ppm). In some examples, the wax is

substantially free of sodium. The sodium content of the wax 3

can be delermined by any suilable method. such as those
known in the art. For example. (he sodium content ol the
wax cal be determined using ASTM D 3185,

The wax can, tor example, have an iron content of 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,
1.5 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, 0.023 ppm or less, 0.01 ppm or less, 0.0073
ppm or less. or 0.003 ppm or less). In some cxamples. the
wax can have an iron content of 0 ppm or more (e.g., 0.001
ppm or more, 0.0025 ppm or more, 0.005 ppm or more,
0.0075 ppm or maore. (.01 ppm or more. (L0235 ppm or more.

0.05 ppm or more. (L0735 ppm or more, (.1 ppm or more. 5

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
ppm or more, S ppm or maore. 6 ppm or more, 7 ppm or maore.

% ppm or more. or 9 ppm or more). The iron conlent of the s

wax cal range from any of the minimum values described
above to any of the maximum valves described above. For
example, the wax can have an iron content of from 0 1o 10
ppm (c.g., rom O o 5 ppm. [rom 3 o 10 ppm. lrom 1 1o 2
ppm. [rom 2 o 4 ppm. [rom 4 (0 6 ppm. [rom 6 (0 8 ppm.
from 8 10 10 ppm, from 0.001 to 10 ppm, from 0.001 10 9
ppm, from 0.001 o & ppm, trom 0.001 to 7 ppm, from 0.001
1 6 ppm, [rom 0.001 o 5 ppm. from 0.001 (o 4 ppm. [rom
0.001 10 3 ppm, [rom 0.001 10 2 ppm. rom 0.001 o 1 ppm.
[rom 0.001 o 0.1 ppm. [rom 0L007 10 0.01 ppm. [rom O o
9 pp, from O 1o 8 ppm, from 010 7 ppm, trom 0 to & ppL,
from 0 10 5 ppm, trom 0 © 4 ppm, from 0 1o 3 ppm, from
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Ot 1 ppm, from O to 0.1 ppm, or from 0 10 0.01 ppm). In
some examples, the wax is substantially free of iron. "The
irom content of the wax can be determined using any suitable
method. such as those known in the arl. For cxample, the
iron content of the wax can be determined vsing ASTM D
5183,

The wax can. for example, have a phosphorus conlent 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, 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 or less, 0.25 ppm or less, 0.1 ppm or less, 0.075

3 ppw or less, 0.05 ppm or less, 0.025 ppm or less, 0.01 ppm

or less. 0.0075 ppm or less, or 0.005 ppm or less). In some
cxamples, the wax can have a phosphorus content of (0 ppm
or more (c.g. 0.001 ppm or more. 0.0025 ppm or more,
0.005 ppm or more, 0.00735 ppm or more, 0.01 ppm or more,

20 0,025 ppm or more, 0.03 ppm or more, 0.075 ppm or more,

(.1 ppm or more. (L2535 ppm or more. (L5 ppm or more, (L7753
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, 3.3 pp or more,
4 ppm or more, 4.5 ppm or more, 5 pp or more, & ppm or

3 more, 7 ppm or more, 8 ppm or more, 4 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,
or 45 ppm or more). The phosphorus content of the wax can
range from any of the minimum valves described above 1o
any of the maximum values described above. For example,
the wax can have a phosphorus content of Trom O ppm o 50
ppm {e.g.. from 0 lo 23 ppm, [rom 25 o 50 ppm. [rom O 10
10 ppm, from 10 to 20 ppm, trom 20 to 30 ppm, from 30 10
40 ppm, from 40 10 50 ppmw, from 0.001 10 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 ppun, trom 0.001 to 0.01 ppm, from 010 45 ppm, from
0 o 40 ppm, Irom 0 (o 35 ppm. rom O 1o 30 ppm. [rom 0
o 25 ppm, from O lo 20 ppm, rom 0 10 15 ppm, [rom 0 10
10 ppmy, trom O 10 3 ppm, from 0 to 1 ppm, from 0 tw 0.1
ppw, or from 0 to 0.01 ppm). In some examples, the wax can
be substantially free of phosphorus. The phosphorus content
ol 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 is determined using ASTM D
5183,

The wax can, lor example. have a sullur content ol 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
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 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, 0.075
ppw or less, 0.035 ppm or less, 0.025 ppm or less, 0.01 ppm
or less. 0.0075 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
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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, 1735 ppm or more, 200
Ppm or more, 225 ppm or more, 250 ppm or more, 275 ppm
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 trom any of the minimum values described above to
any of the maximum valves described above. For example,
the wax can have a sulfur content of from 0 o 300 ppm (c.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 1o 475 ppm, from 0.001 10 430 ppm, from 0.001 2

1 425 ppm. [rom 0.001 10 400 ppm. from 0.001 to 375 ppm.
[rom 0.001 to 350 ppm. [rom 0L0O7 10 325 ppm. [rom 0,001
10 300 ppu, from 0.001 10 275 ppm, from 0.001 1o 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 0.007 1o 100 ppm, [rom 0.001 o 75 ppm. [rom 0.001
1o 530 ppm. [rom 0.001 w0 45 ppm, from 0.0O1 10 40 ppm.
from 0.001 1o 33 ppm, trom 0.001 to 30 ppm, from 0.001 to
23 ppy, from 0.001 1o 20 ppm, from 0.001 to 15 ppm, from

0.001 o 10 ppm. from 0.001 10 5 ppm, [rom 0.001 10 1 ppm. 3

[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

250 ppm. [rom O to 225 ppm. from 0 to 200 ppm, [rom 0 1o 3

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, lrom O o | ppm. [rom O lo
0.1 ppm, or from 0 (o 0.01 ppm). In some examples, the wax
can be substantially free of sultur. The sulfur content of 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 (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 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, 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, 0.0735 ppm
or less. 0L05 ppm or less, 0.025 ppm or less. 0,01 ppm or

less, 0.0075 ppm or less, or 0.005 ppm or less). In some s

examples, the wax can have a caleium content of O ppm or
more (e.g., 0.001 ppm or more, 0.0023 ppm or more, 0.003
ppm or more, 0.0075 ppn or more, 0.01 ppm or more, 0,023
ppm or more, .05 ppm or more, L0735 ppm or more, (.1
ppm ar more, 0.25 ppm or more. .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 pp or more, 3.5 ppm of 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, Y 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, or 40 ppm or more). The
calcivm content of the wax can range from any of the
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minimum values described above to any of the maximum
values described above. Por example. the wax can have a
calcium comtent ol from 010 50 ppm {e.g., [rom 0 0 23 ppm,
from 23 o 30 ppm, [rom 010 10 ppm, from 10 to 20 ppm,
from 20 to 30 ppm, from 30 10 40 ppm, from 40 to 50 ppm,
from 0.001 to 30 ppm, from 0.001 to 45 ppm, from 0.001 1o
40 ppm, rom (.001 10 35 ppm. [rom 0.001 to 30 ppm, rom
0.001 10 25 ppm. from 0.001 0 20 ppm. [rom 0,001 10 135
ppuw, from 0.001 1o 10 ppm, trom 0.001 10 3 ppm, from
0.001 10 1 ppm, from 0.001 to 0.1 ppm, trom 0.001 1o 0.01
ppw, from 010 45 ppm, trom 010 40 ppm, from 0 o 35 ppm,
from 0 to 30 ppm, [rom O 10 23 ppm, from 0 (o 20 ppm. [rom
010 15 ppm, [rom O to 10 ppm, rom O 10 3 ppm, [rom 0 1o
1 ppm, from 010 0.1 ppm, or from 0 to 0.01 ppm). In some

3 examples, the wax can be substantially tree of calcium. The

calcium conlent of the wax can be determined using any
suilable methods. such as those known in the arl. In some
cxamples, the caleium content of the wax can be determined
vsing ASTM I 5185,

The wax can, for example, have a copper content of 10
ppm or less (e.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 ppm oor less, 3 ppm or less, 2.5 ppm or less, 2 ppm or less,
1.5 ppm oor 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. 0,025 ppm or less, 0.01 ppm or less. 0.0073
ppm or less, or 0.005 ppm or less). In some examples, the
waX can have a copper content of 0 pp or more (e.g,., 0.001
pp or more, 0.0025 ppm or more, 0.003 ppm or more,
(0.0075 ppm or more, 0.01 ppm or more. (L025 ppm or more,
(.05 ppm or more, 0.075 ppm or more, (.1 ppm or more,
(.25 ppm or more, 0.5 ppm or more. (075 ppm or more, 1
ppw or more, 1.5 ppm or more, 2 pp 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 ppim or more. 7 ppim or more,
or 8 ppm or more). The copper content ol the wax can range
from any ol the minimum values deseribed above 1o any of
the maximum valves described above. For example, the wax
cal have a copper content of from O ppm to 10 ppm (e.g.,
from 0 to 5 ppm, [rom 5 (o 10 ppm. rom 1 10 2 ppm, [rom
210 4 ppm, rom 4 o 6 ppm, lrom 6 10 & ppm, [rom ¥ o 10
ppuw, from 0.001 1o 10 ppm, trom 0.001 10 9 ppm, from
0.001 to 8 ppm, trom 0.001 to 7 ppm, trom 0.001 10 6 ppm,
from 0.001 10 5 ppm, from 0.001 to 4 ppm, from 0.001 to 3
pprm. [rom $.001 o 2 ppm. from 0.001 1o 1 ppm. rom 0.001
o 0.1 ppm, rom 0.001 10 0.01 ppm. rom 0o 9 ppm. [rom
0t 8 ppm, trom 0 to 7 ppm, thom O 10 6 ppu, tfrom O 10 5
ppw, trom O 1o 4 ppm, from O 1o 3 ppm, from 0 10 1 ppm,
from 0 10 0.1 ppm. or rom 0 0 001 ppm). In some
cxamples, the wax can be substantially ree ol copper. The
copper content of the wax can be delermine using any
suitable method, such as those known in the art. For
example, the copper content of the wax can be determined
using ASTM 12 5185,

The wax can. [or example, have a nickel content ol 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, 63 ppm
or less, 60 ppm or less, 55 ppm or 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. 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
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
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, 0.0075 ppm or
less, or 0.005 ppm or less). In some examples, the wax can
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have a nickel content of O 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, .75 ppm or more, (.1 ppm or more, (.25 ppm or
more, 0.5 ppm or more, 0.75 ppm or more, 1 ppm or more,
1.5 ppm or more, 2 pp or more, 2.3 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. 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 pp or more, 50 ppm or more,
53 ppm or more, 50 ppn or more, 65 pp or more, 70 ppm
or more, 75 ppm or more, 80 ppm or more, 83 pplu or more,
or Y0 ppm or more). The nickel content of the wax can range
[rom any of the minimum valucs described above (o any ol
the maximum values deseribed above. lor example, the wax
can have a nickel content of thom 0 to 100 ppm (e.g., from
0 10 30 ppm, trom 30 10 100 ppm, from 0 o 20 ppu, from
20 10 40 ppm, from 40 1o 60 ppm, trom 60 to 80 ppm, from
80 1o 100 ppm. rom 0.001 0 100 ppm. rom 0.001 o 75
ppm. rom 0.001 10 50 ppm. [rom 0.001 o 45 ppm, [rom
0.001 t 40 ppm, from 0.001 10 35 ppm, from 0.001 to 30
ppo, from 0.001 10 25 ppm, from 0.001 10 20 ppm, trom
0.001 1o 15 ppm, from 0.001 to 10 ppm, from 0.001 10 3
ppm. rom 0.001 0 1 ppm, [rom 0.001 100 0.1 ppm, lrom
0.001 10 0.01 ppm, from O o 75 ppm. [rom 0 0 50 ppm.
from 010 45 ppm, trom 0 to 40 ppm, from 010 35 ppm, from
0 to 30 ppm, from O 1o 23 ppm, from 0 to 20 ppm, trom 0

e 15 ppm, [rom O 1o 10 ppm, rom 0 10 5 ppm. from 0 o 3

1 ppm, from 0 (o 0.1 ppm, or [rom {10 .01 ppm). In some
examples. the wax can be substantially [ree ol nickel. The
nickel content of the wax can be determined vsing any
suitable method, such as those known in the art. For

example. the nickel content can be determined using ASTM 2

13 5185,

The wax can. for example, have a vanadium content o 23
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, 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 0.005 ppm or less). In some examples, the wax can
have a vanadium content of O ppm or more (c.g., 0007 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 or more. 9 ppm or more. 14 ppm or more, 15 ppm or

more. or 20 ppm or more). The vanadium content of the wax s

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 vanadivm content of from O to
20 ppm (c.g.. from 0 o 10 ppm, [rom 10 10 20 ppm, lrom
0o 5 ppm. from 3 o 10 ppm, [rom 10 (o 15 ppm. rom 15
10 20 ppm, from 0.001 to 20 ppm, from 0.001 10 15 ppm,
from 0.001 to 10 ppm, from 0.001 to 5 ppm, from 0.001 to
1 ppm. [rom 0.001 (o 0.1 ppm. from 0.001 1o 0.01 ppm, rom
0o 15 ppm. from 0 (o 10 ppm. rom 0 10 5 ppm. from 0 Lo
1 ppm, from 0 (o 0.1 ppm, or [rom {10 .01 ppm). In some
examples, the wax can be substantially free of vanadivm.
The vanadinm content of the wax can be determined vsing
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any svitable method, such as those kunown in the art. For
cxample, the vanadium conlent ol the wax can be deter-
mined using ASTM 1 5185,

In some examples. the wax has a wotal 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
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; and a sodium content of 1530 ppm or less. In some
cxamples, the wax has a otal chloride content ol 30 ppm or
less; a nitrogen content of 300 ppm or less; a silicon content
of 125 ppm or less; a sodium content of 150 ppm or less; an
iron content of 10 ppm or less; a sulfir content of 500 ppm
or less: and a calcium contlent ol 50 ppm or less. In some
cxamples, the wax has a otal chloride content ol 30 ppm or
less; a nitrogen conlent of 300 ppm or less: a silicon conlent
of 125 ppm or less; a sodium content of 150 ppm or less; an
iron content of 10 ppm or less; a phosphorus content of 50

20 pp or less; a sultur content of 500 ppm or less; and a

calcium content of 50 ppm or less. In some examples. the
wax has a wolal chloride content ol 30 ppm or less; a nitrogen
content of 300 ppm or less; a silicon content of 125 ppm or
less; a sodium content of' 150 ppm or less; an iron content off
10 ppm or less; a phosphorus content of 50 ppm or less; a
sulfur content ol 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
ppwm or less.

In some examples. the wax has a wotal chloride content of
25 ppm or less; a nitrogen content ol 300 ppm or less; and
a silicon content of 100 ppm or less. In some examples, the
wax has a total chloride content of 25 ppm or less; a nitrogen
content of 300 ppm or less; a silicon content of 100 ppm or
less; and a sodium content of 10 ppm or less. In some
cxamples, the wax has: a tolal chloride content of 25 ppm or
less; a nitrogen conlent of 300 ppm or less: a silicon conlent
of 100 ppm or less; a sodivm content of 10 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 wax has a total chloride content ol 25 ppm or
less; a nitrogen content of 300 ppm or less; a silicon content
of 100 ppm or less; a sodivm content of 10 ppm or less; an
iron content of 10 ppm or less; a phosphorus content of 50
ppm or less: a sullur content of 10 ppm or less; and a caleium
conlent of 3 ppm or less. In some examples. the wax has a
total chloride content of 25 ppm or less; a nitrogen content
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 50 ppm or less; a sullur
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 off
100 ppm or less; and a vanadivm content of 25 ppm or less.

The wax can. [or example, have a Gardner color of 2 or
more (¢c.g.. 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, or 7.3 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
of the wax can range from any of the minimum valves
described above 10 any of the maximum values described
above. lior example. the wax can have a Gardner color of
from 2 10 8 {c.g.. [rom 2 (0 3. [rom 5 (o 8, lrom 2 10 4. [rom
4106, fom 6 o0 8. rom 210 7, [rom 2 to 6, [rom 3 (0 8. [rom
410 8, trom 2.5 to 7.5, from 2.5 to §, or from 6.5 to 8). The
Gardioer color of the wax can be determine vsing any
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suitable method, such as those known in the art. For
example. the Gardner color ol the wax can be delermined
using ASTM 1D 1500,

The wax can, lor example. have an oil content of 5% or
more by weight (e.g., 10% or more, 15% or more, 20% or
more, 25% or more, 30% or more, 33% or more, or 40% or
more). In some examples. the wax can have an oil conlent
ol 530%: or less (c.g.. 45% or less, 40% or less. 353%, or less.
30% or less, 25% or less, 20% or less, 15% or less, or 10%
or less). The oil content ot the wax can range from any of the
minimum valves described above 10 any of the maximum
values described above. Vor cxample, (he wax can have an
oil content ol from 5% o 50% (c.g.. [rom 5% Lo 25%, [fom
25% to 50%, from 5% to 15%, from 10% 1o 15%, from 15%
10 20%, from 20% 1o 25%, trom 25% to 30%, from 30% to
35%. [rom 35% lo 40%. [rom 40% o 45%. [rom 45% Lo
50%. Trom 3% Lo 45%, [rom 3% (o 40%, [rom 5% 1o 35%.
[ram 5% lo 30%. from 3% (o 200, [rom 3% 1o 15%. [rom
10% to 50%, trom 15% to 50%, from 20% to 50%, from
30% to 50%, from 35% to 50%, from 40% to 50%, from
10% 1o 45%. or [rom 25% to 45%). The oil conlent ol the
wax can be determined using any suilable method. for
example those known in the art. For example, the odl content
of the wax can be determined using ASTM D 721,

The wax 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
psig or less, 1005 psig or less, 10 psig or less. 9.5 psig or less.
O psig or less, 8.5 peig 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

3 psig or less, or 2.5 psig or less). [n 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, 4.3 psig or more, 3 psig or more, 3.5 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. 9 psig or more. 9.3
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 deseribed above. lor example, the wax
can have a Reid Vapor Pressure of from 2 1o 12.5 psig (c.g..
from 3 to 7 psig, from 7 1o 12.5 psig, from 2 to 4 psig, from
4 10 6 peig, from 6 to 8 psig, from B 10 10 psig, from 10 to
12.5 psig, from 2 to 12 psig, from 2 to 11 psig, thom 2 10 10
psig, [fom 2 10 9 psig. [rom 2 (0 8 psig, rom 2 (o 6 psig. [fom
2 o 5 psig, rom 3 o 12.5 psig. [rom 4 1o 12.5 psig, rom
510 12,5 psig, from 6 1o 12.5 psig, thom 7 10 12.5 psig, from
8 10 12.5 psig, from 9 1o 12.5 peig, trom 3 10 12 psig, from
510 11 psig. or from 7 10 10 psig). The Reid Vapor Pressure

ol the wax can be determined using any suilable method. s

such as those known in the art. For example, the Reid Vapor
Pressure of the wax can be determined vsing ASTM D 5191,

The wax can, for example, have a water by distillation
amowunt ol (L3 vol. % or less (e.g., 0.45 vol. % or less, 0.4

vol. % or less. L35 vol % or less. 0.3 vol. % or less, .25 s

vol. % or less, 0.2 vol. % or less, 0.15 vol. % or less, 0.1 vol.
% or less, 0.075 vol. % or less, 0.05 vol. % or less, 0.025 vol.
%0 or less, or 0.01 vol. % or less). In some examples, the wax
can have a waler by distillation amount of O vol. % or more
(c.g.. 0.01 vol. % or more, 0L025 vol. % or more. 0.05 vol.
% or more, 0.075 vol. % or more, 0.1 vol. % or more, 0.15
vol. % or more, 0.2 vol. % or more, 0.25 vol. % or more, 0.3
vol. % or more. (.35 vol. % or more. or (0.4 vol. % or more).
The amount of water by distillation in the wax can range
[rom any of the minimum valucs described above (o any ol
the maximum values described above, For example, the wax
can have a water by distillation amount of from 0 to 0.5 vol.
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%o (e.g., from 0 t0 0.25 vol. %, from 0.25 10 0.5 vol. %, from
010 0.1 vol. % from 0.1 1o 0.2 vol. %y, [rom (.2 1o 0.3 vol.
W, [rom L3 1o 0.4 vol. %, from 0.4 1o 0.5 vol. %. [rom O 1o
0.4 vol. %, [rom 0 1o 0.3 vol. %, from 0to 0.2 vol. %. rom
0 to 0.05 vol. %, or trom 0 to 0.01 vol. %). The amount of
water by distillation in the wax can be determined by any
suilable method, such as those known in the arl. lior
cxample, the water by distillation amount in the wax can be
determined using ASTM D 05,

The wax can, for example, have a total sediment content
o' 0.5 vol. % or less (e.g., 0.45 vol. % or less, 0.4 vol. % or
less, 0035 vol. % or less. 03 vol % or Tess, 0.25 vol. % or
less. L2 vol. % 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,

3 or0.01 vol. % or less). In some examples, the wax can have

a loal sediment content ol O vol. % or more (e.g., 0.01 vol.
W ormore, (L0235 vol. % ormore, (L05 vol. % or more. .075
vol. % ar more. 0.1 vol. % or more, 015 vol. % or more, (0.2
vol. % or more, 0.25 vol. % or more, 0.3 vol. % or more,

20 0.35 vol. % or more, or 0.4 vol. % or more). The total

sediment content ol the wax can range rom any ol the
minimum values deseribed above o any of the maximum
values described above. For example, the wax can have a
total sediment content of from 0 to 0.5 vol. % (e.g., from 0

3 to 0.25 vol. %, from 0.25 10 0.5 vol. %, from 0 10 0.1 vol.

W, rom 0.1 10 0.2 vol. %, from (0.2 1o 0.3 vol. % rom 0.3
o (0.4 vol. %, from (.4 1o (L5 vol. %, from 0 10 0.4 vol. %,
trom 0 to 0.3 vol. %, from 010 0.2 vol. %, from 0 1o 0.05
vol. %, or from 010 0.01 vol. %). The total sediment content
ol the wax can be determined by any suitable method. such
as those known in the arl. lior example, the lotal sediment
conlent ol the wax can be determined using ASTM 1) 4870,

The wax can, for example, have an n-heptane insoluble
content of 0.5 wt. % or less (e.g., 0.45 wt. % or less, 0.4 wt.
W or less. 0.35 wi % or less. 0.3 wi % or less, 0.25 wi %
or less. 0.2 wi % or less. 0015 wi % or less. 01 wi % 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.,
001 wi. % or more. L0235 wi % or more. 0L05 wi. % or
more, (L0735 wil % or more, L1 wi % or more, (.15 wi. %
or more, 0.2 wt. % or more, 0.25 wt. % or more, 0.3 wt. %
or more, 0.35 wt. % or more, or 0.4 wi, % or more). The
n-heptane nsoluble content of the wax can range from any
ol the minimum values deseribed above 0 any ol the
maximum values described above. lor example. the wax can
have an n-heptane insoluble content of trom 010 0.5 wt. %
{e.g., from 010 0.25 wi, %, from 0.25 0 0.5 wi. %, from 0
o (0.1 wi. % from 0.1 Lo 0.2 wi % [rom 0.2 10 0.3 wi %,
from (.3 1o 0.4 wi. %, [rom 0.4 (o 0.5 wi. %y, rom 0 10 0.4
wi %, rom O lo 03 wi %, from O o 0.2 wi. %. [rom 0 1o
005 wi. %, or from O to 0.01 wt. %). The n-heptane
insoluble content of the wax can be determined by any
suilable method, such as those known in the arl. lior
cxample, the n-heplane insoluble content of the wax can be
determined using ASTM D 3279,

The wax can, tor example, have a total acid number of 1
mg KOH/g or less (e.g., 0.9 mg KOH/g or less, 0.8 mg
KOOI or less, 0.7 mg KOz or less, 0.6 mg KOllig or
less. 0.5 mg KO or less. 0.4 mg KOIYg 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 total acid
number ol § mg KOl/g or more {c.g.. (.1 mg KOIlig or
more, 1.2 mg KO g or more. 0.3 mg KOl /g or more, 0.4
mg KOl g or more. (.5 mg KO /g or more. (.6 mg KOIlg
or more, 0.7 mg KOHg or more, 0.8 mg KOH/e or more,
or 0.9 mg KOH/g or more). The total acid number of the wax
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can range from any of the minimum valves described above
o any of the maximum valucs described above. lor
example. the wax can have a lolal acid number of rom 0 Lo
1 mg KOy {e.g., rom 010 0.5 mg KOz, [rom 0.5 (0 ]
mg KOH, from 0 10 0.2 mg KOH/g, from 0.2 o 0.4 mp
KOH/g, trom 0.4 1o 0.6 mg KOH/g, from 0.6 to 0.8 mg
KOl g, from 0.8 to 1 mg KOIYg, [rom 0 o 0.8 mg KOI g,
[rom 0 to 0.6 mg KOLYg. [rom O to 0.4 mg KOl g, or [rom
010 0.1 mg KOH/g). The total acid number of the wax can
be determined vsing any svitable method, such as those
known in the art. For example, the total acid number of the
wax can be determined using ASTM 1D 664,

In some cxamples. the wax has a Reid Vapor Pressure ol
12.5 psig or less; and a final boiling point ot 950° F. to 13007
F. In some examples, the wax has a Reid Vapor Pressure of
[rom 7 10 10 pgig; and a (nal boiling point of from 993° 16
o 12357 17

In some cxamples. the wax has a Reid Vapor Pressure ol
12.5 psig or less; and a pour pointof 30° F. 10 60° F. In some
examples, the wax has a Reid Vapor Pressure of trom 7 to
10 psig: and a pour point ol from 33° 1 10 5327 14

In some examples, the wax has a (inal boiling point ol
430° F. 10 1300° F.; and a pour point of 30° F. to0 60° F. In
some examples, the wax has a final boiling point of from
465° F. 10 1235° F.; and a pour point of from 33° F. to 52°
1%

In some cxamples. the wax has a Reid Vapor Pressure ol
12.5 psig or less; a final boiling point ot 950° F. to 1300° F;
and a pour point of 30° F. to 60° F. In some examples, the

wax has a Reid Vapor Pressure ol from 7 (o 10 psig: a (inal 3

hoiling point of rom 9957 i lo 1235 17 and a pour point
of [rom 33% I 1o 527 |17

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;

4 pour point of 307 14 10 60° I a total chloride conlent ol 3

50 ppm or less: a nitrogen content of 300 ppm or less: a
silicon content of 125 ppm or less: a sodium content of 150
ppm or less; an iron content of 10 ppm or less; a phosphorus
content of 30 ppm or less; a sulfur content of 500 ppm or
less: and a calelum conlent of 50 ppm or less. In some
examples. the wax has a Reid Vapor Pressure ol from 7 o
10 psig; a final boiling point of trom 995° F. to 1235° F,; a
pour point of from 33° F. 10 52° F; a total chloride content
of 235 ppm or less; a nitrogen content of 300 ppm or less; a
silicon content of 100 ppm or less; a sodium content ol 10
ppm or less: an ron content o 10 ppm or less; a phosphorus
content of 50 ppm or less; a sulfor content of 10 ppm or less;
and a caleium content of 3 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 hydrotreatment or lurther refining steps alier
pyrolysis,
il

Algo disclosed herein are oils derived [rom pyrolysis ol a

leedstock comprising post-comsumer andior post-industrial s:

plastics. In some examples, the oil can be produced wvia
pyrolysis at an industrial scale.

The oil can, for example, have a number average molecu-
lar welghtl andior a weight average molecular weight of 50
Daltons or more {e.g., 55 Dallons or more. 60 Dallons or
more, 65 Daltons or more, 70 Daltons or more, 75 Daltons
or more, 80 Daltons or more, 85 Daltons or more, 90 Daltons
or more. 95 Daltons or more, 104 Daltons or more, 110
Daltons or more. 120 Dalwms or more. 130 Daltons or more.
140 Daltoms or more. 130 Daltons or more. 160 Dallons or
more, 170 Daltons or more, 180 Daltons or more, 190
Daltons or more, 200 Daltons or more, 225 Daltons or more,
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250 Daltons or more, 275 Daltons or more, 300 Daltons or
more, or 325 Dallons or more). In some examples, the oil
can have a number average molecular weight andfor a
welght average molecular weight ol 350 Dallons or less
{e.g., 323 Daltons or less, 300 Daltons or less, 2735 Daltons
or less, 250 Daltons or less, 225 Daltons or less, 200 Daltons
ar less, 190 Daltons or less. 180 12allons or less. 170 Dalions
ar less, 160 Daltons or less. 150 1 2allons or less. 140 Dalions
or less, 130 Daltons or less, 120 Daltons or less, 110 Daltons
or less, 100 Daltons or less, 95 Daltons or less, 90 Daltons
or less, 85 Daltons or less, 80 Daltons or less, 75 Daltons or
less. 70 Dallons or less, 65 Daltons or less. or 60 Daltons or
less). "The number average molecular weight andior a weight
average molecular weight of the oil can range from any of

5 the minimum valves described above to any of the maxi-

mum values deseribed above. For example. the oil have a
number average molecular weight and/or a weight average
moleeular weight of from 50 w0 350 Daltons (e.g., from 50
to 200 Daltons, trom 200 1o 350 Daltons, from 50 to 150

2 Daltons, from 130 to 250 Daltons, from 250 1o 350 Daltons,

from 30 (o 300 1alions, from 50 10 250 Dalions. [rom 50 10
100 Dallons, from 75 (o 350 Dalions. from 100 10 350
Daltons, from 150 to 350 Daltons, from 300 to 330 Daltons,
trom 75 1o 325 Daltons, or from 100 1o 300 Daltons).

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
oplionally be substituted, and 90% or more of the mixture
{wiw) compriscs (-, 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,, hydrocarbons (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 -C,yg
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%,
from 94% (o 100%, [rom 96% to 1009, rom 91% 1o 99,
from 92% Lo 98%. or rom 92% lo 96%).

The oil comprises a mixture of differeit hydrocarbons
{e.g., linear, branched, cvelic, acyelie, saturated, wnsam-
rated, aromatic, hon-aromatic, etc.), any of which can
oplionally be substituted. In some examples, the oil com-
prises a mixture ol different hydrocarbons, any ol which can
optionally be substituted, and 90% or more of the mixture
{wiw) comprises C,-C., hvdrocarbons (e.g., 90.5% or more,
1% or more. 91.5%: or more, 92% 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, 37.5% or more, 38% or more, 98.5% or more,
or 99% or more). In some examples, the oil comprises a
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mixture of difterent hydrocarbons, any of which can option-
ally be substituled. and 100%,: or less of the mixture (wiw)
comprises C,-C,,, hydrocarbons (c.g.. 99.5%: or less, 99%, or
less, 98.5% or less, 98%, or less. 97.5% or less. 7% or less.
96.5% or less, 96% or less, 95.5% or less, 95% or less,
094.5% or less, 94% or less, 93.5% or less, 93% or less,
92.5% or less. 92% or less. 91.3% or less, or 91% or less).
The amount of the mixture comprising C,-C,,, 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 hydrocar-
hons. any ol which can optionally be substituled. and [rom
0% 10 100% of the mixlure (w/w) can comprise (-5,
hydrocarbons (e.g., from 90% to 95%, trom 95% to 100%,
from 90% to 92%, from 92% to 94%, from 94% to 96%,
[rom 96% 1o 98%, rom 98% 1o 100%, rom 9% o 98%.
[ram 90% 1o 96%, rom 90% 10 94%. om 92% 1o 100%.
[ram 94%: 10 100%. from 96% 1o 100%, [rom 91%: 1o 99%.
from 92% to 98%, or from 92% 1o 96%).

In some examples, the ol comprises a mixture of different
hydrocarbong, any ol which can oplionally be substituted.
and 0% or more ol the mixture (wiw) can comprise €7 ,-C5,,
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 maore, 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-
carbons, any of which can optionally be substituted, and
10% or less of the mixture {wiw) can comprise C,-C.q
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, 2% or less, 1.5% or less, or
1% or less). The amount of the mixture comprising € ,-Cag
hydrocarbons can range [rom any ol (he minimum values
deseribed above 10 any ol the maximum values described
above, For example, the oil comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and from 0% Lo 10% of the mixture {wiw) can comprise
(7 1=Cay hydrocarbons (c.g. from 0% 10 3%, [rom 3% Lo
10%, trom 0% to 2%, from 2% to 4%, from 4% to 6%, thom
6% 10 8%, from 8% to 10%, from 0% 10 8%, from (%% to 6%,
from 0% to 4%, from 1% 1o 10%, from 2% to 10%, from 4%
1o 10%, from 6% (o 10%. [rom 0.5% o 9.5%. rom 1% Lo
Wi, or rom 2% 0 B%).

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,

hydrocarbons {e.g., 25.5%: or more. 26% or more. 26.5% or s

28.5% or
30.5% or

mare.
more,
more,

27% ar more, 27.5% or more, 28% or more.
29% or more, 29.53% or more, 30% or more,
31% or more, 31.5% 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,
hydrocarbons (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. 3005%: or less, 3094 or less, 29.5% or less. 290
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
mixture comprising ¢ -C, hydrocarbon can range [rom any
of the minimum values described above o any ol the
maximum values deseribed above. lior example. the oil
comprises a mixture of different hydrocarbons, any of which
can optionally be substitated, and thom 23% 1o 35% of the
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mixture (w/w) can comprise C,-C; hydrocarbons (eg.,
23% 1o 30%. [rom 30% lo 3*‘30 [rom 23% 1o 27%.
27% 1o 29%. [rom 29% 1o 31%. [rom 31% 1o 33%.
33% Lo 35%. [rom 23% o 33%. [rom 23% to 31%. [rom
25% to 29%, from 27% to 35%, from 29% to 35%, from
31% to 35%, trom 25.5% to 34.5%, or from 26% to 34%,).

In some examples, the oil comprises 2 mixiure ol dillerent
hydrocarbons. any of which can optionally be substituted,
and 25% or more of the mixture (w/w) comprises C,-C,
hvdrocarbons (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
more, 31% or more. 31.5% 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 s mixture of different
hydrocarbons. any of which can optionally be substituted,
and 35% or less ol the mixture (w/w) comprises C,-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 ol the
mixture comprising C,-C, hydrocarbon can range from 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 substituted. and [rom 23% (0 35% of the
mixture (w/w) can comprise C,-C, hydrocarbons (e.g., from
25% to 30%, from 30% to 35%, from 25% 1o 27%, from
27% (o 29%. lrom 29% (o 31%. [rom 31% 0 33%. [rom
33% Lo 35%. [rom 23% o 33%. [rom 23% to 31%. [rom
25% (o 29%. lrom 27% (o 35%. [rom 29% 1o 35%. [rom
31% to 35%, from 25.5% to 34.5%, or from 26% 10 34%).

In some examples, the oil comprises a mixture of different
hydrocarbons. any of which can optionally be substituted,
and 55%: or more ol the mixiure (w/w) can comprise C,-Ca,,
hydrocarbons (c.g.. 55.5% or more, 56% or more, 56.5% or
more, 57% or more, 57.5% or more, 58% or more, 58.5% or
more, 59% or more, 59.5% 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
hvdrocarbons, any of which can optionally be substituted,
and 63% or less of the mixture (w/w) can comprise Co-Cyy
hydrocarbons (c.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, 59%
or less, 58.5% or less, 58% or less, 57.5% or less, 37% or
less. 56.5% or less. or 56% or less). The amount ol the
mixlure comprising C,-C7,,, hydrocarbons can range [rom
any of the minimum valuecs described above Lo any ol the
maximum values described above. For example, the oil
comprises a mixture of difterent hyvdrocarbons, any of which
can oplionally be substituted. and [rom 53% (0 65%: of the
mixlure (w/w) can comprise C -5, hydrocarbons (c.g.,
from 55% to 60%, from 60% 1o 65%, from 55% 10 37%,
from 57% to 39%, from 59% 10 61%, from 61% 10 63%,
from 63% 1o 65%, from 55% 1o 63%, from 55% 10 61%,
from 35% 1o 539%, from 37% 10 65%, [rom 39% 1o 6G3%,
from 61% 1o 65%. [rom 55.5% lo 64.5%, or rom 56% 1o
54%).

In some examples, the oil comprises a mixture of different
hydrocarbons. any of which can optionally be substituted,
and 1% or more of the mixture (wiw) can comprise Cay, -Cay
hydrocarbons (c.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, 3.5% or more, 6% or more, 6.5% or

from
[rom
[rom
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more, 7% or more, 7.5% or more, 8% or more, 8.5% or
more. or 9% or more). In some examples. (he o1l comprises
a4 mixture of dillerent hydrocarbons. any of which can
optionally be substituted, and 10%: or less of the mixture
(wiw) can comprise C,-C., hydrocarbons (e.g., 9.5% or
less, 3% 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, 3% or less.
4.53% or less, 4% or less, 3.5% or less. 3% or less. 2.5% or
less, or 2% or less). The amount of the mixture comprising
C.,-C,e hyvdrocarbons can range from any of the minimum
values described above to any of the maximum values
deseribed above. lior example, the oil comprises a mixlure
ol dillerent hydrocarbons. any of which can oplionally be
substituted, and trom 1% to 10% of the mixture (w/w) can
comprise C,, -C,, hvdrocarbons (e.g., from 1% 1o 4.5%,
[rom 4.5% to 10%. [rom 1% o 4%, [rom 4% 10 7%, [rom
Tl 1o 10%. [rom 1% 10 9%. [rom 1% 10 8%. [rom 1% 10 7%.
[ram 1% to 6% [rom 1% 10 3%. [rom 1% to 3%, rom 2%
10 10%, from 3% to 10%, from 4% 10 10%, trom 5% to 10%,
from 6% to 10%, from 8% 1o 10%, trom 1.5% to 9.5%, from
2% to 9%, or [rom 3% o B'%).

In some examples. the il comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and the mixture comprises: 25-35% (e.g., 30-35%) C-C,
hvdrocarbons, 35-65% (e.g., 60-63%) C,-C, hvdrocarbons,
and 1-10% (e, 3-8%) C,,-C,, hydrocarbons. In some
examples. the oil comprises a mixture ol dillerent hydro-
carbons, any of which can optionally be substituted, and the
mixture comprises: 30-35% C,-C; hydrocarbons, 60-65%
Co-C5, hydrocarbons, and 3-8% . -C.g hydrocarbons.

In some examples. the il comprises a mixture of different
hydrocarbong, any ol which can oplionally be substituted.
and the mixture comprises: 25-35% (e.g., 30-35%) C,-C,,
hvdrocarbons, 35-65% (e.g., 60-63%) C,-C, hvdrocarbons,

and 1-10%: (g, 3-8%) O, -C,e hydrocarbons. In some 3

examples. the oil comprises a mixture ol dillerent hydro-
carboms, any ol which can optionally be substituted, and the
mixture comprises: 30-35% C,-C; hydrocarbons, 60-65%
Cy-Cpy hydrocarbons, and 3-8% C., -C., hvdrocarbons.

In some examples. the il comprises a mixture of different
hydrocarbong, any ol which can oplionally be substituted.
and the mixture is substantially free of hyvdrocarbons com-
prising 30 or more carbons.

In some examples, the ol comprises a mixture of different
hydrocarbong, any ol which can oplionally be substituted.
and the mixture comprises saturaled hydrocarbons (c.g..
linear, branched, and/or cyclic alkanes), unsaturated (non-
aromatic) hvdrocarbons (e.g., linear, branched, and/or cvelic
dlkenes andfor alkynes). and aromatic hydrocarbons. lor

example. the oil comprises a mixture ol different hydrocar- =

bhons. any ol which can oplionally be substituted, and the
mixture comprises 90 wi. % or more unsaturated hyvdrocar-
bons (e.g., 90.5 wt. % or more, 21 wi. % or more, 91.5 wT.
%% or more, 92wl % or more, 92.5 wi. % or more, 93wl
%% or more, 93.5 w % or more, 94wl % or more, 94.5 will
% or more, 95 wt, % or more, 95.5 wt. % or more, 96 wt.
% or more, 96.5 wi. % or more, 97 wi. % or more, 97.5 w1,
% or more, 98 wt. % or more, 38.5 wi. % or more, or 99 w1,
% or more). In some examples, the oil comprises a mixlure
ol dillerent hydrocarbons. any of which can oplionally be
substituted, and the mixture comprises 100 wt. % or less
unsaturated hyvdrocarbons (e.g., 99.5 wt. % or less, 99 wi. %
or less. 98.5 wi. % or less. 98 wil % or less, 97.5 wi % or
less, 97 wi % or less, 96.5 wil % or less. 96wl % or less.
055 wi. " or less, 95 wil % or less, 94.5 wi % or less, 94
wt. % or less, 93.5 wt. % or less, 33 wt. % or less, 92.5 wt.
% or less, 92 wt. % or less, 31.5 wt. % or less, or 91 wt. %
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or less). The amount of the mixture comprising unsaturated
hydrocarbons can range from any of the minimum values
deseribed above 10 any of the maximum values deseribed
above. lior example. the oll comprises a mixture of dillerent
hvdrocarbons, any of which can optionally be substituted,
and the mixture comprises from 90 wi. % to 100 w1, %
unsaturated hydrocarbons (e.g., from 90 10 95 wi. %, [rom
95 10 100 wi. %, from 90 10 92 wi. %y, from 92 (o 94 wi. %,
trom 94 to 96 wt. %, from 96 10 98 wt. %, from 98 1o 100
wt. %, from 90 10 98 wt. %, from 90 1o 96 wt. %, from 90
to 94 wrt. %, from 92 to 100 wt. %, trom 94 to 100 wt. %,
from %96 10 100 wi. % [rom 91 1o 99 wi %, rom 92 (o 98
wl. %. or from 94 10 96 wi. %)

In some examples, the oil comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and the mixture comprises ¢ wi. % or more unsaturated
(mon-aromatic) hydrocarboms (c.g.. 0.25 wi % or more, 0.5
wl % or more, 075 wi % or more. 1 wil. % or more. 1.25
wt, % or more, 1.5 wt. % or more, 1.75 w1, % or more, 2 wt.
% or more, 2.25 w1, % or more, 2.5 w1, % or more, 3 wi. %
or more. 3.5 wi. % oor more, or 4wl % or more). In some
cxamples, the oil comprises a mixture of different hydro-
carbons, any of which can optionally be substituted, and the
mixture comprises 5 wi. % or less vnsaturated (non-aro-
matic) hydrocarbons (e.g., 4.5 wt. % or less, 4 wt. % or less,
35wl Y or less, 3 wi Y or less, 2.5 wi % or less. 225 wi.
Yaor less, 2w Yoor less, 175 wi % or less. 1.5 wi % 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
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
can optionally be substituted, and the mixture can comprise
from 0wl % o 5wl % unsaturated (non-aromalic) hydro-
carbons (c.g.. from 00 2.5 wi %, from 2.3 1o 5 wi. %, [rom
Olo 1wt %, rom 1 10 2 wi. %. from 2 10 3 wi. %, [rom 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 3.5
o 4.5 wi. ).

In some examples, the oil comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
and the mixture comprises 0 wt. % or more aromatic
hydrocarbons (e.ag., 0.23 wi. % or more. 0.5 wi. % or more,
075 wi % or more. 1 wi. %% or more. 1.25 wi. % or more,
1.5 wt. % or more, 1.75 wt. % or more, or 2 wt. % or more).
In some examples, the oil comprises a mixture of different
hydrocarbons. any of which can optionally be substituted,
and the mixlure comprises 2.5 wl % or less aromatic
hydrocarbons (c.g.. 2.25 wi. % or less. 2 wl. % or less, 1.73
wt, % or less, 1.5 wt. % or less, 1.25 wt. % or less, 1 wt. %
orless, 0.75 wt. % or less, or 0.5 w1, % or less). The amount
ol 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 oil
comprises a mixture of difterent hyvdrocarbons, any of which
can optionally be substituted, and the mixture can comprise
from 0wl % o 2.5 wi. % aromatic hydrocarbons (c.g.. [rom
Ot 1.25 wi. %, [rom 1.25 0 2.5 wi. %. [rom O 10 0.5 wi.
%, tfrom 0.5 to 1 wt. %, from 1 to 1.5 wt. %, from 1.510 2
wt. %o, from 2 10 2.5 wt. %o, from O 10 2 w1. %, from O 10 1.5
wi %, rom O lo 1wt % rom 0.5 1o 2.5 wi %, rom 1 1o
25 wL %, rom 1.5 10 2.5 wi. %, [rom (.5 10 2 wi. %, or [rom
110 2 wi. %),

In some examples, the oil comprises a mixture of different
hvdrocarbons, any of which can optionally be substituted,
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and the mixture comprises: 90-100 wt. % saturated hydro-
carboms (c.g., 94-96 wi. %), 0-5 wil. % unsaturated (non-
aromatic) hydrocarbons (g, 3.5-4.3 wi. %), and 0-2.5 wL.
% aromalic hydrocarbons (e, 1-2 wi. %) In some
examples, the oil comprises a mixture of different hydro-
carbons, any of which can optionally be substituted, and the
mixlure compriscs: 94-96 wi. % saluraled hydrocarbons:
3.5-4.5 wi. % unsaturaled (non-aromatic) hydrocarbons: and
1-2 wt. % aromatic hydrocarhons.

The oil can, for example, have a final boiling point of 7507
F. or more (e.g., 760° F. or more, 770° F. or more, 780° F.
or more, 7907 11, or more. 3007 I, or more, 8107 1, or more.
8207 11 or more, 8307 I, or more, 8407 I, or more. 8507 11,
or more, 860° F. or more, 870° F. or more, 880° F. or more,
890° F. or more, 900° F. or more, 910° F. or more, 920° F.
or more, 9307 11, or more. 9407 I, or more, 9307 11, or more.
9607 1. ar more. 9707 1. ar more. or 980° 1. or more). In
some examples. the oil can have a [inal boiling point ol
1000° F. or less (e.g., 990° F. or less, 980° F. or less, 9707
F. or less, 960° F. or less, 950° F. or less, 940° F. or less, 930°
I ar less, 9200 10 or less. 9107 1 or less, 9007 1 or less, 890°
1", ar less, 8809 10 or less. 8707 1 or less. 8607 1. 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
770° F. or less). The final 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
FS07 1. 1o §00° 17, from 8007 1. to 830° 11, from 8507 1 (o
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°
F. 10 925° F, from 750° F. to 900" F.| from 730° F. to 850°
F., trom 750° F. to 825° F, from 775° F. 10 1000° F, from

007 I to 10007 17, [rom 8237 1L (o 10007 1, from 850° 11 3:

Lo 10007 1%, from 2007 1. o 10007 10, Trom 9257 1 1o 10007
I [rom 7757 I to 9757 I [rom 8007 I, o 950° I, rom
830° F. 10 950° F, from 920° F. 10 950° F., or trom 935° F.
1o 950° F.). The final boiling point of the oil can be
determined using any suitable method, such as those known
in the art. For example. the [inal boiling point ol the oll can
be determined vsing ASTM I 7169,

The oil can, for example, have a pour point of 0° F. or
more (e.g., 1°F. or more, 2°F. or more, 3° F. or more, 4° F.
or more, 3% I, or more, 6° I or more, 7° 1 or more. 87 10
or more. 9° 1 or more. 10° 1 or more. 117 I or more. 12°
F. or more, 13° F. or more, 14° F. or more, 153° F. or more,
16° F. or more, 17° F. or more, or 18° F. or more). In some
examples. the oil can have a pour point of 207 1. or less (c.g..

197 1, ar less. 18° 1. or less. 179 1. or less, 167 1% or less, 15° 5

ICor Tess, 149 Ioor less, 139 1 or less, 12° 1 or less, 119 10
or less, 10° F. or less, 9° F. or less, 8° F. or less, 7° F. or less,
6° F. or less, 5° F. or less, 4° F. or less, 3° F. or less, or 2°
I’ or less). The pour point of the oil can range rom any ol

the minimum values described above 0 any ol the maxi- s

mum values described above. For example, the oil can have
a pour point of trom 0° F. to 20° F. (e.g., from 0° F. to 10°
F., trom 10° F. 10 20° F,, from 0° F. to 5° F., from 5° F. to
107 10, from 10° 1 o 159 1, [rom 15° 10 1o 207 1. from O°
oo 159 1, [rom 39 1 (o 200 I, from 53° I 10 157 14, or from
8° F. to 13° F.). The pour point of the oil can be determined
nsing any suitable method, such as those known in the art.
l'or example, the pour point ol the oil can be delermined
using AXIM 1D 497,

In some examples. the oll can include one or more
contaminants. Contaminants can for example, comprise an
alkali metal, an alkaline earth metal, a transition metal, a
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basic metal, a semimetal, a nonmetal, a halogen, a salt or
compound thereol. or a combination thereol. ixamples of
conlaminants include, but are noil limiled to. lithium,
sodium. beryllium, magnesium, calcium, strontium. Gla-
ninm, vanadinm, chromiom, manganese, iron, cobalt, nickel,
copper, zine, molvbdenum, cadmium, mercury, aluminum,
litanium silicon, tin, lead, nitrogen. phosphorus, arsenic,
antimony, oxygen. sullur, selenium, (luorine, chlorine, bro-
mine, compounds thereotf, and combinations thereof. In
some examples, the ol includes a contaminant comprising
chloride, nitrogen, silicon, sodivm, iron, phosphorus, sulfur,
calcium. nickel, copper. vanadium. or a combination thereol.

Conlaminants are introduced during plastic [ormulation
and manufacturing processes during the first life of plastic in

3 conjunction with the source and collection method of the

plastics.

I'or example. chlorine sources in used plastics can com-
prise PYDC layers. PVIC is olien used as a layer or coaling
in food and pharma packaging applications because it pro-

20 vides excellent barrier properties against moisture, UV light,

acids, salls, and detergents as well as having good transpar-
cney. Despite design lor recyelability lormulation changes,
PVDC is forecasted to increase at 3.2% annvally through
2028 in the US. Packaging converters produce a range of

3 monolayer and multi-laver packaging. Both types can

become mixed in reeyeled streams. Post-consumer sources
will contain higher volumes ol materials containing chlorine
sources that can be difficulr to differentiate and remove
through standard sorting techniques.

Nitrogen sources in used plastics can, lor example, be
derived [rom depolymerization of nylon (c.g., Nylon 6
(PA-6). Nylon-66 (PA-06) in used plastic sources, oflen
from food and industrial packaging materials. Nvlon is vsed
in mwlti-laver flexible packing films to protect oxvgen-
sensitive loods or when excellent oil and grease resistance
and high mechanical strength are required. such as lor
processed meats and (ish, and cheese and other dairy prod-
vects. Nyvlon also provides a wide cold to hot temperature
range (e.g., —60° C. o 150° C.), which enables foods 1o
move through lreczer o the microwave/oven withoul pack-
aging degradation. In industrial packaging. nylon is oflen
vsed as a reinforcing laver to provide high mechanical
strength and excellent abrasion and puncture resistance (for
example, in polvpropylene supersacks that contain a nylon
interlayer or straps). Nilrogen can alse come from prolein
{food) residuc om plastics thal arises [rom the aminoe acids in
decomposed protein. Post-consumer sources will contain
higher volumes of materials containing nitrogen sources that
can be dillicull to dillerentiaie and remove through standard
sorling techniques.

Silicon sources in used plastics can, lor example. com-
prise silica desiccant packages. In tood packaging and
processing plants, silicon products are widely used as
release agents in a wide variely of materials and equipment,
leaving residue on plastic surfaces. Silicon is also an addi-
tive that can be added to a wide range of materials to change
the appearance, extrusion properties, and/or end-product
characteristics; this applied to films as well as two-dimen-
sional plastics. Post-consumer sources will conlain higher
volumes ol malerials containing silicon sources thal can be
difficult to differentiate and remove through standard sorting
techniques.

Silicon dioxide can be applied in a very thin coating 1o
plastics. specifleally polyethylene. polypropylene, andfor
polystyrenc, 1o acl as a barrier layer o improve the shell lile
of oxyvgen and moisture sensitive tood. This thin coating can
be applied by a vacuum or plasma deposition process; the
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barrier laver and the plastic torma covalent bond. The Si),
barricr coatings are chemically inert and enable benelits in
rigid and [exible [pod packaging applications, including.
but not limited o, reducing oxygen and moisture perme-
ability of plastics, ensuring aroma protection and retention
of the smell and taste of contents, not sensitive 1o tluctua-
tions in lemperature and humidity, well-sulled lor pasteuri-
vation and sterilivation processes, ad can increase shell life
of foods without the addition of preservatives. The Si(),
coatings are thin, e.g. significantly thinner than a human
hair, and therefore have a negligible impact on the packing
weight. Por this reason, coaled packaging is considered a
mono-malerial that can be mechanically recycled. Reeyela-
bility initiatives are promoting the vse of 510, coatings as a
replacement for PVDC and Nylon barriers in flexible and
rigid packaging. Although these guidelines are intended for
mechanically reeyeled plastics. several packaging lorms and
lormulations are beller suited lor pyrolysis-based advanced
recveling, Si0. coatings have the potential 1o be the “gitt
that keeps on giving”, especially when used in rigid and
flexible polycthylene and polypropylenc plastics that are
moechanically reeyeled initially, which, alier a few cycles.
will then eventually bhecome the vsed plastic feedstocks for
advanced recvcling; the silicon is predicted to accumulate
and carry forward into each successive application.
Phosphorus-conlaining lame retardants are widely used
in plastics where its rapid oxidation consumes all the oxygen
present, thereby stopping the fire. Plastics commonly con-
taining these flame retardants include, but are not limited 1o,
engineered plastics, polyurcthane [oams. polyamides (c.g..
nylon) and glass-liber reinforced nylon, polyethylene and
VA co-polymers, and intlumescent coatings on loams and
polypropvlene textiles. Phosphate esters are also used as
flame retardant plasticizers in PVC, high impact polvstyrene

(I1IPS), polycarbonate (PC). and acrylonitrile butadiene 3

styrene (A138). Phosphorus sources also include agricultural
applications. such as residual glyphosate in TIDPL: contain-
ers and residual phosphorus tertilizers on ground-level films
(e.g., moulch films). Post-consumer sources will contain
higher volumes ol materials containing phosphorus sources
that can be dillicult o differentiale and remove through
standard sorting techniques.

Sources of sulfur, caleivm, sodium, iron, phosphorus, or
a combination thereot are additives, surface residues, and
residual conlamination ol the incoming post-consumer and/
or post-industrial plastics. A wash step can potentially
remove certain surface residues, but would add cost and
complexity 1o the advanced (e.g., pyrolysis based) recveling
process. Accordingly. post-consumer sources will conlain

higher volumes of malerials containing sources of sullur. s

caleium. sodium, iron, phosphorus. or 4 combination thereol
that can be difficult to differentiate and remove through
standard sorting techniques.

Copper alloys are commonly and increasingly used Lo

creale molds [or plastic injection molding processes duc Lo s

their high thermal conductivity that removes hot spots,
reduces warpage and reduces cvele time, ease of machining
by a variety of processes, and corrosion resistance 1o water,
cooling Muids and the plastics being injected. Copper alloys
oflen contain nickel and silicon. Plastics manulactured in
copper alloy molds can have residual amounts of copper,
nickel, and silicon on their surface. In addition, the plating
ol plastic with nickel and copper can be an ellective means
ol protecling a subsirale againsl corrosion [rom environ-
mental exposure and make it more resistant o damage [rom
chemicals used in the manufacturing process. In some
instances, the plating on plastic can increase the hardness,
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strength, and wear resistance of the substrate. The presence
ol copper and nickel on the surlace of both pre-comsumer
and post-consumer sources can be difficult (o dillerentiate
and remove through standard sorting lechnigues.

In some examples, the oil has a total chloride content of
300 ppm or less (e.g., 475 ppm or less, 450 ppm or less, 425
ppw 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. 130 ppm or less. 123 ppm or less, 100 ppm or less, 73
ppw or 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, 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,

2 0.01 ppm or less, 0.0075 ppm or less, or 0.005 ppm or less).

In some examples. (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 ppm or more, 0.00735 ppm or more, 0.01 ppm or more,
0.025 ppm or more, 0.05 ppm or more, 0.075 ppm or more,

3 0.1 ppm or more, 0.23 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 pp or more, & ppm or
more, 7 ppm or more, 8 ppm or more, 3 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 or more. ) ppm or more, 75 ppm or more, 100 ppm
or more, 125 ppm or more, 150 ppm or more, 175 ppm or
more, 200 ppm or more, 223 ppm or more, 230 ppm or more,
275 ppm or more, 300 ppm or more. 325 ppm or more. 350
ppm ar more, 375 ppm or more. 4% ppm or more. 425 ppm
or more. or 430 ppm or more). "The total chloride content of
the oil can range thom any of the minimum valves described
above 10 any of the maximum valves described above, For
cxample, the oil can have a total chloride content ol Trom 0
o 500 ppm {c.g.. [rom 0 o 250 ppm, [rom 250 10 500 ppm,
from 0 10 100 ppm, from 100 to 200 ppm, from 200 o 300
ppuw, from 300 1o 400 ppm, trom 400 to 500 ppm, from
0.001 to 500 ppm, trom 0.001 to 475 ppm, from 0.001 10 450
pprm. from 0,001 (0 425 ppm. from 0.001 10 400 ppm. [rom
0.001 1o 375 ppm, from 0.001 (0 350 ppm. [rom 0.001 10 3235
ppw, from 0.001 tw 300 ppo, tfrom 0.001 10 273 ppm, from
0.001 to 250 ppm, trom 0.001 to 225 ppm, from 0.001 10 200
pprm. from 0,001 0 175 ppm. from 0.001 10 150 ppm. [rom
0.001 10 125 ppm. rom 0.001 o 100 ppm. rom 0001 (o 73
ppm. from 0.001 o 50 ppm. [rom 0.001 0 45 ppm. [rom
0.001 1o 40 ppm, trom 0.001 to 33 ppm, from 0.001 10 30
ppw, from 0.001 to 25 ppm, from 0.001 to 20 ppm, from
0.001 o 15 ppm, rom 0.001 o 10 ppm. [rom 0.001 (0 3
ppm. rom 0001 o 1 ppm. from 0.001 0 0.1 ppm, [rom
0.001 10 0.01 ppm, from 0 to 475 ppm, from O to 430 ppn,
from 010 425 ppm, from 0 to 400 ppm, from 0 10 375 ppm,
from 010 350 ppm, from 0 to 325 ppm, from 0 10 300 ppm,
from 010 275 ppm, [rom 0 o 250 ppm. [rom O 10 225 ppm,
from 0 10 200 ppm, [rom 0 o 175 ppm. [rom O 1o 130 ppm,
from O to 125 ppm, from 0 10 100 ppmy, from 0 10 75 ppm,
from 0 to 50 ppm, from 010 45 ppm, thom 0 to 40 ppm, from
0 10 35 ppm, [rom 0 (o 30 ppm. rom O 1o 25 ppm. [rom 0
o 20 ppm, from O o 13 ppm, rom 0 10 10 ppm, [rom 0 10
5 ppm, [rom 0 to 1 ppm. from 010 0.1 ppm. or from 010 0.01
ppwy). In some examples, the oil is substantially free of
chlorides. The total chloride content of the oil can be
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determined using any suvitable method. For example, the
el chloride content of the oil can be determined using
ASTM D) 7359,

The oil can, lor example, have a nitrogen content ol 600
ppmor less (e.g., 375 ppm or less, 350 ppm or less, 523 ppm
or less, 500 ppm or less, 475 ppm or less, 450 ppm or less,
425 ppm or less. 400 ppm or less. 373 ppm or less, 350 ppm
or less, 325 ppm or less, 300 ppm or less. 275 ppm or less.
230 ppm or less, 223 ppm or less, 200 ppm or less, 175 ppm
or less, 150 ppm or less, 125 ppm or less, 100 ppm or less,
73 ppm or 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, 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 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, 0075
ppm or less. 0.5 ppm or less, 0.23 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, 0.0075 ppm or less, or 0.005 ppm or less).
In some examples, the oil can have a nitrogen content of O
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. S ppm or more. 6 ppim or
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. 3

45 ppm or more, 30 ppm or more. 75 ppm or more. 100 ppm
or more, 125 ppm or more. 150 ppm or more, 175 ppm or
more, 200 ppm or more, 225 ppm or more, 250 ppin or more,
275 pp or more, 300 ppm or more, 323 ppm or more, 350

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

or more, 450 ppm or more. 475 ppm or more, 3 ppm or
more. 325 ppm or more, or 550 ppm or more). The nitrogen
content ot the oil can range from any of the minimum values
described above 1o any of the maximum valves described
dbove. lor example. the oil can have a sullur conlent of [rom
0 1o 600 ppm {c.g., rom 010 300 ppm, rom 300 (0 600 ppm.
from 0 to 100 ppm, trom 100 10 200 ppm, from 200 10 300
ppm, from 300 to 400 ppm, trom 400 10 300 ppm, from 500
10 600 ppu, from 0.001 10 600 ppm, from 0.001 1o 5735 ppm,
[rom 0.001 to 550 ppm. [rom 0L0O1 1o 525 ppm. [rom 0.001
1o 500 ppm. [rom 0.001 10 475 ppm. [rom 0.001 to 450 ppm.
from 0.001 10 425 ppm, from 0.001 1o 400 ppm, from 0.001
10 375 ppu, from 0.001 10 350 ppm, from 0.001 10 325 ppm,
[rom 0.001 to 300 ppm. rom 0L0O1 1o 275 ppm. [rom 0,001

1 250 ppm. [rom 0.001 10 225 ppm. rom 0L001 1o 200 ppm. =

[rom 0.001 to 173 ppm. [rom 0L0O7 1o 150 ppm. [rom 0.001
10 1235 ppm, trom 0.001 to 100 ppm, from 0.001 10 75 ppm,
from 0.001 1o 50 ppm, trom 0.001 to 45 ppm, from 0.001 to
40 ppm. [rom 0.001 10 35 ppm, rom 0.001 (0 30 ppm. [rom

0.001 o 25 ppm. [rom 0.001 10 20 ppm, Fom 0.001 (o 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
ppo, from 010 375 ppm, from 0 10 350 ppm, trom 0 to 523
ppm. [rom O 1o 500 ppm. from O 10 475 ppm, [rom 0 o 450
ppm. [rom 0 1o 425 ppm. [rom O 1o 400 ppm, lrom 0 1o 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
ppm. [rom O 10 50 ppm. [rom 0 10 45 ppm. [rom O to 40 ppm.
from 010 35 ppm, trom 0 to 30 ppm, from 010 25 ppm, from
0 to 20 ppm, from O 1o 135 ppm, from 0 to 10 ppm, trom 0
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to 5 ppm, trom 0 to 1 ppm, from 010 0.1 pp, or from O 10
0.01 ppm). In some examples, the o1l can be substantially
free ol nitrogen. ‘The nitrogen content of the oil can be
determined using any suilable method. such as those known
in the art. For example, the nitrogen content of the oil can be
determined using ASTM D 4629,

The 0il can, lor example. have a silicon content ol 2000
ppm or less (c.g. 1900 ppm or less, 1800 ppm or less. 1700
ppw 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, 1000 ppm or less, 950 pp or less, 500 ppm or less, B50
ppm or less. 800 ppm or less, 750 ppm or less. 700 ppm or
less. 630 ppm or less. 600 ppm or less. 550 ppm or less, 500
ppw or less, 475 ppm or less, 450 ppm or less, 4235 ppm or

3 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. 230 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, 30 ppm or less, 45 ppm or less, 40 ppm or less, 35 ppm

20 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 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

3 less, 0.5 ppm or less, 0.25 ppm or less, 0.1 ppm or less, 0.075

ppm or less, 0L05 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 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. 0L0G75 ppm or more. 4.01 ppm or more. .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
ar more, 4.5 ppm or more. 3 ppm or more. 0 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 more, 35 ppm or more, 40 ppm or more, 45 ppm
or more, 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, 323 ppm or more, 330 ppm or
more, 375 ppm or more, 400 ppm or more, 425 ppm or more,
450 ppm or more, 473 ppm or more, 500 ppm or more, 350
ppm ar more, 600 ppm or more. 630 ppm or more. 700 ppm
or more. 750 ppm or more, 800 ppm or more. 850 ppm or
more, 300 ppm or more, 950 ppm or more, 1000 ppm or
more, 1100 ppn 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
conlent ol the il can range rom any of the minimum values
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
ppw, from 0.001 10 1250 ppm, from 0.001 to 1000 ppm,
from (.001 10 750 ppm, from 0.001 o 300 ppm, from 0.001
o 475 pprm, rom 0.001 (o 450 ppm, rom 0.001 0 425 ppm,
from 0.001 to 400 ppm, from 0.001 to 373 ppm, from 0.001
to 330 ppm, thom 0.001 to 325 ppm, trom 0.001 to 300 ppm,
from (0.001 0 275 ppm, from 0.001 o 250 ppm, from 0.001
o 225 ppm, rom 0.001 (o 200 ppm, rom 0.001 o 175 ppm,
from (0.001 0 150 ppm, from 0.001 o 125 ppm, from 0.001
to 100 ppm, from 0.001 w 75 ppm, from 0.001 10 50 ppm,
from 0.001 to 45 ppm, from 0.001 to 40 pp, from 0.001 1o
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33 ppy, from 0.001 1o 30 ppm, from 0.001 to 25 ppm, from
0.001 o 20 ppm. [rom 0.001 10 15 ppm, Fom 0.001 (o 10
ppm. from 0L007 to 5 ppm. from 0.001 o 1 ppm. from 0.001
1o 0.1 ppm. from 0.001 to 0.01 ppm, rom O o 1750 ppm.
from 0 10 1500 ppm, trom 0 to 1250 ppm, from O 10 1000
ppo, from 0 10 730 ppm, from 0 10 300 ppm, trom 0 to 475
ppm, from 0 10 430 ppm, from 010 425 ppm, trom 0 to 400
ppm. [rom 0 10 375 ppm. [rom O 1o 330 ppm, lrom 0 1o 325
ppm. [rom O 1o 300 ppm. from O 10 275 ppm, [rom 0 0 250
ppm. [rom O 1o 225 ppm. [rom O 1o 200 ppm, lrom 0 1o 175
ppm, from 010 130 ppm, from 010 123 ppm, trom 0 to 100
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 010 0.01 ppm). In some examples, the oil can
be substantially tree of silicon. The silicon content of the oil
can be determined using any suitable method, such as those
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. 90 ppm or less. 85 ppm or
less, 80 ppm or less, 75 ppm or less, 70 ppm or less, 65 ppm
or less, 60 ppm or less, 35 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 ppm or less, 3.5 ppm
or less, 3 ppmoor less, 2.5 ppin or less, 2 ppm or 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, 0.1 ppm or less. 0L075 ppm or less. 0,05 ppm
or less, 0.025 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 a sodivm content of 0 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
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, % ppn 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 or more, 50 ppm or more.
53 ppm or more, 50 ppn or more, 65 pp or more, 70 ppm
or more, 75 ppm or more, 80 ppm or more, 83 pplu or more,
or 90 ppm or more). The sodium content of the ol can range

[rom any of the minimum valucs described above W any ol s

the maximum values deseribed above. lior example. the oil
can have a sodivm content of from O to 100 ppm (e.g., from
0 10 30 ppm, trom 30 10 100 ppm, from 0 o 20 ppu, from
20 1o 40 ppm. [rom 40 10 60 ppm. from 60 (o 80 ppm, [rom

80 1o 100 ppm. rom 0.001 o0 100 ppm. rom 0.001 0 75 =

ppm, from 0.001 10 30 ppm, from 0.001 10 435 ppm, trom
0.001 t 40 ppm, from 0.001 10 35 ppm, from 0.001 to 30
ppo, from 0.001 10 25 ppm, from 0.001 10 20 ppm, trom
0.001 10 15 ppm. [rom 0.001 o 10 ppm, om 0.001 10 5
ppm. rom 0.001 0 1 ppm, [rom 0.001 100 0.1 ppm, lrom
0.001 1o 0.01 ppm, from O to 75 ppm, from 0 to 30 ppu,
from 010 45 ppm, trom 0 to 40 ppm, from 010 35 ppm, from
0 1o 30 ppm. from O 1o 25 ppm. [rom 0 o 20 ppm, from 0
1o 15 ppm, [rom O 1o 10 ppm, rom O w0 5 ppm. rom 0 (o
1 ppm, from 0 (o 0.1 ppm, or [rom {10 .01 ppm). In some
examples, the oil can be substantially free of sodium. The
sodium content of the oil can be determined vsing any
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suitable method, such as those known in the art. For
cxample, the sodium content of the oil can be determined
using ASTM 12 5185,

The oil can, lor example, have an iron 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,
0.05 ppm or less, 0.025 ppm or less, 0.01 ppm or less, 0.0075
ppw or less, or 0.003 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. .0025 ppm or more. 4.003 ppm or more. 0.0075
ppw or more, 0.01 ppm or more, 0,025 ppm or more, 0.05

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

ppm or more, 0.5 ppm or more. .75 ppm or more, | ppm
ar 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 ppr or more). The iron content of the oil can range from
any ol the minimum values @bove o any ol the maximum
valucs described above. For example. the oil can have an
iron content of from 0 ppm 1o 10 ppm (e.g., from 0 to 5 ppm,
from 5 1o 10 ppm, from 1 to 2 ppm, trom 2 10 4 ppm, from

3 410 6 ppm, trom 6 o 8 ppm, from B 10 10 ppm, from 0.001

o 10 ppm. from 0.001 (o 9 ppm, from 0.001 10 8 ppm, [rom
0.001 o 7 ppm. from 0.001 o 6 ppm. from 0.001 10 5 ppm,
from 0.001 10 4 ppm, from 0.001 to 3 ppm, trom 0.001 to 2
ppw, from 0.001 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 iron. The iron content of the oil can be
determined using any suilable method. such as those known
in the arl. Por example. the iron content of the o1l can be
determined using ASTM 1D 5185,

The oil can, for example, have a phosphorns content of 25
ppw 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 ppmoor less. 4.5 ppm or less, 4 ppm or less, 3.5 ppm
or less, 3 ppmor less, 2.5 ppm or less, 2 ppm or less, 1.5 ppm
or less, 1 pp or less, 0.75 ppm or less, 0.5 ppm or less, 0.25
ppw or less, 0.1 ppm or less, 0.075 ppm or less, 0.05 ppm
or less. 0.0235 ppm or less, 0.01 ppm or less, 0.0075 ppm or
less. or 0L005 ppm or less). In some examples. the oll can
have a phosphorus content of 0 ppm or more (e.2., 0.001
pp or more, 0.0025 ppm or more, 0.003 ppm or more,
(0.0075 ppm or more, 0.01 ppm or more. (L025 ppm or more,
(.05 ppm or more, 0.075 ppm or more, (.1 ppm or more,
(.25 ppm or more, 0.5 ppm or more. (075 ppm or more, 1
ppw or more, 1.5 ppm or more, 2 pp 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 ppim or more. 7 ppim or more,
8 ppm or more. Y ppm or more. 10 ppm or more. 15 ppm or
more, or 20 ppm or more). The phosphorus content of the oil
cal range from any of the minimum valves described above
to any of the maximum wvalves described above. For
cxample, the oil can have a phosphorus content ol [rom 0 1o
25 ppm (e.g.. rom O 1o 12.5 ppm. [rom 12.5 10 25 ppm. [rom
010 5 ppm, from 5 10 10 ppm, trom 1010 15 ppm, from 15
to 20 ppm, from 20 10 25 ppm, from 0.001 10 235 ppm, from
0.001 10 20 ppm. from 0L0O7 © 15 ppm. [rom 0.001 o 10
pprm. [rom 0.001 o 3 ppm. from 0.001 1o 1 ppm. rom 0.001
o 0.1 ppm. from 0.001 0 0.01 ppm. from O o 20 ppm, [rom
010 15 ppm, from 0 10 10 ppm, from 0 10 5 ppm, from O 10
1 ppm, from 010 0.1 ppm, or from 0 to 0.01 ppm). In some
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examples, the oil can be substantially free of phosphorus.
The phosphorus content ol the oil can be delermined using
any suilable method. such as those known in the art. or
example. the phosphorus content of the oil can be deter-
mined using ASTM D 5185,

The oil can, for example, have a sulfur content 0f 250 ppm
or less (c.g., 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, B 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 ppmoor less, 2.5 ppm
or less, 2 ppm or less, 1.5 ppm or less, 1 ppm or less, 0.73
ppm or less, 0.5 ppm or less, 0.25 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. 0.0075 ppm or less. or 0,003 ppm or less).
In some examples. the oil has 2 sullur content ol 0 ppm or
more (e.g., 0.001 ppm or more, 0.0023 ppm or more, 0.003
ppm or more, 0.0075 ppn or more, 0.01 ppm or more, 0,023
ppm or more, .05 ppm or more, L0735 ppm or more, (.1
ppm ar more, 0.25 ppm or more. .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 pp or more, 3.5 ppm of more, 4 ppm
or more, 4.5 ppm or more, 3 ppm or more, & ppm or more,
7 ppm or more. 8§ ppm or more, Y ppm or more. 10 ppm or
more. 15 ppm or more, 20 ppm or more, 25 ppm or more.
30 ppm or more, 35 pp or more, 40 ppm or more, 43 ppm
or mare, 30 ppm or more, 73 ppu or more, 100 ppm or more,

125 ppm or more. 150 ppm or more, 175 ppm or more. or 3

200 ppm or more). "The sulfur content of the oil can range
[rom any of the minimum valucs described above (o any ol
the maximum valves described above. For example, the oil
can have a sultur content of from O ppm 10 250 ppm (e.2.,

[rom 0lo 125 ppm, [rom 125 to 250 ppm, [rom 0 1o 530 ppm. 3

[rom 50 to 100 ppm, from 10010 130 ppm. [rom 150 1o 200
ppm. from 200 o 250 ppm. [rom 0.001 1w 250 ppm. [rom
0.001 10 225 ppLn, from 0.001 to 200 ppm, from 0.001 to 173
ppm, from 0.001 1o 150 ppm, from 0.001 to 125 ppm, thom
0.001 (o 100 ppm. from 0.001 © 75 ppm, [rom 0.001 o 50
ppm. [rom 0,001 1o 45 ppm. [rom 0.001 o 40 ppm, rom
0.001 t 35 ppm, from 0.001 10 30 ppm, from 0.001 to 23
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
225 ppm. [rom O to 200 ppm. from 0 1o 175 ppm, [rom 0 (o
150 ppm, from O 10 125 ppm, trom 010 100 ppm, from 0
73 ppo, trom 0 to 50 ppm, trom 0 10 43 ppm, from 0 to 40
ppm. [rom 010 35 ppm. [rom 0 10 30 ppm. [rom O to 23 ppm.

[rom O 1o 20 ppm, rom 0 o 15 ppm. [rom O to 10 ppm, [rom =

010 5 ppm, [rom 0o 1 ppm, [rom 0o 0.1 ppm. or [rom ¢
10 0.01 ppm). In some examples, the oil can be substantially
free of sultur. The sultur content of the oil can be determined
by any suitable method. such as those known in the art. For

example. the sullur content of the oil can be delermined s

using ASTM D 4294,

The oil can, for example, have a caleium content of 30
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 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 or less, 3 ppin or less, 2.5 ppm or less, 2 ppm
or less. 1.5 ppm or less. 1 ppm or less, 0L75 ppm or less. 0.3
ppm or less, 0.25 ppm or less. 0.1 ppm or less, 0.075 ppm
or less. 0L05 ppm or less, 0.025 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 caleium content of O ppm or
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more (e.g., 0.001 ppm or more, 0.0025 ppm or more, 0.005
ppm or more. 0L0G75 ppm or more. 4.01 ppm or more. .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
ar more, 4.5 ppm or more. 3 ppm or more. 0 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, 23 ppm or more,
30 ppm or more, 35 pp or more, or 40 ppm or more). The
calcinm content of the oil can range trom any of the
minimum values deseribed above o any of the maximum
valucs described above. For example. the oil can have a
caleium content of trom 010 30 ppm (e.g., from 0 o 25 ppm,

3 trom 25 1o 50 ppm, from 0 10 10 ppm, from 10 10 20 ppm,

from 20 (o 30 ppm, [rom 30 o 40 ppm. [rom 40 1o 30 ppm,
from (.001 1o 50 ppm. [rom 0.001 (0 45 ppm. [rom 0L0O1 10
40 ppm, rom (.001 10 35 ppm. [rom 0.001 to 30 ppm, rom
0.001 1o 25 ppm, trom 0.001 to 20 ppm, from 0.001 10 15

20 ppu, from 0.001 10 10 ppm, trom 0.001 10 3 ppm, from

0.001 o 1 ppm, rom 0.00] o 0.1 ppm. from 0001 10 0.01
ppm. from 010 45 ppm, from 010 40 ppm, from 0 (0 35 ppm,
from 0 to 30 ppm, from 010 25 ppm, thom 0 to 20 ppm, from
010 15 ppm, from 0 10 10 ppm, from 0 10 5 ppm, from O 10
1 ppm, from 010 0.1 ppm, or from 0 to 0.01 ppm). In some
cxamples, the oil can be substantially ree of calcium. The
calcium content ol the oil can be determined using any
suitable methods, such as those known in the art. In some
examples, the caleium content of the oil can be determined
using ASTM 12 5185,

The o1l can, for example, have a copper content of 10 ppm
or less (cg. 9 ppm or less. 8 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 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 0.003 ppm or less). In some examples, the oil
cal have a copper content of 0 ppm or more (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
or more, 1.5 ppm or more, 2 ppn 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, or
8 ppm or more). The copper content of the oil can range
from any of the minimum valves described above 1o any of
the maximum valucs described above. Por example, the il
can have a copper content of [rom O ppm (o 10 ppm (c.g.,
from 0 to 5 ppm, [rom 5 (o 10 ppm. rom 1 10 2 ppm, [rom
210 4 ppm, from 4 10 6 ppm, from 6 10 8 ppm, from 8 to 10
ppuw, from 0.001 1o 10 ppm, trom 0.001 10 9 ppm, from
0.001 0 8 ppm. from 0.001 o 7 ppm. from 0.001 10 6 ppm,
from 0.00] to 5 ppm. [rom (.001 10 4 ppm, [rom 0.001 0 3
ppw, trom 0.001 10 2 ppm, from 0.001 10 1 ppn, throm 0.001
to 0.1 ppm, from 0.001 10 0.01 ppm, trom 010 9 ppm, from
0t 8 ppm, trom 0 to 7 ppm, thom O 10 6 ppu, tfrom O 10 5
ppm. from O o 4 ppm, rom O 10 3 ppm, rom 0 10 1 ppm,
from 0 10 0.1 ppm. or rom 0 0 001 ppm). In some
examples, the oil can be substantially free of copper. The
copper content of the oil can be determine vsing any suitable
method. such as those known in the arl. For cxample, the
copper conlent ol the oil can be determined using ASTM 1)
S185.

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
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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, 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 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, 0075
ppm or less. 0.5 ppm or less, 0.23 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, 0.0075 ppm or less, or 0.005 ppm or less).
In some examples, the oil can have a nickel content ot O ppm
or more (c.g., 0,001 ppm or more, 0L0025 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. S ppm or more. 6 ppim or
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.
45 ppm or more, 30 ppm or more. 75 ppm or more. 100 ppm
or more, 125 ppm or more, 150 ppm or more, 173 ppm or
more, or 200 ppm or more). The nickel content ot the oil can
range trom any of the minimum values described above to
any ol the maximum values deseribed above. lor example.
the oil can have a nickel content of [rom O ppm to 250 ppm
(e.g., from 010 125 ppm, from 125 to 250 ppm, trom 0 to
50 ppm, from 50 1o 100 ppm, trom 100 to 130 ppm, from

150 (o 200 ppm. rom 200 0 250 ppm. from 0.001 0 250 3

ppm. [rom 0.001 to 225 ppm, [rom 0.001 1o 200 ppm, lrom
0.001 1o 173 ppm. [rom 0.001 (0 150 ppm, rom 0.001 (0 125
ppm, from 0.001 to 100 ppm, from 0.001 to 75 ppm, thom
0.001 o 50 ppm, from 0.001 10 45 ppm, from 0.001 to 40

ppm. [rom 0.001 10 35 ppm. [rom 0L001 o 30 ppm, rom 32

0.001 o 25 ppm. [rom 0.001 w0 20 ppm, [om 0.001 (0 15
ppm. rom 0,001 o 10 ppm. rom 0.001 o 5 ppm. [rom
0.001 to 1 ppm, trom 0.001 10 0.1 ppm, from 0.001 to 0.01
ppm, from 010 225 ppm, from 0 10 200 ppm, trom 0 to 173
ppm. [rom O 1o 150 ppm. from O 10 125 ppm, [rom 0 o 100
ppm. [rom 010 75 ppm. [rom 0 10 50 ppm. [rom O to 45 ppm.
from 010 40 ppm, trom 0 to 33 ppm, from 010 30 ppm, from
0 to 25 ppm, from O 1o 20 ppm, from 0 to 13 ppm, trom 0
10 10 ppm, from O to 5 ppm, trom 0 10 1 ppm, from 010 0.1
ppm. or from 010 0.01 ppm). In some examples, the oil can
he substantially Tee of nickel. The nickel content of the oil
can be determined using any suitable method, such as those
koown in the art. For example, the nickel content of the il
can be determined using ASTM 1) 5185,

The oil can. for cxample, have a vanadium comtent ol 23 =

ppm or less (c.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, 0,75 ppm or less, 0.5 ppm or less. 025 s

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 0.005 ppm or less). In some examples, the oil can
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, 3.5 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
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more, or 20 ppm or more). The vanadivm content of the oil
can range from any of the minimum values described above
lo any ol the maximum values deseribed above. lor
cxample, the o1l can have a vanadium conlent of rom 0 1o
25ppm (e.g,., from 010 12.5 ppm, from 12.5 10 25 ppm, from
010 5 ppm, from 5 10 10 ppm, trom 1010 15 ppm, from 15
to 20 ppm, from 20 10 25 ppm, from 0.001 10 235 ppm, from
0.001 10 20 ppm. from 0L0O7 © 15 ppm. [rom 0.001 o 10
pprm. [rom 0.001 o 3 ppm. from 0.001 1o 1 ppm. rom 0.001
o 0.1 ppm. from 0.001 0 0.01 ppm. from O o 20 ppm, [rom
010 15 ppm, from 0 10 10 ppm, from 0 10 5 ppm, from O 10
1 ppm, from 010 0.1 ppm, or from 0 to 0.01 ppm). In some
examples, the oil can be substantially free of vanadivm. The
vanadium content of the oil can be delermined using any
suilable method, such as those known in the arl. lior
example, the vanadium content ol the oil can be determined
vsing ASTM I 5185,

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

2 300 ppm or less; a nitrogen content of 600 ppm or less; and

a silicon content ol 2000 ppm or less. In some examples. the
0il has a total chloride comtent of 300 ppm or less; a nitrogen
content of 600 pp or less; a silicon content of 2000 ppm or
less; and a sodivm content of 100 ppm or less. In some

3 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 content of 10 ppm or less; a sulfvr content ot 250
ppw or less; and a caleium content of 50 ppm or less. In
some cxamples, the oil has a total chloride content of 500
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 o 30 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;
an iron content of 10 ppm or less; a phosphorus content off
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
ppw or less; a nickel content of 250 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 sodium 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 content of 600 ppm or less; a silicon content
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 ehloride content of 100 ppm or less; a nitrogen content
of 600 ppm or less; a silicon content 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
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.
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The oil 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
psig or less, 1005 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 oil
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, 4.3 psig or more, 3 psig or more, 3.5 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. 9 psig or more. 9.3
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 10 any of the
maximum valucs desceribed above. lior example, the oil can
have a Reid Vapor Pressure ol from 2 (o 12,5 psig (e.g., [rom
510 7 psig. rom 7 10 12.5 psig, [rom 2 o 4 psig, [rom 4 (o
6 psig, from 6 to 8 psig, trom 8 10 10 psig, from 10t 12.5
peig, trom 2 to 12 psig, from 2 to 11 psig, from 2 1o 10 psig,
[rom 2 1o 9 psig. lrom 2 (o 8 psig, rom 2 o 6 psig, [rom 2
1o 5 psig. [rom 3 to 12.5 psig, [rom 4 o 12.5 psig. rom 3
10 12.5 psig, fhom 6 to 12.5 psig, trom 7 10 12.3 psig, from
8 10 12.5 psig, from 9 1o 12.5 peig, trom 3 10 12 psig, from
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 of the oil can be determined vsing ASTM D 5191,

The oil can, for example, have a water by distillation

amowunt ol (L3 vol. % or less (c.g., 0.45 vol. % or less, 0.4 3

vol. % or less. L35 vol. % or less. 0.3 vol % or less, (.25
vol. % or less. 0.2 vol. % 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 waler by distillation amount of O vol. % or more 3

(c.g.. 0.01 vol. % or more, 0L025 vol. % or more. 0.05 vol.
% or more. 0075 vol. % or more. 0.1 vol. % or maore, (.15
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 ol waler by distillation in the oil can range [rom
any ol the minimum values deseribed above to any of the
maximum values described above, For 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 0 Lo
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
waler by distillation in the il can be delermined by any
suilable method. such as those known In the arl
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 vol % or Tess. 0025 voll % or less. s

0.2 vol. % or less, 0.15 vol. % or less, 0.1 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 {(e.g.. .01 vol.
% or more. 0.025 vol. % or more. 0,05 vol. % or more. 0L075
vol. % or more, 0.1 vol. % or more, 0.15 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 tolal
sodiment content ol the oil can range rom any ol the
minimum values described above to any ol (he maximum
values described above. For example, the oil can have a total
sediment content of from 010 0.5 vol. % (e.g., from 010 0.25
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vol. %, from 0.25 1o 0.5 vol. %, tfrom 0 10 0.1 vol. %, from
0.1 10 0.2 vol. %, rom 0.2 1o 0.3 vol. %, from 0.3 10 0.4 vol.
W, rom 0.4 10 0.5 vol. %, [rom O (o L4 vol. %, rom O 1o
0.3 vol. %, [rom 0 1o 0.2 vol. %y, from O lo 0,05 vol. %. or
trom O 1o 0.01 vol. %). The total sediment content of the oil
can be determined by any svitable method, such as those
kunown in the art. For example, the total sediment content off
the oil can be delermined using ASTM 1D 4870,

The oil can. for example. have an n-heplane insoluble
conlent ol 0.1 wi % or less (c.g.. 0.09 wi. % or less. 0.08 wi.
% or less, 0.07 wt. % or less, 0.00 wt. % or less, 0.05 w1, %
or less, 0.04 wt. % or less, 0.03 wt. % or less, 0.02 wt. % or
less, or 0.01 wt. % or less). In some examples, the oil can
have an n-heptane insoluble content of 0w % or more (c.g.,
001 wi. % or more. 0.02 wi. % or more, 0003 wi. % or more,
0.04 wi. % or more. 0.05 wi. % or more, 0006wl % or more,
0.07 wt. % or more, or 0.08 wt. % or more). The n-heptane
insoluble content of the oil can range from any of the

2 minimum values described above to any of the maximum

valucs described above. For example. the oil can have an
n-heplane insoluble content ol from O o 0.1 wi % (c.g.,
trom O to 0.05 wt. %, from 0.05 10 0.1 wt. %, from 0 to 0.02
wt. %o, from 0.02 o 0.04 wt. %, trom 0.04 10 0.06 w1, %,

5 trom 0.00 to 0.08 wt. %, from 0.08 to 0.1 wt. %, from 0 10

0.09 wt %, from 0 Lo 0.08 wi. %, from 0 1o 0.07 wi. %, [rom
0 1o 0,06 wi %, rom O o 0.04 wi. %, [rom O to 0.03 wi. %,
or from 010 0.01 wt. %). The n-heptrane insoluble content off
the oil can be determined using any svitable method, such as
those known in the art. Vor example, the n-heplane insoluble
conlent ol the oil can be determined using ASTM 13 3279,

The 0il can, lor example. have a lotal acld number ol 1 mg
KOH/g or less (e.2., 0.9 mg KOH/g or less, 0.8 mpg KOH/g
or less, 0.7 mg KOH/p or less, 0.6 mg KOH/g or less, 0.5 mg
KOl or less, 0.4 mg KOz or less, 03 mg KOllig or
less. 0.2 mg KOlig or less. or 0.1 mg KOLg or less). In
some examples, the oil can have a total acid number ol 0 mg
KOH%g or more (e.g., 0.1 mg KOH/g or more, 0.2 mg
KOHg or more, 0.3 mg KOH/g or more, 0.4 mg KOH/g or
more, (1.5 mg KO g or more. 0.6 mg KOl /g or more, 0.7
mg KOIg or more. 0.8 mg KOllig or more, or (.9 mg
KOH/g or more). The total acid number of the oil can range
from any of the minimum valves described above 1o any of
the maximum valves described above. For example, the oil
can have a total acid number of from 0 lo 1 mg KOl /g (c.g.,
from 0 to (0.5 mg KO, from 0.3 10 1 mg KOIYg. from 0
to 0.2 mp KOH, from 0.2 to 0.4 mg KOH, from 04 10
0.6 mg KOH/g, from 0.6 to 0.8 mg KOH/g, trom 0.8 to 1 mg
KO, from O o 0.8 mg KOI e, from O o 0.6 mg KOl g,
from O 10 0.4 mg KOLYg or lrom 0 0 0.1 mg KOIig). The
total acid number of the oil can be delermined using any
suitable method, such as those known in the art. For
example, the total acid number of the oil can be determined
using ASTM 12 664,

In some cxamples, the oil has a Reid Vapor Pressure of
12.5 psig or less; and a final boiling point of 730° F. 10 1000°
F. In some examples, the oil has a Reid Vapor Pressure of
from 7 to 10 psig; and a final boiling point of from 933° F.
lo 9507 I,

In some cxamples, the oil has a Reid Vapor Pressure of
12.5 psig or less; and a pour point of 0° F. to 20° F. In some
examples, the oil has a Reid Vapor Pressure of from 7 to 10
psig; and a pour point of rom 109 1 lo 157 17

In some examples. the oil has a (nal boiling point of 7507
i to 10007 1i: and a pour point of 07 10 to 207 1 In some
examples, the oil has a final boiling point of from 935° F. 10
950° F.; and a pour point of from 10° F. 10 15° F.
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In some examples, the oil has a Reid Vapor Pressure of
12.5 psig or less; a [mal boiling point of 7507 1. (o 10007 1
and a pour point o 07 11 to 20° 1, In some examples, the oil
has a Reid Vapor Pressure of [rom 7 o 10 psig; a (inal
boiling point of from 335° F. 1o 950° F.; and a pour point of
from 107 F. 10 15° F; In some examples, the oil has a Reid
YVapor Pressure ol 12.5 psig or less: a [inal boiling point ol
T30 1. (o 10007 1i: a pour point of 07 1 10 207 1i: a tolal
chloride content ol 300 ppm or less; a nitrogen content ol
600 ppm or less; a silicon content of 2000 ppm or less; a
sodium content of 100 ppm or less; an iron content of 10
ppm or less: a phosphorus content of 25 ppm or Tess: a sullur
content of 250 ppm or less: and a calelum content of 30 ppm
or less. In some examples, the oil has a Reid Vapor Pressure
of trom 7 10 10 psig; a final boiling point of from 933" F. to
330° F; a pour point of from 10°F. w0 153°F.; a total chloride
content of 100 ppm or less; a nitrogen conlent ol 600 ppm
or less; a silicon content ol 250 ppm or less; a sodium
content 0f 25 ppm or less; aniron content of 10 ppm o less;
a phosphorus content of 10 ppm or less; a sultur content of
10 ppm or less; and a calcium content of 3 ppm or less.

In some examples, the oil is a raw pyrolysis product.
meaning the oil is produced by a method (hat substantially
excludes any hvdrotreatment or turther refining steps after
pyrolysis,

Compositions Comprising the 011 and the Wax,

Such as Blends

Also disclosed herein are composilions comprising any ol 3

waxes disclosed herein and any ol the oils disclosed herein.

I'or cxample, the composilion 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. 38% or more. 39% or more. 60% or more. 61% or 3

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, 63% 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, 35% or less, 54% or
less, 53% or less, 52% or less, or 51% or less). The amount
of 01l by volome in the composition can range from any of
the minimum values described above W0 any ol the maxi-
mum values described above. For example, the composition
can comprise from 50% to 70% of the oil by volume (e.g.,
from 30% to 60%, from 60% to 70%, from 50% to 553%,
[rom 55% to 60%. [rom 60% o 65%. [rom 63% Lo 70%.
[rom 50% 1o 65, rom 53% (o 70%. or [rom 35% o 65%).

In some examples. the composition can comprise 30% or
more of the wax by volume (e.g., 31% or more, 32% or
more, 33% or more, 34% or more, 35% or more, 36%
more. 37% or more. 38% or more. 39% or more. 40%
more. 41% or more. 42% or more. 43% or more. 44%
more, 43% or more, 46% or more, 47% or more, 48% or
more, or 4%% or more). In some examples, the composition
can comprise 30% or less of the wax by volume (e, 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). The amount of wax by volume in the composilion can
range rom any ol the minimum values deseribed above Lo
any ol the maximum values deseribed above. lor example.
the composition can comprise from 30% to 50% of the wax
by volume (e.g., from 30% 1o 40%, from 40% 10 50%, from
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30% to 35%, from 35% to 40%, from 40% to 45%, from
45% 10 50%, rom 3% to 45%,. [rom 33% 1o 30%, or [rom
35% o 45%).

l'or example, the composition can comprise 50-70% of
the oil and 30-50% of the wax by volume. For example, the
composition can comprise 65% oil and 35% wax by volume.
In some examples, the composition comprises 50% il and
50% wax by volume. In some examples, the composilion
comprises a blend of the wax and the oil.

Systems and Methods of Making

Also disclosed herein are methods of making any of the
compositions (c.g., waxes. oil. blends, cle.) deseribed herein.

l'or example. disclosed herein are systems and methods
for malking hydrocarbon based compositions derived from
prrolysis of a teedstock comprising post-consumer and/or
post-indusirial plastics, such as any ol the compositions
deseribed herein above. In some examples, the compositions
disclosed herein can comprise a wax. an oll, or a combina-
tion thereot.

Recyeling of plastics via pyrolysis is a technology that
generales products with a broad range of quality dependent
upon a varicly of Taclors. including the leedstock and
manufacturing process. Pvrolysis depolvimerizes plastics
into products comprised of building block molecules. Con-
taminants are introduced during plastic formulation and
manulacturing processes during the (irst lile ol plasiic in
conjunction with the source and collection method ol the
plastics.

For example, described herein are systems and methods
for plastic 1o liquids conversion thal can aceepl. [or example,
polyethylene, polypropylene, andéor polystyrene plastics
that are neither suitable nor desirable [or conventional
{mechanical) plastic recyeling. The plastic is thermally
converted to liquid (e.g., 0il) and wax hydrocarbon products.
The hydrocarbon products can. [or example, be used in the
production ol new plastics through conventional hydrocar-
bon cracking units. The hydrocarbon products can. lor
example, also be vsed as an alternative for naphtha, fuel, ete.
The svstems and methods herein can also produce char/coke
and combustible gases, c.g. as products or byproducts.

Plastics that are typlcally received would have otherwise
been destined for disposal at a landfill or waste to energy
plant becavse of their physical form and/or make-up pre-
vents them from being effectively recyeled by current con-
venlional (mechanical) reeyeling means. Most [ilm plastics
fall inlo this calegory, as do others that have inlermixed
types of plastic resing or simply have contaminants (such as
paper labels, organic tood residue, functional additives,
colorants, cle.) thal make conventional (mechanical) rocy-
cling uncconomical.

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

In some examples, the systems and/or methods described
herein can process 5 metric lons or more of plastic leedslock
per day {e.g.. 5.5 metric tons or more, 6 metric lons or more,
6.5 metric tons or more, 7 metric tons or more, 7.5 metric
tons or more, 8 metric tons or more, 8.5 metric tons or more,
9 metric tons or more, 9.5 metric tons or more, 10 metric
lons or more. 11 metric tons or more, 12 metric tons or more,
13 metric lons or more. 14 metric tons or more. 15 melric
tons or more, 20 metric tons or more, 25 metric tons or more,
30 metric tons or more, 35 metric tons or more, 40 metric
lons or more. 45 melric lons or more, 50 metric tons or more,
60 metric long or more. 70 meltric lons or more. 80 melric
lons or more. 90 metric lons or more, 100 meiric lons or
more, 125 metric tons or more, 150 metric tons or more, 175
metric tons or more, 200 metric tons or more, 225 metric
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tons or more, 250 metric tons or more, 300 metric tons or
more. 350 meiric lons or more. 400 metric lons or more, 450
melric ons or more, 500 melric lons or more. 600 metric
toms or more, 700 melric tons or more, 800 melric tons or
more, or 900 metric tons or more). In some examples, the
systems and methods described herein can process 1000
metric tons or less of plastic feedstock per day (e.g., 900
melric tons or less, 800 meiric ons or less, 700 melric wons
or less, 600 metric tons or less, 500 metric tons or less, 450
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
melric tons or less, 200 meiric tons or less, 175 melric ons
or less, 150 metric tons or less, 125 metric tons 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, 50 metric
toms or less, 45 metric (ons or less. 4 metric lons or less, 35
metric woms or less. 30 metric wons or less. 25 metric lons or
less, 200metric tons or less, 15 metric tons or less. 14 metric
tons or less, 13 metric tons or less, 12 metric tons or less, 11
metric tons or less, 10 metric tons or less, 3.5 metric tons or
less, 9 metric woms or less. 8.5 melric lons or less. 8 metric
toms or less, 7.5 metric tons or less, 7 metric lons or less. 6.5
metric tons or less, or 6 metric tons or less). The amount of
plastic feedstock processed by the systems and/or methods
herein can range from any of the minimum values described
dbove o any of the maximum values deseribed above. Por
example. the syslems and/or methods deseribed herein can
process from 5 1o 1000 metric tons of plastic feedstock per
day (e.g., from 5 to 500 metric tons, from 500 to 1000 metric

toms, [rom 5 (o 200 metric lons. rom 200 10 400 metric ons. 3

[ram 400 1o 600 melric tons, from 600 © 800 metric Lons.
[rom 800 io 1030 metric tons. [rom 5 o 800 meiric tons.
from 5 to 600 metric tons, from 5 to 400 metric tons, from
5 to 100 metric tons, from 5 to 50 metric tons, from 5 to 25

melric tons, [rom 10 to 1000 meiric tons, rom 25 10 103 3

metric tons. rom 50 1o 1000 meiric lons, [rom 100 1o 1040
metric lons. [rom 2000t 1000 metric tons, [rom 200 1o 1040
metric tons, from 600 to 1000 metric tons, from 10 to 900
metric tons, trom 15 to 800 metric tons, from 25 to 730
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 galloms or more: 70.000 galloms 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: 350,000 gallons or more; 400,000 gallons

or more;, 430,000 gallons or more; 300,000 gallons or more: s

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 described herein can
produce 1.000,000 gallons of pyrolysis product (e, oil
and/or wax, cle.) or more in an amount ol Gme (e.g.. 900,000
gallons or less; B00,000 gallons or less; 700,000 gallons or
less; 600,000 gallons or less; 300,000 pallons 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: 225000 gallons or less: 200,000 galloms 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
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less; 80,000 gallons or less; 70,000 gallons or less; 60,000

gallons or less; 50,000 gallons or less: 45.000 gallons or less;
40,000 gallons or less: 35,000 gallons or less: 30,000 gallons
or less: 25,000 gallons or less; 200000 gallons or less: 15,000
2allons or less; 14,000 gallons or less; 13,000 gallons or less;
or 12,000 gallons or less). The amount of pyrolyvsis product
produced in the amount of tme by the systems andfor
methods deseribed herein can range rom any ol the mini-
mum values described above 10 any of the maximum valves
described above, For example, the systems and/or methods
described herein can produce trom 10,000 to 1,000,000
gallons ol pyrolysis product (c.g. oll andior wax. ele.) or
more in an amount of time (c.g., rom 10,000 o 500,000

gallons; from 500,000 to 1,000,000 gallons; from 10,000 1o

3 200,000 gallons; from 200,000 to 400,000 gallons; from

400.000 1 600,000 galloms: [rom 600,000 to 800,000 gal-
lons; [rom 800.000 1o 1,000,000 gallons: rom 10,000 1o
R00.000 gallons; rom 10.000 w0 600,000 gallons: [rom
10,000 10 400,000 gallons; from 10,000 1o 200,000 gallons;

20 from 10,000 to 100,000 gallons; from 10,000 to 50,000

gallons; [rom 10,000 0 25,000 gallons: rom 25,000 1o
1,000.000 gallons; from 50.000 o 1.000,000 gallons: [rom
100,000 to 1,000,000 gallons; from 200,000 to 1,000,000
gallons; from 400,000 1o 1,000,000 gallons; trom 600,000 1o
1,000,000 gallons; trom 135,000 to 900,000 gallons; or from
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. 50 days or more, 60 days or more,
70 days or more, or 80 days or more). In some examples, the
amount of 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. 70 days or less. 60 days or less, 50 days or
less, 45 davs or less, 40 days or less, 35 days or less, 30 davs
or less, 29 davs or less, 28 davs or less, 27 davs or less, 26
davs 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 days or less, 17 days or less, 16 days or less. 15 days
or less, 14 davs or less, 13 davs or less, 12 days or less, 11
davs or less, 10 days or less, 9 davs or less, 8 days or less,
or 7 days or less). "The amount of ime In which the pyrolysis
product is produced by the systems andior methods can
range [rom any ol the minimum values deseribed above 1o
any of the maximum values described above. For example,
the amount of time in which the pyrolysis product is
produced by the systems andfor methods can be from 5 1o 90
days (c.g., [rom 4 to 45 days. rom 45 (o 90 days. [rom 5 1o
30 days, from 30 10 60 days, trom 60 to 90 days, from 5 10
80 davs, trom 5 to 70 days, from 3 to 60 davs, from 5 10 50
davs, from 3 to 40 days, from 510 21 days, from 5 10 14 davs,
from 3 o0 10 days. [rom 7 10 90 days, rom 10 o 90 days,
from 14 10 90 days. [rom 21 10 90 days. [rom 30 (o 90 days,
trom 4010 90 days, from 50 o 20 davs, from 70 to 90 davs,
from 7 to 80 davs, or from 10 10 60 davs).

In some examples, the systems and/or methods deseribed
herein can process [rom 5 10 1000 metric ons per day of
plastic feedstock and produce [rom 10,000 10 1,000,000
sallons of pyrolysis product (e.g., ¢il, wax, or a combination
thereof) per 5 to 90 days.
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FIG. 1-FIG. 5 are block flow diagrams of example sys-
lems and methods described herein.

The systems and methods can. [or example, include intake
ol plastic leedstock, sorting and/or reducing the size ol the

plastic feedstock, followed by pyrolvsis and/or removal of

contaminants o produce the hydrocarbon product, which
can optionally be post-treated.

l'ecdstock

The leedstock comprises post-consumer andior post-in-
dustrial plastics. “Post-industrial” or “Pre-consumer™ plas-
tics include materials derived from waste streams during a
plastic manufacturing process. “Post-consumer™ plastics
clude materials generated by hovseholds or by commer-
clal, industrial. and/or institutional lacilitics in their roles as
end-users ol the product which can no lomger be used lor iis
intended purpose. This includes retums of material from the
distribution chain.

In some examples, the teedstock comprises 30% or more

by weight post-consumer plastics {e.g., 51% or more, 52% >

36% or
60% or
64% or
68% or
72%
76%
80% or
84%
88%
9294

or more, 33% or more. 34% or more, 353%: or more.
more. 37% or more. 38% or more. 39% or more.
more, 61% or more, 62% or more, 63% or more,
more, 63% or more, 66% or more, 67% or more,
more, 69% or more, 70% or more, 71% or more,
more. 3% or more. 74% or more. V3% or more.
more. 77% or more. 78% or more. 79% or more.
more, 81% or more, 82% or more, 83% or more,
more, 83% or more, 86% or more, 87% or more,
more. 89% or more. 90% or more. 91% 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-consumer plastics (e.9., 99% or less, 98% or less, 7%

or less, 96% or less, 95%: or less, 94%, or less. 93%, or less. 3

92% or less. 91% or less, 90% or less. 89% or less, B8%, 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, 60% 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%
1 100%: by weight post-consumer plastics (c.g., [rom 50%,

1o 75%, [rom 75% (o 100%, [rom 30% Lo 60%. rom 60% s

1o 70%. from 70% to 80%. Mrom 80% 1o 90%. Mrom 90 o
100%, trom 50 1o 99%, from 50 to 95%, from 50 to 90%,
from 50% to 80%, trom 50% to 70%, from 55% to 100%,
[rom 60% o 100%. [rom 70% 10 10O, rom 75 o 100%.

[ram 80 10 100%. rom 95 1o 100%, [rom 35% to 99%. rom 3

T0% to 99%, or tfrom 73 10 95%).

Plastic feedstock can be provided in any suitable form,
such as, tor example, loose film, baled film, rigids, thermo-
lorms. sheets. [oams. non-wovens, strips, pellets, powder.
purge paitics. densilied, shredded, ele. In some examples.
the feedstock comprises films, such as single and/or multi-
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
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thereof. In some examples, the feedstock includes plastics
with a plastic type classification 2. 4. 5, 6, or a combinalion
thereol.

In some cxamples, a majority of the plastic that is
processed by the svstems and methods described herein
comprises low-density or linear-low density polyethylene
{I.DPLL 4y and high-density polyethylence (IIDPID @23,
in particular [ilm plastic. and the systems and methods
described herein are oprinized to effectively process these
materials.

A substantial portion of polvethylene and polypropylene
polymers are used in single use plastics and get discarded
alier is use. Polyclhylene 1s used widely in various con-
sumer and industrial products. Polvethyvlene is the most
common plastic, over 100 million tons of polvethvlene
resins are produced annually. s primary use is in packaging
{plastic bags. plasiic [lms. geomembrancs, conlainers
including bottles, cle.). Polyethylene is produced in a variely
of forms (e.g.. ultra-high molecular weight polyethylene
(UHMWDPE), high-density polyethylene (HDPE), medium
density polyethylene (MIIPIE), lincar low-densily polyceth-
vlene (L.LDPEY. Tow-density polyethylene (1.13P10, very low
density polvethvlene (VLDPE), crosslinked polvethylene
(PEX)) with the same chemical formula (C.H4)n but dif-
ferent molecular structure. HDPE has a low degree of
branching with short side chains while 1.13P]1 has a very high
degree of branching with long side chains. TLIDPI is a
substantially linear polvmer with significant numbers of
short branches, commonly made by copolvmerization of
cthylene 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 feedstock can range from any of the minimum valves
described above 10 any of the maximum values described
above. For example, the feedstock can comprise polyethyl-
cne. polypropylene. polystyrene. or a combination thereol in
an amount ol [rom 90% o 100% by weight (c.g.. [rom 0%
to 95%, from 95% 1o 100%, from 90% to 92%, from 92%
to 34%, from 24% to 36%, from 96% 1o 98%, from 98% 1o
100%, [rom 90% 10 98%. from 9% (o 96%. [rom 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, 17% 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. 10.5% 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, 3% 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 Iu,k,) 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
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more, 6% or more, 6.5% or more, 7% or more, 7.5% or
more. 8% or more. 8.5 or more, 9% or maore, 9.5% or
more. 10% or more, 10.5% or more, 1% ormore, 11.5%: or
more. 12% or more, 12.5% or more, 13% or more. 13.53% 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 ol moisture in the leedsiock can range [rom any ol
the minimum valves described above to any of the maxi-
mum values described above. For example, the teedstock
can comprise moisture in an amount of from 0% to 20% by
weight (c.g. [fom 0% o 1T0%. from 10% to 20%, rom 0%
10 5%, [rom 5% ta 10%, rom 3% 1o 15%. [rom 15% (o 20%.
from 0% 10 2.5%, 2.5% 10 5%, from 5% to 7.5%, from 7.5%
10 10%, trom 10% 10 12.5%, from 12.5% to 15%, from 15%
10 17.5%. [rom 17.53% 1o 20%, rom 0% lo 19%, [rom (%
10 18%, from 0% to 17%. [rom % 1o 16%, from 0% (o 15%.
[ram 0% Lo 14%,. from 0% o 13%, [rom 0% 1o 12%. [rom
0% 10 11%, trom 0% to 9%, trom 0% 10 8%, from 0% 1o 7%,
from 0% to 6%, trom 0% 1o 4%, from 0% to 3%, from 0%
10 2%, [rom 0% o 1%, [rom 1% 10 20%, [rom 2% o 20%.
[ram 3% lo 20%. from 4% (o 200, [rom 6% 1o 20%. [rom
T% 10 20%, from 8% to 20%, trom 9% 10 20%, from 11%
10 20%, from 12% 1o 20%, from 13% to 2094, trom 14% to
20%, from 16% to 20%, from 17% to 20%, from 18% to
20%. lrom (.5% 10 19.5%, Mrom 1% 1o 19%. fom 1% Lo

15%. [rom 1% 1o 10%, or [rom 1% lo 3%).
Polyvinyl chlorine (IPVC), polyvinylidene chloride

(PVDIC), polvethvlene terephthalate (PET) (commonly nsed
lor plastic bottles). nylon, cthylene vinyl alcohol (1IW(OIT).
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 leedstock comprises 3% or less by 3

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, 0.9% or less, 0.8% 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 0.1% or less). In some examples, the
leedstock compriscs (% or more by weight polyvinyl chlo-
ride (PV(7, polyvinylidene chloride (PVDC), polyethylene
terephthalate (PET), nylon, ethvlene vinyl alcohol (EVOH]),
polycarbonate (PC), acrvlonitrile butadiene stvrene (ABS),
rubber, thermosels, or a combination thereol (e.g., 0.1% or

more. 0.2% or more, 0.3%: or more. 0.4% or more. 0.5% or s

more. O.06% or more, (0.7%: or more. 0.8% or more. (1.9%: 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 ol polyvinyl chloride

(PV(7, polyvinylidene chloride (PV1XCY, polyethylene lere- s

phthalate (PET), nvlon, ethyvlene vinyl alcohol (EVOH),
polycarbonate (PC), acrvlonitrile butadiene stvrene (ABS),
rubber, thermosets, or a combination thereof in the teedstock
can range [rom any of the minimum values deseribed above
o any of the maximum valucs described above. lor
example, the feedstock can comprise from 0% 1o 3% by
weight polyvinyl chloride (PVC), polyvinvlidene chloride
(PVDC). polyethylene wrephihalate (P17 nylon. ethylene
vinyl alcohol (VO polycarbonale (PC), acrylonitrile
butadiene styrene (AIRSY, rubber, thermosels. or a combina-
tion thereot (e.g., thom 0% to 2.5%, from 2.5% 10 5%, thom
0% to 1%, from 1% to 2%, from 2% 1o 3%, from 3% to 4%,
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trom 4% ta 5%, from %% to 4.5%, trom 0% to 4%, from 0%
10 3.5%. [rom 0% lo 3%. [rom 0% Lo 2%, [rom 0% o 1.5%,
from 0% 1o 0.5%. rom 0.53% lo 5%. [rom 1% 1o 5%, [rom
1.5% ta 5%, rom 2% 1o 3%. [rom 3% (o 5%, rom 3.5% 1o
5%, from 0.1% to 4.5%, from 0.2% to 4%, or trom 0.3% 1o
3%).

The [eedstock can, lor cxample, comprise 153% by weight
or less non-plastic malerials, such as metal. glass. wood,
cotton, paper, cardboard, dirt, inorganics, ete., or a combi-
nation thereot (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,
1% or less, 10.5% or less. 10% or less, 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, 3% 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% orless. 1% or less, or 0L5%, or less). In some examples,
the [eedstock comprises 0% or more by weight non-plastic
malterials (c.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, H.5% or more, 7% or more. 7.53% or more. 8% or
more, 8.5% or more. 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%
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
example, the feedstock can comprise non-plastic materials
in an amount of from 0% to 15% by weight (e.g., trom 0%
o 7.5%. [rom 7.5% 1o 15%. [rom 0% lo 3%, [rom 5% 1o
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% 1o 14%, from 0% to 13%, from 0%
to 12%, trom 0% to 11%, trom 0% 1o 10%, from 0% to 9%,
from (% 1o 8%. [rom 0% 10 7%, from 0% o 6%. om %
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% to 15%, trom 8% 1o
15%, from 9% to 13%, from 11% 1o 15%, trom 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 feedstock can initially be manvally,
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,
Pl 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 (GC-MS), a bench-scale pvrolvsis test, 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
leedstock can be stored lor luture use (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
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conveyor provides teedstock to the svstem (e.g., the feed
rate) can. lor example. be 500 pounds per hour (Ib./hr.) or
more (e.g., 550 b./hr. or more; 600 lb./hr. or more; 650
Ib./hr. or more: 70 Tb./hr. or more; 730 Th./hr. or more: 800
Ib./hr. or more; 830 1b./Iir. or more; 900 Ib./hr. or more; 350
Ib./hr. or more; 1000 Ib./hr. or more; 1100 Ib./hr. or more;
1200 1b./hr. or more; 1300 1b./hr. or more; 1400 1b./hr. or
more; 1500 Th./hr. or more; 1750 Th./hr. or more: 2000 1b./hr.
or mare; 2250 1b.hr. or more; 25300 1b/hr. or more; 2750
Ib./hr. or more: 3000 Th/hr or more; 3250 Th./hr. or more:
3500 1b./hr. or more; 3750 Ib./hr. or more; 4000 1b./r. or
more; 4250 Ib./hr. or more; 4500 1b./hr. or more; 4730 1b./hr.
or more; 3000 Ib./hr. or more; 3500 lb./hr. or more; 6000
Ib./hr. or more: 6300 Th/hr or more; 7000 Th./hr. or more:
7500 Th./hr. or more; 8000 Th./hr. or more; 8500 Th./hr. or
more; Y000 lbshr. or more; 95300 1b/hr. or more; 100000
Ib./hr, or more; 11,000 1b./hr, or more; 12,000 1b./hr. or more;
13,000 1b./hr. or more; 14,000 Ib./hr. or more; 15,000 1b./lr.
or more; 16,000 Ib./hr. or more; 17,000 Ib./hr. or more;
18,000 Th./hr. or more; or 15.000 Th./hr. or more). In some
examples. the rale al which the inleed conveyor provides
feedstock to the svstem (e.g., the teed rate) can be 20,000
Ia./hr. or less (e.g., 19,000 lb./hr. or less; 18,000 Ib./hr. or
less; 17,000 1b./hr. or less; 16,000 1b./hr. or less; 15,000
Ih./hr. or less: 14,000 Tbshr or less; 13,000 Tho/hr, or less:
12,000 Th./hr. or less: 11.000 Th/hr or less: 10,000 Thhr. or
less; 9500 1b./hir. or less; 3000 Ib./hr. or less; 8500 1b./hr. or
less; 8000 1b./hir. or less; 7500 Ib./hr. or less; 7000 1b./Ir. or
less: 6300 Th./hr or less; 6000 Th./hr. or less: 535300 bshr or
less: 5000 Th/hr or less; 4730 Tho/hr. or less: 45300 1bshr or
less: 4250 Th/hr or less; 4000 Th./hr. or less: 37350 bshr or
less; 3500 1b./hir. or less; 3250 Ib./hr. or less; 3000 1b./hr. or
less; 2750 1b./hir. or less; 2500 Ib./hr. or less; 2250 1b./hr. or
less:
less:

1400 1b./hr. or less; 1300 Tho/hr. or less: 1200 1bohr or
less: 1100 Tho/hr or less; 1000 Th./hr. or less; 950 Tha/hr or
less; 900 1b./hr. or less; 850 Ib./hr. or less; 800 1b./hr. or less;
750 Ib./hr, or less; 700 1b./hr. or less; 650 lb./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.; from 4000 10 8000 b /hr.; from 8000 to
12,000 1b./Lr.; from 12,000 to 16,000 1b./hy.; from 16,000 to
20,000 1b./hr.: [rom 30000 15.000 Th./hr.: [rom 300 1o 100040

Ib./hr; [rom 300 (o 9000 Ib./hr: [rom 500 o 8000 lb./hr.: s

[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 Tb/hr: from 8000 1o 20,000 Th./hry [rom 9000 (o

20,000 Th./hry from 10,000 10 20.000 Th./hr; rom 350 1o 3

15,000 Ib./hr; trom 500 10 19,000 lb./hr; or from 1000 to
15,000 1b./hr.),

Sorting,

In some examples. feedstock loaded inte the system can
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, lor example, include visual inspoction
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

2000 lb.shr. or less; 1750 Tho/hr. or less: 1500 Thoihr. or 3
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metals and/or alloys), washing and/or drving, size based
separalion {(c.g.. screening, silling. cle), air jets. sink [oal,
cle.

In some examples, the leedstock can be transported o a
trominel, such as a screen trommmel. The screened trommel
cal, for example, be used to remove fine dust, particles, and
other contaminants [rom the incoming leedsiock stream. lor
cxample belore andfor aller it has passed through a shredder.
The trommel can receive feedstock and trommel rotation can
agitate incoming feedstock and promote removal of granular
materials (e.g., sand, pigment, binder, food particulates, dirt,
cle.) in the leedstock through the trommel screen. The
remaining  oversized material [rom the trommel can be
deposited, tor example, onto a convevor for further inspec-

3 tion andfor sorting,

In some examples. visual inspeclion and manual sorling
and/or automaled inspection and sorting 1s used (o remove
conlaminants rom the plastic [eedstock. e.g.. before andfor
after passing through the rommel and/or shredder. Contami-

20 nants 1o be removed can, for example, include undesirable

plastic (such as P17, PYC, nylon. and thermosets) as well as
other materials that can damage downstream equipment or
degrade the quality of the finished products such as strap-
ping, paper, cardboard, rope, batteries, beverage bottles still
containing liquid, glass, wood, metal, electronics, and a
wide range ol other non-plastic malerials.

Size Reduction

In some examples, feedstock loaded into the system can
viaderao one or more size reductions. The size reduction can
be accomplished by any suitable 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
comprise any suitable type 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 size reduction oL incoming
plastic, for example to a range o 0.235 10 36 inches (longest
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, 20
inches or more, 22 inches or more, 24 inches or more, 26
inches or more. 28 inches or more. 30 inches or more. 32
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, 15 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
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the maximum valves described above, For example, the
shredder can reduce the average initial sivze ol the incoming
plastic to [rom 0.25 inches o 36 inches (longest dimension)
(c.g.. [rom 0.25 1o 18 inches. [rom 18 to 36 inches. [rom (.25
10 6 inches, from 6 1o 12 inches, tfrom 12 to 18 inches, trom
18 to 24 inches, from 24 to 30 inches, from 30 to 36 inches,
from 0.25 to 30 inches, from 0.25 to 24 inches, from 0.25 to
18 inches, rom 0.25 1o 16 inches. from .25 10 14 inches.
[rom 0.25 lo 12 inches, [rom 0.25 10 10 inches, [rom 0.25 o
8 inches, [rom 0.25 1o 4 inches. rom (.25 o 2 inches, [rom
0.25 inches to 1 inch, from 1 to 36 inches, from 2 to 36
inches, from 4 10 36 inches, from 6 1o 36 inches, from 8 to
36 inches, from 10 to 36 inches, from 12 to 36 inches, from
14 1o 36 inches. [rom 16 (o 36 inches. [rom 18 (o 36 inches.
[rom 1 1o 30 inches. or from 2 (o 18 inches).

Plastic feedstock that passes through the shredder can
then be stored in a hopper and/or transported for further
processing.

In some examples, the shredded feedstock can go through
a socond size reduclion process using any suitable sz
reduction echnigque.

Drying Component

In some examples, the systems and methods can further
include washing and/or drving the feedstock.

l'or example, the systems and methods can lurther 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 feedstock.

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
[urther processing.

The drver can comprise any suitable equipment, such as
a rotary drver. Heated air can be directed through the drver
across the feedstock 1o remove moisture from the feedstock.
The surlace arca exposed can allow the heated air [ow Lo
remove moisture or [ree waler thal may be present in the
leedstock. The moist air along with small. entrained par-
ticles from the drver can be exhausted vsing any suitable
means. The required air can be heated by any suitable
means, such as electrically heated. The maximum air tem-
perature will be below the sollening point of any of the
plastics. Using an clfective drying solution upstream of the
extruders and/or reactors can reduce the problems of vent
flow at downstream extrusion equipment and water intrusion
1o the reaclors.

Storage Bunker

In some cxamples. the syslem can Turther include a
storage bunker, for example to store feedstock before under-
going melting, removal of contaminants, pyrolysis, or a
combinalion thereol.

In some examples. the system includes a slorage bunker s

that receives the feedstock from the infeed convevor, the
shredder (when present), the drver (when present), the
trommel (when present), ete. or a combination thereod.

The storage bunker can, lor example. have the capacily Lo
store enough leedstock Lo provide an uninterrupled supply ol
plastic to the downstream components (e.g., extruder(s)) for
a period of time (e.g., up 1o two hours), for example if any
ol the upstream equipment has o be shut down brielly lor
mAinienance or repair.

l'ecdstock levels inside the storage bunker can be moni-
tored, tor example vsing one or more cameras or other
feedback mechanisms.
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Metals Detection and Removal

In some examples, [eedstock loaded inte the system can
underge additional metals detection and removal. In some
cxamples, the plastic [eedstock can be deposited onlo a
convevor and/or further processed to metal contaminants.
This can, for example, include visual inspection and manual
removal, automated inspection and removal, positioning one
or more magnels o magnelically remove lerrous contami-
nants (c.g.. various components such as nuts. bolls, scrows,
small picees ol wire. cle. comprising lerrous metals and/or
allovs), washing andfor drving, size based separation (e.g.,
screening, siffing, ete.), air jets, sink float, etc.

For example, at one or more points in any of the systems
or methods deseribed herein, (there can be one or more
additional magnetic components o magnelically remove
lerrous conlaminants [rom the lfeedstock, for cxample belore
the shredder, after the shredder, before the trommel, after the
tromuuel, hefore the drver, atter the drver, betore the storage
bunker, after the storage bunker, before the components for
meliing. removal of conlaminants, and/or pyrolysis. or a
combination thereol. lor example. the system can include
magnets positioned before, after, or as part of each of the one
or more conveyors that transport the feedstock between each
svstem location/component. The strength of the magnets can
be selected based on (he location in the syslem andior the
throughput ol feedstock processed.

In addition, the svstem can turther include a metal detec-
tion and rejection svstem to eliminate further metal con-
laminants, such as non-lerrous melals (c.g. copper. brass,
bronve. stainless steel. aluminum and other non-ferrous
alloys). Non-lerrous metals can be present in a variety of
forms, such as, for example, nuts, bolts, screws, washers,
batteries, machine parts, tools, ete. The additional metal and
detection system can be included in the system, for example,
on the conveyors leeding the storage bunkers. This addi-
tional metal and detection system can detecet non-ferrous
metals and then trigger a quick-acting diverter gate that
moves this metal off the convevor and into a collection hin.
While aluminum is the primary target of this sysiem, copper,
stainless steel, and brass can also be detecled and rejected.

Convevors

In the svstem described herein, each of the convevors can
comprise any suitable tvpe of convevor. Examples of con-
veyors Include. but are not limiled o, belt conveyors, roller
conveyors. slal comveyors, apron conveyors, ball transler
coavevors, magnetic convevors, bucket convevors, chute
convevors, chain conveyors, pnenmatic conveyvors, vacuum
conveyors. screw conveyors, vibraling conveyors. wheel
conveyors. sandwich conveyors. and combinations thereol.
In some examples, cach ol the comveyors 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 bell conveyors can include
any type of belt convevor, such as standard flat belts, cleated
belts, semi-trough belts, compound belts (e.g., hockey stick
configurations), or a combination thereot.

The dimensions and/or speed ol any of the conveyors can
be selected in view ol a variely of Taclors. lor example, the
dimensions and/or speed of the convevor can be selected 1o
regulate the flow of materials at a desired rate,

Melling. Removal ol Contaminants, and/or Pyrolysis In
some examples. the syslems can include one or more com-
ponents for melling the leedsiock. volatilizing varlous con-
taminants in the feedstock, pyrolvzing the feedstock, or a
combination thereof.
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While some contaminants can be physically removed by
one or more ol the processes diseussed above. for cerlain
leedstock components, such as multilayer ([lms. it is dillicult
Lo physically remove the conlaminants and instead they can
be removed by heating the feedstock to a temperature
sufticient to volatilize said contaminant.

lor cxample, the syslems and methods can comprise
pyrolyzing the leedstock. wherein the pyrolysis reactor and
method includes a component or step tor removal of volatile
contaminants. The pyrolysis can be accomplished using any
suitable pyrolysis reactor, such as, for example, an auger
pyrolysis reaclor. a rotary kiln pyrolysis reactor, a drum
pyrolysis reaclor. a tubular pyrolysis reactor. a fluidized bed
reactor, a spouted bed reactor, a mwolten salt reactor, a
fixed-bed reactor, a continuously stirred reactor, a Heinz
Retorl Pyrolysis reaclor. a voriex pyrolysis reactor, a balch
pyrolysis reaclor, a semi-balch pyrolysis reaclor. or a com-
hination thercof.

In some examples, the systems and methods can comprise
heating and/or melting the teedstock before introducing the
melied feedstock inlo a pyrolysis reaclor, whereln the leed-
stock is heated andior melted al a (emperature suflicient Lo
volatilize a contaminant and the svstems and methods can
further include removing said volatilized contaminants. Aoy
suitable component for heating and/or melting can be used,
such as those known in the arl. In some cxamples, the
syslems and methods can include one or more extruders.
wherein the feedstock is heated and/or melted within the
extruder and optionally wherein the extruder includes one or

more venls lor removing volalile conlaminanis [rom the 3

heated andfor melied Teedstock.

I'xtruders

In some examples, plastic feedstock (e.q., optionally
shredded plastic teedstock) from the storage bunker is

conveyed separately 1o one or more extruders (c.g.. two or 3

more). lor example using a conveyor. The extruders can be
any suilable type ol extruder. The extruders can, for
example, be designed to heat the plastic and convert it into
semi-molten plastic that is moved to the reactors. In some
examples. the systems includes two or more extruders and
the two or more extruders can be in operation simultanc-
ously,

In some examples, the system includes a plurality of
extruders and each extruder is confipured 1o process a
portion ol normal throughput, lor example so as (o allow
plastic Mow (o and operation of the reactors 10 conlinue when
one of the extruders is taken out of service for repair or
maintenance, In some examples, the svstem can include
three extruders, with two extruders being in operation simul-

taneously and the third extruder being a redundancy, for =

example the third exiruder can be operated while one ol the
other extruders is taken out of service for repair or mainte-
nance,

lach extruder can, [or example. use an intermal pneumali-

cally operaled ram o increase the density of the plaslic in s

order to achieve the desired throughput rate. The ram can
also move the plastic from the extruder inlet into the
extruder’s screw mechanism.

In some examples, the extruder barrel can include one or
more openings (¢.g. one or more venls or porls) al one or
more positions along the length of the extruder barrel. In
some examples, each extruder barrel can include a plurality
ol venls {c.g.. two or more vents) along the length ol the
extruder barrel. "The vent(s) can allow vapors andior gases
produced rom the plastic leedstock during the heating
process 1o escape from the extruder. Moisture in the feed-
stock i3 converted to steam at the high temperatures created
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in the extruder and this steam typically exits a1 the vent.
Other gascous malerial such as volatile inks from plastic
labels, various lipids and fats [rom lood contamination on
the plastic. and decomposed PVC and PITT polymers can
also exit at the vent along with gas made up of entrained fine
particulates. This swstem allows removal of significant
amounts ol chlorine and other undesirable clements (hat
otherwise would end up in the reactor and potentially aflect
the quality of both oil and wax products and/or corrode the

; processing equipment.

In some examples, each extruder comprises a TwWo of more
venls (e.g., wherein the extruder includes at least a first venl
and a second vent). In some examples. the irst vent of the
extruder comprises an ambient pressure vent. In some
examples, the second vent of the extruder comprises a
vacuum venl, for example where a vacuum is applied
through the vent o pull gases and/or comtaminants oul of the
semi-molien [eedstock.

In some examples, a vent feeding device can be used at

20 one or more of the extruder vents to prevent expulsion of

melied plastic [rom that vent. The vent leeder can loree any
plastic that is [owing or being expelled [rom the vent back
into the barrel where it is then carried forward down the
extruder. This feeder can be equipped with a vent section
that can allow steam and other volatiles to pass by the feeder.

In some examples. the barrel ol the extruder can be
heated. lor example by one or more externally mounted
heaters. In some examples, the barrel of the extruder can be
heated by a plorality of externally mounted heaters. The
healers can be any suilable type of healer. such as resistive
clectric heaters andfor inductive heaters. Additional healing
can. lor example. be provided by [riction as the plastic is
forced through the internal geometry of the extruder barrel
by the screw. Multiple zones along the length of the extruder
can. in some examples. be independently heated and cooled
using barrel heaters and/or cooling [ans o achicve a pre-sel
lemperature profile thal varies depending on the type of
material being fed into the extruder.

In some examples, the barrel ot the extruder can be heated
such that the [eedstock within the extruder has a lemperature
ol 207 . or more at the first of the one or more vents (c.g.,
25° C. or more, 50° C. or more, 75° C. or more, 100° C. or
more, 125° C. or more, 150° C. or more, 175° C. or more,
200° C. or more, 225° C. or more, 250° C. or more, 275° C,
ar more, 2807 €. or more. 2857 C. or more, 2907 CC. or more,
2957 . or more. 3007 C.or more, 3053° C, or more. 3107 €.
ormore, 315° C. or more, 320° C. or more, 325° C. or more,
350° C. or more, 375° C. or more, 400° C. or more, or 425°
C. or more). In some examples, the barrel of the extruder can
be heated such that the leedstock within the extruder has a
lemperature ol 450° €. or less at the (st ol the one or more
vents (e.g., 4257 C. or less, 400° C. or less, 375° C. or less,
350° C. or less, 325° C. or less, 320° C. or less, 315° C. or
less. 3107 €. or less. 3057 CLoor less. 3007 C. or less. 295
Cooor less, 290° C. or less, 285° (L or less, 285° C. or less,
280° C. or less, 275° C. or less, 250° C. or less, 225° C. or
less, 200° C. or less, 175° C. or less, 1530° C. or less, 125°
C. orless, 1007 C. or less, 73° C. or less, or 50° C. or less).
The temperature of the Teedstock within the extruder at the
first venl can range [rom any of the minimum values
described above 10 any of the maximum values described
above. For 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.. [rom 207 Coto 225° ., [rom 225° . 10 450° C.. [rom
200 C.to 125° C., from 125° C. to 225° C., from 225° C. 10
325° €, from 325° C. to 430° C,, from 20° C. to 400° C.,
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from 20° C. 10 350° C, from 20° C. 10 300° C, from 20° C.
o 2507 C., rom 200 €. 1o 2007 7, [rom 207 . 0 2507 C..
[ram 20° C. 10 1007 ., [rom 20° . 1o 30° (. rom 507 .
o 450 ., from XY C.olo 4507 C. from 1307 ¢ 10 4507
C., from 200° C. 10 230° C, from 250° C. 10 250° C_, from
300° C.to 430° C ., trom 350° C. w0 450° C., from 50° C. to
4007 7, Trom 1007 . o 375° C. from 2507 . 1o 3507 (..
or [rom 275° (C. (o 323° ).

In some examples, each extruder includes a screw with
multiple zones, such as a pumping section, a compression
section, a decompression section, a MiXing section, of @
combinalion thereol. In some examples. cach extruder scrow
includes a decompression section al or beflore the first vent.
for example to promote expulsion of entrained air, moisture,
and/or other gases (e.g., volatiles) from the feedstock at the
first vent.

The residence time ol the [eedstock within cach exiruder
can be selected in view ol a varicly ol [aclors. lor example.
the residence time of the feedstock within each extruder can
be selected in view of the speed at which the extruder is run
{which in turn can be sclected based on the throughput rate
ol the reactor(s) that the extruder is feeding). (he dentity ol
the plastics within the feedstock, or a combination thereot.

In some examples, the residence time of the feedstock
within the extruder can be 30 seconds or more (e.g., 1 minute
or more, 1.5 minules or more. 2 minules or maore, 2.5
minules or more, 3 minules or more. 3.5 minutes or more. 4
mimtes or more, S minutes or more, 5.5 minutes or more, ©
mimtes or more, 6.5 minutes or more, 7 minutes or more,

7.5 minules or more. 8 minuies or more. 8.5 minules or 3

more. or 9 minules or more). In some examples. the resi-
dence lime of the Teedstock 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 minutes or less, 7

minules or less. 6.5 minules or less, 6 minuics or less, 5.5 3

minules or less. 5 minutes or less, 4.5 minules or less. 4
minules or less. 3.5 minutes or less, 3 minules or less. 2.5
mimtes or less, 2 minutes or less, 1.5 minutes or less, or 1
mimte or less). The residence time of the feedstock within
the extruder can range rom any ol the minimum values
deseribed above 10 any ol the maximum values described
above, For example, the residence time of the feedstock
within the extruder can be from 30 seconds to 10 minutes
(e.g., trom 30 seconds to 5 minutes, from 5 minutes to 10
minules. from 30 seconds w0 2.5 minutes. rom 2.5 (0 5
minules. from 5 W0 7.5 minules. rom 7.5 minutes o 10
mimtes, trom 30 seconds 1o & mimites, from 30 seconds to
8 minutes, from 30 seconds to 7 minutes, from 30 seconds
10 6 minuies. [rom 30 scconds (o 4 minutes, Mrom 30 scconds

10 3 minules. rom 30 secconds (o 2 minutes, from 1 minuie s

1o 10 minutes. [rom 2 0 10 minutes, [rom 3 to 10 minulcs.
from 4 to 10 minutes, trom 6 1o 10 minutes, trom 7 to 10
mimtes, from 8 to 10 minutes, from 1 minute to 9 minutes,
or [rom 1.5 minules o0 5 minules).

l'ecdstock  malerial subscquently  enters the extruder s

screw’'s pumping section where it is propelled out of the
extruder and into the pyrolysis reactor, for example via a
heated transfer pipe. A ruprure disk can be provided for
emergeney pressure reliel 0 prevent down-stream damage
Lo piping and cquipment.

Pvrolysis Reactors

The hydrocarbons that make vp the feedstock plastic
polymers include chains and rings o hydrocarbon molecules
linked together o form the solid malerials with some
additives o the structures Lo adjust properlics such as
plasticity, stabilization against vltraviolet light degradation,
and extrusion slip.
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0il and wax production is accomplished by heating the
incoming stream ol plastic {c.g., raw leedstock, melted
leedstock, semi-molien plastic [rom the extruders, cle.) inan
oxygen-lree environment Lo the point where the plastic is a
tully molten liquid and the polvmers “depolymerize™. Dur-
ing the conversion process, the hvdrocarbon plastic chains
and groups of rings are split apart by the healing process inlo
smaller segments until they are small and light enough 1o
exit the reactor as a vapor.

For example, the systems and methods can include one or
more pyrolyvsis reactors (e.g., two or more, or three or more)
lor pyrolyring the feedstock. "The pyrolysis can be accom-
plished using any suilable pyrolysis reaclor, such as. lor
example, an anger pyrolysis reactor, a rotary Idln pyrolysis
reactoy, a drum pyrolysis reactor, a tubular pyrolysis reactor,
a [luidized bed reactor. a spouted bed reactlor. a molten sall
reaclor. a lixed-bed reactor, a conlinuously stirred reaclor. a
[Teiny Retort Pyrolysis reactor, a vorlex pyrolysis reaclor, a
batch pyrolysis reactor, a semi-batch pyrolysis reactor, or a

20 combination thereof. In some examples, the system and

methods can include one or more balch pyrolysis reactors,
semi-hatch pyrolysis reaclors, a continuously stirred reacto,
or a combination thereof. The reactors can have any suitable
orientation, such as horizonal or vertical. In some examples,
the reactors are vertical reactors.

lach reaclor can reccive leedstock [rom one or more
upsiream components (e.g., storage bunker. extruder, ele.).

In some examples, the system includes one or more
reactors (e.n., Two or more, or three or more) configured to
receive  the semi-molten  plastic feedstock  [rom  the
extruder(s). In some examples. the system can include a
plurality of reactors. ach reactor can, lor example, process
the output of one or more extruders.

The volume of each reactor can be selected, for example,
in view ol the throughput of the system.

In some examples, the volume of cach reactor can inde-
pendently be 1 cubic fool (%Y or more (c.g. 2 1% or morg,
31t or more, 4 1% or more, 5 1 or more, 10 1 or more, 15
#t* or more, 20 £ or more, 25 £t or more, 30 1t or more, 35
i* or more, 40 1 ormore, 45 [C or more. 50 % or more, 60
fi* or more. 70 (¥ or more. 80 [ or more. 90 [ ormore, 100
1t* or more, 125 11° or more, 150 £ or more, 175 £t or more,
200 11° or more, 225 £ ar more, 250 11 or more, 300 £ or
mare, 330 £ or more, 400 17 or more, 450 i or more, 500
i or more, 600 1 or more. 700 1% or more. 800 [ or more,
900 [ or more, 1000 [ or more. 1100 [ or more. 1200 13
or more, 1300 11° or more, or 1400 f* or more). In some
examples, the volume of each reactor can independently be
1500 112 or less (c.g. 1400 07 or less, 1300 05 or less. 1200
[ or less, 1100 117 or Tess. 1000 117 or less. 900 ¢ or less,
800 [ or less. 700 17 or less, 600 [13 or less. S00 17 or less,
450 1t or less, 400 117 or less, 350 f1° or less, 300 17 or less,
250 ft* orless, 225 117 or less, 200 11 or less, 175 1t° or less,
150 1% or less. 125 117 or less. 100 117 or less. 90 [0 or less,
80 17 or less, 70 [ or less. 60 [1° or less, 30 7 or less. 45
1t* or less, 40 ft° or less, 35 117 or less, 30 ft® or less, 25 7
orless, 20 1 or less, 15 £t or less, 10 17 or less, 511 or less,
4 11 orless, 3 £ or less, or 2 ° or less). The volume of each
reaclor can independently range from any ol the minimum
valucs described above o0 any of the maximum values
described above, For example, the volume of each reactor
can independently be from 1 £ to 1500 £1% (e.g., from 1 1o
730 [F, from 750 o 1300 [, from | to 300 1F. [rom 500 1o
1000 %, from 1000 0 1500 %, from 1 to 1400 1, from 1
0 1300 [1°. from 1 to 1200 0. from 1 o 1100 [, from 1
to 1000 1°, from 1 to 900 £6%, from 1 to 800 f°, from 1 1o
700 1, trom 1 to 600 11, from 1 10 400 £, from 1 to 300
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€, trom 1 10 20017, from 1 to 100 £, trom 110 50 1, from
11025 . from 1 to 10 1P, rom 10 10 1500 1Y from 25 o
1500 1%, [rom 50 (o 1500 17, [rom 100 10 1500 [, rom 200
1o 1500 13, from 300 1o 1500 [1. from 400 10 1500 13, from
500 1o 1500 1%, from 600 to 1500 1%, from 700 to 1500 117,
from 800 1o 1500 ft°, from 900 to 1500 ', from 1200 to
1500 %, rom 1300 1o 1500 . rom 10 o 1400 %, from
100 to 1000 1. or [rom 500 10 750 [1).

In some examples, the volume of each reactor can inde-
pendently be 100 gallons or more (e.2., 250 gallons or more,
500 gallons or more, 730 gallons or more, 1000 gallons or
more. 1500 gallons or more, 2000 gallons or more. 2500
gallons or more. 3000 gallons or more, 3500 gallons or
more, 4000 gallons or more, 4300 gallons or more, 5000
gallons or more, 5500 gallons or more, 6000 gallons or
more. 6300 gallons or more, 7000 gallons or more. 7500
gallons or more. 8000 gallons or more, 8500 gallons or
more. or 000 gallons or more). In some examples. the
volume of each reactor can independently be 10,000 gallons
or less (e.g., 9300 gallons or less, 9000 gallons 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, 3500 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 galloms or less, 750 gallons or
less, 500 gallons or less. or 250 gallons or less). The volume
of each reactor can independently range from any of the
minimum valves described above 10 any of the maximum

values deseribed above. lor example, the volume of cach 3

reactor can independently be [rom 100 gallons to 10,000
gallons (c.g.. from 100 10 1000 gallons; [rom 1000 1o 10.000
gallons; from 100 1o 500 gallons; from 500 to 1000 gallons;
from 1000 to 5000 gallons; from 5000 to 10,000 gallons;

[rom 100 to 9000 gallons: from 100 10 8000 gallons; [rom 3

100 1o 8000 gallons: from 100 10 7000 gallons: rom 100 Lo
6000 gallons; rom 100 o 3000 gallons; rom 100 1o 4000
gallons; from 100 to 3000 gallons; from 10010 2000 gallons;
from 500 1o 10,000 gallons; from 1000 to 10,000 gallons;
[rom 2000 10 10,000 gallons; from 3000 (0 10.000 gallons:
[rom 4000 10 10,000 gallons; from 6000 (0 10.000 galloms:
from 7000 1o 10,000 gallons; from R000 to 10,000 gallons;
from 300 1o 9000 gallons; or trom 1000 10 7500 gallons).
Each reactor is equipped with heaters, for example inter-
nal and/or exlermnal heaters. The heaters can be any suilable
type ol heaters, such as clectric. microwave. andior gas
heaters. The heaters provide the heat needed to raise tem-
peratures inside the reactor to a point where the depolymer-
ization process lakes place. In some examples. a plurality ol

heaters can be arrayed on the reactor’s exterior and/or within s

ils interior.

In some examples, the heaters are gas heaters (e.g., gas
powered heaters), which can be fed from commercial gas
[uel and/or reeyeled hydrocarbon gases recovered [rom the

reactor products (e.g., propane, bulane. andior penlane). In s

some examples, the heaters are electric heaters (e.g., elec-
trically powered heaters, resistive heaters, inductive heaters,
ete.). In some examples, the electric heaters can be powered
by a generator. which in tum can be gas powered and which
can be [ed from commercial gas [ucl and/or reeyceled hydro-
carbon gases recovered from the reactor products (e.g.,
propane, butane, and/or pentane).

In some cxamples. the reactors are equipped with a
plurality of internal clectric heaters, ¢.g. a plurality ol
cleetric heaters disposed within the reactor {c.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
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more, 14 or more, or 15 or more). The electric heaters can,
for example, be oriented in any suitable direction (e.g.,
horizemtally. vertically. angled) within cach reactor inside
dry wells. The eleetric heater lemperature can be controlled
to provide a prescribed temperature and energy density 1o
the dry well walls which in turn provide a controlled heat
flux into the plastics bath to drive the reactions and mini-
mizing char [ormation. The number ol inlernal healers can,
for example. be sclected based on the sive ol the reactor
andior the sive of the heaters. Supplemental clectric heaters
ol the outer surtace of the reactors 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 of the internal and/or
external healers can. for example, independently be 5 walls
per square inch (W/n™) or more (c.g., 6 Wiin® or more, 7
Wiin® or more, 8 Wiin® or more, 9 W/An® or more, 10 Win?
or more, 11 Win® or more, 12 WAn® or more, 13 Wiin? or
or more, 15 Win® or more, 16 Win® or
or more, 18 W/in? or more. 19 Win? or
or more, 21 W/in® or more. 22 Wiin® or
or more, 24 W/in® or more. or
or more, 27 Wiin® or more, or
or more, 30 Wsin® or more, 2 2 or
more, 32 W/in® or more, 33 W/in? or more. 34 Wiin® or
more, 35 W/in® or more, 36 W/in? or more. 37 Win® or
more, 38 W/in® or more, 3% W/in? or more. 40 Wiin® or
more, 41 Wiin® or more, 42 W/An® or more, or 43 W/in? or
more). In some examples, the energy density applied by each
of the internal and/or external heaters can independently be
45 Wiin? or less (e.g., 44 W/n? or less. 43 W/in® or less. 42
W/in® or less. 41 W/in? or less. 40 Wiin® or less, 39 Wiin®
or less, 38 W/in? or less, 37 W/in? or less, 36 W/in® or less,
35 Win® or less, 34 Wiin® or less, 33 Wiin® or less, 32 W/in®
or less, 31 Wiin? or less, 30 Wiin? or less, 29 Wiin® or less,
28 WAn? or less, 27 Wn® or less, 26 Win® or less, 25 Win®
or less, 24 W/in? or less, 23 W/in® or less, 22 W/in® or less,
21 Win® or less, 20 W/in® or less. 19 W/in® or less, 18 Wiin®
or less, 17 W/in? or less, 16 W/in? or less, 15 W/in® or less,
14 WAn® or less, 13 Wiin® or less, 12 W/in® or less, 11 WiAn®
or less, 10 W/n® 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 valves described above. For example, the
eneray density applied by each of the internal and/or exter-
nal healers can independently be rom 5 o 45 Wiin® (e,
from 510 23 Wiin®. from 25 (o 45 W/in?, from 3 lo 15 W/in?,
from 15 10 25 Wiin® [rom 25 10 35 W/in?, from 35 (0 45
W/in®, from 5 to 40 Wiin®, from 5 to 35 W/in®, from 5 to 30
Wiin?, from 5 to 20 Wiin?, from 10 to 45 W/in2, from 15 10
435 Wiin?, [rom 20 (o 45 W/in?, from 30 (o 45 Win". [rom
10 10 40 Win® [rom 15 o 35 Wiin?, from 12 10 30 W/in®,
or trom 16 1o 24 Win®).

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.

Localized overheating and/or high temperatures can result
in solid char (coke) formation. Char buildup can require
periodic clean oul ol a reactor lor char removal [rom healing
surfaces. Loose char can also be lormed by any wood,
cardboard. or paper materials thal enter the syslem as part of
the plastic feedstock. Reactor temperature monitoring, accu-
rate and precise individval heater control, and good heat

17 Win®
20 W/in?
23 W/in?
26 Wiin®
29 Win®

more,
more,
more,
more,
more,
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transter trom the heaters into the liquid plastic can, for
example. be sclecled o control and limil the amount andéor
rale of char formation.

The leedstock can. [or example, be heated 10 a lempera-
mure 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,
3257 Coormore, 3507 C. or more. 3737 CLor more, 4007 (.
or more. 423° €. ormore, 4507 C. or more, 4757 C. or more.
500° C. or more, 350° C. or more, 600° C. or more, 650° C.
or more, 700° C. or more, or 750° C. or more). In some
examples, the feedstock can be heated to a temperature of
8007 C. or less within the reactor {e.g.. 7507 C. or less. 7007
C.oor less. 6307 C.oor less. 6007 C. or less. 53507 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, 323°
C.oorless. 3007 C.oor less. 2757 CLoor less, or 2507 C.or less).
The temperature 10 which the [eedstock is heated within the
reaclor can range from any ol the minimum values deseribed
above to any of the maximum valves described above. For
example, the feedstock can be heated to a temperature of
[rom 2007 C. o 800° C. within the reactor (c.g.. [rom 2007
. o 5007 C. from 5007 C. 10 B0 C., [rom 2007 C. (o 3007
C., from 300° C. 10 400° C, trom 400° C. 10 500° C_, from
500° C. 1o 600° C.| trom 600° C. to 700° C, trom 700° C.
10 800" C., trom 200° C. to 700° C., from 200° C. 1o 600°
(., [rom 200° C. 1o 400° ., [rom 300° C. 1o 8007 ¢, rom
4007 C. 1o 800° €., from 600° C. o 8007 (7., from 250° .
10 7507 C, trom 300° C. to 700° C., from 350° C. 1o 300°
C., from 375° C. 10 425° C., or from 385° C. 10 415° C.).

The liquid andi/or vapor phase plastic inside a reactor can 3

be agitaled. lor example. (the pyrolysis reactor can comprise
an auger pyrolysis reaclor, a rolary kiln pyrolysis reaclor. a
fluidized bed reactor, a contiovously stirred reactor, 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
agitaled in a manner that [osters heat transler from the
internal and/or extemal healers o the liquid. Tiguid plastic
is a good insulator (i.e., has a low thermal conduetivity ) 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 (hat the bath acquires

the necessary heal and also avolds long residence limes al =

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 agitalor can. [or example. be operated at a spoeed ol

20 RPM or more (c.g., 25 RPM or more, 30 RPM or more. s

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, 80 RPPM or
more. 85 RPM or more, 90 RPM or more, 95 RPM or more.
100 RPM or more, 105 RPM or more, 110 RPM or more.
115 RPM or more, 120 RPM or more, 125 RPM or more,
130 RPM or more, 135 RPM or more, 140 RPM or more,
145 RPM or more, 130 RPM or more. 1535 RPM or more.
160 RPM or more, 165 RPM or more. 170 RPM or more.
175 RPM or more. 180 RPM or more, 185 RPM or more. or
190 RPM or more). In some examples, the agitator can be
operated at a speed of 200 RP’M or less (e.g., 195 RPM or
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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
RPM or less, 105 RPM or less, 100 RPM or less, 95 RPM
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, 50 RI'M or less, 45 RI’M or less, 40
RI'M or less, 35 RPM or less, or 30 RIPM or less). The speed
at which the agitator is operated can range from any of the
minimum values deseribed above o any of the maximum
valucs deseribed above. Por cxample, the agitalor can be

operated at a speed of from 20 to 200 RPM (e.g., from 20

5 to 125 RPM, from 125 to 200 RPPM, from 20 to 60 RI'M,

from 60 1o 100 RPM, [rom 100 RPM to 140 RPM. from 140
o 200 RPM. [rom 20 1o 180 RPM. from 2{ (o 160 RPM,
from 20 1o 140 RPM. from 20 1o 120 RPM. [rom 20 (o 100
RIM, from 20 1o 80 RPM, from 20 to 40 RPM, from 40 1o

20 200 RPM, from 60 to 200 RI'M, from 80 10 200 RPPM, from

100 1 200 RPM. rom 120 (0 200 RPM. from 140 (o 200
RPM, from 160 lo 200 RPM, [rom 25 (o 195 RPM. [rom 30
to 190 RP’M, from 50 to 175 RPM, from 75 to 150 RPM, or
from 120 to 160 RPM).

The agitator can be configured 1o produce homogeneous
or inhomogencous Nuid (c.g., liguid and/or vapor) low
inside the reaclor. In some examples, the agilator is conlig-
vred 10 produce tluid flow velocities inside the reactor of
areater than 0 meters per second (%) (eg., 0.05 m's or
more, (.1 m/s or more, 0.15 mfs or more. 0.2 mfs or more,
0.25 m/fs or more. 0.3 mfs or more. .35 m/s or more. 0.4 mfs
or more. (.45 m/s or more. (0.5 mfs or more. (1.6 m/s or more,
0.7 /s or more, 0.8 /s or more, 0.9 mfs or more, 1 m/s or
more, 1.25 m's or more, 1.5 mfs or more, 1.75 /s or more,
2 més or more. 2.25 mds or more, 2.5 mfs or more, 2.75 mis
or more. 3 més or more, 3.5 mfs or more, 4 mfs or more. 4.5
mis or more. 3 mfs or more, 5.5 mfs or more. 6 m's or more,
6.5 mfs or more, 7 WS or more, 7.5 /s or more, 8 m/fs or
more, 8.5 11/ or more, or ¥ m's or more). In some examples,
the agitator is conligured 10 produce [uid Mlow velocilies
inside the reactor of 10 m/fs or less {e.g. 9.5 més or less. 9
mds or less, 8.5 /s or less, 8 /s or less, 7.5 mds or less, 7
mds or less, 6.5 /s or less, 6 /s or less, 5.5 mds or less, 5
mds or less, 4.5 /s or less, 4 s or less, 3.5 mds or less, 3
m/s or less. 275 mis or less. 2.5 més or less, 2.25 més or less,
2mds or less, 175 mfs or less. 1.5 mds or less, 1.25 mis or
less, 1 mis or less, 0.9 ms or less, 0.8 m/s or less, 0.7 m's
or less, 0.6 m's or less, 0.5 m/s or less, 0.45 m's or less, 0.4
m/s or less. 035 mis or less. 0.3 més or less, 0.235 més or less,
0.2 mis or less, 0,15 mds or less, or 0.1 mds 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,
the agitalor can be conligured o produce [uid Now veloci-
lies inside the reactor ol [rom greater than O mfs o 10 m/s
{e.g., from greater than 0 to 5 mfs, from 3 10 10 ms, from
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, from greater than 0 to 7 /s, from greater than O to 6
ms, from greater than 0 to 4.5 n/s, trom greater than 0 1o
4 mfs, from greater than O 10 3.5 mds, from 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
to 10 mfs, from 1 to 10 mfs, from 1.5 to 10 m/fs, from 2 1o
10 m's, from 3 to 10 /s, trom 4 to 10 m's, from 6 1o 10 /s,
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from 7 to 10 m's, from 9 1o 10 m/s, from 0.05 to 9.5 m's
[rom 0.1 to 9 mfs. or rom 0.25 10 5 m/s).

Ligquid level inside the reactors can be monitored using
any sullable means. lor example using one or more (c.g.. 4
series of} thermocouples arranged along, the internal reactor
wall or throvgh non-contact means, such as radar or ultra-
sonic sensors. lor example, a plurality of thermocouples can
be arranged vertically along the internal 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 temperatures. Feedstock
inpul and product oulput can be monitored and/or adjusted
hased on the observed varlations in (he liguid 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.
45% or more. 46% or more. 47% or more. 48% or more.
49% or more. 50% or more. 51% or more. 32% or more.
53% or more, 54% or more, 55% or more, 56% or more,
57% or more, 58% or more, 59% 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.
69% or more, 70% or more, 71% or more, 72% or more,
73% or more, 74% or more, 753% or more, 76% or more,
T7% or more, or 78% or more). In some examples, the liquid
volume in the reactor can comprise 80% or less ol the
volume of the reactor (c.g.. 79% or less, 78% or less. 77%
or less, 76% or less, 75% or less, 7d4% 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% orluss 63% 3

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, 51% or less, 50% or less, 49%
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 reaclor can range [rom any of the minimum valucs
deseribed above 10 any ol the maximum values described
above, For example, the liquid volume in the reactor can
comprise from 40% to 80% of the volume of the reactor
(c.g.. [rom 40% o 60%. rom 60% 10 B0%, [rom 40% Lo
D()‘lo. [rom 50% (o 60%. [rom 60% (o 70%. [rom 70% o
80%, from 40% to 75%, from 40% to 70%, from 40% to
65%, from 40% to 55%, from 40% to 45%, from 45% to
80%, from 30% to 80%, from 55% to 80%, from 65% to
80%. [rom 73% lo 680, rom 45% o 75%, or rom 50%,
Loy TO%).

In some examples, the headspace volume in each reactor
comprises 20% or more of the volume of the reactor (e.g,.,
21% more. 22% or more. 23% more. 24% or more.
25% more. 26% or more. 27% more. 28% or more.
29%, more. 30% or more. 31% 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% more. 42% or more. 43% more. 4% or more.
45% more. 46% or more. 47% more. 48% or more.
49% or more, 50% or more, 51% or more, 52% or more,
53% or more, 54% or more, 55% or more, 56% or more,
57% or more, or 58% or more). In some examples, the
headspace volume in cach reactor compriscs
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

60% or less of
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less, 24% or less, 23% or less, or 22% or less). The
headspace volume in the reaclor can range (rom any of the
minimum values deseribed above o any of the maximum
values described above. lior cxample, the headspace volume
in the reactor can comprise from 20% to 60% of the reactor
volume (e.g., trom 20% to 40%, from 40% to 60%, from
20% 1o 30%. [rom 30% o 40%. [rom 40% to 50%. [rom
30% 1o 60%. [rom 20% o 35%. [rom 20% to 50%. [rom
20% to 43%, from 20% to 33%, from 20% 1o 23%, from
25% to 60%, from 30% to 60%, from 35% 1o 60%, from
45% 10 60%, from 55% to 60%, from 25% 10 55%, or from
30% o 30%4).

I ydrocarbom vapor generated inside cach reactor exits the
reactor through a piping or ducting manifold connected to a
product recovery system which is described below. In some
cxamples, the reaclor vapor pressure is monitored. The type
and quality of product oulpul can be controlled o some
degree by allering the pressure inside the reactor. lach
reactor is connected 1o a manifold, and vapor flow from each
reactor is controlled by a valve designed to operate at the
high vapor oxil lemperature or a down-stream  blower?
vacuum system, allowing the individual reactors o be
maintained as needed between a slight positive pressure and
a slight vacuum pressure, depending on reactor performance
and the tvpes of hydrocarbon produvets condensing in the
downsiream product recovery which operates under a slight
vacuum as described below.

The piping manifold system also allows inert gases 1o be
introduced when necessary to purge the reactor interior, or
displace the liguid bath or vapor headspace in cach reactor
o another reactor withoul the use of 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. (1.5 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, 11.3 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, 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, 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, -6.35 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).



Uus 11,891,518 Bl

79

The residence time of the feedstock within the reactor
(t.g.. the ime that it takes o pyrolyze) can vary based on a
varicly ol laclors. lior example, the residence time ol the
leedstock within the reactor can vary based on the type ol
reactor, the composition of the feedstock, the temperature
within the reactor, the pressure within the reactor, the
agitation rate, the amount of char, or a combination thereot.

For example. the residence lime ol a given polymer
comprising the leedstock within the reactor can be 1 scecond
or more {e.g.. 2 sceonds or more. 3 sceonds or more. 4
seconds or more, 5 seconds or more, 10 seconds or more, 15
seconds or more, 20 seconds or more, 25 seconds or more,
30 seconds or more, 35 seconds or more, 40 seconds or
more. 45 seconds or more, 30 sceonds or more. 55 seconds
or more, 1 minule or more. 2 minules or more. 3 minules or
more. 4 minules or more, 5 minules or more, 14 minuics or
more, 15 minutes or more, 20 minutes or more, 25 minmtes
or more, 30 minutes or more, 35 minutes or more, 40
mimtes or more, 45 minutes or more, 50 minutes or more,
35 minules 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, 3.5 hours or more, © hours or more, 7 hours or more,
8 hours or more, 9 hours or more, 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 polvmer comprising
the feedstock within the reactor can be 24 hours or less (e.g.,
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
minules or less. 3 minutes or less, 2 minuies or less. 1 minuic
or less. 55 seconds or less, 50 sceconds or less. 45 seconds or
less, 40 seconds or less, 33 seconds 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
above to any of the maximum valves described above. For
example, the residence time of a given polymer comprising
the lecdstock within the reactor can be from 1 second o 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, o 24 hours, fom | minuic o 20 hours, rom 1
sceomd o 18 hours. [rom 1 second w0 16 hours. rom 1
second to 14 hours, from 1 second to 10 hours, from 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, from 10 minutes to 24 hours, from 15 minutes to 24
hours, from 30 minutes 1o 24 howurs, from 1 hour to 24 hours,
[ram 2 hours lo 24 hours, [rom 4 hours lo 24 hours, [rom 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 1o 24 hours, tfrom 20 ours to 24 hours,
from 30 seconds to 22 hours, or from 1 minute 1o 20 hours).
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Inert material that enters the reactors, such as bits of metal
and gril. as well as loose char that can be erealed through the
healing process, can oplionally be removed by any suitable
processing component or step. such as sedimentation. decan-
tation, filtration, sieving, etc.

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

Vaporized Product Recovery

Vapor leaving the reactors contains a complex hydrocar-
bon mixture ranging trom light molecules (short carbon
chains) 10 heavy molecules (long carbon chaing). The pro-
cess uses one or more slages ol cooling and condensation 1o
condense the vapor product into one or more liquid products.
In some examples, the vapor can be subjected to an addi-
tional processing step (e.g., further heated, distilled, filtered,
cle.) belore andfor alier condensation.

lor example. vapor from the reaclors enters a condenser
where hydrocarboms that have a boiling point at or above the
temperature of the condenser are condensed. The condenser
can coprise any suitable condenser. Condensed liquid from
the condenser can then be transferred. for example, o a
slorage lank. [n some examples, condensed liquid from the
condenser can then be distilled, for example to separate the
product into one or more fractions and/or purify the produet.

In some examples, the process vses a plurality of stages
ol cooling and condensation 1o seleclively separale reactor
vapor product into a wax product {c.g.. comprising long-
chain hydrocarbons that are a solid or semi-solid wax at
ambient temperatures) and an oil product (e.g., comprising
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 takes place inside a
first condenser (e.g., a wax condenser). The first condenser
can comprise any sullable condenser. lior 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 slorage lank (e.g., 4 wax storage tank).

In some cxamples, vapor phase material thal passes
through the wax condenser can flow to a second condensing
svstem (e.2., a second condenser). The second condenser
call comprise any suitable condenser. For example, vapor
from the wax condenser eniers (he second condenser where
hydrocarbons that have a boiling poinl al or above the
temperature of the second condenser are condensed. Con-
densed liquid (e.g., liquid oil) trom the second condenser
can then be translerred. for example. o a storage lank (c.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
alkanes) and non-condensables (e, butane and lighter
hydrocarbons and any non-hydrocarbon gases). can flow 1o
a gas-liquid separator andfor to 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 suitable condenser.
For example, vapor trom the second condenser enters to the
third condenser where hydrocarbons thal have a boiling
point al or above the lemperature of the third condenser are
condensed. such as Co-C; hydrocarbons. Condensed liquid
trom the third condenser can then be transferred, for
example, 10 a storage tank.
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In some examples, the temperature cut-oit of each of the
one or more condensers can be selected in view ol a variely
ol [actors. In some examples, the temperature cut-oll ol the
one or more condensers can be selected such that a portion
of the oil product is not condensed. For example, a certain
portion of the oil produet can, in some examples, comprise
a high concentration of contaminants, and the condensers
can be conligured (o selectively allow this portion of the oil
product to pass through cach ol the one or more condensers
withoul condensing.

In some examples, the systems and/or methods described
herein can produce the pyrolysis products (e.g., wax and/or
oil) at a vield of 30% or more (e.g., 51% or more, 52% or
more. 533% or more. 34% or more. 55% or more. 56%
more. 57% or more. 38% or more. 59% or more. 60%
more. 61% or more. 62% or more. 63% or more. 64%
more, 63% or more, 66% or more, 67% or more, 68%
more, 69% or more, 70% or more, 71% or more, 72%
more, 73% or more, 74% or more, 73% or more, 76%
more. 77% or more. 78% or more. 9% or more. 80%
more. 81% or more. 82% or more. 83% or more. 84%
more. 85% or more. 86% or more. 87% or more. 88%
more, 89% or more, 30% or more, 91% or more, 32%
more, 33% or more, 34% or more, 93% or more, 36% or
more. 7% or more, 98% or more. or 99% or more). In some
examples. 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.g., 9% or less, 98% or less, 97%
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, 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, 60% 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 yvield
ol the systems and/or methods desceribed herein can range
from any of the minimum values described above to any of
the maximum valves described above, For example, the
systems and/or methods described herein can produce the
pyrolysis products (c.g.. wax and/or oil) al a yield of rom
50% 10 100% (c.g.. from 50% o 75%, [rom 75% o 100%.
from 30% to 60%, from 60% to 70%, from 70% to 80%,
from 80% 1o 90%, from $0% to 100%, from 50% to 953%,
[rom 50% Lo 90%. [rom 50% o 85%. [rom 50% o 80%.
[rom 50% Lo 70%. [rom 50% o 65%. [rom 50% Lo 55%.
[ram 53%: (o 100%, rom 60%: o T0G%. [rom 65% 1o 100%.
from 70% to 100%, from 80% to 100%, from 85% 1o 100%,
from 90% to 100%, from 55% ta 95%, or trom 80% to 95%).
Post-Treatment

In some examples, the methods and sysiems herein pro- 5

duce a raw pyrolysis product with a reduced level of
contaminants, for example such that no forther post-treat-
ment of the product is needed (e.g., the methods substan-
tially exclude any hydrotreatment or lurther refining steps
aller the pyrolysis).

In some examples, the methods and systems herein can
further comprise post-treating the pyrolvsis products. For
example. the wax andior oil can be lurther processed by
refining, (illering, cracking, hydrotrealing, distilling, cle., or
a combination thereol. In some examples. the post-treatment
can reduce the level of one or more contaminants in the
pyrolysis produet (e.g., oil and/or wax).
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Product Storage

Alter hydrocarbon product has been condensed as wax
{maolien) andior oil (and optionally post-treated), i is trans-
ferred Lo storage tanks. Liguid product can be translerred
using any suitable means 1o the storage tanks.

The storage tanks can be constructed of any suvitable
malterial. In some examples. the storage lanks can Turther
include a lfeedback system. Vor example, liquid levels in the
tanks can be monitored nsing an electronic sensor. In some
examples, the feedback system can include a temperature
control system (e.2., 1o control the temperature of the liquid
within the storage lank. Tor example by heating and/or
cooling). The feedback system can, [or example, activate the
heating and/or cooling systems as needed, for example
based on particular temperature set-points. o some
cxamples, al least a portion ol the storage tank(s) can be
insulated.

leal racing

In some examples, the svstem can further include heat
trace colnponents. For example, mineral insulated heat trace
cable can be used on some or all process lines comveying
cither molien plastic or liquid products. This cable can
ensure that products within the process lines remain tlow-
able under all conditions. Sueh cables can be protected
through cladded insvlation. Thermocouples on each inde-
pendent section of heat trace can be installed to monitor heal
levels within these scetions and Teedback mechanisms can
provide an alert if piping sections may not be receiving
proper heating. For example, some or all of the piping
running [rom the extruder into the reaclors can be insulated
andi/or include heat tracing. Such insulating and heat (racing
o process lines can be particularly important during colder
ambient conditions. It is imperative that all process lines
always remain fully open and operable, repardless of the
ambicnl lempoerature.

Systom Availability

Systom availabilily is (yplcally expressed as a percenlage
and refers 1o the amount of tine a system is operating,
divided by the total amount of 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-
tive maintenance, the replenishment of spare parts, the
operating demand placed on a facility, and first vear versus
malure operation.

In some examples, the systems and methods deseribed
herein can have an availability lactlor of 30% or more (c.g.,
55% or more, 60% or more, 65% or more, 70% or more,
75% or more, 80% or more, 85% or more, 90% or more, or
23% or more). In some examples. the sysiems and methods
deseribed herein can have an availability Factor ol 100% or
less (e.g., 95% or less, 90% or less, 83% or less, 80% or less,
75% or less, 70% or less, 63% or less, or 60% or less). The
availability factor can range from any of the minimum
valucs described above o0 any of the maximum values
deseribed above. For example, the systems and moethods
described herein can have an availability factor of from 30%
to 100% (e.g., from 30% to 73%, from 75% to 100%, from
50% (o 60%. [rom 60% (o 70%. [rom 70% 0 80%. [rom
80% 10 0%, rom 9% o 100%, rom 50% o 80%. [rom
0% 10 80%, rom 30% o 70%. [rom 60% 1o 100%. [rom
70% 1o 100%, from 80% to 100%, from 90% to 100%, from
95% 1o 100%, trom 55% to 93%, or from 60% to 90%).
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Compositions, Articles of Manutacture, Methods of Use

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

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

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

Also disclosed herein are articles of manulacture com-
prising any of the compositions described herein (e.g.. any
of the waxes disclosed herein, any of the oils disclosed
herein, any of the blends disclosed herein, or any of the
produets of the methods or systems disclosed herein).

Also disclosed herein are methods ol making any ol the
composilions or arlicles ol manulacture. for example.
wherein the method comprises additional processing, of the
composition, such as refining, filtering, cracking, hydrotreat-
g, ete.

In some examples, the composition or arlicle compriscs 2
lubricating oil. a mineral oil. a group 11 base oil, a [ully
refined paratlin wax, or a combination thereod.

In some examples, the composition or article comprises a
binder, a processing aid. or a combination thercol.

In some examples, the composition or arlicle comprises
kerosene including cosmetic kerosene, while oils, high value
paraftin and purified liquid fuels, or a combination thereof.

In some examples, the composition or article comprises
naphitha.

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

In some examples, the composition or article comprises
liquefied petroleum gas (LPG), naphtha, kerosene, diesel
and gas oil, or a combination thereol.

In some examples, the composition or arlicle comprises
lube oil, gasoline, jet fuel, diesel fuel, or a combination
thereof.

In some examples, the composition or article comprises
packaging, [ilm. and/or [ibers [or carpets and clothing.
molded articles. and extruded pipes. or a combination
thereof.

In some examples, the composition or article comprises a
medical device.

In some examples. the composition or the article com- 5

prises lubricant. candles, adhesives. packaging. rubber, cos-
metics, fire logs, bituminons mixtures, superficial wear
coatings, asphalt, sealing coatings, or a combination thereof.

In some examples, the composition or arlicle comprises
asphalt, automotive [ucl, aviation fuels, base oil. bilumen.
cadalene, cutting fluid, diesel tuel, fuel oil, gasoline, heating
oil, heavy tuel oil, hvdrocarbon solvents, jet fuel, kerosene,
ligroin, lubricant, mazut, microcrystalline wax, mineral oil,
motor [uel, molor oil, naphtha, naphthenic acid. parallin
wax, pelroleum bensing, pelroleum cther, petroleum jelly.
petrolenm naphtha, petroleum resin, retene, or a combina-
tion thereod.

In some examples, the composition or arlicle comprises
gasoline. jot luel. diesel and other Tuels, asphalt, heavy lucl
0il, lubricants, parallin wax, lar. asphall, lertiliver, Jooring.
perfume, insecticide, petroleum jelly, soap, vitamin, amino
acid, or a combination thereof.
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In some examples, the composition or article comprises
wood-based composites such as  oriented-strand  board
{O813). particleboard, hardboard. medium density  [iber-
board, gypsum board, or a combination thereol.

In some examples, the composition or article comprises
lully refined parallin which is used to produce candles,
cosmetics, cravons, food packaging, paper and carton coat-
ings. or a combination thereof.

In some examples. the composition or arlicle comprises a
hvdrocarbon feedstock for a petrolevn refinery, a catalytic
cracking system, a thermal cracking system, a polymeriza-
tion svstemn, or @ combination thereof. For example, also
disclosed herein are methods of vsing any of the composi-
lions disclosed herein as a hydrocarbon feedstock lor a
petroleum refinery, a catalytic cracking system, a thermal
cracking system. a polymerization system. or 4 combinalion
thercol.

A mumber of embodiments of the invention have been
described. Nevertheless. it will be undersiood that various
modifications may be made withoul departing [rom the spirit
and scope of the invention. Accordingly, other embodiments
are within the scope ol the following claims.

The examples below are intended to further illustrate
certain aspects of the systems and methods described herein,
and are not intended (o limil the scope ol the claims.

HXAMPLIS

The [ollowing examples are set [orth below 1o illustrate
the methods and results according Lo the disclosed subject
matter, These examples are not intended to be inclusive of'all
aspocts of the subjeet matler disclosed herein. bul rather 1o
illustrate  representative methods and  results. These
examples are not intended to exclude equivalents and varia-
lions of the present invention which are apparent o 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 parls by weighl. temperature is in @ C.
or is al ambicnl lemperature. and pressure is al or near
atmospheric. There are numerous variations and combina-
tions ol measurement conditions. e.g., componenl concen-
trations. lemperatures. pressurcs and olher 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 and/or 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, "H-NMR, and
BUNMR.

Asummary ol the substance idenlity profile is provided in

Table 1.

TABLE 1

Sunumary of wax product.

Concenmgdion

Hydrocarban 1ype (% wiwe)
Salurated conen o7y
T nsaturated content 1.0
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Surrumary of wax product.

86
TABLE 3

Carbon nurmber distribution pararmcters,

TEST RESULT UNKITS
Arema e coment 1.1 5
Asplialtene content N Initial Doiling Point 1482 cC
Final Douing Poit 570 B o
Hyidracarhon Concentralion U 99.5%:)
e [ A
number (% i BOILING
10 e (L1 FOINT UNTTS
ca .59
o (.40 0.5 148.2 Lo
1L .75 5.0 A LN
oy T 1005 2870 G
1 o
cl2 87 150 075 g
13 L2 1 0.0 325.2 " C.
(NE 178 : 2500 34000 e
[9R ] .24 ann 3522 Lo
Cla 530 350 363.1 "
o o 400 373 v
17 30 450 3833 .
C1e LR " 500 3931 "
Cle 415 2 S50 401.9 L
M0 506 600 4104 e
S 5 e 6.0 418.3 G
Czan-cz4 2280
7 ) o
C24-C28 2210 H[;E; :':: . E
C28-C32 1491 N 8.0 45005 S
320038 775 = H5.0 46268 Lo
340040 363 20.0 479.0 e
Cai-Cad 149 a5 503.2 o
CA4-C46 .39 908 LD Lo
4o+ [HE
30
. ) ) . TABLE 4
UV-¥ig spectrophotomelry was perlormed using a Shi-
madzu UVT800 spectropholomeler using a single cell (10 ASTM D86 carrelation results.
mm}) over a wz'weleng‘rh‘ range of from %00 to 800 nm. The " v OFF BOILING POINT UNETS
sample was dispersed in hexane (dilution factor 100 and ™
bl Bt — - LTV A
100x). The UV-Vis results (FIG. 6 and FIG. 7) show that the e o s
sample had maximum absorptions al wavelengths o 380 L N0s .
nm, 325 nm, 255 nm, and 200 nm. 200 334.7 *C
o . . 30.0 3554 v
FTR-ATR speciroscopy was performed using a Perkin 4o a0 v
Ilmer Instrumenis Spectrum “Three 1SR Spectrometer. 30,00 383.5 T e
cquipped  with  an ATR Golden  Gale  bridge f[(].[(]. 4143 (C
. . - S W -
(c‘rystal dlgmond) overa spectral range of4000 to 600 em’ ! RO 4281 e
with baseline correction. The FTIR spectrum is shown in L0 451.3 v
IG. 7. The IFUTR main peaks are summarized in Table 2. 45 93.0 4713 TC
1 4843 L
TABLIL 2 % vl af 3507 O
11T main peaks ol wax prodoc .
30 TABLL 5
Main FTIR-ATR
Peiks {em™h Inlerpreta ion Cut paiuts,
2955 Anti-synunetric stretching of metlyl . -
2916 Anti-synunetric stretching of methylene E?I_T\{ABI—;IJT{ BP0 % Ol
2871 Synmalric sirclehing ol methy| _ - ’ b -
2848 Svimmetric stretching of methylens 38 oo 151 50T
14721463 Anti-zymmetric bending vibrations of C.'ll} 1:?4 Ijnl)SSé
muthyl and methylene (‘.ll 1;’6 1.7416
137% Umbrella bending vibuations of methyl (l 12 | 6 2' sl
Q65 C-00 skeleton vibradons, methyl bending C.'l'ﬁ :'H. '1-3.343
70719 Mot hylene bending rocking vibmaticns (" l;l _4,_;‘ -5.66'?6
{erystallinity) bt 13 271 7.6124
Clé 287 100047
L . . [ and 130783
Carbon number distribution In the wax product was 1% 316 16,8339
assessed by simudated  distillation (G using ASTM E;: :32 E‘LEET;
D3442M and ASTM D2887. The GC chromatogram of the 45 C4 201 438578
wax produet is shown in FIG. 9. The results are summarized (92 431 TOLUSYS

in Table 3-Table 5.
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88
TABLE 7

Cul poinls.

Surnmary of oil product.

CARBON Cancentration
NUMDRBER B (- CJ o (OFF 5 Hydrocarbon 1ypes i)
C32 466 B5.871L Aliphatic content 4.8
1) L) CRG182 Unsaluraled conten 3K
Cei 522 97,2432 Aramatic content 1.4
C44 545 D8, 73060
46 556 991241 15 Hydroearbaon Concenmgdion
number (% wiw)
Hydrocarbon types in the wax sample were further €2 003
assessed using clay-gel absorplion chromatography accord- (C; '['gi
ing 10 ASTM D2007. The resulis are summarived in“lable 6. s cs 66
a N e
. Cé 0,03
TABLE & e7 347
C3R R.A8
ABTM 192007 resulis. ee 141
Clo 634
Hyidracarhon Resnl Unils a0 cl1l .69
= 12 530
Haliwale conten ol WL % Cl13 5_-14
Aromatic content 128 Wt % 14 6.19
Polar conten l.1 WL % ¢ lS_ 4--__;2
Asphaltenes =01 Wt % L6 351
CL7 309
23 Cly 2.82
The wax sample was further subjected 1o T-NMR spec- C12 221
The 1 o PR Can 163
troscopy. The 'I1 specira were obtained in C12C1; solvent a1 |2
(Goss Scientific D, 99.8%) at ambient laboratory tempera- c .86
mure and avto reterenced against the solvent peak using the 23 (.64
JEOL ECS 400 NMR spectrometer. 30 e .85
The TI-NMR spectra are shown in FIGL 11 and FIG. 12, (CE; I[’;z:
The annotations in 11G. 12 1s a goide highlighling certlain o7 4
peaks of interest. The 'H-NMR spectra generated tor the 2% .24
wax sample are dominated by resonances that are consistent ¢ 013
35

with saturated, unsaturated and aromatic hydrocarbons.

The normalized NMR integration values indicale there is
97.49% aliphatic protons (regiom 0.5-3.2 ppm). 1.0%, unsalu-
rated protons (region 4.5-6.0 ppm) and 1.1% aromatic
protons (region 6.5-8.5 ppmy). This refers to the percentage
ol proton aloms in the aliphatic saturated, unsaturated and
aromatic rings only relative lo the lotal proton conlent. There
woere no signals observable oulside the range shown in the
"H-NMR specira,

The wax sample was further subjected 1o *C-NMR
spectroscopy. The PC-NMR speetra were oblained in
C1CL; solvent (Goss Scientific 1. 99.8%) al ambient labo-
ratory temmperature and auto reterenced against the solvent
pealk.

The '*C-NMR spectra are shown in FIG. 13 and FIG. 14.

The annotations in L1G. 14 1s a goide highlighting certain =

peaks of interest. The "*C-NMR spectra generated for the
wax sample are dominated by resonances that are consistent
with saturated, unsaturated and aromatic hvdrocarbons.
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-consumer and/or post-indusirial 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. "TI-NMR, and *C-NMR.

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

=

.t
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UV-¥is spectrophotomelry was perlormed using a Shi-
madsu UV 1800 spectropholomeler using a single cell (10
mm) over a wavelength range ol [rom 200 to 800 nm. The
sample was dispersed in hexane (dilution factor 100 and
100x). The UV-Vis results (FIG. 15 and FIG. 16) show that
the sample had maximum absorptions at wavelengths of 335
nm. 245 nm. and 200 nm.

I"TTR-ATR spectroscopy was perlormoed using a Perkin
Elmer Instruments Spectrum Three FT-IR Spectrometer,
equipped  with an ATR  Golden Gate  bridge
(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

L' ITR main peaks ol ail prodoe .

Main IUIR-ATR
1

Tealcs (cm ') Luterpretation

2936 Anti-symunetiic stretching of methyl
2022 Ant-symmeltic strelching of mehylens
2853 Syviumnetric stretelung of methylene
1457 Anti-symmeltic bending wibrations
of mehylens
1378 Tanbrella bending vibrations of methyl
Qo2 Mothyl bending
985 -0 skeleron vibradions, methyl bending
721 Methyvlene bending roclang vibrations

Gas chromalography was performed on the oil product
vsing an Agilent 6890 Gas Chromatograph with Atlas soft-
ware and a flame ionization detector (GC-FID) (GC tem-
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perature prograny: Initial 20° € —10 minutes; Ramp 1.3° TABLE 9-continued
Cumin o 250° Cg Pimal 250° 0 10 minutesy. The GO
speetra are shown in FIG. 18 and FIG. 19, "The resulls are limended PIONA nwsults.
summarized in Table 9 and Table 10. e Ged carban Arod
5 chain length %%
TABLE O
28 0.24
{29 013
Tixtemded PIONA rosulis.
Total L0
[dentified ¢arbaon Ares 1
chain length %
I3 11,01 TABLE 10
(2 N0z .
) o Tixlended PIONA sobstance st
) .61 1
4 L.64 Snbstance At %
[ Ga2
6 .03 E“'ﬂme 2-93
. = eXANE 21
C:? 3'4_? Heplane 244
5 8.68 20 Octane 259
[ 4.1 < 3-othylheplane
o .04 Mamane
c11 709
c12 5,30
€13 5.14 = Tridecane
(14 &.19 £ Trtradecane
C1s 432 Pentadecane
Cl6 3.51 [Texadecane
17 300 |:|L.‘1‘.1£1[{UL‘.:LHL‘
. A Oetadecane
18 282 Monadeeans
c1e 2.21 a0 |eosans
[ @D L.63 [leneicosane
Cz21 122
22 086 Gas chromatography  Mass spectrometry ((GC-M8) was
24 DR3 pertormed vsing a Thermo Scientific Trace 1300 GC with a
€25 0.0 35 Thermo Scientific 1SQ QD {injection volume—0.5 micro-
cz6 .38 liters: split ratio 1:5; injection temperature 230° . oven
27 042 program  70° €, hold 1 min, 10° C./min to 300¢ C.. hold
24 min). The GC-MS results are summarized in Table 11.
TARBLIL 11
C0C-ME resulis,
Retention Retention
tirme 1
(min)  Component miny  Compeonent
1.57  Propane 10,21 (mez 131, 146, 162)
1.61 [zahulanc 10,27 (mde L&2, 166, 91)
1.63 1-butens 10,58 [z 162, 105, 145)
1.45 2-butene 1043 (mde L3, 146, 1453
1.73 Bntne, 2-mothyl- 1047 (e 146, 1301, 1443
1.77 Pentane 10,53 [z 144, 129, 145
THD 08 alkene (més 55, 42,413 10,62 T-ridecens
191 L-Pentens, d-muethyl- 10,82 Irideeane
184 Dutane., 2.3-dimethyl- 1084 (mrz 132, 197, 111

20l Pemar

2-mcthyl- 1089 (mde 111,43, 125)

2105 n-Hexne 1098 (mds 111, 141, 142

208 €6 alkene (myz 84, 41, 649 11.0%  (miz 111, 1534, 125)

212 06 alkens (mie 41, 55, 845 11.23  Mathylnaphthalene (mée 142,
141, 113)

213 C6 alkene (mwz 41, 67, 39) 11.44  C13 alkene vz 182, 125,
1)

208 Hemane, 2-methyl- 1151 [Hl.""; LR, 154, 178)

2220 Cyelopentane, melhyl- L1359 (mdfe LS5, 145, 154

2,28 1-Pentene. 2.4-dimethyl- 1160 (mez 145, 160, 1768

230 07 alkene (mée 83, 98, 41 1169 (mde 176, 1G9, 168)

233 Cyelopemens, T-mothyl- L1375 (e 111, 125, 168)

2.3% [Texane, 2-metlyl- L1.ER iz 139, 145, 176

240 Benwene 12,000 1-Temadecence

244 Hemane, 3-moethyl- 12,17 letradecane

2.54 C7 alkene (mvz 41, 98, 55) 12,30 (miz 196, 156, 141



91

Uus 11,891,518 Bl

TABLE 11-continued

CO-ME rosulis.

Retenion

Retemion

time time
(min}  Component {min)  Compenent
261 Heptane 12,69 Dhmethylnaphihalens (mde 156,
141. 174;
2.65 iz 98, 81, 96) 1275 (mez 156, 155, 134)
271 7 alkene (mdc 9%, 41, 39) 1281 (e 196, LGR, §3)
284 Cyelohexane, methyl- 1290 (miz 190, 169, 16%)
2492 Cyelopemane, o hyl- 1300 (mée 156, LHY, 182)
9% CTHI2 (més 81, ¥A, TY) 13.07 (i 190, 194, 159)
308 CFIIZ (mdz R1. 94, 93] 1314 (méz 190, 105, 135)
309 Heplane, 4-methyl- 1308 (mdv 156, 157, 172)
3.24  Toluene 13.2 1-Tentadecene
328 CFIINZ (mdz 9a. B, 910 1346  Tentadecane
339 O alkene (méz 41, 112, 55 1351 (mdée L&7, 141, 182)
143 C§ alkene {1z 41, 55, 43 1358 24-Di-tert-butylphenol
355 Oulane 1371 (mde 111, 208, 153)
359 (mi 112,41, 55 13.82  (mdz LS5, 170, 133)
3,61 Dunethvlevelohexane 13,82 1-Isopropenyluaphthalene
379 C9H20 alkane (mds 85, 43,41 1392 (mdée 153,97, 204)
3491 (nfz 83,126, 410 1401 (mez 168, 169, 133)
407 C9 alkene (myz 43, 126. 55] 1404 (mez 170, 155, 133
405 {mdr 110, 95, 109) 1414 15 alkene {mdz 183, 210,
182)
430  Cyclohexane. 1,3, 5-twimethyl- 1416 (msz 1587, 204, 208)
4,37 xylene (myz 1, 106, 105) 1423 (mez 197, 196, 133)
447 mylenc + (mde LDG, 91, 109) 1435 (e 204, 208, 170)
457 COII16 (mdz 109, 124, 83) 1442 (miz 204, 105, 224)
4750 09 alkene (mic 41, 43, 57 1451 Cuotene
476 CI0H20 {mdr 43, 83, 104) 14.67  Hoexadecane
4,82 xylene + (mz 106, 43, 91 1480 (mz 224, 111. 195
484 Manane 15000 (mée LS5, 16E, 154)
523 Denzene. (1-methvlethyl)- 1518  (m:z 182, 183, 169)
532 imwdz 97,83, 126) 1325 (méz 167, 196, 182)
564 Benrene, propyl- 1532 (mdée 197, 196, 155)
571 iwdz 124, 41, 93] 1336 (miz 167, 224, 165)
576 wromale COHL2 (mde LOS, 120, 1539 (v 218, 211, 210%
103y
579 aromate C9IILZ (mez LS, 120 1548 (mz 196, 197, 103
L0ay
5806 aromate C9IILZ (mez L5, 120 1557 (mez 167, 218, 163)
119
605 womae COHL2 (mde LOS, 120, 1480 (mds 224, 111, 195)
103
614 C10H20 wlkene {mir 41 97, 353 1566 1-Hepladecene
6.2 Jecane 1583 Hepladeoane
6,35 C100120 alkene (uiz 140, 97,411 1585 17 alkene (miz 238§, 111.
169)
6.43  (mie 113, 43,410 1608  CL7 alkene {mds 97, 198, 238)
6.30 CTUHZE alkane {mdéz 43, 113, 41) 1625 (v L&R, 1RO, 182)
679 anfz 154, 41, 111 1630 (miz 179, 196, 194
6497 Indanc 1638 (v L85, LR2, 167)
713 aromate CLOI114 (mfz 105, 134, 16453 (m:z 211 181, 210
B3}
7240 {miy 119, 43, 85 1648 (i 1749, 194, 178)
732 gwdz 119, 105, 410 1653 (miz 225, 224, 111
TA%  {mis 111,112, 41) 1654 (s 179, 232, 194)
TES {mée T19L LU, 1L 1662 (mds 165, LK1, 210
7.8 anfz 119, 41, 97 1595 17 alkene yniz 23§, 111,
169)
TG aremate CLOHT2 (mas LT, 1S, 1676 1-Octadeecne
132;
7.86  Tndecane 16891 Octadecane
THRY  CTLH22 alkene (e 154, 97,417 1719 (e LTR, 250, 97)
801 CILII22 alkene iz 154, 41, 1749 (mz 225, 179174
152)
822 (miv 152,125,413 1757 (i 239, 179, 194)
44 amdz 1540 119, 152) 17.63 (miz 246, 179, 194)
B.57  womale (més LLT, 152, LLSY 1772 e 266, 193, 181)
Hol (mar 131, 119, 148) 1761 1-Menadeeene
807 aromate (myz 148, 105, 106) 1794 Nenadecans
B.75  womale (més LLT, 115, 132) T8.50 (v 179, 239, 208)
BHEI womale (méc L4, 119, LLSY TG00 (mde 253, 252, 1493)
842 arclnate (vz 148, 105, 1068 12,69  (mrz 260, 192, 191
907 €12 alkene (mr 97, 168, 41) THED 1-Theosene
929 {mi 131, 170,43 18493 ldcosane
9.32  NWaphthalene 1047 (mez 253, 274, 230

92
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TABLE 11-continued

94

CO-ME rosulis.

Retenion Retemion

time time
(min}  Component {min)  Compenent
9.37 I 3adeeans 1978 1-Heneicosens
939 €12 alkene (mdz 168, 97, 131) 1987 Ilensicosane
946 arcmate 110114 (mqz 131, 146, 20,77 Docosane
115)
50 anfz 168, 131, 146] 21.64  Tricosane
9.H2 (mae 145, 155, 160) 2247 Cletracosanc
Q.92 (mar 162, 186, 155) 2327 Penlaensane
Q.97 wdz 168 117, 183) 2404 Ilexacosane
10.02 (mae 162, 117, 114 2484 Heplacosane
10,07 anz 143, 166, 1600 25374 Octacosane
1012 anz 143, 162, 1600 26,79 Nounacosane

The kinematic viscosity of the oil was assessed vsing
ASTM D445 and ASTM 127042 using an Anton Paar
SVM3000 Stabinger Viscomeler (72, The oil sample had a
kinematic viscosity ol 28.2 mm®/s. ¢SL

The flash point of the oil was measured using ASTM
D93 A vsing a Pensky Martens Herzog, Electronic MDPP329
wmstroment. The oil had a flashpoint of 11.3° C.

The oil was subjected 1o distillation according to EN IS0
403, The resulls are summarized in Table 12.

TABLE 12

1istillanien resnlls ol il sample.

Andlysis Analysis
Na 1 N 2 Unirs
Receiver temperatire 15 16 "
Staning Sarnple 22.0 220 R
lermnperaire L
Initial Boiling Peint 37 37 "
25% Recovery 137.7 L35 8 RO
35%% Recovery 163.1 161.8 "
43% Recovery 185.6 L2385 "
35% Heeovery el 2176 L
63% Recovery 2449 244.4 "
8% Heeovery 2706 2T L
HO%h Reeovery JHED 286 RO
§3% Recovery - KD "

The oil sample was [urther subjected 1o 'TI-NMR spec-
troscopy. The 'H spectra were obtained in CDCI, solvent
(Goss Scientific D), 99.8%) at ambient laboratory tempera-
mure and avto reterenced against the solvent peak using the
JEOLL 1CS 400 NMR spectrometer.

The 'TI-NMR spectra are shown in FIG. 20 and FIG. 21,
The annotations in 11G. 21 1s a goide highlighting certlain
peaks of interest. The "H-NMR spectra generated tor the oil
sample confirm the presence of saturated, unsaturated and

aromatic hydrocarbons. 'H-NMR indicates the presence of ~

vinyl. inlernal and vinylidene olefinic Tunctionalitics.

The normalized NMR integration values indicale there is
94.8% aliphatic prodons (region 0.2-4 ppm). 3.8% olelinic
protons (region 4.5-6.0 ppy) and 1.4% aromatic protons
(region 6.7-8.3 ppm). This refers to the percentage of proton
atoms in the aliphatic saturated, olefinic and aromatic rings
only relalive o the otal proton content. There were no
signals observable outside the range shown in the 'TI-NMR
spoclra.

The oil sample was turther subjected 10 '*C-NMR spec-
troscopy. The “C-NMR spectra were obtained in CDCl,

[
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solvent (Goss Scientific D, 99.8%) at ambient laboratory
lemperature and aute referenced against the solvent peak.

The "PC-NMR spectra are shown in FIG. 22 and 111G 23,
The annotations in IIG. 23 1s a guide highlighting cerlain
peaks ot interest. The "*C-NMR spectra generated for the oil
sample are dominated by resonances that are consistent with
saturated, unsaturated and aromalic hydrocarbons. 12(-
NMR indicales the presence of vinyl. inlernal  and
vinylidene olefinic functionalities. There were no signals
observable outside the range shown in the "“*C-NMR spec-
tra.

Other advantages which are obvious and which are inher-
cnt lo the invention will be evident o one skilled in the art.
It will be understood that certain features and sub-combi-
nations are of utility and may be emploved without reterence
o other leatures and sub-combinations. This is contem-
plated by and is within the scope ol the claims. Since many
possible cmbodiments may be made of the invention withoul
departing from the scope thereof, it is to be understood that
all matter herein set forth or shown in the accompanying
drawings 1s lo be inlerpreted as illustrative and not in a
limiling sense.

The methods of the appended claims are not limited in
scope by the specific methods described herein, which are
intended as illustrations of a few aspects of the claims and
any methods that are Tunctionally equivalent are intended 1o
lall within the scope ol the claims. Various modifications of
the methads in addition 1o those shown and described herein
are intended 1o fall within the scope of the appended claims.
Further, while only certain representative method steps
disclosed herein are specifically deseribed. olher combina-
tlions ol the method steps also are intended 1o [all within the
scope of the appended claims, even if not specifically
recited. Thus, a combination of steps, elements, compo-
nents, or constiluents may be explicitly mentioned herein or
less. however, other combinations ol sleps. clements. com-
ponents. and constituents are included, cven though not
explicitly stated.

What is claimed is:

1. A wax derived from pyrolysis of a feedstock compris-
ing post-consumer and/or post-industrial plastics. wherein:

the wax is produced al an indusirial scale:
the wax has a number average molecular weight and/or a
weight average molecular weight of from 300 1o 400
Daltoms:

the wax comprises a mixlure of different hydrocarbons,
any of which can optionally be substituled. wherein
from 60% to 80% of the mixture (w/w) comprises
Coq-Cy s hydrocarbons; and
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the wax has:
4 linal boiling point ol 9307 I o 13007 1.; and
a sodium content ol 130 ppm or less.
2. "The wax of claim 1. wherein from 95 10 99% ol the
mixture (wiw) comprises C,-C,, hvdrocarbons.
3. The wax of claim 1, wherein the mixtire comprises:
20-30% C,-C,, hydrocarbons,
20-30% 4 -Co,y hydrocarboms,
20-30M%, (7,,-C,, hydrocarbons. and
10-200 Cae-C o hydrocarboms.
4. The wax of claim 1, wherein the mixture is substan-
tially free of C-C; hydrocarhons.
5. The wax of claim 1, wherein the mixtire comprises:
80-100 wi. "% unsalurated hydrocarbons;
0-5 wi. "% unsaturated nom-aromatic hydrocarbons; and
0-15 wi. % aromalics.
6. The wax of claim 1, wherein the wax has a melting

point of trom 40° C. 10 35° C.

7. The wax of claim 1, wherein the wax has a pour point >

ol rom 300 I, o 607 1

8. The wax of claim 1. wherein the wax has a 1olal
chloride content ol 50 ppm or less.

9. The wax of claim 1, wherein the wax has a nitrogen
content of 300 ppm or less.

1. The wax ol claim 1, wherein (he wax has a silicon
content of 125 ppm or less.

11. The wax ol claim 1. wherein the wax has a sodium
content of 10 ppm or less.

12. The wax of claim 1, wherein the wax has an iron -

content of 10 ppm or less.

13."The wax ol claim 1. wherein the wax has a phosphorus
content of 30 ppm or less.

14. The wax of claim 1, wherein the wax has a sultur
content of 500 ppm or less.

15. The wax of claim 1, wherein the wax has a calcium
content of 30 ppm or less.

16. The wax of claim 1, wherein the wax has a copper
content of 10 ppm or less, a nickel content of 100 ppm or
less, a vanadium content of 235 ppimn or less, or a combination
thereol.

[
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17. The wax of claim 1, wherein the wax has:

4 Lolal chloride content of 50 ppm or less:

a nitrogen content o 300 ppm or less: and

a silicon content of 125 ppm or less.

18. The wax of claim 1, wherein the wax has:

4 Lolal chloride content of 50 ppm or less:

4 nitrogen conlent ol 300 ppm or less:

a silicon content of 125 ppm or less;

a sodinm content of 130 ppm or less;

an iron conlent ol 10 ppm or less:

4 phosphorus content ol 50 ppm or less;

a sulfir content of 300 ppm or less; and

a caleinm content of 30 ppm or less.

19. The wax of claim 1, wherein the wax has:

4 Llolal chloride content of 25 ppm or less:

a nitrogen content of 300 ppm or less;

a silicon content of 100 ppm or less;

4 sodium content of 10 ppm or less;

an iron conlent ol 10 ppm or less:

a phosphorus content of 50 ppm or less;

a sulfir content of 10 ppm or less;

a calcium content ol 5 ppm or less:

or a combination thereol.

20, The wax of claim 1, wherein the wax has a Reid Vapor
Pressure of 12.5 psig or less.

21. 'The wax of claim 1, wherein the wax has:

a Reld Vapor Pressure ol 12.5 psig or less; and

a pour point of 30° F. 10 60° F.

22, The wax of claim 1, wherein the wax has:

a Reid Vapor Pressure of 12.5 psig or less;

a pour point of 307 I o 607 1

4 Lolal chloride content of 50 ppm or less:

a nitrogen content of 300 ppm or less;

a silicon content of 125 ppm or less;

an iron conlent ol 10 ppm or less:

4 phosphorus content ol 50 ppm or less;

a sullur conlent ol 500 ppm or less; and

a caleinm content of 30 ppm or less.

23. A method of making the wax of ¢laim 1, wherein the
method comprises pyrolysis ol a feedstock comprising post-
consumer andfor post-industrial plastics.
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