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US 11,891,518 Bl
1

HYDROCARBON COMPOSITIONS DERIVED
FROM PYROLYSIS OF POST-CONSUMER

AND/OR POST INDUSTRIAL PLASTICS A IjD

METIIODS Olr MAKIN(I ANI& USE
THEREOF

CROSS-REFERENCE TO RELATED
APPI K:A'I IONS

This application claims the benefit of priority to U.S.
Provisional Application No. 63/456,197 filed Mor. 31, 2023,
wluch is hereby incorporated herein by reft:rance in tts
cnttrcty.

BACKCrROUND 13

SUMMARY

In accordance with the purposes of the disclosed compo- sn

sitions and methods as entbodied and bnnadly descnbed
herein, the dtsclosed subtect matter relates to hydrocarbon
based compositions derived from pyrolysis of a feedstock
comprising post-consumer and/or post-industrial pLastics
and methods of maktng and usc 1hcrmtf. 33

For cxmnplc, dtscloscd hcrcut ts a wux derived from
pyrolysts of a ft:edstock compristn post-consumer;utd/or
pnst-industrial plastics In sotne examples, the wax has n

number average molecular w:eight and/or a weight avemge
molecular ~eight of from 300 to 400 Daltons. In some ao

examples, the wax comprises a mixttue of different hydro-
carbons. any ol'whtch can opttotmlly be subsututcd, whcrmn
from 60% to 80'!a of thc mixture (w/w) composes Csn Css
hydrocarbons. In some cxamplca, the wax haa: a Rcid Vapor
Pressure of 12 5 psig or less; a fitml boilino point of 950"I'o

1300" I'.; a pour point of 30" 13 to 60" I'; a total chloride
content of 50 ppm or less: a nitrogen content of300 ppm or
less; a silicon content of 125 ppm or less: a sodimn content
of 150 ppm or less, an tron content of 10 ppm or less. a

phosphorus content ol'0 ppm or less, a sullhr con1mtt of o

500 ppm or less, a calctum content of 50 ppm or less: or a
combination thereof

In some examples of the wax. fmm 70% to 75% of the
mixture (w/31) comPrises C„cCa, hydrocarbons. ht some
examples of the wox. from 80 to 90% of the mixture (w/w) . 3

comprises Cv-C„hydrocarbons. In some examples of thc
w ax. Iyom 95 to 99% of thc mtxturc (w/w ) composes Cv-C«
hydrocarbons. Iu some cxamplcs ol thc wax. the mixture
comprises 20-30% (eg, 25-30%) ('v-('zn hydrocarbons,
20-30'%e g.. 20-25%) Con-Can hydmcarbons. 20-30% (e g., sn

20-25"ia) Can-C„hydrocarbons. and 10-20% (e.g.. 10-15%)
( ',s-C„hydrocarbons.

In some examples of 1hc wax, thc nuxturc ts substan1iully
iree ol C] Cs itv'tlrocat'boats

Ill solllc cxatllplcs ol tilt: wax, tltc llllxtulc colllprlscs as
80-10 tvt '%nsaturated hydmcarbons (e g., 85-90 wt. % or
95 tn 'P) tvt. %); 0-5 wt % unsaturated (non-arontatic)

Sutglc use piastre waste ts a prcssutg cnvtroruncntel issue.
There arc currently li:w options for rex:yclmg a maxed
pnlynlehn stream comprised of a broad range of cnntposi-
tions and physical finrms of polyethylene, pnlvpmpylene, so

and polystyrene 31 aste pLnstics to value-added chemical and
rehnery feedstock products. Improved processes ore needed
for recyclin such pLastics at an industrially significont scale
and for producutg unproved products thcrclbom. Thc com-
postttorm mtd methods discussed hereto address these and
other needs.

hydrocarbons (c.g., 0-2.5 w t. '!a, or 0-1.5 wt. %), aml 0-15
wt % aromatics (e g, 0-2 5 wt %, or 12-14 wt %)

In some examples, the tvax has a meltmg point of front
40" C. to 55" (2 (e.g . fmm 40" ( . to 50" (' or from 43" C
to 48" C.). for example as detenntned by ASTM D 127. In
some examples. the wax hos a congealing point of 40" C. to55'. (c.g., lrom 45'. to 51'.), for example as
dctcrnnncd using ASTM D 93R In some cxnmplcs. thc wax
has a final boiling point of ')50''o 1300" I'e 8, front
950" II to 1250" I'., frotu 1100''o 1250" I', or from 995"
I'o 1235" I'.), finr exatuple as determined using ASTM D
7169. In some examples. the wax has a pour point of from
30" F. to 60" F, (e.g., from 30" F to 55" F.. from 33" F. to
52'., or from 45'. Io 60'., for exumplc as dctcrnuntxl
using ASTII I D 97.

In some examples, the wax has a total chloride content of
50 ppm or less (e.g . 25 ppm nr less, 10 ppm or less. 5 ppnt
or less, I ppm or less. 0 I ppm or less. or 0 01 ppnt or less),
for example as determined according to ASTM D 7359. In
some examples, the tvax 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 I

ppnt or less), for example as determined according to AS I'M

D 4629. In snme examples, the v ax has a siltcon content of
125 ppm or less (e g . 100 ppm or less. 50 ppm or less, 25

ppm or less, 10 ppmor less, 5 ppmor less. or I ppm or less).
for example as determined according to ASTM D 5185. In
some examples, thc wax has a sodtum content of 150 ppm
or less (c.g.. 100 ppm or less, 50 ppm or Icsa, 25 ppm or less.
10 ppm nr less, 5 ppm or less, or I ppm or less), finr example
as determined according to AS I'M D 5185 In some
exnntples, the wax has an imn cnntent of 10 ppnt or less
(e ., 5 ppm or less, I ppm or less, 0.1 ppm or less, or 0.01

ppm or less), for example as determined according to ASTM
D 5185 In some examples, the wax hns a phosphorus
content of 50 ppm or less (c.g., 30 ppm or less, 10 ppm or
less. 5 ppm or less, or I ppm or less), for cxamplc as
deternuned accordin to ASI M D 5185 In sonte 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 I ppm or
less), for example as determined according to ASTM D
4294. In some cxamplca. thc wax has a calcnun content of
50 ppm or less (c.g.. 25 ppm or less, 10 ppm or less, 5 ppm
or Icos, I ppm or less. 0.1 ppm or less, or 0.01 ppm or less).
for example as determined according to ASI'M D 5185 In

some examples, the wax has a copper content of 10 ppnt or
less (e... 5 ppm or less. I ppm or less, 0 I ppm or less. or
0.01 ppm or less). for example as deternuned according to
ASTM D 5185. In some cxmnplea, the wax has a mckel
content of 100 ppm or less (e.g.. 50 ppm or lese, 25 ppm or
less. 10 ppm or less, 5 ppm or Icsa, or I ppm or less), for
exnntple as determined according to ASI'M I) 5185 In some
exnntples, the wax has a vanadium content of 25 pptn or less
(e ., 10 ppm or less, 5 ppm or less, or I ppm or less). for
example as determined according to ASTM D 5185.

In some examples. thc wax lras. a total chloude content of
50 ppm or less: a nitrogen content of 300 ppm or less, and
a sthcon con/cut ol 125 ppm or less. In some examples, thc
wax has a total chloride content of 50 ppm or less; a

nitrogen content of 300 ppm or less; a silicon content of 125

ppm or less: and a sodium content of 150 ppm or less. In
some examples. the wax has: a total clfionde content of 50
ppm or less, a nitrogen contmtt ol'300 ppm or Icsal a sthcon
content of 125 ppm or less, a sodium content of 150 ppm or
less, an tron content of 10 ppm or less: a sulfur content of
500 ppnt or less: and a calcium content of 50 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 content of 125 ppni or less; a sodiuin content of 150

ppm or less: an iron content of 10 ppni or less; a phosphonis
content of 50 ppm or less, a sulfur content of 500 ppm or
less; and a calcium content of 50 ppm or less. In some
examples, the wax has. a total chloride content of 50 pprn or
less, a nitrogen content ol 300 ppm or less, a sihcon conlnil
of 125 ppm or less, a sodnun content of ISO ppmor less, an
iron content of 10 ppm or less; a phosphorus content of 50

ppm or less, a sulfur content of 500 ppm w less: a calnuni in

content of 50 ppm or less; a copper content of H) ppm or
less; a nickel content of 100 ppm or lesax and o vonodium
content of 25 ppm or less.

In some examples, the wax has: a total chloride content of
25 ppm or less, a nitrogni content of 300 ppm or less, and is
a silicon content of 100 ppm or less. In soine examples, the
wax has" a total chloride content of 25 ppm or less, o

nitmgen content of 300 ppm or less; a silicon content of 100

ppm or less, mid a sodium content of 10 ppm or less. In some
examples, the wax has. a total chloride content of 25 pprn or zo

less, a nitrogen content ol 300 ppm or less, a sihcon conlnil
of 100 ppm or less, a sodium content of 10 ppm or less. an
iron content of 10 ppm or less: a sulfur content of 10 ppni
or less: and a calcium content of 5 ppm or less In some
examples, the ivax 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 ol 10 ppm or less, a phosphorus content ol 50

ppm or less: a sulfur content ol'10 ppm or less; und a calcnim
content of 5 ppm or less In sonic exaniples, the wax has o in
total chloride content of 25 ppni or less; a nitrogen content
of 3(X) ppm or less; a sihcon content of 100 ppm or less: o

sodium content of 10 ppm or less; an iron content of 10 ppm
or less: a phosphorus content of 50 ppm or less: a sulhir
contnil of 10 ppm or less, a calcnun content oi S ppm or is
less, a copper content of 10 ppm or less) a nickel nintcnt of
100 ppm or less, and a vmiadium content of 25 ppm or less.

In some examples, the wax has a (iardner color of front
2 to g (e.g, from 2 5 to 8. or from 6.5 to g). for exaniple as
determined according to ASTM D 1500. In some examples, so

the vvax has an oil content of from 5-50% (e... from 25 to
45%, or from 40 lo 4S%) by weight, lor cxmnplc as
dctcrmincd accordin to ASTM D 721. In some cx unplcs,
the wax has a Real Vnpor Pressure of 12.5 psig or less (c g.,
10 psig or less, or from 7 to 10 psig), for example as
determined using AS I'M D 5191 In some examples, the
wax lias a water by distillation amount of 0.5 vol. i'a or less
(e.g.. 0.1 vol. % or less. or 0.01 vol. '!4 or less). for example
as dcteunined by ASTM D 95. In some cxumplea, thc wax
has a total s&xluncnt contnil of 0.5 vul. % or less (c... 0 I o

iol. '!4 or less. or 0.01 vol. % or less). for cxamplc as
determined by ASI'M D 4670 In soine exaniples. the wax
has an n-heptane insoluble content of 0 5 wt % or less (e g.,
0.1 wt.% or less, 0.05 wt.% or less. 0.01 wt.% or less). for
example as determined by ASTM D 3279. In some .3
examples, the wax has a total acid number of I mg KOH/g
or less (e.g.. 0.5 mg KOH/g or less, or 0.2 mg KOH/g or
less), for cxamplc as dctcrnuncxl according to ASTM D 664.

In some examples, the wax has: a Reid Vapor Pressure of
12 5 psigor less; a final boiling point of 950'& to 1300" F, an

and a pour point of 30" F. to 60" F. In some examples. the
wax has; a Reid Vapor Pressure of from 7 to 10 psig; o final
boiluig pouil of from 995'. lo 1235'.l and a pour pouit
of Iyom 33'. lo S2'. Iu some cxamplcs, lhe wax has: a

Roid Vapor Pressure ol'12 S psig or less) a linal boiluig point as

of 950" li to 1300''; a pour point of 30'i to 60''.: a total
chloride conte&it of 50 ppm or less; a nitmgeil conteilt ot 300

ppm or less: a silicon contnil of 125 ppm or less, a sodium
content of 150 ppm or less: an iron content of 10ppm or less:
a phosphorus content of 50 ppm or less: n sulfur ninlcnl of
500 ppni or less: and a calcium content of 50 ppm or less
In some examples, tlm wax has. a Rnd Vapor Prcssure of
from 7 to 10 psig; a hnal boiling point of from 995" li to
123S" Fd a pour point of fmm 33" F. to 52" Fz a total
chloride content of 25 ppm or less: a nitmgen content of 3(X)

ppm or less: a silicon content of 100 ppm or less; a sodium
content of 10 ppm or less. mi iron content ol'10 ppm or less.
a phosphorus content of 50 ppm or less, a sulfur content of
10 ppm or less: and a calcium content of S ppm or less.

In smne examples, the wax is pmduced at an industrial
scale. In some examples, thc wax is produced via pyrolysis
in a volume of from 10,0(X) to 1.0(X),000 gallons per 5 to 90
O'Iv s.

Also disclosed herein is an oil deuved from pyrolysis of
a feed stock comprising post-consumer and/or post-industrial
plasucs. In some cxamplcs, the oil lras a number avcra c
molecular wei ht and/or a weight avemzge molecular weight
of fmm 50 to 350 Dallons. In some cxwnplca, thc oil
comprises a mixture of difihrent hydrocarbons. any of which
con optionally be substituted, wherein 90% to 100% of the
nuxture (v'/w) comprises (',-('„, hydrocarbons In some
examples, the oil comprises a mixture of diff'erent hydro-
carbons. any ofvvhich can optionally be substituted, wherein
90% to 100% of lhc mixture (w/w) compnscs C4-Czo
hydrocarbons. In some exmuples, the oil has: a Real Vapor
Pressure of 12 5 psig or less; a final boiling point of 750'&
to 1000" I'4 a pour point of 0" I& to 20" I': a total chloride
col&tent of 500 ppm or less; a ilitrogen content of 600 ppni
or less: a silicon content of 2000 ppm or less, a sodium
content of100ppm orless: an iron content of 10ppm or less:
a phosphorus content of 25 ppm or less: n sulfur ninlcnl of
250 ppm or less, a calcnim content of SO ppm or less, or a

combmation thcrcof.
In some examples of the oil, from 92% to 96% of the

nuxture (v'/w) comprises (',-('„, hydrocarbons In some
examples of the oil. 0-10ia of the mixture (w/w) comprises
C„-CS, hydrocarbons. In some examples of the oil. the
nuxturc composes. 25-35'!4 (c.g, 30-35'ia) C,-Cs hydrocar-
bons. 5&5-65% (c.g.. 60-65!4) Cz-Cza hydrocarbons, and
1-10% (e.g.. 3-g ia) C

i
C 4 llv'di'ocai'bolts 111 sortie

exoniples of the oil, the mixnire is substantially free of
hydrocarbmis cmnprising 30 or more carbons

In some examples of the oil, from 92% to 9(i!4 of the
mixture (w/vv) comprises C,-C„, hydrocarbons. In some
examples of thc oil, 0-10'!4 of the nuxturc (w/w) comprises
C

i
C 4 hydrocarbons. In some cxwnplcs of thc oil, lhc

nuxturc composes. 25-35'!4 (c.g, 30-35'ia) C,-C„hydrocar-
boiis, 55-65% (e 60 65 / ) ('3 ( o hydrocarbons, and
I I 0% (e 3 g% ) ( zi ( zz hydrocarbons In some
examples of the oil, the mixture is substantially free of
hydrocarbons comprising 30 or more carbons

In some cxamplcs of the oil, the mixture composes.
90-100 wt. % unaaturalni hydrocarbons (c.g., 94-96 w u %).
0-5 wl. % unsatwatcd (non-aromatic) hydrocarbons (c.g..
3 5-4 5 wt. %); and 0-2 5 ivt % aromatic hydrocarbons (e.g,
1-2 wt. %).

In some examples, the oil bas a final boiling point of from
750" F. to 1000" F. (e.g.. from 900" F. to 950" F.. from 920"
F. lo 950" F., or from 935'. to 9SO'.), lhr cxamplc as
dclcrnnncd using ASTM D 7169. In some cxamplcs, thc oil
hus u pour point of from O'. lo 20'. (c.g., from S'. lo
15" I', from g" I'o 15" I'., or from 10" li to 15" I'), for
exoniple as determined using AS I'M D 97



Iii sortie cxaitiplcs, llic oil lies a lolul clilolklc coiitclil of
300 ppm or less (e,go 100 ppm or less. 50 ppm or less. 25

ppm or less, 10 ppm or less. 5 ppm or less, I ppm or less,
0 I ppm or less, or 0 01 ppin or less), for example ac
dctcrmincd according to ASTM D 7359. In some cx unplcs,
the oil hac a nitrogen content of 6300 ppm or less (e.g, 250

ppm or less, 200 ppm or less. 150 ppm or less, 100 ppm or
less. 50 ppm or less, 10 ppm or less, or I ppm or less). for
example as determined according to ASTM D 4li29. In soine

1 I i
examples, the oil has a siliinin content ol 2000 ppm or less
(e.g.. 1000 ppm or less. 500 ppm or less. 250 ppm or less,
100 ppm or less, 50 ppm or less. 25 ppm or less. 10 ppm or
less. 5 ppm or less, or I ppm or less), for example ac
dctcrmincd according to ASTM D 5185. In some cx unplcs
the oil has a sodium content of 100 ppni or less, 50 ppnl or
less, 25 ppm or less, 10 ppm or less, 5 ppm or less. or I ppm
or less for example as deterniined according to ASTM D
3185. In some examples, the oil has an iron content of 10

ppm or less (c.g, 5 ppm or less. I ppm or lcsso 0.1 ppm or io
less, or 0.01 ppm or less), for example as determined
accordmg to ASTM D 5185 In some examples. thc oil has
a phosphorus content of 25 ppm or less (e g., 10 ppm or less,
5 ppin or less. or I ppm or less). for example as deternuned
accordin to AS'I M D 5185 In some exaniples. the ml hac
a sulfur content of 250 ppm or lees (e.g.. 100 ppm or less,
10 ppm or less. or I ppm or lese). for example as determined
accordmg to ASTM D 4294 In some examples. thc oil has
a calcium inmtcnl of 50 ppm or less, 25 ppm or less, 10 ppm
or less, 5 ppm or less, I ppm or less. 0 I ppin or less, or 001 ia

ppm or lese. for example as deterinined accmding to ASTM
D 5185. In some examples. the oil has a copper content of
10 ppm or less (e.go 5 ppm or less, I ppm or less, O.l ppm
or less. or 001 ppm or less). for example as determined
accordmg to ASTM D 5185 In some examples. llic oil liils ic
a ruckcl content of 2SO ppm or less (c.go 100 ppm or less,
50 ppm or less, 2S ppm or less, 10 ppm or less, 5 ppm or less,
or I ppm or less), for example as determined according to
AS'I'M D 5185 In some exaniplec, the oil has a vanadnun
content of 25 ppm or less (eg.. 10 ppm or less, 5 ppm or less, co

or I ppm or less), for example as determined accordin to
ASTM D 5185.

In some cxamplcs, thc oil has: a total chlondc conlmil of
500 ppm or less, a nitrogen content of 600 ppm or less. and
a silicon content of 2000 ppm or less. In smne examples. the
oil has a total chlonde content of 500 ppm or less; a nitrogen
content of 600 ppm or less: a silicon content of 2000 ppin or
less; and a sodium content of 100 ppm or less. hi some
examples, lhc oil has: a total chloride conlmil ol 500 ppm or
less, a nitrogen content ol 600 ppm orlcss, a sihcon content u

of 2000 ppm or less, n sodium conlmil of 100 ppm or less,
an iron content of 10 ppm or less; a sulhir content of 250
ppm or less; and a calcium content of 50 ppm or less In
some examples, the oil has. a total chloride content of 500
ppm or less, a nitrogen content of 600 ppm or less: a sihcon . 3

contmil oi 2000 ppm or less. a sodium content ol 100 ppm
or less: mi iron contmil ol'0 ppm or lcssi a phosphorus
contmil of 25 ppm or less, a sulfur contmit oi'SO ppm or
less; and a calcium content of 50 ppin or less In some
examples, the oil has: a total chloride content of 500 ppm or sa

less; a nitrogen content of 600 ppm or less; a silicon content
of 2000 ppm or less: a sodium content of 100 ppm or less,
an iron content ol'0 ppm or less, a phosphonis contmil of
25 ppm or less, a sulfur content of 250 ppm or less. a

calcium content of SO ppm or less, a copper content of 10 oc

ppm or less: a nickel content of 250 ppm or less: and u

vanadium content of 25 ppm or less

In some examples, lhc oil has: a total chlondc content of
100 ppm or less; a nitrogen content of 600 ppm or less: and
a silicon content of 250 ppm or less In some examples, the
oil hac: a total chloride content of 100 ppm or less, a nitrogen
content of li00 ppm or less; a silicon content of 250 ppm or
less, and a sodiiuu content of 25 ppm or less. In some
examples, the oil ham a total chloride conlmil of 100 ppm or
less, a rulrogen 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 sulfur content of 10 ppni
or less; and a calcium content of 5 ppm or less. In some
examples, the oil has: a total chloride content of 100 ppm or
less, a nitrogen content of li00 ppm or less, a silicon content
of 2SO ppm or less, a sodium content ol'25 ppm or least an
iron content of 10 ppm or less, a phosphorus content ol'0
ppni or less: a sulfur content of 10 ppm or less; and a calciuni
content of 5 ppm or less In come examples, the oil has a

total chloride content of 100 ppm or less; a nitrogen content
of 600 ppm or less; a silicon content of 250 ppm or less; a
sodium content of 25 ppm or less, an iron content of 10 ppm
or less, a phosphorus content of 10 ppm or less, a sullur
content of 10 ppm or less: a calcium content ol' ppm or
less, a copper content of I ppm or less; a nickel content of
50 ppm or less: and a vanadium content of I ppm or less

In come examples, the oil hac a I&eid Vapor Pressum of
12.5 pal orless(e,go 10psi orless, orfmm7-10pcig). for
example as determined using ASTM D 5191. In some
examples, thc oil has a water by dmullulion amount of 0.5
vol. % or less (c.go 0.1 vol. /o or less. or 0.01 vol. % or less)
for exaniple ac determined by ASI M D 95 In some
exuniplec, the oil has a total sediment content of 0 5 vol 91

or less (e g, 0.1 vol % or lese. or 0.01 vol % or less), for
example as determined by ASTM D 4870 In some
examples, the oil bas an n-heptane insoluble content of 0.1
wt. '/o or less (e.g., 0.05 wl. '!o or less, 0.01 wn % or less).
for cxamplc as dclennincd by ASTM D 3279 ln some
examples, the oil has a total acid number of I mg KOH/ or
less, 0.5 mg KOI I/g or less, or 0 2 mg KOI I/8 or less, for
exuniple as determined according to ASTM D 664

In some examples, the oil has: a Reid Vapor Pressure of
12.5 psi or less; a tinal boiling point of 750" F. to 1000" Fx
and a pour point of O'. to 20'. In some examples, lhc oil
hus a Real Vapor Pressure of from 7 lo 10 psig: a Iinal
boiling point ol from 935'. to 950'., and a pour point of
from 10" I'. to 15'6 In some examples, the oil has a I&aid

Vapor Pressure of 12 5 psi or less; a final boiling point of
750" F, to 1000" Fa a pour point of 0" F to 20" Fx a total
clfioude content of 500 ppm or less; a nitrogen content of
600 ppm or less, a sdicon content ol'000 ppm or lcssi a

sodium content of 100 ppm or less, an iron ininlcnl of 10

ppm or less, a phosphorus content ol'5 ppm or less: a sulfur
content of 250 ppm or less: and a calcium content of 50 ppni
or less In some examples, the oil has: a Reid Vapor Pressure
of from 7 to 10 psig: a tinal boiling point of from 935" F. to
950" F., a pour point of from 10" F, to 15" Fa a total chloride
content of 100 ppm or less, a mtrogcn content of 600 ppm
or less; a sihcon content oi'50 ppm or less: a sodium
content of 25 ppm or less. mi iron content ol'0 ppm or less.
a phosphorus content of 10 ppm or less: a sulfur content of
10 ppm or less: and a calcium content of 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 from 10,000 to lo000,000 gallons pcr 5 to 90
da)'.

Also disclosed hcrcin arc compositions compnsing miy of
waxes disclosed herein and any of the oils disclosed herein
In come examples. the composition comprises 50-70% of



the oil mid 30-50/o of thc wax by volume. In some
examples, the cnmposition comprises a blend of the wax and
the oil In some examples. the coniposition comprises 65%
oil and 35% ivax by volunie In some examples. the con&-

position comprises 50% oil and 50% vvax by volume.
Also disclosed herein are methods of mal ing nny of the

waxes disclosixl herein aud/or any uf thc oils disclosed
hcrcui. In some cxumplca. the method composes pyrolysis
of a feedstock compnsing post-consumer and/or post-indus-
trial plastics. In some examples, the method coniprises in

thermal depnlymerization of the feedstock. In some
examples, the pyrolysis is substantially free of nny added
catalyst. In some examples, the method pmduces the oil
dlld/or thc wax dt Bll ludustllal scale. Iu sonic cxBulph:s, thc
method produces the oil and/or the wax ui a volume of from ii
10.000 to 1.000.000 gallons per 5 to 90 days ln some
examples, the method pmduces the oil and/or the wax at n

yield of 75% or more, g0% or more. or N3% or more In
some examples, the oil Bnd/or the wax produced by the
method is a mw pyrolysis product, meaning method sub- 20

stantially excludes any hydrotrcatmcnt or further rciinuig
steps aficr the pyrolysan

In some examples, the feedstock comprises 50% or niore,
60% nr more. or 70% or more by weight post-consumer
plastics In some examples. the post-consuiner and/or post-
industrial plastics comprise polyethylene (e.g.. LDPE,
LLDPE, HDPE). polypropylene. polystyrene, or n combi-
nation thcreofi In some examples, thc fccxlstock composes
90% or morc (c.g., 93% or more) by weight oi'polycthylcuc,
polypropylene, polystyrene, or a combination thereof In in
some examples, the feedstock comprises nxiisture at an
amount of 20% or less (e.g . 10% or less. 15% nr less, 5%
or less, or 3'!6 or less) by v eight. In some exampleg the
feedstock comprises 5% or less (e.g., 2.5% or less. or 1% ol
less) by weight polyvinyl chloride (PVC), polyvuiylidmic 11

chlondc (PVDC), polyethylene tcrcphthalatc (PET), nylon,
cthylcne vuiyl alcohol (EVOH), polycarbonate (PC), acry-
lonitrile butadiene styrene (AI3g), mbber, thermosets, or n

combination thereof In some examples. the feedstnck cons-
prises 15i'v by weight or less (e.g.. 10% by wei ht or less, do

5% by weight or less, or 3% by weight or less) non-plastic
ma/coals such as metal, glass. wood, cotton, paper, card-
board. dirt, inorgarucs, ctc. In some cxtunplcs. fiie fccdstock
comprises Iilms, such as suiglc and'or multi-laycrcd Iilms. In
some examples, the feedstock includes plastics with a plastic
type classification 62, 4, 5, 6, or a combination thereof.

Also disclosed herein are compositions comprising any of
the waxes disclosed herein, any of the oils disclosed herein,
any of the blmids disclosed hcrcin, the product of miy of thc
methods disclosed hcrcin, or a combination thcrixif. O

Also disclosed hcrcin are methods of use of any of thc
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 thereof.

Also disclosed herein are articles of manufncnire corn- . 1

pusuig any of thc waxes disclosed hcrcui, uny of the oils
disclosed hercui, any of thc blcmls ihscloscd hcrmn, thc
product 01'ny ol'he methods disclosed herein. Or a com-
binatinn thereof.

Also disclosed herein are compositions derived from any sn

of the waxes disclosed herein. any of the oils disclosed
herein, any of the blends disclosed herein, the product ofany
of thc methods dwcloscd hercui. or a combuiauon thclcof.
Also disclosed hcrcin arc methods of makmg wiid compo-
siuons. For cxmnplc, thc method cmi comprise additioiial si
pmcessin of the composition, such as refining, filtering,
cracking, hydrotreating, etc In some examples, the compo-

siuou comprises a lubricating oil, a muicrdl oil, a group IH
base oil. a fully refined parnifin wax. or a combination
thereof. In some cxmuplcs, thc composition composes a

binder. a processing aid. or a combination thereof In some
examples, thc composition compnscs kcrosenc uicluihng
cosmetic kerosene, white oils, high value paraffin and puri-
fied liquid fuels. or a combination thereof In some
exnniples, the composition comprises naphtha In some
example% the composition comprises fuel. In some
cxiunplcs, thc coulpositlon conipllscs llqucflixi pctrolcuul
gns (LPCr)„naphtha. kerosene. diesel and gas oil, or a
combmation thereof. In some cxamplcs, thc composition
comprises lube oil, gasoline, jet fuel, diesel fuel. or a
combmation thcrcoi; Also disclosed herc arc articles of
nmnufacture cnmprising any of the compositions. In some
example% the article comprises packaging. film, and/or
fibers for carpets and clothing, molded articles, and extruded
pipes. or a combination thereof. In some examples, the
article comprises a mcdicnl dcvicc. In some examples, thc
article comprises lubricant. candles, adhesives. packagin .

rubber, cosmetics, lire logs. bitumuious mixtures, superlicial
wear coatings, asphalt. Sealing coatings, or a conibination
thereof. In some examples, the composition or article coni-
prises asphalt, automotive fuel, aviation fuels, base oil,
bitumen, cadalene. cutting finid. diesel fuel. fiiel oil. gaso-
line. heating oil. heavy fuel oil, hydrocarbon solvents. jet
fhcl, ki:loscuc, llgrolu. hlbllcBut, ulBzut, ullcrocrystallluc
wax. nnncral oil, motor fuel. motor oil, naphtlrd, naphIhcmc
acid, paratfin wax, petroleum benzine, petroleuin ether,
petmleum jelly, petroleum naphtha. petmleum resin, retene,
or a combinatinn thereof. In some examples. the composi-
tion or article comprises gasoline. jet fiick diesel and other
fuels. asphalt. heavy hiel oil, lubricants, pamffin wax. tar.
asphalt, fcrtilizcr, lloonng. perfume, insccuculc, petroleum
Icily, soap, vitanun, amino acid. ore combutattou thcreofi In
some cxamplcs. Ihc composition or article comprises wood-
based composites such as nnented-strand board (OEI3),
particleboard, hardboard. medium density fiberboard. gyp-
sum board. or a combination thereof. In some examples. the
composition or article comprises fully refined parafiin which
is used to produce candles. cosmetics, crayons, food pack-
aging. paper aml carion coatings, or a combinauon thcrtxif.
In sonic cxdulples, thc coluposltlou ol'niclc coulpnscs d

hydrocarbmi feedstock for a petroleum refinery, a catalytic
cracking system, a thermal cracking systeni, a polymeriza-
tion system. or a combination thereof. Also disclosed herein
are methods of use of any of the compositions disclosed
hcrmn, for cxamplc. whcrcin the method comprises using
thc conlposltlou Bs 11 hy'drucBrboll fbcdstock for a pctrolcuul
rclincry, a catalytic cracking system, a thermal craclung
system, a polynmrization sYstem, or a conibination thereot

Additinnal advanta es of the disclosed compositions and
methods will be set forth in part in the descnption which
follovvs. and in part will be obvious from the description.
Thc advantages of thc disclosed compositious and methods
will bc rcahzcd and auaincd by mcmis ol'he elcmcnts and
combmations purticularly pointixl out in thc appcndixl
claims It is to be understood that both the foregoing general
description and the following detailed descnption are exeni-
plary mid explanatory only and are not restnctive of the
disclosed systems and methods, as claimed

Thc details of onc or morc mnbodunmits ol'hc uivcntion
arc sct forth in thc accompmiying drawings and Ihc descrip-
tion below. Other fcaturcs, obtccts. and ndvantagcs ol'hc
invention will be apparent frnm the descnption and draw-
ing% and frmn the claims
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BRIEF DESCRIPTION OF THE FIGURES

lllc accompanyin figures. which drc mcorporatcd in and
constitute a purt of Ibis spccilication, illustralc several
aspects of the disclosure, and together with the description,
serve to explain the principles of the disclosure.

FIG, 1. Schematic diagram of an example sysrem nnd/or
method as ihsclosed herein according to one implementa-
tion.

FICi. 2. Schcnlalic diagranl of an cxaniplc svslcnl and/or lit

method as disclosixl hcrcin accorihng to one implmncnta-
tioii

111(i 3 Schematic diagnsm of an example system and/or
method as ihsclosed herein according to one implementa-
tion. IS

FIG, 4. Schematic diagram of an example sysrem nnd/or
method as disclosixl hcrcin accorihng to one implmncnta-
non.

111(i 5 Schematic diagnsm of an example system and/or
method as disclosed herein according to one implenienta- 10

tion.
FIG, 6. UV-Vis spectrum of wax product in hexane with

a 100x dilution factor
FIG. 7. IpruVis spixtrum of wax product m hexane with

d 1000x diliiliou laclor.
111(i g. Ir I'IR-All( spectmrn of wax product
111(i 9. (ias chromatogram of wax pniduct.
FIG, 10. Cias cluomatogram of wax product.
FIG, 11. 'H-NMR spectrum of wax product.
FIG, 12. 'H-NMR spectnim of wax product with anno- 10

liitiiins.
FIG. 13. 'C-NMR spectrum of wax product.
111(i 14. "('-NMR spectrum of ivax product with anno-

Iatloiis
111(i 15. U'vtyis spectrum of oil product in hexane v ith ls

a 100x dilution factor
FIG, 16. UV-Vis spectnim of oil product in hexane with

d 1000x diliiliou laclor.
FIG. 17. FTIR-ATR spectrum of oil product.
111(i lg. (iG-ill D chroniatograni of oil product. do

111(i 19. (iG-ill D chroniatograni of oil product.
111(i 20. 'l I-NMR spectmrn of oil product
FIG, 21. 'H-NMR spectnim of oil product with annota-

tions.
FIG. 22. '-NMR spectrum of oil product. d

FIG. 23. 'C-NMR spcclnun of oil prodiml with ulnota-
tioiia

DETAILED DESCRIPTION
0

lllc compositions, methods, mid systems dcsvnbcd hcrmn
may be understood more readily by reference to the follow-
ing detailed description of specific aspects of the disclosed
subject matter and the Examples included therein.

Before the present compositions. methods. and systems . 1

are discloss0 and dcscnbcd, it is to be understood that thc
aspects dcscltbcxt below are uot luuitcxi to specific synlhclic
methods or specific reagents, as such may, of'xiursc, vary.
It is also to be understood that the terminology used herein
is fiir the purpose of describing particular aspects only and sn

is not intended to be limiting.
Also, tluoughout this specification, various publications

are rcfcrenccd. llic disclosures of these pubhcalions ul lhmr
cntirclics arc hereby incorporated by rcli:rmicc mto tlus
applmdtion in order lo more I'ully describe lhc stale of thc arl as

to which the disclosed matter pertains. 'I'he references dis-
closed are also individually and specihcally incorporated by

,518 B1
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reference herein for lhc malcnal contained in them thai is
discussed in the sentence in iihich the reference is relied
i.ip on.

General Definitions

In this spcxilicshon mid in the claims lbal follow, rcli:r-
cncc will bc nuidc lo a number of tenno, wluch shall bc
dehned tn have the fiillowing meanings

I'hmughout the description and claims of this specifica-
tion, the word "comprise" and other forms of the word, such
as "comprising" and "comprises.** means including but not
limited to, and is not intended to exclude, for example. other
dddilivcs, conlponcnts, inlcgcis, or stops.

A» used ul thc description and lhc appmidcd claims, Ihc
singular forms 'a." "sn." and "the" include plural referents
unless the cnntext clearly dictates othenvise. Thus, fiir
exnnlple, reference to "a composition*'ncludes mixtures of
two or more such compositions, reference to "an agent*'ncludes

mixtures of hvo or more such agents, reference to
'*the component" ulcludcs mixtures of Iwo or morc such
components, iuld Ihc ftkc.

"Optmnal'* or "optionally" means that the subsequently
described event or circumstance can or cannot occur, and
tint the description includes instances where the event or
circumstance occurs and instances where it does not.

Ran es can be expressed herein as from "about" one
purticular value, and/or lo "about" unolhcr particular value.
By '*about" is meant witlun 5'/o ol Ihc value, c.go wilhin 4.
3, 2, or Io/ of the value yy'hen such a range is expressed,
another aspect includes from the one particular value and/or
to the other particular value. Similarly. when values are
expressed as approximations. by use of the antecedent
"about." it v, ill be understood that the particular value forms
another sspocl. It will bc further understood Ihal Ihc cnd-
points of each ol'hc ranges arc sigmficdul both in relation
to thc other endpoint. and indcpmidmilly ol'he other end-
point

Values can be expressed herein as an "average" value
"Aver i e" generally refers to the statistical mean value.

By "substantially*'s memlt within 5'/o, e.go v ithin 4'/o.

3 /o. 2 /o. or I /o.
'*Exemplary" means '*an example ol" snd is not uilcndixl

to convey an uldicalion of a prcfi:rrcd or ulcal embodiment.
"Such as" is not used in a restrictive sense, but for explana-
tory purposes

It Is understood that throu/tout this specification the
identifiers "first*'nd "second** are used solely to aid in
dislulguislung Ihc various components mid ~ Icpa ol Ihc
disclosed sublccl matter. Thc idcntilicrs "lirsl" and '*second"

arc mit ullcnded to imply mly particular order, muoung
preference, or importance to the components or steps niodi-
fied by these temis

References in the specification nnd concluding claims to
parts by iveight of a particular element or component in a
composition denotes the wmghl rclshonship bchvccn Ihc
ch:nlcill or conlponcnl and anv olhci'kcnlcnm or conlpo-
ncnts iu thc composition or article I'or w luch a part by weight
is expressed 'I'hus. in a compound containing 2 parts by
weight of component X and 5 parts by weight coniponent Y,

X and Y are present at a weight ratio of 2:5. nnd are present
in such ratio re ardless of whether additional components
arc contained ul lhc compound.

A v eight percent fwl. /o) of a component, unless spccili-
cally slated to Ihc contrary, is basixl on the loni 1 weight of Ihc
fonnulatinn or composition in ivhich the component is
included.
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Chemical Dciimuons IS

I)nless othetwise defined, all technical and scientihc
terms used herein lmve the same meaning as comntonly
understood by one of ordinary skill in the art to which tlus
invention belongs. 20

lhc organic moieties mcnlioncd when dciimng variublc
posilioim within thc general formulae described herein (c g.,
the term "halogen") are collective terms fiir the individual
substituents encompassed by the organic moiety. '11te prefix
('„-('„, preceding a group or nioiety indicate~. in each case,
the possible number of carbon atoms in the group or moiety
that follows.

lhc lcmi "ion," as used hcrcui, rcli:ra lo any molecule,
portion of a molecule, cluster of molcculcs. molecular
complex, Inoiety, or atom tlmt contains a chatge (positive,
negative. or both at the same time within one molecule,
cluster of molecules, molecular complex. or nxiiety (e g.,
zwitterions)) or that can be made to contain 0 charge.
Methods for producin a charge in a molecule. portion of a
molecule. cluster of molcculcs, molimular mnnplcx. moiety, is
or alum are disclosed hcrcut and can bc accomplished by
methods know n in the arl, c.g., protonalion. d03310(onation,
oxidation, reduction. alkylation. acetylation, esteritication,
de-esterification, hydrolysis. etc.

The term "anion** is a type of ion and is included within 30

the meaning of the term "ion." An "anion*'s any molecule,
portion of a molcculc (0 g.. zw ill coon), cluster oi molcculcs,
molecular complex, moiety, or atom lhul conlams a ncl

negative charge or lira t can bc made lo conl am a ncf negative
charge. 'I he term "aruon precursor" is used herein to spe-
cifically refer to a molecule that can be converted to an anion
via a chemical reaction (e.g., deprotonation).

The term "cation** is a type of ion and is included within
the meaning of the tenn "ion." A '*cation" is any molecule,
portion of a molcculc (0 g.. zwillcnon), cluster oi molcculcs, 0

molecular complex. moiety, or atom, llml contains u ncl
positive charge or that can be inade to contain a net positive
charge. 'I'he term "cation precursor" is used herein to spe-
cifically refer to 0 molecule that can be converted to 0 cation
via a chemical reaction (e.g., protonation or alkylation). aa

As used hcrcut, the term "substttutctf's contcmplatcil 10

include all pcmussiblc subslilucnls of orgaiuc compounds.
In a broad aspect, the pcnnissiblc subslilucnls include acy-
clic and cyclic, branched and unbranched, carbocyclic and
heterocyclic, and aromatic and nonaroniatic substituents of ao

organic compounds. Illustrative substituents include. for
example. those described below. The permissible substltu-
cnls can bc onc or more mtd Ihc same or diili:rmtl Ibr
appropnalc orgaruc compounds. For purposes of ibis dis-
closure, thc hctcroaloms. such as nitrogen, can huvc hydro- as

gen substituents and/or any permissible substituents of
organic compounds described herein which satisfy the

lhc term "or raimbuiations thcrixil'* as used hcrcut rcfcrs
to all penuutations and combinations of the listed items
prcccdmg thc term For example. "A, B, C, or combuuitions
thercoi" is intended to include at least onc of. A. B. C. AB,
A(, 13(L or AI3C, and if order is important in a particular
context. also 13A, CA, ('13. ( 13A, 13('A, AC13. 13AC. or ('All
('ontinuing with this example, expressly included are com-
binations that contain repeats of one or more item or term,
such as BB. A.k/s. AB. BBC, AAABCCCC. CBBAAA,
CABABB, and so forth. Thc alullcd artisan will unilcrsland Iii

that lypmally Ihcrc is no limit on Ihc munbcr of itmns or
terms in any combmation, unless otherwise apparent front
the context.

vulcncics ol lhc helcroaloms. This disclosure m nol unended
to be limited in any manner by the permissible substituents
of organic compounds. Also, the terms "substitution" or
"substituted with** include the implicit pmviso that such
substitution is in accordance with permitted valence of the
substituted atom and the substituent. and that the substitu-
tion results in 0 stable compound. c... a compound that does
nol sponlanooualy undergo transformation such as by rcar-
nsngement, cyclization, elimination, etc

'/','* '/','* "/," and "/ " are used herein as generic
symbols to represent various specific substituents. These
symbols can be any substituent, not hmited to those dis-
closed herein. and when they are defined to be certain
substilumils ut onc msiancc, they cmt, ut mtolhcr utsnuicc, bc
dclincd as some other subslilucnts.

I'he term "aliphatic" as used herein refers to a non-
aronmtic hydrocarbon gmup and includes branched and
unbranched. alkyl, alkenyl, or alkvnyl groups.

As used herein, the term "alkyl" refers to saturated.
stmi ht-chained or branched saturated hydmcarbon moi-
clics. Unless olhcrwisc spccilicil. Ci Cis (O.g. Ci C
C,-C„u C,-C,„. C,-Cm. C,-C,. C,-C„, C,-C„a C,-C„,
(

~
( 0 1st (

]
( 2) ill yi gniuPs are intended IixamPles of

alkyl gmups include methyl, ethyl. pmpyl. I-niethyl-ethyl,
butyl, I -methyl-propyl, 2-methyl-propyl. I, I-dimethyl-
ethyl, pentyl. I-methyl-butyl. 2-methyl-butyl. 3-methyl-
butyl. 2.2-dimethyl-propyl, l-ethyl-propyl, hexyl, l,l-dim-
ethyl-pmpyl. 1,2-dimethyl-propyl, l-methyl-pcnlyl.
2-methyl-pcntyl, 3-methyl-pcnlyl. sgmclhyl-pcntyl, i,l-di-
methyl-butyl, 1,2-dimethyl-butyl, 1.3-dimethyl-butyl, 2.2-
dimethyl-butyl. 2.3-dimethyl-butyl, 3g-dimethyl-butyl,
l-ethyl-butyl, 2-ethyl-butyl. 1,1.2-tnmethyl-propyl, 1,2.2-
trunethyl-propyL I -ethyl- l-methyl-pmpyl, I-ethyl-2-
methyl-propyl. heptyl, octyl, nonyl, decyl, dodecyi, tetra-
dimyL hcxadccyl. cicosyl, lcuacosyl, mid thc like. Alkyl
substilumils may be unsubstitulixl or substituted with onc or
morc chemical moictics. Thc alkyl group can bc subsutulcd
with one or more gmups includmg. but not lmiited to,
hydroxyl, halogen. acyl, alkyl. alkoxy. alkenyl, alkynyl, aryl,
heteroaryl. aldehyde, amino, cyaixx carboxyhc acid, ester.
ether. ketone. nitro. phosphonyl, silyl, sulfo-oxo. sulfonyl.
sulfonc. sulfiixidc, or (biol. as dcscribixl below, provxlixl
that llm substituenls arc stcrically compatible and Ihc rules
of chcnucal bondmg and slrmn cncrgy urc sauslicd.

I'hmughout the specification "alkyl" is generally used to
refer to both unsubstituted alkyl gmups and substituted alkyl
groups: ho~ever. substituted alkyl groups are also specifi-
cally referred to herein by identifying the specific
subsutumil(s) on the alkyl group. For example, thc lena
'*halogcnalcd alkyl" spccilically rcicrs to an alkyl group Ihal
is aubslitulcd with onc or morc halidcs (halogcna, c.g..
tluorine, chlorine, bromine, or iodine) 'I'he term "alkoxyal-
kyl" specifically refers to an alkg I group that is substituted
v ith one or more alkoxy group~, as described below. The
tenn "all ylamino" specihcally refers to an alkyl group that
is substituted with onc or more anuno groups, as dcacmbixl
below. and the like. When "alkyl" is used in onc instance and
a spcmlic term such as '*alkylalcohol" is used ut another, 11

is not nieant to imply that the term "alkyl" does not also refer
to specific terms such as "alkylalcohol" and the like.

This practice is also used for other roups described
herein. That is. v:lule a tenn such as "cycloalkyl" refers to
both unaubsnlulod and substituted cycloalkyl moicucs, Ihc
subsutulix! moiclics can. m addition, bc spcciiically nlcnti-
Iicd hcrcui, liir example. 0 particular subsututcd cycloalkyl
can be referred to as. e g . an "alkylcycloalkyl '* Similarly, a
substituted alkoxy can be specificall referred to as, e g., a
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'*tmlogcnatcd alkoxy," a parucular subsututml alkcnyl can
be. e g, an "alkenylalcohol." and the like Again, the prac-
tice of using a general terni, such as "cycloalkyl." and B

specific term. such as "alkylcycloalkyl," is not meant to
imply that the general tenn does not also include the specific
term.

As used tier&:iii, llii: li:Iiii Blkclivl rctcls 10 inimllnIBILxi,

straight-chained, or branched hydrocarbon mom lies cools ui-
ing a double bond Iinless othe&wise specified, CB-C22 (e g,
(2(2 ~ ( ( 0 (2(is (2(le('-(&2 (2(12-( ('lc, lo
('2-('„. ('2-( &, or C2-('2) alkenyl groups are intended Alk-
enyl groups may contain more than one unsanlrnted bond.
Examples include ethenyl. I-propenyl, 2-propenyl,
l-mcthylcthcnyl, I-butcnyl, 2-butcnyl, 3-bulcnyl. I-mclhyl-
I -propcnyl. 2-methyl-I -propcnyl, i -methyl-2-propenyl, 1 s

2-methyl-2-propenyl, I -pentenyl, 2-pentenyt, 3-pentenyl,
4-pentenyl, I -methyl-I -butenyl, 2-&nethyl-I -butenyl,
3-methyl-l-butenyl, l-methyl-2-butenyl, 2-methyl-2-bute-
nyl, 3-methyl-2-butenyl, l-methyl-3-butenyl, 2-methyl-3-
butenyl, 3-methyl-3-butenyl, I. I-dimethyl-2-propenyl, 1,2- 20

dimethyl-l-propenyl, 1,2-dunclhyl-2-propcnyl. I-ethyl-I-
propcnyl, I -ethyl-2-propcnyl, I-hcxenyl. 2-hexcnyl,
3-hexenyl, 4-hexenyl, S-hexenyl, I -niethyl-I -pentenyl,
2-methyl-I-pentenyl. 3-niethyl-l-pentenyl, 4-methyl-I-pen-
tenyl, I -methyl-2-pentenyl, 2-niethyl-2-pentenyl, 3-methyl-
2-pentenyl, 4-methyl-2-pentenyl, I -methyl-3-pentenyl,
2-methyl-g-pentenyl, 3-methyl-3-pentenyl, 4-methyl-3-pen-
tcnyl, l-methyl-4-pentcnyl, 2-methyl-4-pcnlcnyl, 3-mclhyl-
4-pcnlmiyl, 4-methyl-4-pcntcnyl, I, I -dimethyl-2-butenyl,
I.l -dimethyl-3-butenyl, 1,2-diinethyl-i -butenyl. 1,2-dml- sc

ethyl-2-butenyl, 1,2-dimethyl-3-butenyl, 1,3-dimethyl-l-
butenyl, l,i-dimethyl-2-butenyl, I.i-diinethyl-i-butenyl,
2.2-dimethyl-3-butenyl, 2.3-dimethyl-l-butenyl, 2.3-&hm-

ethyl-2-butenyl, 2,3-dimethyl-3-butenyl. 3.3-dimethyl-l-
butcnyl, 3,3-duncthy1-2-butcnyl, i-ethyl-l-bulenyl, I-ethyl- is
2-butmiyl, l-ethyl-3-butcnyl, 2-ethyl-l-bulcnyl, 2-ethyl-2-
butcnyl, 2-ethyl-3-bulcnyl, 1.1,2-1rimcthy1-2-propenyl,
l-ethyl-l-methyl-2-pmpenyl, l-ethyl-2-methyl-l-propenyl,
and I-ethyl-2-methyl-2-propenyl. The term "vinyl" refers to
a group having the structure CH~H„ I-propenyt refers so

to a group with the structure CH CH CH,: and 2-pro-
pcnyl reli:rs lo a group with lhc slruclure ~H2
CH CHB. Asymmelnc ~ lructurcs such as (Z'Z )C C
(Z'Z ) arc intended to include both lhe E and Z isomers.
'I'his can be presumed in structunsl fiirmulae herein v herein
an asymmetric alkene is present. or it can be explicitly
indicated by the bond symbol C C. Alkenyl substituents
may be unsubstituted or substituted with one or more
chemical moicucs Examples of suitublc subslitucnls
include. Ibr example, alkyl. alkoxy, ulkcnyl. alkynyl, aryl, o

hclcroaryl. acyl, aldchydc. Bmuio, cyano, carboxylic acid,
ester, ether, halide, hydroxyl, ketone, nitro, phosplxmyl,
silyl. sulfo-oxo. sulfimyl, sulfone, sulfoxide. or thiol, as
described below. provided that the substituents Bre sterically
compatible and the niles of chemical bonding and strain . 2

energy are salislicd.
As used hcreui, lhc term '*alkynyl'* rcprcscnts slmi hl-

cliaiiiixl ol braiii:lied liydiocarboli itioiclics coiililiiiliig
triple bond. I.inless otherwise specihed, Cs-Cas (e g.,
(2(22 ( ( 0 (2(is (2(le('(&2 (2(12-( (lc so

('B-C„, C,-C,, or C2-Cs) alkynyl groups are intended. All y-
nyl groups may contain more than one unsaturmed bond.
Exmnples uicludc CB-C&-alkynyl, such as ctttynyl, I-propy-
nyl, 2-propynyl (or propargyl), l-bulynyl, 2-bulynyl,
3-butynyl. I-methyl-2-propynyl. I-pmilynyl, 2-penlynyl, ss
3-pentynyl, 4-pentynyl, 3-niethyl-I -butynyl. I -methyl-2-
butynyl, I-methyl-3-butynyl, 2-methyl-3-butynyl. I,l-dml-
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ethyl-2-propynyl. I-ethyl-2-propynyl, I-hcxynyl. 2-hcxy-
nyl, 3-hexynyl, 4-hexynyl. S-hexynyl, 3-methyl-l-pentynyl,
4-niethyl-i-pentynyt, I -inethyl-2-pentynyl. 4-methyl-2-pen-
tynyl, I -methyl-3-pentynyl. 2-methyl-3-pentynyl, I-methyl-
4-pentynyl, 2-methyl-4-pentynyh 3-methyl-4-pentynyl, 1.1-
dimethyl-2-butynyl, l,l-dimethyl-3-butynyl, 1,2-dimethyl-
3-butynyl, 2,2-dimethyl-3-bulynyl, 3,3&hmcthyl-t-butynyl.
t-ethyl-2-butynyl, l-ethyl-3-butynyl, 2-ethyl-3-bulynyl, and
I-ethyl-I-methyl-2-propynyl Alkynyl substituents may be
unsubstituted or substituted v ith one or more cheniical
moieties. Iixamples of suitable substituents uiclude, fiir
example. Blight. alkoxy. alkenyl. all ynyl. Bryl. heteroaryl.
acyl. aldehyde. amino. cyano. carboxylic acid, ester, ether.
hahdc, hydmxyl. kctonc. nitro, phosphonyl, silyl, sullb-oxo,
sulfonyl, sulfonc, sulfoxide, or thiol, as dcscnbed below.

As used herein. the term "aryl," as well as derivative
terms such as arytoxy. refers to groups that uiclude a
oxioov;ileflt Bmitnitic c;ii'bocy'clic gniup of fi'olli 3 to 50
carbon atoms. Aryl groups can include a single ring or
multiple condensed rings. In some examples, aryl groups
iiicliid& Cs Cip i&nfl groups. Examples of aryl groups
uicludc. but arc nol lnnitcd to, bcnzcnc, phenyl, biphcnyl.
naphthyl, tetrahydmnaphthyl, phenylcyclopropyl, phenoxy-
benzene, and indanyl 'I'he term "aryl'* also includes "het-
eroaryl," v'hich is defined as a gmup that contains an
aromatic group that has at least one hetematom incorporated
v ithin the ring of the Bmmatic group. Examples of heteroa-
toms include. but are not limited to. mtrogcn, oxygen. sulfur.
and phosphorus. Thc tenn "non-hctcroaryl." which is also
included in the term "aryl." defines a gmup that contains an
aronmtic group that does not contain a heteroatoni 'I'he aryl
substituents may be unsubstituted or substituted w:ith one or
more chemical moieties. Examples of suitable substituents
include. for example, alkyl, alkoxy, alkenyl, all ynyl. aryl.
hclcroaryl. acyl, aldehyde, amino. cyano, carboxyhc acid.
cater, cthcr, halide, hydroxyl. ketone, nitro, phosphonyl.
silyl, sulfii-oxo, sulfonyl. suit'onc, sulfoxidc, or tluol as
described herein 'I'he term "biaryl" is a specific type of aryl
gmup and is included in the definition of aryl. Itiaryl mfers
to tv o Bryl groups that are bound together via a fiised rin
stnlcture. as in naphthalene, or are attached via one or more
carbon-carbon bonds. Bs in biphcnyl.

Thc term '*cycloalkyl" as used hcrcin is B non-aromauc
carbon-based nng composed oi't least thrcc carbon atoms.
I:xaniples of cyctoalkyl gmups include. but are not liinited
to. cyclopmpyl, cyclobutyl, cyclopentyl, cyclohexyl, etc
The tenn "heterocyctoatkvf's a cycloalkyl gmup as defined
above ivhere at least one of the carbon atoms of the rin is
substilulix! with a helcroatom such as, bul nol linntcd lo.
nitrogen. oxygen, sulfur, or phosphonis. Tire cycloalkyl
group Bnd hclcrocycloalkyl group can bc substttutcxt or
unsubstituted 'I'he cycloalk31 group and heterocycloalkyl
gmup can be substituted ivith one or more groups including„
but not limited to, alkyl, alkoxy. alkenyl, all ynyl, aryl.
heteroaryl. acyl, aldehyde, amino, cyano. carboxylic acid.
cater, cthcr, halide, hydroxyl. ketone, nitro, phosphonyl.
silyl, sulfii-oxo, sulfonyl. suit'onc, sulfoxidc, or tluol as
dcscribcd hcrcin.

I'he term "cycloalkenyl" as used herein is a non-aroniatic
carbon-based ring composed of at least three carbon atoins
and containing at least one double bound, i.e., C C.
Examples of cycloalkenyl groups include. but are not lim-
ited to. cyclopropcnyl. cyclobutenyl, cyclopcnlcnyl, cyclo-
pcntadicnyl, cyclohcxcnyl. cyclohcxadicnyl. mid thc like.
Thc tenn '*hcterocycloalkenyl" is a type of cycloalkcnyl
gmup as defined above and is included within the meaning
of the terni "cycloalkenyl." ivhere at least one of the carbon
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aioms of lhc ring &s subsl&tulcd with a hctcroalom such as,
but not limited to, nitmgen. oxygen. sulfur, or phosphorus
'1'he cycloalkenyl group and heterocycloalkenvl gmup can
be substituted or unsubstituted 'I'he cycloalkenvl group and
heterocycloalkenyl group can be substituted with one or
more groups includin, but not limited to. alkyl, alkoxy,
alkcnyl. alkynyl, aryl, hctcroaryl, acyl, aldehyde. Bnino,
cyano. carboxyl&c acid, cater, clhcr, halide, hydroxyl, kclouc,
nitm. phosphonyl. silyl, sulfo-oxo. sulfonyl, sulfone, sulfilx-
ide, or &biol as described herein 111

'lhe term "cyclic group" is used herein to refer to either
aryl groups. non-aryl mups (i.e., cycloalkyl, heterocycloal-
kyl, cycloalkenyl, and heterocycloaikenyl mups). or both.
Cyclm groups huvc onc or more rulg syslmns (c.g., mouo-
cychc. blcyclm. tncycl&c, polycycl&c, clc.) lhul can bc sub- Is
stituted or unsubstttuted. A cyclic gmup can contain one or
tnol'e Btyt gnlups, otic or morc noa-Btyt groupB. iu'ticot'ore

aryl groups and one or nlore non-aryl groups.
The tern& "acyl" as used herein is represented by the

formula C(0)Z'here Z'an be a hydnlgen, hydroxyl, lo
alkoxy, alkyl, alkcnyl, alkynyl, aryl, helcroaryl, cycloalkyl,
cycloalkcnyl. hclcrocycloalkyl, or hclerocycloalkenyl group
described above. As used herem. the term "acyl" can be used
interchangeably with "carbonyl" I'hroughout this spectfi-
C;lt&oil ( (0) Or ( 0 Is,'I shorth;ltld &lot;It&on fol'. 0

The term "acetal** Bs used herein is represented by the
formula (Z'Z&)C( OZ')( OZ ), where Z'. Z". Z', Bnd Z
ca+bc, independently, a hydrogen, halu cn, hydroxyl, alkyl,
alkcnyl. alkynyl, aryl, hetcroaryl, cycloalkyl, cycloallenyl,
heterocycloalk31, or heterocycloalkenyl group descnbed &Q

above
'lhe term "alkanol'* as used herein is represented by the

formula Z'OH. where Z'an be an alkyL alkenyl, alkynyl,
aryl, heteroaryl, cycloalkyl. cycloalkenyL heterocycloalkyl,
or lmlerocycloalkcnyl group described above. ls

As ustxt hcrcin, the term "alkoxy" as used hcrcul is an
alkyl group bound through a single, Icnmnal cthcr hnkugc,
that is, an "alkoxy" group can be defined as to a group of the
filrnnda y".0, where )".is unsubstituted or substituted
alkyl as defined above. Unless othenvise specified, alkoxy Qo

groups wherein Z's a C,-C,Q (e.g., (',-C„. CI-CBQ, Ct Cis,
Ci Cia CI CIQCI Ci&CI CIQCI CQCI CQorC,-CQ)
alkyl group urc lntcndcd. Examples ulcludc mcllx&xy,

clhoxy, propoxy, 1-methyl-I:Ihoxy, buloxy, 1-mclhyl-
pmpoxy. 2-methyl-propoxy, 1.1-dimethyl-ethoxy. pentoxy,
I-methyl-butyloxy. 2-methyl-butoxy. 3-methyl-butoxy. 2.2-
di-methyl-propoxy, 1-ethyl-propoxy. hexoxy, l,l-dimethyl-
propoxy, 1,2-dimethyl-propoxy. 1 -methyl-pentoxy,
2-methyl-pcntoxy. 3-methyl-pcnloxy. 4-methyl-pcnoxy. 1.1-
d&methyl-butoxy, 1,2-dimethyl-buioxy, 1,3-dmlcdlyl-bu- Q

toxy, 2.2-duncthyl-buloxy, 2,3-dimethyl-buloxy. 3,3-dim-
ethyl-butoxy, l-ethyl-butoxy, 2-ethylbutoxy. 1.1.2-
trimethyl-propoxy. 1,2,2-trinlethyl-propoxy. 1-ethyl-1-
methyl-propoxy. and 1 -ethyl-2-methyl-propoxy.

The tern& "aldehyde** as used herein is represented by the . 1

formula ~(0)H. Throughout flus spccllicanon '*C(0)" ls a

shortlumd notution for C 0.
11&c tenn "amulo" as uscxl hcrmn Qrc rcprcscnlml by thc

filrnnda N/'/1/', where /', i"., and Z'an each be
substilmion group as described herein, such ns hydrogen, an QQ

alkyl, alkenyl, alkynyl, aryl. heteroaryl, cycloalkyl,
cycloalkenyl. heterocycloalkyl, or heterocycloalkenyl group
dcscnbcd above

11&c Icons Bnuili: ol Bando Qs llsixl hi:Ical Blc rcprc-
scnlcd by the formula C(0)NZ'Z, whcrc Z'nd Z can Qs

each be substitution group as described herein. such ss
hydro en, an alkyl. alkenyl, alkynyl. aryl. hetenlaryl,

cycloalkyl, cycloalkcnyl, helerocycloalkyl. or hclcrocy-
cloalkenyl group described above.

Thc term "anhydndc** as us&xi hcrcln &s rcprcsentcd by Ihc
formula Z'C(0)OC(0)Z where Z'nd Z', &ndcpcndcnlly.
can be an alkyl, alkenyl, alkynyl, aryl. heteroaryl. cycloal-
kyl, cycloalkenyl, hetemcycloalkyl. or heterocycloalkenyl
group described above.

The tenn "cyclic anhydride" as used herein is represented
by the fornnda:

where Z'an bc ml alkyl, alkcnyl, alkynyl, aryl, hel-
croaryl, cycloalkyl. cycloalkcnyl, hctcrocycloalkyl, or
heterocycloalkenyl gmup described above

1'he tern& "Bride" as used herein is represented by the
formula N N N

The term "carboxylic acid'* as used herein is represented
by the fornnda C(0)OH.

A '*carboxylate" or "carboxyl" group as us&xi hcrcul ls
rcprcscnted by thc fornmla ~(0)0 .

1'he tern& "cyano" as used herein is represented by the
formula ~'N.

1'he tenn "ester" as used herein is represented by the
fornuda OC(0)Z'r C(0)OZ', where Z'an be an
alkyl, all enyl. alkynyl, aryl. heteroaryl, cycloaikyl.
cycloalkcnyl. hclerocycloalkyl. or hctcrocycloalkcnyl group
dcscribcd above.

1'he tenn "ether" as used herein is represented by the
formula /'0/, where /'nd / can be, independently. an
alkyl, alkenyl, alkynyl, aryl. heteroaryl, cycloalkyl,
cycloalkenyl. heterocycloalkyl. or hetemcycloalkenyl group
described above.

Thc tenn "epoxy" or "c3&oxide" as used hcrcln refi:rs to 4

cychc cthcr with a iluec atom ring and can rcprcscnled by
the fornnlla:

where ZL Z . Z', and Z cml bc, indcpcndcntly, Bn alkyl.
alkcnyl. alkynyl, aryl, heterouryl, cycloalkyl, cycloalk-
enyl, heterocycloalkyl. or heterocycloalkenyl gmup
described above

The tern& "ketone'* as used herein is represented by the
fornuda Z'('(0)Z', where Z'id Z'an be, independently.
an alkyl. Blkenyl, alkynyl. aryl, hetcroaryl, cycloalkyl.
cycloalkcnyl. hclerocycloalkyl. or hctcrocycloalkcnyl group
dcscribcd above.

1'he term "halide" or "halogen" or "halo" as used herein
refers to fluorine, chlorine, bromine. and iodine.

The tern& "hydroxyl*'s used herein is represented by the
fornuda OH.

Thc tenn "nitro" Bs used hcrmn &s rcprcsenlcd by Ihc
iornlula NO,.

Thc tenn *'phosphonyl" is used herein lo reli:r lo Ihc
phospho-oxo group represented by the filrmula P(O)
(0/')1, where /'an be hydrogen, an alkyl, alkenyl. alky-



17
nyl, aryl. hctcroaryl, cycloalkyl, cycloulkcnyl, hctcrocy-
cloalkyl. or heterocyclonll enyl group described above

lhc tenn "sllyl" ns used hcrctn ts rcprcscnted by thc
fitrnnda Si)"./ /, lvhere /', Z, and i'an be, indepen-
dently. hydrogen. alkyl, alkoxy, alkcnyl, alkynyl. aryl. hct-
eroaryl, cycloalkyl, cycloalkenyl, heterocycklalkyl, or het-
erocycloalkenyl group described above.

'lhe term "sulfonyl" or "sulfone" is used herein to refer to
the sulfo-oxo group represented by the fomlula S(O),Z',

I il
whcrc Z'an bc hydrogen, an alkyl, alkcnyl, alkynyl. aryl,
heteroaryl, cycloalkyL cycloalkenyl, heterocyclonlkyl. or
hctcrocycloalkcnyl group dcscnbcd above.

'lhe term "sulfide" as used herein conlprises the tilrnndn
8 IS
'lhe term "thiol" as used herein is represented bv the

formula SFL
"8'," "R'." "l4',*'IVC'tc . where n is smne integer. as

used herein can, independently, possess one or more of the
groups hated above For cxamplc, if R's a straight chmn 10

alkyl youp. one of the hydrogen atoms of the all7/l group
can optionally be subsututcd with a hydroxyl roup, an
alkoxy group. an ammo gmup, an alkyl oroup, a halide. and
the like. Dcpcnihng upon Ihc groups thai arc sclcclctk a Iirsl

gnnlp can be incorpomsted within a second group or. alter-
nanvcly, Ihc Iirst group can be pendant (t.c., allachcd) to thc
second group. Itor example, with the phrase "an alk31 gmup
comprising an amino group,** the amino mup cnn be
incorporated within the backbone of the alkyl group Alter-
natively, the amino youp can be attached to the backbone of
the alkyl group. The oalurc of the group(s) flat ls (arc)
selected will determine If the first group is embedded or
attached to thc second group.

I.lnless stated to the contrary. a fornnda with chen)ical
bonds shown only as solid )inca and nol as wcslgcs or deshixi
lines cnntemplates each possible stereoisomer or mixture of
stereoisomer (e.go each enantiomer. each diastereomer. each
meso compoulld, a racemtc tnixture. or scalemic mixture)
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('ompositions

Disclosed hcrcul arc hydrocarbon based compositions
derived from pyrolysis of a feedstock comprising post-
consumer mid/or post-tnduslnal plasucs. Pyrolysis Ck)to-

lymerires plastics into products comprised ofbuilding block
molecules. Contaminants are introduced during plasuc for-
mulation and manufacturing processes during the first h fe of
piastre ul conjuncnon wtlh Ihc source mid collcclutn method
of tlm plastics. Rccyclulg ol'lasucs vta pyrolysis ts a 0

tcclulology that gcucralcs products tstdt a broud range of
t)unify dependent upon a variety of factors, including the
feedstock and manufacturing pmcess.

"Post-industrial** or "Pre-consumer*'Lsstics include
materials derived from v aste streams durin ~ n plastic manu- . 1

facluring process.
"Post-consumer" plastics ulcludc malcnals gcncraled by

households or by commercial, industnal, antVOr ulstttut tolml
facilities in their roles as end-users of the product which can
nn longer be used for tts intended purpose 1hi ~ includes sn

returns of matenal from the distribution chain.
Sources of post-consumer and/or post-industrial pLastics

include. bul arc not luntlcd lo, plastic resin producers,
packagmg convcrtcrs, induslnal, ixlnuncrclal. relall, and
institutional Iacthucs, houscholdsi and wusle colhmlors. ss

In some examples, the compositions disclosed herem can
comprise a wax, an otl. or a combination thereof

Wax
ltor example, disclnsed herein are waxes denved front

pyrolysis of a feedstnck comprising post-consumer and!or
post-industrial plastics in some examples, the wax can be
produced via pyrolysis at an industrial scale.

The wax can, for example, have a number avemsge
nlolccular wclghl Bnd/tlr a wet ght avi:rage nlolci:01st wclghl
of 300 Daltons or morc (c.g., 30S Daltons or morc, 310
l)altons nr more, 315 Daltons or more, 3201)altons or more,
325 Daltons or more, 330 l)altims or more. 335 l)altnns or
more, 340 l)altons nr more, 345 Daltons or more. 350
Daltons or more. 355 Daltons or more, 360 Daltons or more.
365 Daltons or more, 370 Daltons or more. 375 Daitons or
morc. 380 Daltons or morc, 385 Dahous or morc, or 390
Daltons or more). In some cxamplcs. Ihc wax cml have a
nunlber average molecular weight and/or a weight average
molecular weight of 400 Daltons nr less (e g., 395 Daltnns
or less, 390 Daltons or less, 385 Daltons or less, 380 Daltnns
or less. 375 Daltons or less, 370 Daltons or less, 365 Daitons
or less. 360 Daltons or less, 355 Daltons or less, 350 Daitons
or less. 345 Daltons or less, 340 Dal tom or less, 33 S Dallons
or less. 330 Daltons or less, 325 Dal tom or less, 320 Dallons
or less, 315 Daltons or less, or 310 l)altons Or less) 'I he
nunlber average molecular lveight and/or weight average
molecular weight of the tvax can msnge from any nf the
mlnimluu values described above to any of the maximum
values described above. For example, the wax can have a
number avcragc molecular weight aud/or a weight avcra c
molecular ts eiglu of from 300 lo 400 Daltons (c.g.. from 300
to 350 l)altons, from 350 to 400 Daltons, from 300 to 320
l)altons, from 320 to 340 Daltons. from 340 to 360 Daltons,
from 360 tn 3801)altnns. from 380 to 4(X) Daltons. frnm 3(X)

to 380 Daltons. from 300 to 360 Daltons, from 300 to 340
Daltons. from 320 to 400 Dnltons. from 340 to 400 Daltons.
Ir'Onl 360 Io 400 DBltons. Il'onl 310 10 390 Dahon~ . Ironl 320
to 380 Daltons, from 325 to 375 Dullons, or from 325 lo 350
Daltons).

I'he wax comprises a mixture of different hydrocarbnns
(e g., linear, branched, cyclic. acyclic, satumsted, unsatu-
rated, aromatic, non-aromatic, etc ), any of wluch can
optionally be substituted. In some examples. the wax com-
pnscs a mixture of dlfii:rent hydrocarbons, any of wluch can
optionally bc subsnlulcd. mid 60/o or morc of thc mixture
(w/ts) comprises Cm-Co, hydrocarbons (c.. 61% or morc,
62% nr more, 63% nr more, 64'%r more, 65'i or more,
66% nr more, 67% nr more, 68'%r more, 69'i or more,
70% or more. 71% or more, 72% or more, 73% or more.
74% or more. 75% or more, 76'io or more, 77% or more, or
78% or morc). In some examples. the wax compnscs a

nuxturc ol'ifii:rent hydrocarbons, uny ol'hich can opuon-
ally bc substitulixk mid 80/o or less ol'he mixture (w/w)
comprises ('10-('oo hydmcarbons (e g . 79% or less, 78oiot'ess,77oi or less, 76% or less, 75% or less, 74% or less, 7351

or less. 72!o or less. 71% or less, 70% or less, (i9% or less.
68% or less, 67;o or less, 66% or less, (i5% or less, 64% or
less. 63% or less. or 62% or less). Thc amount ol'thc mixture
comPnsing C„,-Co, hydrocarbons cau run 1: I'rom mly of Ihc
nunlmum values dcscnbcd aboic lo auy ol Ihc maxunum
values described above. Itor example. the wax cotnprises a
nuxture of different hydrocarbons, any of which can option-
ally be substituted, and from 60'io to 80% of the mixture
(v /w) comprises C,„-Cos hydrocarbons (e.g . from 60'/o to
70%, from 70% 10 80%v, Ibom 60% to 65%, from 65% lo
70%, from 70% 10 75o/o, Ibom 75% to 80/o, from 60% lo
75%, from GS io lo 80%, or Ibom 6S% to 7S%).

In sonle examples. the wax cnmpnses a mixture of
ditferent hydrncarbons, any of lvhtch can optionally be
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subsututcd, and 80% or more of thc mixnirc (w/w) can
comprise ('4-C„hydmcarbons (e g., NPI( or more, 82% or
illol'c. 83% ol'uot'c. 84% ol'lot'c. 85% ol'nure. 86%oi'ore.N7'%r more. or NN% 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 (w/w) cun comprise C»-C,» hydrocarboiw (c g.,
89% or less, 88% or less. 87% or Ics», 86% or less. 85% or
less. 84% or less, N3% or less, or 82% or less) 'lbe aniount
of the mixture comprising (ln-(»I hydrncarbons cail range Iii

fmm any of the minimum values described abnve to any of
the maximum values described above. For example. the wnx
can comprise a mixture of diffbrent hydrocarbons, any of
wluch can optionully bc substituted, and from 80'/4 to 90%
of the mixture (w/w) can comprise Cn-C„hydrocarbons is
(e .. fmm 80% to 85%. from 85'i to 90%, from N0% to
82%, from N2'%o 84%, fmm 84% to N6%, from 86% to
88%, from NN'%o 90%, fmm 80% to NN%, from N()% to
86;n, from 80'in to 84%. from 82'/4 to 90'/n. from 84% to
90;4, fl'oiu 86% to 90%, ftom 8 1!4 to 89 /n. or }born 82% to IC

SS%).
Ill soilii: cxailiplcs, lhc wax colllpllsi:s II lnlxlurc of

ditferent hydrocarbons, any of which can optionally be
substitmed, and 95% or more of the mixture (w/iv) cons-
prises ('n-( 4» hydrocarbons (e g., 95 5% or more, 96% or
more, 96.5in or more, 97% or more. 97.5% or more. or 98%
or more). In some examples. the wax comprises a mixrure of
diffi:rent hydrocarbons, any of wluch can optionally bc
subsututcd, and 99% or less ol'he nuxturc (w/w) compnscs
('n-('ni hydrocarbons (eg, 98.59i or less. 98% nr less, ln
97 5'%r less, 97% or less. 96 5% or less, or 96% or less)
'I'he amount of the mixture coniprising, ('„-('hydrocarbons
can range from any of the mininnun values described above
to any of the maximum values described above. For
cxamplcn the wax comprises a nuxlurc ol dilfi:rmil hydro- Is
carbons. any of which can optionally bc substituted. Snd
from 95'!4 to 99% ol'he mixture (w/w) compnscs Cn-C«
hydrocarbiuns (e g. from 95% to 97'i, froin 97'%o 99%,
fmm 95% to 96%. from 96% to 97%, from 97% to 98%,
from 98'in to 99%, from 95% to 98%. froln 96% to 99%. ot'O
from 9(i»in to 98%)

Ill soilii: cxailiplcs, lhc wax colllpllsi:s II lnlxlulc of
diffi:rent hydrocarbons, any of wluch can optionally bc
substituted, and 20/n or morc ol lhc nuxlurc (w/w) com-
prises ( n-('zn hydrocarbons (e.g, 21% or more, 22% or 4

more. 23'%r more. 24% or more. 25% or more, 26% or
more, 27'in or more. or 28% or more). In some examples, the
wax comprises a mixture of different hydrocarbons, any of
wluch can optionally be substitutcdn imd 30% or less of thc
mixture (w/w) compnscs C»-C„, hydrocarbons (c.gn 29% or c

less. 28!4 or lcs», 27% or loss. 26% or lca», 25% or 1 ca an 24%
or less, 23% nr less, or 22% or less) 'I he amount of the
mixture comprising ('I-('zn hydrocarbons can range front
any of the minimum values described above to any of the
maximum values descnbed above. For example. the wnx . I
colllpriscs il Illlxnlrc of illffcrcill hvdiocaibolts. IIII)'l w }itch
can optionally bc substituted, and from 20/n lo 30% of Ihc
mixture (w/w) compnscs C»-C„, hydrocarbons (c.gn from
20% to 25%. from 25% to 30'N, front 20% to 22%, front
22% to 24%. from 24% to 26%» front 26% to 2N%, front an

28;n to 30%, from 20% to 28%, I'rom 20'/4 to 26i'n, fmm
20;n to 24%, from 22% to 30%, I'rom 24'/4 to 30i'n, fmm
26% to 30'/n. from 21% lo 29%, or from 22% to 28/4).

Ill soilii: cxailiplcs, lhc wax colllpllsi:s II lnlxlulc of
diffi:rent hydrocarbons, any of wluch can optionally bc as

substitmed, and 20'%r more of the mixture (w/iv) cons-
prises ('„OCzn hydrocarbons (e g, 21'I( or mnre. 22% or

morc. 23% or more. 24% or morc, 25% or morc, 26% or
more, 27% or more. or 28'%r more) In some exaniples, the
wax cmnprises a mixture nf dii}'erent hydrocarbons. any of
which can optionally be substituted, and 30% or less nf the
mixture (w/w) comprises C„,-('»4 hydrocarbons (e,gn 29%
or less. 28'!4 or less. 27% or less, 26% or less, 25% or less.
24% or lcs». 23% or Ics», or 22% or less). Thc amount ol'hc
nuxturc comprising C„,-CI4 hydrocarbons can range I'rom

any nf the minimum values described above to any of the
nmximum values described abme Iior exaniple, the wax
comprises a mixture of diflbrent hydrocarbons. any of which
can optionally be substituted, and from 20/4 to 30'!4 of the
mixture (v:/w) comprises CI„-C,4 hydrocarbons (e.g., from
20% to 25%. from 25»/4 lo 30/n. from 20/n to 22%, I'rom

22% to 24%. from 24/4 lo 26/n. from 26% to 28%, I'rom

2N% to 30%, from 2(NN to 28%. from 20'%o 26%» front
20% to 24%, from 22% to 30%. from 24% to 30'N, front
26% tn 30%, from 21% Io 29%. or from 22% to 28%)

In some examples, the wax comprises a mixture of
diff'erent hydrocarbons. any of which can optionally be
subsntulix!, aml 20/4 or morc of thc nuxturc (w/w) com-
pnscs Czn-Cz„hydrocarbons (e.g.. 21'/4 or more, 22% or
more, 23% or nxlre. 24% or more, 25% or more, 26% or
more, 27% or more. or 28'%r more) In some exaniples, the
wax cmnprises a mixture nf dii}'erent hydrocarbons. any of
v hich can optionally be substituted, nnd 30% or less of the
mixture (w/w) comprises C14-('z» hydrocarbons (e,gn 29%
or lc»». 2S% or lc»s, 27/4 or less, 26/4 or less, 25% or less.
24% or lcs». 23% or Ics», or 22% or less). Thc amount ol'hc
mixture comprising (1,4-(l,„hydrncarbons can range front
any nf the minimum values described above to any of the
nmximum values described abme Iior exaniple, the wax
comprises a mixture of different hydrocarbons. any of which
can optionally be substituted, and from 20/4 to 30'!4 of the
nuxturc (w/w) compnscs Czn-Czs hydrocarbons (c.g.. I'rom

20% to 25%. from 25»/4 lo 30/n. from 20/n to 22%, I'rom

22% to 24%. from 24/4 lo 26/n. from 26% to 28%, I'rom

2N% to 30%, from 2(NN to 28%. from 20'%o 26%» front
20% to 24%, from 22% to 30%. from 24% to 30'N, front
26% to 30 n. fl'oln 21;4 lo 29%. or fi'otn 22% to 28/4).

In some examples, the wax comprises a mixture of
dill'creat hydrocarbons, any of which can opuonally bc
subsntulix!, aml 10»/4 or morc of thc nuxturc (w/w) com-
pnscs Cz„-Clz hydrocarbons (e.g.. 11'/4 or more. 12% or
more, 13% or nxlre. 14% or more, 15% or more, 16% or
more, 17% or more. or 18'%r more) In some exaniples, the
v ax comprises a mixture of different hydrocarbons. any of
v hich can optionally be substituted, nnd 20% or less of the
nuxturc (w/w) comprises C„.-CII hydrocarbons (c.g., 19%
or lc»». IS% or lc»s, 17/4 or less, 16/4 or less, 15% or less.
14% or}ca». 13% or Ics», or 12% or less). Thc amount ol'lhc
mixture comprising (Iz„-(Isz hydrncarbons can range front
any nf the minimum values described above to any of the
maximum values described above For example. the wax
comprises a mixture of different hydrocarbons. any of which
can optionally bc substituted, and from 10/4 to 20/4 of lhc
nuxturc (w/w) compnscs Cz»-C„hydrocarbons (c.g.. I'rom

10% to 15%. frotn 15»/4 lo 20/n. from 10/n to 12%, I'rom

12% to 14%, from 14% to 16%. from 16% to 18'rix front
IN% to 20%, from 1(NN to 18%. from 10'%o 16'rix front
10% to 14%. from 12% to 20%, from 14% to 20%, from
16% to 2054. from 11'in to 19 in, or from 12% to 18%).

In some cxiunplcs. the wax compnscs a mixture of
dill'creat hydrocarbons, any of which can opuonally bc
subsntulix!, and thc nnxturc composes. 20-30/4 (c.g..
25-30»i ) Cz-('zu hydrocarbnnv. 20-30% (e.g . 20-25%) Czu-
('zn hydrncarbons, 20-30% (e.g, 20-25%) ('14-Cz» hydro-
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carbons. and 10-20 lo (C.go 10-15 io) CI„-C,I hydrocarbons.
In some examples, the wax comprises a Inixture of ditTerent
hydrocarbioas, any of which can optionally be substituted,
and the mixture comprises: 25-30'N Cr-('so hydrocarbons,
20-25oio C„,-CS hydrocarbons, 20-25'/o (', -('„hydrocar-
bons, and 10-15o/o C„-Css hydrocarbons.

In sonu: cxanlplcs, lhc wax conlpnscs II nnxlulc of
dlffi:rent hydrocarbons, any of wluch can optionally bc
substitmed, and the mixture Is substantially free of (

&
(

h)'dl'oc'llboas. 1&1

In some examples, the wax comprises a mixture of
diff'erent hydrocarbons, any of vvlgch can optionally be
substituted, and the mixture comprises sanlrated hydrocar-
bons (e.g.. Iincur. branched, and/or cychc alkunes), unsatu-
ratcxt (non-aromauc) hydrocarbons (e, lulcar, bra@chest, ls
andior cychc alkenes and/or alkynes), and aromatic hydro-
carbons I'or example, the wax comprises a mixture of
ditferent hydrocarbons, any of which can optionally be
substituted, and the mixture comprises 80 wt, i'o or more
saturated hydrocarbons (e.g., 81 wt. '!o or more. 82 wt. '/o ol 20

morc. 83 w l. /o or more, 84 wl. /o or morc, 85 wt. /o or morc,
86 At. '/o or morc, 87 wl. '/o or more, 88 v t. /o or morc, 89
wt / 01'lolc, 90 1st N ol'lofc, 91 A t N ol nulrc, 92 wt
/ ol nlolc, 93 wt / ol nlolc, 94 wt N ol'lore. 95 wt 'N

or more. 96 wt '/ or more, 97 wt 'r or more, 98 ivt 'N or
more, or 99 wt. '/o or more). In some examples, the wax
comprises a mixture of different hydrocarbons. any of which
can optionally bc substituted, and lhc nnxlurc comprises 100
At. '!o or less saturn&est hydrocarbons (e, 99 wl. /o or less,
98 ivt '/ or less, 97 ivt 'N or less. 96 wt '/ or less. 95 wt 10

o/ or less. 94 wt o/ or less. 93 wt 'ri or less, 92 v t '/ or less,
91 ivt '/ or less, 90 ivt 'N or less. 89 wt '/ or less. 88 wt
'io or less, 87 wt. 'io or less, 86 wt. '/o or less. 85 wt. '/o or less,
84 wt.;o or less, 83 wt. '/o or less. or 82 wt, '/o or less). The
amount of thc mixture compnsulg saturated hydrocarbons ls
can range from any of lhc nnnimum values descnbcd above
to mly of the maxnnum values described above. For
example. the ivax can colnprise a Inixture of ditTerent
hydrocarbioas, any of which can optionally be substituted,
and from 80 wt. o/o to 100 At. '/o of the mixmre can comprise 40

saturated hydrocarbons (e.go from 80 ivt. '/o to 90 wt '/o,

from 90 A t. !o to 100 w l. /o, I'rom 80 A l. /o lo 85 w l. /o, I'rom

85 wl. '/o to 90 wt '/o. Ibom 90 wl. /o to 9S wl. o/o, Ibom 95
At. /o lo 100 wt. /o, from 80 wt. o/o lo 98 wl. '/or Ibom 80 wt.
o/ to 96 v t '/, fi'onl 80 wt 'N to 94 ivt '/, fi'onl 80 wt 'N o

to 92 v I. '/. from 80 ivt 'N to 88 wt. '!! . from 80 wt. o/ to
86 wt. '/o, from 80 wt. '/o to 84 wt. '!o, thorn 80 wt. '/o to 82
wt, i'o, from 82 wt. '/o to 100 wt. '/o. from 84 wt. '/o to 100
At. /o, from 86 At. '!o to 100 wl. '/o, from 88 v 6 /o lo 100

io, from 92 An !o lo 100 wl. /o, from 94 v 6 /o ul 100 0

io, from 96 A 6 !o lo 100 wl. /o, from 98 v 6 /o ul 100
wt o/, fmm 82 wt. o/ to 98 wt. 'i, from 85 wt '/ to &P) wt
o/. from 85 wt. o/ to 87 wt 'N, or fmm 97 wt 'N to 99 wt
0 ')

In some examples, the v.ax comprises a mixnlre of .1
dlffi:rent hydrocarbons, any of wluch can optionally bc
subsututcd, mid the nuxturc composes 0 wl. o/o or morc
unwlturaled (non-aromatic) hydmcarbons (c.go O.l wt. '/o or
more. 0.2 wt. '/ or nlore. 0.3 wt. 'N or nlore. 0.4 wt. '/ or
nloi'c. 0.5 1st. / 01'lot'c. 0.6 ivt. N 01'iolc. 0.7 lvl. / 01'o
more, 0. 8 wt. '/o or more, 0. 9 wt. '/o or more. I wt. '/o or more,
1.25 IV t, 'io Or mOre, 1.5 Wt. '/o Or mare, 1.75 Wt. '/o Or mOre,
2 At. '!o or morc. 2 25 wt. '/o or more, 2.S wl. /o or morc, 3
A'. /o 01 nlolc, 3.5 wt. /o ol nlorc, ol 4 wl. /o ol nlolc) In
some cxmnplcs, lhc wax comprises a nuxturc of dllfcrcnt os

hydrocarbioas, any of which can optionally be substituted,
and the mixture conlprises 5 wt 'i or less unsaturated

(non-aromanc) hydrocarbons (c.g., 4.5 At. /o or less. 4 wl.
o/ orless,3 51vt.'i orless. 3 wt '/ or less, 2 5 wt. o/ or less,
2 25 wt. 'N or less, 2 ivt. rk or less. I 75 wt o/ or less, 1 5

wt o/ or less, 1.25 wt o/ or less, I wt 'N or less, 0 9 wt 'ri

or less, 0.8 wt. '/o or less, 0.7 At. '/o or less, 0.6 v t. '/o or less.
0.5 wt. '/o or less. 0.4 wt. '/o or less. 0.3 wt. '/o or less. or 0.2
wt. '/o or less). Thc amount ol'he mixture compnslng
unsatunitcd (min-aromauc) hydrocarbons can range I'rom

any of the minimum values described above to any of the
nmximum values described above. 1&or example, the wax can
comprise a mixture of dill'erent hydrocarbons, any of which
can optionally be substituted, and from 0 to 5 wt. '/o of the
mixture can comprise unsaturated (non-aromatic) hydrocar-
bons (c.g.. from 0 to 2.5 wt '!o. I'rom 2.S lo S wl. '/o, I'rom

0 to I wt. /o, lrom I lo 2 wt '!o, from 2 to 3 wl /o. I'rom 3
to4vt.'/,fmm4t05wt '/. from0to4wt 'N,from0to
3 wt. 'N, from 0 to 2 wt 'i, from I to 5 wt. '/. from 2 to 5

wt 'N, from 3 to 5 wt 'i, from 0.5 to 4 5 wt 'N, or froln 0 5

tO 1.5 IVt. '/o).

In some examples, the wax comprises a mixture of
dill'creat hydrocarbons, any of which can opuonally bc
substtlulixl, mid lhc mixture composes 0 wt. '/o or morc
aronmtlc hydrocarbons (e.. 0 I ivt 'N or more, 0 2 ivt 'ri

ol'lorc, 0 3 A'. / 01'lolc, 0 4 1st / ol'lorc, 0 5 A'. 9
or nlore, 0 6 wt. '/ or more, 0 7 wt '/ or nlore, 0 8 ivt. 'r

or more. 0.9 v, t. '/o or more, I wt. '/o or more, 1.25 wt. '!o or
more. 1.5 wt. o/o or more. 1.75 wt 'io or more, 2 wt. '/o or
morc. 2.2S wt. '/o or morc. 2.5 At. '/o or morc, 3 wl. /o or
nlorc. 3 S At. /o ornlorc. 4 At.!o ornlorc, 4 5 wl /o ornlorc,
5 5 wt 'N or nxlre. 6 wt '/ or more. 6 5 wt '/ or more. 7

wt o/ or more, 7 5 v't. '/ or more. 8 wt 'N or nlore, 8 5 wt
o/ or more, 9 wt 'i or more, 9 5 wt '/ or more. 10 ivt 'ri

or more. 10.5 wt. '/o or more, 11 wt. o/o or more, 11.5 vvt. '/o

or more, 12 wt. '/o or more, 12.5 wt. o/o or more. 13 wt. '/o

or morc, 13 S wt. /o or morc. or 14 At. !o or morc) In some
examples, thc wax comprises a mixture of dlllbrenl hydro-
carbons. any of wluch can opuolrslly bc substituted, mid lhc
nuxture comprises 15 wt 'i or less ammatic hydrocarbons
(e g., 14 5 v't.'N or less, 14 wt. o/ or less, 13 5 wt 'ri or less,
13 wt '/o or less. 12.5 wt. Sio or less. 12 wt. '/o ol less. 11.5
v t. '/o or less, 11 wt, 'io or less. 10.5 wt. 'io or less, 10 vvt. '/o

or less. 9.5 wt. '/o or less. 9 wl. /o or less, 8.5 wl. /o or less.
8 wt io or less. 7.5 Al. '!o or less. 7 At. /o or less, 6.5 wl.
'/o or less, 6 wl. '!o or less, 5.5 At. /o or less. 5 wl. /o or less.
4 5 wt 'N or less, 4 ivt o/ or less. 3 5 ivt '/ or less, 3 wt
o/ or less, 2 5 wt '/ or less. 2 25 wt '/ or less, 2 wt 'N or
less. 1.75 wt. '!o or less, 1.5 wt. Sio or less. I 25 A t. '/o or less.
I wt. '/o or less. 0.9 wt. Sio or less, 0.8 At. '/o or less. 0.7 wt.
'/o or less. 0.6 wt. '/o or less, 0.5 At. '/o or less. 04 wl. o/o or
less. 0 3 wt. '/o or less. or 0.2 At. '!o or less) The amount of
lhc nllxlnlc conlpllsulg alonlallc hy'floral'bona can Iun c
from any of the minimum values described above to any of
the nmximum values described above 1&or example, the wax
can comprise a mixture of different hydrocarbons. any of
v hich can optionally be substituted. and from 0 to 15 wt. '/o

of thc mixture can compose aromauc hydrocarbons (c.g..
from 0 to 7.S wl. /o. Ibom 7.5 to 15 At. '/o, Ibom 0 lo S wl.
'/o, from 5 lo 10 wl. '/o. from 10 lo I S wt. '/o, from 0 lo 14

wt o/, fmm 0 to 12 wt. '/, from 0 to 10 wt o/, from 0 to 8

wt 'N, from 0 to 6 wt o/. fmm 0 to 4 wt.'N, from 0 to 2 wt
'/o. from 0 to I lvt. '/o, from I to 15 wt. '/o, from 2 to 15 wt.
/o. flout 4 to 15 wt. /o, flout 6 lo 15 wt. /o, front 8 to 15 wt.
'/o, from 12 lo 15 wt. /o, from O.S lo 14.S wl. '/o, from I lo
14 Al. '/o. or from 12 lo 14 wl. '/o).

In some cxiunplcs. the wax composes a mixture of
ditTerent hydrocarbon~, any of ivhich can optionally be
substituted. and the mixture compnses 80-100 wt 'N satu-
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ratcxl hydrocarbons (c g., 85-90 w).% or 95)o 99 v,t.%). 0-5
wt % unsatumlted (non-aroniatic) hydrocarbons (e.g . 0-2 5

wt %. or 0-1 5 wt %), and 0-15 wt % aroinatic hydrocar-
bons (e g., 0-2.5 wt %, or 12-14 wt % ) In some examples,
the wax comprises a mixture of difi'erent hydrocarbons. any
of which can optionally be substituted. and the mixture
comprises 85-90 0 t. % saturated hydrocarbons: 0-2.5 wt. %
unwiturated (non-aromatic) hydrocarbuns, and 12-14 wf
aroinatic hydrocarbons

In some examples, the wax comprises a mixture of Ia

ditferent hydrocarbons, any of which can optionally be
substituted, and the mixture comprises 95-99 wt. % satu-
rated hydrocarbons: 0-1.5 wt. % unsatumnted (non-aromatic)
hydrocarbons: mid 0-2.S wf. % aromauc hydrocarbons.

lhc wax can, for cxmnplc, have a mclfulg pond of 40'. Ii
or more (eg, 41" C. or more, 42" ( or more. 43" ('r
more. 44" ('. or more. 45" ('. or niore, 46" (2 or more. 47"

( ol'llorc, 48 ( 0F moi'e. 49 ( ol'Inure, 50 ( oi'nure,
31" C. or more. 52" C or more, or 53" C, or more). In some
examples, the wax can have a melting point of 55" ('. or less 20

(C.g.. 54'. or less, 53'. or less, S2'. or less, 51'. or
less. 50'. or less. 49'. or less, 48'. or less. 47'. or
less. 46" (2 or less. 45" ('r less, 44" (2 or less. 43" (2 or
less. or 42" ('. or less) 'I'he melting, point of the wax can
range from any of the minimum values described above to
any of the maximum values described aixlve. For example,
the wax can have a melting point of thorn 40', Io 55" C.
(C.g.. from 40'. to 48'., Iyom 48" C. Io SS'., ibom40'.

Io 45'., from 4S' Io 50'., Irom SO'. to SS',
fmm 40" ('. to 54':, fmm 40" ('. to 52', froni 40" (: la
to 50" ( . from 40" C. to 46" ( . from 42" ('o 55' . front
44" ('. to 55" (', from 46'. to 55" ('.. -ll" C to 54'',
from 42'. to 50" C., or from 43" ( ', to 48" C.). The meltin
point of the wax can be determined by any suitable method,
such as those known In Ihc arf. In some cxumplcw thc li
melting point oi'he wax Is dctcrmuicd usuig ASTM D 127.

lhc wax cdn, for cxamplc, have a con caling pomtoi'40''r

more (e.g. 41" (: or more, 42'( ornxlre. 43" (2 or
more. 44" ('. or more. 45" ('. or niore, 46" (2 or more. 47"
('. or more, 48" C. or more, 49" C. or more, 50" C. or more, do
31" C. or more. 52" C or more, or 53" C, or more). In some
examples, Ihc wux can have a congealing point of 5S'. or
less (c.g.. 54'. or less, 53'. or less, 52'. or less.51'.

or less, 50'. or less, 49'. or less, 48'. Or less,47''r

less, 46" ('r less. 45" ('r less, 44''r less, 43"('r less. or 42" (: or less) 'I'he congealing point of the wax
can range from any of the mininnun values described above
to any of the maximum values described above. For
example, Ihc wux cdn have a congcahng point of from40'.

Io 55'. (c.g., Iyom 40'. Io 48'., from 48'. to 55'
C., from 40'. to 45'., from 4S'. Io SO'.. from50''o55''., from 40" ('o 54' . front 40" (2 to 52" (',
fmm 40" ('. to 50':, fmm 40" ('. to -16', front 42" (:
to 55" ('., fmm 44" C to 55" C.. from 46" C. to 55'., 41"
('. to 54" C.. from 42" C. to 52" C., or from 45' to 51" . I
C.). Thc congealing point of thc wax can bc dctcmuncd by
any suitable method, such as those known in Ihc arf. In some
examples, Ihc congcalulg poult of Ihc wax is dcfcrmincd
using Agi'M D 938

'lhe Ivax can. for example, have a hnal boiling. point of sa
950" 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"
F. or more, 112S'. or morc, 1150'. or more, 117S'. or
morc. 1200' or more, 122S'. or morc, or 1250'. or
morc). hi some cxumplcs. Ilm wax can huvc a liiril boiling si
point of 1300" It or less (eg, 1275" I or less, 1250" I'r
less. 1225'( or less. 1200" Ii or less. 1175" li or less. 1150"

F. or less. 1125'. or less, 1100'. or less. 1075'. or less.
1050" F or less. 1025" I'r less, or 1000" I( or less) 'I he
final boiling point of the Ivax can range from any of the
nunimum values described abiwe to any of the niaxiniuni
values described above. For example, the wax can have a
final boiling point of from 950', to 1300'. (e.g., from
950" F. to 112S'., from 1125'. Io 1300'., from 950'.
to 1000'.. from 1000'. Io 1050'., from 1050'. Io
1100" I', from 1100''o 1150" I'., from 1150" I( to )2()f)"
I', front 12(X)" Ii to 1250'', from 1250''o 1300" I', front
950" I( to 1250" I'., fmm 950" I'o 1200" I'.. from 950" li

to 1150" F., from 950'. Io 1100' . from 950" F to 1050"
F., fmm 1000" F. to 1300'., from 1050' to 1300" F., from
1100'. to 1300'., from 1150'. to 1300'., from1200'.

to 1300'., from 975'. Io 1275'. I'rom 950'. Io
1250" I, from I I ()()" It to 1250" I'., or from 995" F to 1235"
li) I'he final boiling point of the wax can be determined by
any suitable method. such as those known in the art In some
exampleg the hnal boiling point of the v ax is determined
usia ASTIvi D 7169.

Thc wax can, for cxmnplc, have B pour point oi'0'. or
morc (C.g.. 31'. or morc, 32'. or morc, 33'. or morc.
34" li or nmre, 35" I( or more. 36" I'r more, 37" I'r
more, 38" I'. or more, 39''r more. 40''r more. 41'l
or more, 42" I( or more. 43" I'r more, 44" I'. or more, 45"
F. or more. 4(i" F. or more, 47" F. or more. 48" F. or more.
49" F. or more. 50" F. or more. 51" F. or more, 52" F, or
morc. 53" F. or morc, 54'. or morc. 5S' or morc, 56'.
or morc, 57" F. or morc. or 58'. or more). In some
exanlples, the wax can have a pour point of (10" li or less
(e g., 59''r less, 58''r less. 57" I'r less. 56" I'. or
less, 55" I or less. 54" Ii or less, 53" Ii or less. 52" I( or less,
51" F. or less. 50" F, or less, 49" F. or less, 48'. or less. 47"

F. or less, 4(i" F. or less. 45', or less, 44" F. or less, 43'.
or less, 42'. or less, 41'. 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, or 32'. or less). Thc pour poult
of the wax can range from any of the minimuni values
described above to any of the maximum values described
above. For example, the wax can have a pour point of from
30" F. to 60" F, (e.g., from 30" F to 45" F.. from 45" F. to
60'. from 30'. to 40'.. from 40'. Io 50' . from50'.

to 60'., I'rum 30'. Io 55'., from 30' Io SO'., I'rom
35' to 60" F., from 40'. to 60' . from 32' to S8'..
from 33' to 52" I'., or from 45" li to 60" I') I'he pour
point of the v'lx can be determined by any suitable inethod,
such as those known in the art. In some examples. the pour
point of the Ivax is determined using ASTM D 97.

In sonic cxBlnph:I, flic wax cdn lnclUdc onc 01 Illon:
con(Bulla'dnts. Contalnuulnm cBB, for cxanlphn conlpllsc an
alkali mclal, an alkaline car)i metal, B transition metal, a
basic metal. a semimetal, a nonmetal, a halogen. a salt or
compound thereof, or a combination thereof. I:xamples of
contamirmnts include. but are not limited to, lithium.
sodium. beryllium, magnesium, calcium. strontium, tita-
nlllnl. VBOBOIU111, CIIFOIUIUnl, nuulgancsc, Iroll. CobBII. IIICkC).

coppCF, LIOC, IlloivbdCIIUnl, CadnllUOI, OICFCUQI BIUnlinulll,
tituruum sihcon, tin. Iced. nitrogen, phosphonis, arsenic.
antimnny, oxygen. sulfitr. selenium, fluorine, chlorine, bm-
nune, cnmpounds thereof, and combinations thereof In

some examples. the wax includes a contaminant comprisin
cldonde, nitrogen. silicon, sodium, iron. phosphoru~, sulfur.
calcium, nickel. copper, I;medium, ore combirmfion Ihcrixlf.

Contiunuiants arc uitroducixl dunng plastic formulation
and manufacturing proccsscs during the Iirst lifo ofplasuc in
colt)uncfion with the source and cnllection method of the
plastics.
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For cxrunplc, chlonnc sources ui used plastics can com-

prise PVI )('ayers PVI)('s often used as a layer or coating
in fond and pharma packaging applications because it pro-
vides excellent barrier properties against moisture, HV lmht,
acids, salts. and detergents as well as having ood transpar-
ency. Despite design for recyclability formulation changes,
PVDC is forccastcd lo increase at 3.2'io aiuiually through
202g ui thc US. Packaguig convcrlcrs produce a rnngc of
monolayer and multi-layer packaging. Both types can
become mixed in recycled stremns Post-consumer sources Io

will contain higher volumes of materials containing chlorine
sources that can be difficult to differentiate and remove
through standard sorting techniques.

Nitrogen sources ui uscxi plasucs can, Ihr example. bc
derived Iyom dcpolymcrrzalton of nylon (c.g.. Nylon 6 is
(RA-6). Nylon-66 (PA-66) in used plastic sources, often
fmm food and industrial packaging material ~ Nylon is used
in multi-layer flexible packing films to protect oxygen-
sensitive foods or when excellent oil and grease resisrance
and high mechanical strength are required, such as for ic
proccsscd meats mid lish, aud cheese and other dairy prod-
ucts. Nylon also provides a wide cold lo hol Icmpcrulurc
range (en., — 60" ('o 150" C.). ivhich enables tbods to
move tlmmgh freezer to the inicmwave/oven without pack-
aging degradation In industrial packaging. nylon i ~ often
used as a reinforcing Layer to provide high mechanical
strength and excellent abrasion and puncture resisrnnce (for
example, ui polypropylcnc supcrxdcks (hut conlam a nylon
inlcrlaycr or straps). Nitrogen can also come from prolnn
(fiiod) residue on plastics that arises front the amino acids in io
decomposed protein Post-consumer sources will contain
higher voluines of inaterials containing nitnigen sources that
can be difficult to difi'erentiate and remove tluouch standard
sorting techniques.

Silicon sources in used plastics can, Iiir cxamplc. corn- is
pose silica desiccant packages. In food packaging and
processing plBnls, silicon prodUcls Bic w idol)'isixi iis
release agents in a wide variety of inaterials and equipment,
leaving residue on plastic surfaces Silicon is also an addi-
tive that can be added to a v ide range of materials to change dc

the appearance, extrusion properties. mid/or end-product
char;mlcnstms. Ihw applied lo films as well as lwo-dimen-
sional plastics. Post-coiisUnlci soUrcos will ciinldin hl hcr
iolumcs of matcnals containing silinin sources that can bc
ditficult to ditferentiate and reinove through standard sorting
techniques

Silicon dioxide can be applied in a very thin contin to
plastics, specifically polyethylene. polypropylene. Bnd/or
polystyrene, Io act as a barrier layer Io uuprovc Ihc shelf life
of oxygen and moisture sensitive food. Tlus tlun coating can o

be appln:d by a vacuum or plasma deposition process: thc
barrier layer and the plastic fornia covalent bond 'I'he SIDS
barrier coatings are chemically inert and enable benefits in
ri id and fiexible food packaging applications. including,
but not limited to, reducing oxygen and moisture pemie- .1
abihly oi plastics, cnsunng aroma prolnlion mid rclnilion
of lhc smell aud taste of contents, nol scnsitivc Ui Ihiclua-
tions in tcmpcraturc and humidity, well-suited for pastcun-
zation and sterilization processes. ad can increase shelf life
of foods ivithout the addition of preservatives 'I'he SIDS so

coatings are thin, e.g significantly thinner than n lnuuan
hair, and therefore have a negligible impact on rhe pnckin
wcighu For this reason, coated packaguig is considcrui a
mono-material that can bc mcchaiucally rccyclnl. Rccycla-
bihly uutialivcs Brc promoung the usc of S101 coatings as a ss
replacement for PVI)C and Nylon barriers in tlexible and
rigid packaging. Although these guidelines are intended for

nlcchanlciill)'cc)'cled plBstics, scvcidl pBCI aging loons dnd
formulations are better suited for pyrolysis-based advanced
recycling. SiO. coatings have the potential to be the "gift
tint keeps on giving". especially ivhen used in rigid and
fiexlble polyethylene and polypropylene pLastics that are
mechaiucally recycled initially, which. after a few cycles.
will then cvcnlually bixomc lhc used plastic fcxdstocks Ior
advanced rccycling, thc sihcon is prixlictcd to accumulate
and carry fonvard into each successive application

Phosphorus-containing flame 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 to.
cnguiccrcd plastics, polyuretltanc Ihams, polymnidcs (c.g..
nylon) and glass-liber rcinforccd nylon, polycthylcnc and
I:VA co-polymers. and intumescent coatings on foams and
polypropylene textiles Phosphate eaters are also used as
tlanie retardant plasticizers in PV(L high impact polystyrene
(HIPS). polycarbonate (PC). and acrylonitrile butadiene
styrene (ABS). Phosphorus sources also include agricultural
applications, such as residual glyphosatc in HDPE nintain-
crs imd residual phosphorus fi:rtilizcrs ou ground-lcvcl lilms
(eg., mulch films) Post-consumer sources will contain
higher volumes of materials containing phosphoms sources
tint can be difficult to differentiate and reniove through
standard sorting tecluliques.

Sources of sulfur, calcium. sodium. Iron. phosphorus. or
a combination thereof arc additives, surface residues, and
rcsidUBI conlanliilB(lon oi Ihc lncoiniiig post-consUnlcr dnip
or post-mdustrial plastics A ivash step can potentially
remove certain surface residues. but would add cost and
complexity to the advanced (e g., pyrolysis based) recycling
process. Accordingly, post-consumer sources will contain
higher volumes of materials containing sources of sulfur.
calcium, sodnim, iron. phosphonis, or a combination thereof
that can bc diiiicult to ddlbrcntialc mid rnnovc tluough
stundard sorting tccluiiqucs.

('opper alloys are coinmonly and increasingly used to
create molds for plastic injection molding processes due to
their hi h thermal conductivity that removes hot spots.
reduces warpage and reduces cycle time. ease of machinin
by a variety of processes, mid corrosion resistance lo water,
cooling fiutds and ihe plastics being inlcclcd Copper alloys
ofini conlaui iuckcl and silinin. Plasucs manufactured in
copper alloy nmlds can have residual amounts of copper,
nickel, and silicon on their surface In addition, the plating
of plastic with nickel and copper can be an effective means
of protecting a substrate a ainst corrosion from environ-
mental cxposurc and make il more resistant to damage I'rom

chcnilcdls Used 111 lho nianUfac(Uilng piuccsa In sonic
uislanccs. the plating on plastic can increase Ihc hardness.
strength, and wear resistance of the substrate I'he presence
of copper and nickel on the surface of both pre-consumer
and post-consluuer sources can be difficult to difi'erentiate
and remove tluough standard sorting techniques.

In some examples, ihc wax ltas a total chloride conlcnt of
50 ppm or less (c.g., 45 ppm or less, 40 ppm or less, 35 ppm
or less, 30 ppm or less, 25 ppm or less, 20 ppm or less, 15

ppni or less, 10 ppm or less, 0 ppm or less, g ppm or less,
7 ppm or less, 6 ppm or less, 5 ppm or less, 4 5 ppin or less,
4 ppm or less, 3.5 ppm or less, 3 ppm or less, 2 5 ppm or less.
2 ppm or less, 1.5 ppm or less, I ppm or less, 0.75 ppm or
less. 0 5 ppm or loss, 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
exaniples, the wax has a total chloride content of 0 ppm or
more (e.g., 0.001 ppm or more. 0.(X)25 ppm or more, 0.005
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ppm or morc, 0.0075 ppm or morc. 0.0i ppm or morc, 0.025
pplll iil'orc, 0 05 ppm or mofc. 0.075 pptn ill'lorc. 0 I

ppm or more, 0 25 ppm or more, 0 5 ppm or more. 0 75 ppnl
or oiofe. I ppm ol inure, 1.5 ppnl or niorc, 2 ppln ol'lorc,
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 morc, 8 ppm or more, 9 ppm or morc, 10 ppm or
morc. 15 ppm or more, 20 ppm or morc, 25 ppm or morc,
30 ppnl of lilol'e, 35 ppm of nlore, (If 40 ppnl iir lniire) I bc
total chloride content of the wax can range frmn any of the Io

mininnim values described above to any of the maxinnun
values described above For example. the wax can have a
total chloride content of fmm 0 ppm to 50 ppm (e.g, fmm
0 lo 25 ppm, from 25 to 50 ppm, from 0 lo 10 ppm, from 10
to 20 ppm, from 20 to 30 ppm, from 30 Io 40 ppm. from 40 Is
to 50 ppm, from 0 (X)1 to 50 ppm. from 0 001 to 45 ppni,
fmm 0 001 to 40 ppm, from 0.001 to 35 ppm. from 0 (X) I to
30 ppm. from 0 001 to 25 pprn, front 0.001 to 20 ppm. front
0.001 to 15 ppm. from 0.001 to 10 ppm, from 0.001 to 5

ppm. from 0.001 to I ppm, fbom 0.001 to 0.1 ppm, fmm io
0.001 Io 0.01 ppm, from 0 Io 45 ppm, from 0 to 40 ppm,
from 0 to 35 ppm, I'rom 0 lo 30 ppm, from 0 Io 25 ppm, from
0 to 20 ppm. from 0 to 15 ppnl, from 0 to 10 ppm. front 0
to 5 ppm, from 0 to I ppm. from 0 to 0 I ppnl. or frmn 0 to
0 01 ppm). In some examples, the wax is snbstantiallv free
of cldorides The total chloride content of the wax can be
determined by any suitable method, such as those known in
the arl. For cxtunplc, Ihc (otal chlornlc txmlcnt 01'hc wax
can be determined using ASTM D 7359.

Ill sot)le ex,'nilplcs, thc wax 8;Is a Intf(iuan content of 300
ppm or less (e g . 275 ppm or less. 250 pprn or less. 225 ppnl
or less. 200 ppm or less. 175 ppnl 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. 2S ppm or less, 20 ppm or less, IS ppm or less, is
10 ppm or less, 9 ppm or Icsa, 8 ppm or less. 7 ppm or less,
6 ppm or less, S ppm or less, 4.5 ppm or less. 4 ppm or less,
3 5 ppm or less. 3 ppnl or less, 2.5 pprn or less, 2 ppm or less,
I 5 ppm or less, I ppm or less. 0.75 ppm or less. 0 5 ppm or
less, 0.25 ppm or less, 0 I ppm or less. 0.075 ppm or less, so

0.05 ppm or less, 0 025 ppm or less, 0.01 ppm or less, 0.0075
ppm or less. or 0 OOS ppm or less). In some cx;unplcs. thc
wax has a nitrogen content of 0 ppm or morc (c.g., 0.001

ppm or morc, 0 002S ppm or morc, 0.005 ppm or morc,
0 0075 ppm or more, 0 01 ppm or more. 0 025 ppm or nlore,
0 05 ppm or more. 0075 ppnl or more, 01 ppm or nlore,
0.25 ppm or more, 0.5 ppm or more, 0.75 ppm or more, I

ppm or more, 1.5 ppm or more, 2 ppm or more. 2.5 ppm or
nlolc. 3 ppnl or nlorc, 3.S ppnl or nlofc, 4 ppnl ol antic, 4 5

ppmormore, 5 ppm ormorc. 6ppmormorc,7 ppm ormorc, o

8 ppm or morc, 9 ppm or morc. 10 ppm or morc, 15 ppm or
more. 20 ppm or more, 25 ppm or nlore, 30 ppm or nlore,
35 ppnl of milt'e. 40 ppnl or nloi'c. 45 ppnl ol'niil'e. 50 ppnl
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, . a

225 ppm or morc, or 250 ppm or more). The rutrogcn
contmll of the wax can range from any oi'he mmimum
ialues dcscribcd above lo any of Ihc maxnmun values
described above ltor example, the wax can have a nitrogen
content of from 0 to 300 ppm (e o.. from 0 to 150 ppm. front ao

150 to 300 ppm, from 0 to 100 ppm, from 100 to 200 ppm,
from 200 to 300 ppm. from 0.001 to 275 ppm, from 0.001
to 250 ppm, from 0.001 to 225 ppm, from 0.001 to 200 ppm,
from 0.001 to 175 ppm, from 0.001 lo 150 ppm, from 0.001
to 125 ppm, I'rom 0001 lo 100 ppm, from 0.001 ui 75 ppm, as

fmm 0 001 to 50 ppm, from 0.001 to 45 ppm. from 0 (X) I to
40 pptli. fhinl 0 001 to 35 ppnl, fl'onl 0.001 tii 30 pptn. ft'onl

0.001 to 25 ppm. Ibom 0.001 lo 20 ppm, from 0 001 to 15

ppnl, from 0001 to 10 ppln. from 0.001 to 5 ppln. front
0 001 to I ppm, from 0 (X)1 to 0 I ppm. from 0.(X)1 to 0.01

ppnl, from 0 to 275 pptn. fmm 0 to 250 ppm. fmrn 0 to 225
ppm, from 0 to 200 ppm, from 0 to 175 ppm, from 0 to 150
ppm, from 0 to 125 ppm, from 0 to 100 ppm, from 0 to 75

ppm, from 0 lo 50 ppm. from 0 to 4S ppm, from 0 Io 40 ppm.
from 0 to 3S ppm, Irom 0 Io 30 ppm, from 0 to 25 ppm, I'rom

0 to 20 ppm, from 0 to 15 ppm. from 0 to 10 ppm. from 0
to 5 ppnl, from 0 to I ppm. from 0 to 0 I ppm. or from 0 to
0 01 ppm) In some examples, the wax is substantially free
of nitrogen. The nitrogen content of the wax can be deter-
mine usia any suitable method, such as those known in the
arl. In some cxamplca, tlm iulrogmi con(wit of the wax ls
dclcrnnncd using ASTM D 4629.

I'he wax can, for example. have a silicon content of 125

ppnl or less (e g., 100 ppm or less, 75 ppm or less, 50 ppnl
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.S ppm or less, 3 ppm or less, 2.5 ppm or Icsa, 2 ppm or less.
I 5 ppnl or less, I ppm or less. 0.75 ppm or less, 0 5 ppm or
less, 0 25 ppm or less, 0 I 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
v ax has a silicon content of 0 ppm or more (e.g., 0.001 ppm
or morc, 0.0025 ppm or morc. 0.005 ppm or morc. 0.0075
ppm or morc, 0.01 ppm or morc. 0.025 ppm or more. 0.05
ppnl or more, 0 075 ppm or more, 0 I ppm or more. 0.25
ppnl or nliire, 0 5 pplll ol'liiife. 0.75 ppm or nlore, I ppnl
or nlore, 1.5 ppm or more. 2 ppm or more, 2.5 ppnl 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 morc, 9 ppm or more, 10 ppm or more, IS ppm or
morc. 20 ppm or morc. 25 ppm or morc. 30 ppm or morc.
35 ppm or more. 40 ppm or morc, 45 ppm or morc, 50 ppm
or more, 75 ppm or more, or 100 ppm or more) 'I'he silicon
content of the wax can range from any of the rnininlunl
values described above to any of the maximum values
described above. I'or example. the wax can have a silicon
content of Irom 0 lu 125 ppm (C.g.. from 0 Io 60 ppm, I'rom

60 ppm lo 125 ppm, from 0 to 25 ppm, from 25 lo 50 ppm.
from 50 to 75 ppm, from 75 Io 100 ppm, from 100 to 125

ppnl, from 0 001 to 1(X) ppm, from 0.(X)1 to 75 ppm. front
0 001 to 50 ppm, fmm 0 001 to 45 ppm, fmm 0 (X)1 to 40
ppm, from 0.001 to 35 ppm, from 0.001 to 30 ppm, from
0.001 to 25 ppm. from 0.001 to 20 ppm, from 0.001 to 15

ppm, from 0.001 lu 10 ppm, from 0.001 to 5 ppm, I'rom

0.001 lo I ppm, Irom 0.001 to 0.1 ppm. from 0.001 to 0.01

ppm, Ibom 0 to 100 ppm. from 0 Io 75 ppm, Ibom 0 to 50
ppnl, from 0 to 45 ppm. from 0 to 40 ppm. from 0 to 35 ppm,
from 0 to 30 ppm, from 0 to 25 ppm, fmm 0 to 20 ppnl, front
0 to 15 ppm, from 0 to 10 ppm, fmm 0 to 5 ppm. from 0 to
I ppm, from 0 to O. I ppm, or from 0 to 0.01 ppm). In some
examples, Ihc wax is subsnmtially frcc of sthcon. Tlic slhcon
content of thc wax can bc delenntnc using any suitable
method, such as those known ui the arl. For example. Ihc
sibcon content of the ivax can be determined using AS I'M

D 5185
The wax can, for example. have a sodium content of 150

ppm or less (e.g., 125 ppm or less. 100 ppm or less. 75 ppm
or less, 50 ppm or less, 45 ppm or less, 40 ppm or less, 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 Icsa, 8 ppm or less.
7 ppm or less, 6 ppm or less, 5 ppm or less, 4 5 pprn or less,
4 ppnl or less, 3 5 ppm or less, 3 ppm or less. 2 5 ppm or less,
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2 ppm or less, I.S ppm or Jess, I ppm or less, 0.75 ppm or
less. 0 5 ppm or less, 0 25 ppni or less, 0.1 ppln or less, 0 075

ppm or less. 0 05 ppm or less. 0 025 ppm or less, 0 01 ppni
or lese, 0.0075 ppm or less, or 0005 ppln or less) In some
examples, the wax has a sodium content of 0 ppm or more
(e.g.. 0.001 ppm or more, 0.0025 ppm or more. 0.005 ppm
or morc, 0.0075 ppm or more, 0.01 ppm or morc, 0.025 ppm
or more, 0.05 ppm or morc, 0.075 ppm or morc, 0.1 ppm or
more. 0.25 ppm or more, 0 5 ppm or more. 0 75 ppm or
more. I ppm or more, I 5 ppni or more. 2 ppm or more, 2 5 ln

pplll ol'llt1re. 3 ppm ot'l(1re, 3 5 ppnl ol'utu'e, 4 pplnot'ore,

4.3 ppm 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
morc. 15 ppm or more, 20 ppm or morc, 25 ppm or morc,
30 ppm or morc. 3S ppm or more, 40 ppm or morc. 4S ppm lc
or tlit11'e. 50 pp m ot'nure, 7 5 pptli 0I'lone, I 00 ppnl it I'lone,
or 125 ppm or more) 'lite sodium content can range front
any nf the mmimum values described above to any of the
maximum values described above. For example, the wnx can
have a sodium content of from 0 to 150 ppm (e.g.. from 0 nt
to 75 ppm, from 7S to ISO ppm, from 0 io 50 ppm. from 50
to 100 ppm. from 100 to 150 ppm, from 0.001 to 150 ppm,
fmm 0001 to 125 ppm. from 0001 to 100 ppm, from 0001
to 75 ppm, from 0 (X)1 to 50 ppm. from 0 001 tn 45 ppni,
fmm 0 001 to 40 ppm, from 0.001 to 35 ppm. from 0 (X) I to
30 ppm. from 0.001 to 25 ppm, from 0.001 to 20 ppm. fmm
0.001 to 15 ppm. from 0.001 to 10 ppm, from 0.001 to 5

ppm. Iiom 0 001 to I ppm, from 0.001 to 0.1 ppm, I'rom

0.001 to 0.01 ppm, from 0 to 12S ppm, from 0 to 100 ppm,
fmm 0 to 75 ppm, from 0 to 50ppm. from 0 to 45 ppni, front in
0 to 40 ppln. from 0 to 35 ppni, froln 0 to 30 ppm. tronl 0
to 25 ppm. from 0 to 20 ppm, froln 0 to 15 ppm, from 0 to
10 ppm, from 0 to 5 ppm, from 0 to I ppm, from 0 to 0 I

ppm. or from 0 to 0.01 ppm) In some examples. the wax ls
substantially frcc of sodnim. Thc sodium content oi'thc wax ic
can bc dctcmnncd by miy suitable method, such as those
known ui tlm art. For cxmnplc, Ihc sodnun content of thc
wax can be determined using AY'I'M D 5185

'lite ivax can, for example. hm e an iron content of 10 ppni
or less (e, 9 ppm or less, 8 ppm or less. 7 ppm or less, 6 co

ppm or less, 5 ppm or less, 4.5 ppm or less. 4 ppm or less,
3 5 ppm or less. 3 ppm or less, 2 S ppm or Jess, 2 ppm or less,
1.5 ppm or Icsa, I ppm or less, 0 75 ppm or less, 0 5 ppm or
less. 0.25 ppm or less, 0.1 ppm or less, 0.07S ppm or less,
0 05 ppm or less. 0 025 ppni or less, 0 01 ppln or less, 0.0075
ppm nr less. or 0 005 ppm or less). In annie examples. 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 more, 0.01 ppm or morc, 0.02S ppm or morc,
0.05 ppm or morc, 0075 ppm or more, O.l ppm or morc, o

0.25 ppm or morc. O.S ppm or morc, 0.75 ppm or morc. I

ppm or more, I 5 ppni or more, 2 ppm or more, 2.5 ppni or
tliol'e. 3 pptli ol'n(11 e, 3 5 ppnl ol'ilne. 4 ppln I1r alone, 4 5

ppm or more, 5 ppm or more, 6 ppm or more. 7 ppm or more,
8 ppm or more. or 9 ppm or more). The iron content of the . 1

wax can range from any of thc nunimum values descnbcd
above to any oi'he maximum values descnbcd ubovc For
example, thc wux can have an iron con)wit of from 0 to 10

ppm (e g., from 0 to 5 ppm, froln 5 to 10 ppm, from I to 2

ppm. from 2 to 4 ppm. from 4 to 6 ppm, from 6 to 8 ppni, an

from 8 to 10 ppm, from 0.001 to 10 ppm. fmm 0.001 to 9

ppm. from 0.001 to 8 ppm. from 0.001 to 7 ppm. from 0.001
to 6 ppm, from 0.001 to 5 ppm. Ibom 0.001 to 4 ppm, I'rom

0.001 to 3 ppm, Ibom 0.001 to 2 ppm, from 0.001 to I ppm,
from 0.001 to 0.1 ppm, Ibom 0.001 to 0.01 ppm, from 0 to ac

9 pptn. fmm 0 to 8 ppm, from 0 to 7 ppni, fmm 0 to 6 ppni,
fmm 0 to 5 ppm. from 0 to 4 ppm, from 0 to 3 ppm. front

0 to I ppm, fmm 0 to 0.1 ppm, or Ibom 0 to 0.01 ppm). In
some examples, the wax ic substantially free of imn 'I he
iron cnntent nf the wax can be determined using any suitable
method, such as those knov n in the art ltor example, the
iron content of the wax can be determined using ASTM D
5185.

Thc wux can, kir cxmnple, haves phosphorus tain)cut of
50 ppm or less (c.g., 45 ppm or Icsa, 40 ppm or less, 35 ppm
or less, 30 ppm nr less, 25 ppm or less, 20 ppm or less. 15

ppni nr 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 ppln or less,
4 ppm or less, 3.5 ppm or less, 3 ppm or less, 2 5 ppm or less.
2 ppm or less, 1.5 ppm or less, I ppm or less, 0.75 ppm or
less. 0 5 ppm or less, 0.25 ppm or Jess, 0.1 ppm or Jess, 0.075
ppm or Icsa, O.OS ppm or less, 0.025 ppm or less, 0.01 ppm
or less, 0 0075 ppm nr less, or 0.005 ppm or less) In some
exnniplec, the wax can have a phocphonic content of 0 ppni
or inure (e.g, 0.(X)1 ppm or more, 00025 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, 0 075 ppm or more.
0.1 ppm or morc, 0.25 ppm or more, 0.5 ppm or morc, 0.75
ppm or morc. I ppm or morc. I.S ppm or morc, 2 ppm or
more, 2.5 ppm or niore. 3 ppm or more. 3 5 ppm or more,
4 ppm or more, 4 5 ppm or more. 5 ppm or more. 6 ppni 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. 33 ppm or more, 40 ppm or more.
or 45 ppm or morc). Thc phosphonis tain)cut of thc wax can
range from miy of tlm mimmum values dcscnbcd above to
any of the maximum values described above I'or example,
the wax can have a phocphonis content of front 0 ppm to 50

ppni (e.g . from 0 to 25 ppm. from 25 to 50 ppm, from 0 to
10 ppm, from 10 to 20 ppm. from 20 to 30 ppm. from 30 to
40 ppm, from 40 to 50 ppm. from 0 001 to 50 ppm. from
0.001 to 45 ppm. Ibom 0.001 to 40 ppm, from 0 001 to 35

ppm, from 0.001 to 30 ppm, from 0.001 to 25 ppm, I'rom

0.001 to 20 ppm. Ibom 0.001 to JS ppm, from 0 001 to 10

ppni, fmm 0 001 to 5 ppm. fmm 0.001 to I ppm. from 0.001
to 0 I ppm, frmn 0 001 to 0 01 ppm, from 0 to 45 ppm. front
0 to 40 ppm. from 0 to 35 ppm, from 0 to 30 ppm. from 0
to 25 ppm. from 0 to 20 ppm, from 0 to 15 ppm. from 0 to
10 ppm. frum 0 to 5 ppm, from 0 to I ppm, I'rom 0 to 0.1

ppm, or from 0 to 0.01 ppm). In some examples, thc wax can
bc substunually free of phosphorus. The phosphorus content
of the wax can be determined using any suitable lnethod,
such as those known in the art In some exalnples, the
nitrogen content of the wax is determined using ASTM D
5185.

Thc wax can, Ior cxamplc, have a sulfur con)cut oi'00
ppm or less (e g.. 475 ppm or I ca a, 450 ppm or less. 425 ppm
or leva. 400 ppm or less, 375 ppm or less, 350 ppm or less.
325 ppm or less, 300 pptn or less. 275 ppm or less, 250 ppni
or less, 225 ppm or less, 200 ppm nr 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. 35

ppm or less. 30 ppm or less. 25 ppm or less, 20 ppm or less.
15 ppm or less. 10 ppm or Jess, 9 ppm or Icsa, 8 ppm or less.
7 ppm or less, 6 ppm or less, 5 ppm or less, 4.5 ppm or less.
4 ppni or less, 3 5 ppm nr less, 3 ppm or less. 2 5 ppm or less,
2 ppm or less, 1.5 ppm or less, I ppm or less, 0.75 ppm or
less. 0 5 ppm or less, 0.25 ppm or less, 0.1 ppm or lees, 0.075
ppm or less. 0.05 ppm or less, 0.025 ppm or less. 0.01 ppm
or leva. 0.0075 ppm or less, or 0.005 ppm or less) In some
examples, thc wax can luivc a sulfur content of 0 ppm or
morc (c.g., 0.001 ppm or morc. 0.002S ppm or more, 0.005
ppni or more. 0 0075 pptn or more, 0 01 ppm or niore, 0.025
ppni or more, 0 05 ppm or more, 0 075 ppm or more. 0 I
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ppm or morc, 0.2S ppm or morc, 0.5 ppm or more, 0.75 ppm
or inure. I ppm ot inure, 1.5 pptn or Inure, 2 pptn ot'llorc,
2 5 pptll of morc, 3 pptn or ntofe, 3.5 pptn ot'lore, 4 pptll
or inure. 4 5 ppm ot'nure. 5 pptn or Inure, 6 pptn ot'llorc,
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 morc. 3S ppm or more, 40 ppm or morc. 4S ppm
or morc. 50 ppm or morc, 7S ppm or murc, 100 ppm or morc,
125 ppm or more, 150 ppm or mnre. 175 pptn nr more, 2(X)

ppm or more. 225 ppm or ntore. 250 ppm or more, 275 ppnt to

or mnre, 3(X) ppm or more, 325 ppm nr more. 350 ppm or
more, 375 ppm or more, 400 ppm or more, 425 ppm or more,
or 450 ppm or more). The sulfur content of the wax can
range from any of lhc mitumum values described above to
any of the maximum values dcscnbcd above. For exunplc, ts
the wax can have a sulfitr content nf front 0 to 500 ppnt (e g,
fmm 0 to 250 ppm, fmm 250 tn 500 ppm, from 0 to 1(X)

ppm. from 100 to 200 ppm. from 2(X) to 300 ppm, from 3(X)

to 400 ppm. from 400 to 500 ppm. from 0.001 to 500 ppm,
from 0.001 to 475 ppm. from 0.001 to 450 ppm. Ibom 0.001 20

to 425 ppm, from 0.001 to 400 ppm, from 0.001 to 375 ppm,
from 0.001 to 350 ppm, from 0.001 lo 325 ppm, from 0.001
to 300 ppm. fmm 0 (X)1 to 275 ppm, from O.N)1 to 250 ppnt,
fmm 0001 to 225 ppm. from 0001 to 200 ppm, from 0001
to 175 ppm. fmm 0 (X)1 to 150 ppm, from O.N)1 to 125 ppnt,
from 0.001 to 100 ppm, fmm 0.001 to 75 ppm. from 0.001
to 50 ppm, from 0.001 to 45 ppm. from 0.001 to 40 ppm,
from 0.001 to 35 ppm, lkom 0.001 lo 30 ppm, Ikom 0.001 to
25 ppm. from 0 001 to 20 ppm, lkom 0.001 to I S ppm. I'rom

0 001 tn 10ppm, front 0.001 to 5 ppm. from 000i to I ppnt, so

fmm 0.(X)1 to 0 I ppm. from 0 001 to 0 01 ppm, fnim 0 to
475 ppm. from 0 to 450 ppnt, from 0 to -125 ppm. fmm 0 to
400 ppm. from 0 to 375 ppm, from 0 to 350 ppm, from 0 to
325 ppm. from 0 to 300 ppm, from 0 to 275 ppm, from 0 to
250 ppm, Ikom 0 to 22S ppm. Ikom 0 lu 200 ppm. 1)om 0 to Is
175 ppm, Ikom 0 to ISO ppm. Ikom 0 lu 12S ppm. 1)om 0 to
100 ppm, from 0 to 75 ppm, I'rom 0 lo 50 ppm. from 0 to 45

ppm. frnm 0 to 40ppm. from 0tn 35 ppm, from 0to30ppnt,
fmm 0 to 25 ppm, from 0 to 20 ppm. from 0 to 15 ppnt, front
0 to 10 ppm. from 0 to 5 ppm, from 0 to I ppm, from 0 to so

0.1 ppm, or fmm 0 to 0 01 ppm). In some examples. the wax
can bc substantially I'rcc of sulfur. The sulfur content of thc
wax cnn bc dctcm»ncd by any suitable methods. such as
those known in thc art. In some cxamplcs, the sulfur con(wit
of the v ax is determined usmg AS'I M D -1294 I

'lite wax can. for example, have a calcium content of 50

ppm or less (e, 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 o

or less. 3 5 ppm or less, 3 ppm or less, 2 5 ppm or less, 2 ppm
or less. 1.5 ppm or less, I ppnt or less. 0 75 ppm or less, 0 5

ppm nr less, 0 25 ppm or less. 0.1 ppm nr less. 0.075 ppnt
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 . I
examples, the wax can have a calcium contenl of 0 ppm or
morc (c.g., 0.001 ppm or morc. 0.0025 ppm or more, 0.005
ppm or morc, 0.0075 ppm or morc. 0.0i ppm or morc, 0.025
pptn ot'orc, 0 05 ppm or mofc. 0.075 pptn ot'lorc. 0 I

ppm or more, 0 25 ppm or more, 0 5 ppm or mnre. 0 75 ppnl al
or more. I 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 morc. 4.5 ppm or morc, S ppm or morc, 61 ppm or morc,
7 ppm or morc, 8 ppm or more, 9 ppm ur morc, 10 ppm or
morc. 15 ppm or more, 20 ppm or morc, 25 ppm or morc, ss
30 ppln of i)lot'e, 35 ppm of ttlore, of 40 ppnl or inure) I bc
calcium content of the wax can rmtge fmm any of the

nuntmum values dcscnbcd aboic lo any ol lhc maxunum
values described above ltor example, the wax can hme a

calcium cnntent nf from 0 to 50 ppm (e g.. from 0 tn 25 ppm,
from 25 tn 50 ppm, from 0 to 10 ppm. front 10 to 20 ppm,
from 20 to 30 ppm, from 30 to 40 ppm, from 40 to 50 ppm.
from 0.001 to 50 ppm, from 0.001 to 45 ppm, fmm 0.001 to
40 ppm. frum 0.001 lo 35 ppm, from 0.001 to 30 ppm, I'rom

0.001 to 25 ppm. Ikom 0.001 lo 20 ppm, from 0 001 to 15

pptlt, from 0001 to 10 pptn. from 0.001 to 5 pptn. front
0 001 to I ppm, from 0 (X)1 to 0 I ppm. from 0.(X)1 to 0.01

ppnt, frnm 0 to 45 ppm. frnm 0 to 40 ppm. from 0 tn 35 ppm,
from 0 to 30ppm. from 0 to 25 ppm. from 0 to 20ppm, from
0 to 15 ppm, from 0 to 10 ppm, fmm 0 to 5 ppm. from 0 to
I ppm, from 0 lo 0.1 ppm. or from 0 to 0.01 ppm). In some
examples, thc wax can be substantially I'rcc ol'calcium. Thc
calcium content of the wax can be deterntined using any
suitable methods, such as those known tn the art. In snme
exaniples, the calcium content of the wax can be determined
usia vkSTIvi D 5185.

The wax can. for example, have a copper 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 ppm or less, 3 ppm nr less, 2 5 ppm or less, 2 ppm or less,
I 5 ppni or less, I ppm or less. 0.75 ppm or less, 0 5 ppm or
less, 0 25 ppm or less, 0 I 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 have a copper content of0 ppm or more (c g., 0.001

ppm or morc. 0.0025 ppm or morc, 0.005 ppm or morc.
0 0075 ppm or more, 0.01 pptn or inure, 0.025 ppnt or more,
0 05 ppm or nxire. 0 075 ppm or more. 0 I ppm or more,
0 25 pptli or nmre, 0 5 ppm or more. 0.75 ppm or mnre, I

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 morc. 6 ppm or more, 7 ppm or morc.
or 8 pptll of Inot c). 111c copper cotltt ttt of lite w ax cail lait c
from any ol the nunimum values dcscribixl above to any of
the nmximum values described above ltor example, the wax
can have a copper content nf from 0 ppm to 10 ppm (e.g,
from 0 to 5 ppm, from 5 to 10 ppm, from I to 2 ppm, from
2 to 4 ppm. from 4 to 6 ppm, from 6 to 8 ppm, from 8 to 10

ppm, from 0.001 lu 10 ppm, Ibom 0.001 to 9 ppm, I'rom

0.001 to 8 ppm, from 0.001 to 7 ppm. from 0.001 lo 6 ppm.
from 0.001 to 5 ppm. from 0.001 lo 4 ppm, lkom 0.001 lo 3

ppnt, fmm 0 001 tn 2 ppm. fmm 0.001 to I ppm. from 0.001
to 0 I ppm, from 0.001 to 0 01 ppm. from 0 to 9 pptn, froni
0 to 8 ppm. from 0 to 7 ppm, from 0 to (i ppm, from 0 to 5

ppm, from 0 to 4 ppm. from 0 to 3 ppm. from 0 to I ppm.
from 0 lo O.l ppm, or from 0 to 0.01 ppm). In some
examples, thc wax can bc substanually I'rcc of copper. Thc
copper content ol'hc wax can bc dctcnntnc usutg any
suitable method, such as those known m the art I'or
exaniple, the copper content of the wax can be determined
usia vkSTIvi D 5185.

The v ax can, for example, have a nickel content of 100
ppm or less (e.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, 55 ppm or less, SO ppm or less, 45
ppnt or less, 40 ppm or less. 35 ppm or less, 30 pptn nr less,
25 ppm nr 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 ppm or less, 2.5 ppm or less, 2 ppm or less, I.s ppm
or less. I 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.(X)75 ppnt or
less, or 0 005 ppm or less) In some examples. the wax can
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have a nickel content oi' ppm or morc (c.g.. 0.001 ppm or
more, 0.0025 ppm or more, 0.005 ppm or more, 0.0075 ppm
or morc, 0.01 ppm or more. 0.025 ppm or morc, 0.05 ppm
or more, 0.075 ppm or more, 0 I ppin or niore. 0 25 ppm or
morc. 0.5 ppm or morc, 0.7S ppm or murc, I ppm or morc,
I 5 ppm or more, 2 ppm or niore, 2.5 ppm or more, 3 ppni
or more, 3.5 ppm or more, 4 ppm or more, 4.5 ppm or more,
5 ppm or more, 6 ppm or niore, 7 ppm or more, 8 ppm or
more, 9 ppm or more. 10 ppm or more, 15 ppm or more. 20

111

ppm or more, 25 ppm or morc. 30 ppm or morc, 3S ppm or
more, 40 ppm or more, 45 ppm or more, 50 ppm or more,
55 ppm or morc. 60 ppm or more, 65 ppm or morc. 70 ppm
or Irulre, 75 ppm ot'loi'e. 80 ppm ol'ille. N5 pplu ol'llore,
or 90 ppm or morc). Thc nickel content of thc wax cmi range
fmm any of the minimum values described above to any of
the maximum values described above. For example. the wax
can have a nickel content of from 0 to 100 ppm (e g., front
0 to 50 ppm, from 50 to 100 ppm, from 0 to 20 ppm, fmm
20 to 40 ppm, from 40 lo 60 ppm, from 60 to 80 ppm. I'rom lo
80 to 100 ppm. fmm 0 001 to 100 ppm. from 0.001 to 75

ppm. from 0.001 to 50 ppm. Ikom 0.001 to 45 ppm, I'rom

0 001 to 40 ppm, fmm 0 001 to 35 ppin, fmm 0 001 to 30

ppm. from 0.001 to 25 ppm, from 0 001 to 20 ppm, front
0 001 to 15 ppm, fmm 0.001 to 10 ppin, from 0.001 to 5

ppm. from 0.001 to I ppm, ibom 0.001 to 0.1 ppm, fmm
0.001 to 0.01 ppm, from 0 to 75 ppm. fmm 0 to 50 ppm,
from 0 to 45 ppm, I'rom 0 to 40 ppm, from 0 lo 35 ppm, from
0 lo 30 ppm, Ikom 0 to 25 ppm, from 0 to 20 ppm. Ikom 0
to 15 ppm. from 0 to 10 ppin, from 0 to 5 ppm, from 0 to lo
I ppm, from 0 to 0 I ppm, or from 0 to 0.01 ppm1 In some
examples, the wax can be substantially free of nickel 'I he
nickel content of the wax can be determined usin any
suitable method. such as those known in the art. For
example, lhc nickel content can bc dclcrnnncd using ASTM 31

D Nt185.

lhc wax can, Ibr cxmnplc, have a vaimdtum content of 25

ppm or less (e.g, 20 ppni or less, 15 ppm or less, 10 ppm or
less. 9 ppm or less. 8 ppm or less, 7 ppin or less. 6 ppni or
less, 5 ppm or less, 4.5 ppm or less, 4 ppm or less. 3.5 ppm so

or less, 3 ppm or less. 2 5 ppm or less. 2 ppm or less, 1.5 ppm
or less, I 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 ur less. 0.007 S ppm or
less. or 0 005 ppm or less) In some exaniples. the ivax can
have;I v;ltlarllunl colltellt of 0 ppnl ol'ille (e.g, . 0.001 pplll
or more, 0.0025 ppm or more, 0.005 ppm or more, 0.0075
ppm or more. 0.01 ppm or more, 0.025 ppm or more. 0.05
ppm or more, 0.075 ppm or morc. 0.1 ppm or morc. 0.25

ppm or morc, 0.5 ppm or more, 0.75 ppm or morc, I ppm o

or more, 1.5 ppm or more, 2 ppm or morc, 2.5 ppm or morc,
3 ppm or more, 3 5 ppm or niore, 4 ppin or more. 4 5 ppni
or nlore. 5 ppm or more, 6 ppm ol'lore, 7 pptn ol Illore, 8

ppm or more. 9 ppm or more. 10 ppm or more, 15 ppm or
more, or 20 ppm or more). The vanadium content of the wax . 1

can range from any of thc nnnimum values descnbcd above
to mly of the maxnnum values described above. For
example, thc wax can have a vanadmm content of Ikom 0 to
20 ppm (e g., from 0 to 10 ppin, from 10 to 20 ppm. front
0 to 5 ppm, from 5 to 10ppm. froin 10 to 15 ppm, front 15 so

to 20 ppm, from 0.001 to 20 ppm. from 0.001 to 15 ppm,
from 0.001 to 10 ppm, from 0.001 to 5 ppm, thorn 0.001 to
I ppm, Ibom 0.001 lo O.l ppm. from 0.001 to 0.01 ppm, I'rom

0 to 15 ppm, I'rom 0 to 10 ppm, from 0 lo S ppm, from 0 to
I ppm, from 0 to 0.1 ppm, or Ikom 0 Io 0.01 ppmk In some ss
examples, the ivax can be substantially free of vanadiuni
'I'he vanadium content of the wax can be determined using

any suitable method, such as those known in thc art. For
example. the vanadium content of the wax can be deter-
nuncd using ATM D 5185.

In some examples, the wax has a total chloride content of
50 ppm or less: a nitrogen content of 300 ppm or less, and
a silicon content of 125 ppm or less In some examples, the
v ax has a total chloride content of 50 ppm or less: a nitrogen
content nf 300 ppm or less; a sihcon content of 125 ppni or
less, md a sodium 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 content
of 125 ppm or loss, a sodium content of ISO ppm or less, an
iron content of 10 ppm or less; a sulfur content of 500 ppni
or less, and a calcium conlmlt oi'O ppm or less. In some
exnniples, the wax has a total chloride content of 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 phosphonis content of 50

ppm or less: a sulfur content of 500 ppm or less, and a

calcium content of 50 ppm or less. In some examples, the
wax has a total chloride content oi'SO ppm or less, a iutrogcn
content nf 300 ppm or less; a sihcon content of 125 ppni or
less, a sndium content of 150 ppm or less; an iron content of
10 ppm or less; a phosphonis content of 50 ppm or less; a
sulhir content of 300 ppm or less: a calcium content of 50

ppm or less: a copper content of 10 ppm or less: a nickel
content of 100 ppm or less; mid a vanadium content of 25

ppm or less.
In some examples, the wax has a total chloride content of

25 ppm nr less; a nitrogen content of 300 ppm or less; and
a silicon content of 100 ppm or less In some examples, the
v ax 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 sodtmn content of 10 ppm or less. In some
examples, the w ax has. a total chloride content of 2S ppm or
less, a rulrogcn 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 sulfur content of 10 ppni
or less: and a calcium content of 5 ppm or less. In some
examples, the wax has a total chloride content of 25 ppm or
less, a rulrogcn content of 300 ppm or less, a silicon content
of 100 ppm or loss, a sodium content oi'0 ppm or lcssi an
tron content of 10 ppm or less, a phosphorus content oi'0
ppni or less: a sulfur content of 10 ppm or less; and a calciuni
content of 5 ppm or less In some examples, the wax has a
total cldoride 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, m»ron content of 10 ppm
or less, a phosphorus content of SO ppm or less, a suliur
content of 10 ppm or less: a calcium content oi' ppm or
less, a copper content of 10 ppm or less; a nickel content of
100 pptli or less: and a vanadiuln contelit of 25 ppin or less

The lvax can, for example. have a Ciardner color of 2 or
more (e.g.. 2.5 or more, 3 or more, 3.5 or more. 4 or more.
4.S or morc, 5 or morc. 5.5 or morc, 6 or morc. 6.5 or morc.
7 or morc. or 7.5 or morc). In some cxamplcs, thc wax can
huvc a Ciardner color of 8 or less (c.. 7.S 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) I'he (iardner color
of the lvax can range from any of the minimum values
described above to any of the maximum values described
above For example, lhc Isax can have a Garthtcr color of
from 2 lo 8 (c.g., Irom 2 lo 5. from S to 8, from 2 lo 4, I'rom

4 to 6. from 6 to 8, Ikom 2 lo 7, from 2 to 6, from 3 lo 8, I'rom

4 to 8, from 2.5 to 7.5, from 2 5 to 8, or from 6 5 to Nk 'I he
(iardner color of the lvax can be determine using any
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suitable mc&hod, such as &hose known in Ihe ar&. For
example. the Ciardner color of the &sax can be deternuned
using AS I'M D 1500

'lhe v ax can, for example. have an oil content of 5% or
more by weight (e.g.. 10% or more. 15% or more. 20% ol
more, 25'io or more, 30% or more. 35% or more. or 40%ot'l&olc).

Il& solrlc cxalnplcs, thc wax cal& I&ave a&1 r&11 crrlllcl&I

of 50%a or less (c.g, 45% or lcsso 40% or less, 3S% or less,
30% nr less, 25'%r less. 211'rt or less, 15% or less. or 10%
or less). 1'he oil content of the wax can range from any of the ro

mininn&m values described above to any of the maxinnun
values described above. For example, the wax cnn hove an
oil content of from 5'io to 50% (e.g., from 5'/o ro 25'io. fmm
25% Io 50/o, from S% Io 15%, from 10/o Io 15%, from 15%
to 20%, I)urn 20/o Io 25%. fmm 25% Io 30/o. from 30% Io rs
35%, from 35'%o 40%, fmm 40% to 45%, from 45% to
50%, from 5% to 45%, fron& 5'i to 40%, from 5% to 35%,
fmm 5% to 30%, from 5% to 20%. from 5% to 15%, fron&

10;o to 50%, from 15% to 50%, I'rom 20'/o to 50'io, fmm
30;o to 50%, from 35% to 50%, I'rom 40'/o to 50'io, fmm &o

10% to 45/o. or from 25% Io 4S%). Thc orl content of Ihc
wax cmt bc dctennu&cd using any su&table mc&lard. Ibr
example rlx&se known in the arr i&or example. the nrl content
of the v ax can be detern&ined using ASI'M D 721

'lhe wax can, for example. have a Iield Vapor Pressure of'2.5psig or less (e.go 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 psrg or less, 8 S psrg or less. 8 psig or less, 7 S psrg or less,
7 psrg or less, 6 S psrg or less. 6 psig or less, 5 S psrg or less,
5 psig or less, 4 5 psrg or less, 4 psigorless, 3.5 psig or less, &o

3 psig nr less, or 2 5 psig or less). In some example~. the wax
can have a Reid Vapor Pressure of 2 psig or more (e g . 2 5

psig or more, 3 psig or more, 3.5 psig or more. 4 psig or
more, 4.5 psig or more. 5 psig or more. 5.5 psi or more, 6

psig or morc. 6.5 psig or more, 7 psig or morc, 7.5 psig or &s

morc. 8 psrg or morc, 8.S psig or more, 9 ps&g or morc. 9 5

psig or more, 10 psig or morc. 10.5 psig or morc, or 11 psrg
or more) 'I'he Iield Vapor Pressure of the wax can range
fmm any of the minimum values described abnve to any of
the maximum values described above. For example. the wax so

can have a Reid Vapor Pressure of from 2 to 12.5 psig (e.
from 5 to 7 psig, Ikom 7 to 12.5 psrg, from 2 Io 4 ps&g. I'rom

4 to 6 ps&go from 6 to 8 psrg, from 8 ro 10 ps&go from 10 to
12 5 psig, from 2 to 12 ps&g. from 2 to 11 ps&go Ikom 2 to 10

psig. from 2 to 9 psig. from 2 to 8 psig. frnm 2 to 6 psig, fron&

2 to 5 psi, from 3 to 12.5 psia. from 4 to 12 5 psig. fron&

5 to 12.5 psig. from 6 to 12.5 psig. from 7 to 12.5 psi . fmm
8 to 12.5 psrg. from 9 to 12.5 psig. from 3 to 12 psig, fmm
5 Io 11 ps&go or from 7 to 10 ps&g). The Rcid Vapor Prcssure
of Ihc wax can bc dctcnnrncd usutg any sui&ublc mc&hod, o

such as &hose known rn Ihc ar&. For cxamplco Ihc Rc&d Vapor
Pressure of the wax can be determined using AS'I M I) 51') I

'lhe wax can. for example, have a water by distillation
amount of 0.5 vol, 'io or less (e.g.. 0.45 vol. % or less. 0 4
vol. oio or less. 0.35 vol. % or less. 0.3 vol. % or less. 0.25 . s

rol. '!o or less, 0.2 vol. % or less, 0.15 vol. io or less. O.l vol.
'!o or less. 0 07 S vol. % or less, 0 05 vol. 'io or less. 0 02S vol.
'!o or less, or 0 01 vol. '/o or less). In some cxumplcso Ihc wax
can have a &vater by distillatron amount nf 0 vol '%r n&ore

(e .. 0 01 vol % or more, 0 025 vol % or more, 0 05 vol ao

'io or more. 0 075 vol. % or more. 0.1 vol. % or more. 0.15
vol. 'io or more. 0.2 vol % or more, 0.25 vol. % or more. 0 3

I ol. '!o or morc, 0. 35 vol. % or more, or 0.4 vol. % or morc).
Tile art&on&It ol water b)'llstlllatloll ill Illc wax coll& rrlllgc
from any of thc muumum values descnbed above to any of as

the maximum values described above. I&or example. the wax
can have a water by distillation mnount of frmn 0 to 0 5 vol

% (cgo from 0 Io 025 rol. '!oo from 0 25 Io OS vol. %, I'rom

0 to 0.1 vnl %, from 0 I to 0.2 vol. %, from 0 2 to 03 vol
%, fron& 0 3 to 0 4 vol. %, from 0.4 to 0 5 vol %. fmrn 0 to
0 4 vol. %, fmm 0 to 0 3 vnl. %. from 0 to 0 2 vnl. 'i, fron&

0 to 0.05 vol. '!o. or from 0 to 0.01 vol. 'io) The amount of
v ater by distillation in the wax can be determined by any
sui&able mc&hod. such as &hose known rn the ar&. For
example, Ihc we&cr by dis&illation umount &n thc wax can bc
deternnned using AS FM D 95

I'he wax can, for example, have a total sediment content
of 0 5 vol 'i or less (e.g,. 0.45 vol % or less, 0 4 vol. oi or
less. 0.35 vol. % or less, 0.3 vol. 'io or less, 025 vol. '/o or
less. 0 2 vol. % or less, 0. 15 vol. 'io or less. 0. I vol. '!o or less.
0.075 vol. % or less, 0.05 vol. /o or less, 0.025 vol. % or less.
or 0 Ol vol. % or less). In some cxamplcs, Ihc wax cmt have
a total sediment content of 0 vol '%r more (e g, 0 01 vol
% ormnre, 0 025 vol.% or mnre. 0.05 vol % or more, 0.075
vol % or more. 0.1 vol % or more. 0 15 vol.% or more, 0 2
vol. %o or more. 0.25 vol, 'io or more, 0 3 vol. % or more.
035 vol. % or more, or 0.4 vol. 'io or more). The total
scdrmcnl content of Ihc wax cmt rungc Irom any ol Ihc
nun&mum values dcscnbcd shore Io any ol Ihc maxunum
values described above i&or example, the wax can hme a

total sediment content of from 0 to 0 5 vol % (e g, fron& 0
to 0 25 vnl %, from 0 25 rn 0.5 vol. %, fmm 0 to 0 I vol
%. from O.l to 0.2 vol. 'io. from 0.2 to 0.3 vol %, from 03
to 0.4 vol, %o. from 0.4 to 0.5 vol. 'io. from 0 to 0 4 vol. %.
from 0 Io 0.3 vol. %, from 0 to 0 2 vol. '/o. from 0 Io 0.05
vol. %, or lrom 0 Io 0.01 vol. %). Thc Iotul srxluncnt con&en&

of the wax can be determined by any suitable method. such
as thnse knnwn in the arr i&or example. the total sediment
content of the wax can be determined using AS!'M D 4870

The wax can, for example, l&uve an n-heptane insoluble
content of 0. 5 &vt. % or less (e, 0.45 wt. % or less, 0.4 wt.
% or less. 0.35 w&. '!o or less, 0.3 wt. % or less, 0.2S wt. %
or less, 0.2 wt. /o ur less, 0.15 wt '!o or less. 0.1 w I. % or
less. 0 075 w&. % or less. 0 05 w t. '!o or less, 0 02S w r. % or
less, or 001 v;t. % or less) ln some examples, the wax can
have an n-heptane insoluble content of 0 wt % or more (e.g,
0.01 wt. % ol &nore. 0.025 vx. 'io or more, 0.05 wt. % or
more. 0 075 wt. % or more. 0.1 wt. 'io or more. 0.15 wt. %
or morc. 0.2 w&. % or more, 0.25 wt. % or morc, 0.3 wt. %
or morc. 0.35 w I. % or morc. or 0 4 wt. % or more). Thc
n-heptane insoluble content of the wax can range from any
of the n&inimum values descnbed above to any of the
nmximum values described above. I&or example, the wax can
have m& n-heptane insoluble content of from 0 to 0.5 wt. %
(e ., from 0 to 0.25 wt. 'io. from 0.25 to 0.5 v t. %, from 0
to 0 I w&. %. from 0.1 to 0.2 w&. %, from 0.2 Io 0.3 w r. %.
from 0.3 to 0.4 w&. %, from 0.4 to 0 5 w&. %, from 0 to 04
wt. %o. from 0 Io 0.3 w t. %, Ikom 0 Io 0.2 w&. %, from 0 Io
005 wt. 'is or from 0 ro 001 wt %) 'Ihe n-heptane
insoluble content of the wax can be determined by any
suitable method. such as those knov n in the art. For
example. the n-heptane insoluble content of the wax can be
dc&crnnncd using ASTM D 3279.

Thc wux can, R&r cxamplc, haves to&al acid number of I

mg KOH/g or less (c.g.. 0.9 mg KOH/g or less, 0.8 mg
KOI I/8 or less, 0 7 mg KOI I/ or less. 0 6 mg KOI I/g or
less, 0 5 mg KOflig or less. 04 mg KOI I/8 or less, 03 mg
KOH/g or less. 0.2 mg KOH/g or less, or 0.1 mg KOH/8 or
less). In some examples. the wax can have a total acid
number of 0 mg KOH/g or morc (c.g., 0.1 mg KOkiig or
morc. 0 2 mg KOH/g or morc, 0.3 mg KOH/g or morc, 04
mg KOH/g or more, 0.5 mg KOH/g or more, 0.6 mg KOH/g
or mnre, 0 7 mg KOI Iig, or more, 0.8 mg KOI Iig nr more,
orO 9 mg KOII/8 or mnre) 'I he total acid number ofthe wax
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can range from any of thc nnnimum values dcscnbcd above
to any of the maximum values described above I'or
example. the &vax can have a total acid number of from 0 to
I ing KOI I,'g (e g, front 0 to 0.5 mg KOI I/g, from 0 5 to I

m KOH/g, from 0 to 0.2 mg KOH/, from 0.2 to 0.4 m
KOH/g, from 0 4 to 0 (i mg KOH/g. from 0.6 to 0 8 m
KOH/g. from 0.8 to I mg KOH/g, from 0 ui 0.8 mg KOH/g,
from 0 to 0.6 mg KOH/g, I'rom 0 to 0.4 mg KOH/g, or I'rom

0 to 0 I mg KOII/g) 'I he total acid number of the ivax can
be determined using any suitable method, such as those io

kno&vn in the art I'or example. the total acid number of the
wax can be determined using ASTM D 664.

In some examples. the wax has a Reid Vapor Pressure of
12 5 psig or less, mid a final boiluig point of 9SO'. to1300'.

In some examples, thc wax has a Rcid Vapor Prcssure of is
fmm 7 to 10 psig: and a final boiling point of from ')95'&
to 1235" I(

In some examples. the wax has a Reid Vapor Pressure of
12.5 psig or less, and a pour point of 30" F. to (i0" F. In some
examples, the wax has a Reid Vapor Pressure of from 7 to )&s

10 psig. mid a pour point of from 33'. (o S2'.
In some examples, the wax has a Iinal boiluig pout& of

950" I'o 1300'': and a pour point of 30" I'o 60" I'n
some examples, the wax has a final boiling point of front
995" I'o 1235" I'; and a pour point of from 33'( to 52"

F.

In some examples. the wax has a Reid Vapor Pressure of
12.5 psig or less, a Iinal boiluig point of 9SO'. to 1300'.,
and a pour pouit of 30'. to 60" F. In some cx;unplcs. (hc
wax has a Reid Vapor Pressure of from 7 to 10 psig; a final so

boilin point of fmm 995" I& to 1235" I'.: and a pour point
of from 33''o 52" I&

In some examples. the wax has a Reid Vapor Pressure of
12.5 psi or less; a final boiling point of 950', ro 1300'.,
a pour point 01'0'. to 60'., a total chlorulc content of is
50 ppm or less, a nitrogen content oi 300 ppm or less; a

silicon content of 125 ppm or less. a sodium con&wit oi 150

ppm or less: an iron content of 10 ppni or less; a phosphonis
content of 50 ppm or less, a sulfur content of 500 ppm or
less; and a calcium content of 50 ppm or less. In some do

examples, the wax has a Reid Vapor Pressure of from 7 to
10 psig; a liual boiluig pout& of from 995'. to 1235'.. a

pour point of from 33'. to S2'., a totul chlondc con&wit

of 25 ppm or less, a rutrogcn content oi 300 ppm or less. a
silicon content of 100 ppni or less: a sodium content of 10

ppm or less: an iron content of 10 ppni or less; a phosphonis
content of 50 ppm or less; a sulfur content of 10 ppm or less,
and a calcium content of 5 ppm or less.

In some cxmnplcs, thc wax is a raw pyrolysis product,
maiming thc wax is produced by a mmhod tha1 substan1iully o

cxcludcs any hydrolrcalmcnt or fiirthcr rclimng a(cps uftcr

pyrolysis
Oil
Also disclosed herein are oils derived from pyrolysis of a

feedstock comprising post-consumer and/or post-industnal . o

plastms. In some examples, thc oil can bc produccxl via
pyrolysis at an uidustnal scale.

lite 011 Call, Ior cxdlllplc, liavC a ll&iillbC& avCldgC lll&11CC&l-

lar wei ht and/or a weight average molecular weiglu of 50
Daltons or more (eg, 55 l)altons or more, (&0 Daltons or so

more, (i5 Daltons or more, 70 Dalton& or more, 75 Daltons
or more, 80 Daltons or more, 85 Daltons or more, 90 Daltons
or morc. 9S Daltons or more, 100 Daltoiw or more. 110
Daltons or morc, 120 Daltons or more, 130 Daltons or morc,
140 Daltons or morc, ISO Daltons or morc. 160 Daltons or os

more. 170 Daltons or more, 180 Daltons or more. I')0
l)altons or more, 2001)altons or more, 225 Daltons or niore,

250 Daltons or morc. 275 Daltons or morc, 300 Daltons or
more, or 325 Daltons or more) In some examples the oil
can have a munber average molecular weight and&or a
weight avensge molecular weight of 350 Daltons or less
(e ., 325 Daltons or less, 300 Daltons or less, 275 Daitons
or less. 250 Daltons or less, 225 Daltons or less, 200 Daitons
or less. 190 Daltons or less, 180 Daltons or less, 170 Daltons
or less. 160 Daltons or less, 150 Daltons or less, 140 Daltons
or less, 130 Daltons or less, 120 Daltons or less, 110 Daltons
or less, 100 Daltons or less, 95 1)altons or less, 90 Daltons
or less, 85 l)altons or less, 80 Daltons or less. 75 Daltons or
less. 70 Daltons or less, 65 Daltons or less, or 60 Daltons or
less). The number average molecular weight and/ore weight
average mohxular weight of thc oil can range from any of
thc nuninunn values dcscrtbcd above to any of thc maxi-
nnim values described above i&or example, the oil have a
nun&her average molecular weight and/or a weight average
molecular weight of from 50 to 350 Daltons (e g., fmm 50
to 200 Daltons. from 200 to 350 Daltons, from 50 to 150
Daltons. from 150 to 250 Daltons. from 250 to 350 Daltons.
from SO to 300 Dal(ons. from 50 to 2SO Daltons. fmm 50 to
100 Dtdtons. Iroin 75 10 350 Da110ns, II'0&n 100 10 350
l)altons, from 150 to 350 Dalton&. from 300 to 350 Daltons,
from 75 to 325 Daltons, or from 100 to 300 l)altons)

I'he oil comprises a inixture of difi'erent hydrocarbons
(e ., linear. branched. cyclic, acyclic, saturated, unsatu-
rated, aromatic. non-aromatic, etc ), any of wluch can
optionally bc substituted. In some cxamplcs, thc oil com-
pnscs a mixture of difii:rent hydrocarbons, any of wluch cdn
optionally be substituted. and 90'%r more of the mixture
(w/w) comprises C, -('io hydmcarbons (e g., 90 5'i or more,
91% or niore, 91.5% or &nore. 92% or more. 92.5% or more,
93% ot'oi'e. 93.3% ot')ore. 94% or more, 94.5% or more.
95% or more. 95.3% or more. 96% or more, 96.5% or more.
97% or morc. 97.5% or morc. 98o/o or morc. 98.S% or morc.
or 99% or more). In some examples, the oil compnscs a

nuxturc ol'illi:rent hydrocarbons, any oi'hich can opuon-
ally be substituted, and 100% or less of the niixture (w/w)
comprises (',-C„, hydmcarbons (e g, 99 5% or less, 99%oi'ess.

98.5% or less. 98% or less, 97.5% or less. 97% or less.
96.5% or less. 96'io or less. 95.5% or less, 95% or less.
94.5% or less, )4% or less, 93 5!o or less, 93% or loss.
92.5% or less, 92'!o or less, 91.5'!o or less, or 91% or less).
Thc amount of the mixture compnsin C,-CC&, hydrocarbons
can range from any of the minimum values described above
to any of the maximum values described above. I'or
example. the oil comprises a mixture of different hydrocar-
bons. any of v:hich can optionally be substituted, and from
90% to 100% of thc mixture (w/w) can compnsc C,-Cco
hydrocarbons (c.g., from 90'!o to 958ro. Iyom 95% to 100%.
from 90% to 92%, from 92'/o to 94%, from 94% to 96%.
from 96% to 98%. from 98% to 100%, fmm 90'ri to 98%,
from 90'%o 96'%. from 90% to 94%. front 92"ri, to 100%,
flot&i 94% to 100;o, fmnt 96/o 1o 100%, ftom 91% to 99%.
from 92% to 98%, or from 92% to 96%).

Thc oil compnscs a mixture 01'iilbrcnt hydrocarbons
(c g., linear. branched, cyclm. acyclic, saturated, unsatu-
rd link lloliiat&C, i&0&i-drollliltlC, CIC.), all)'1 wlllCli Call

optionally be substituted In some examples, the oil coni-
prises a mixture of difierent hydrocarbons, any ofwhich can
optionally be substituted, and 90'/o or more of the mixture
(v /w) comprises Co-C„, hydrocarbons (e.go 90.5% or more.
91% or morc. 91.5% or morc. 92o/o or morc. 92.S% or morc.
93% or morc. 93.5% or morc. 94o/o or morc. 94.S% or morc.
95% or morc. 95.5% or morc. 96/o or morc. 96.S% or morc.
97% or niore, 97.5% or &nore. &98% or more. 98.5% or more,
or 99oi or nmre) In some examples, the 0&1 comprises a
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mixture of ddlbrcnt hydrocarbonsr any of v Inch can uption-
ally be substituted, and 100'i or less of the mixture (w/w)
comprises ('4-C„, hydmcarbons (e g., 99 5'!/ or less, 99%ot'ess.

98 5'%r less. 98% or less. 97.5'rt or less, 97'%r less,
96.5'io or less. 96% or less, 95.5% or less. 95% or less,
94.5'io or less. 94% or less, 93.5% or less. 93% or less,
92.5!o or less, 92/o or less, 91.5% or less, or 91% or less).
Thc amount of thc mixture compnautg C»-C„, hydrocarbons
can range from any of the mininnun values described above
to any of the maximum values described above I'or to

example. Ihe oil comprises a mixture of different hydrocar-
bons, mty of which can optionally be substitured, and fmm
90;o to 100% of the nuxture (w/w) can cotupt'Ise Co-C: o

hydrocarbons (c.g., from 90% to 95%, from 9S% to 100%,
from 90/o to 92%, from 92% to 94%. Irom 94% UI 96%, Is
fmm 96% to 98%, fmm 98% to 100%, fmm 90% to 98%,
fmm 90'%o 96%, fmm 90% to 94'rt, from 92% to 100%,
fmm 94% to I (10'%, fmm 96% to 100'%, from 91'%o 99%,
from 92»io to 98%, or from 92% to 96%).

In some examples. the otl comprises a mixture of diff'erent 20

hydrocarbons, auy oi'hich can optionally be substttutcxt,
and 0%» or morc of the mixture (w/w) cun comprise C(I C o

hydrocarbims (e g.. 0.5% or ntore, 1% or more, I 5% or
more. 2% or more, 2 5% or ntore, 3% or more, 3 5% or
(110('c. 4% ol'orc, 4 5% or Iltolc, 5% ol outre, 5 5%ot'ore,

6% or Inore, 6.5% ot'nore, 7% or more, 7.5%ot'ore,8i'o or more, 8.5% or more, or 9% or more). In some
cxanlplcs, thc 011 conlpnscs B nnx(Urc 01 dtlhxcnt hvdro-
carbons. any of which can optionally bc substituted. Bnd
10% or less of the ntixture (w/w) can coinprise (',I-(',o IB

hydrocarbims (eg, 9 5% or less. 9»i or less, N.5% or less,
8'/0 or less, 7 5% or less, 7 i or less. 6 5'i or less, 6 I or less,
3 .5i'o or less, 5% or less, 4.5'/o or less, 4'/o or less. 3.5% ol
less, 3% or less. 2.5 io or less. 2% or less, 1.5% or less. Cl
I /o or less). The amount of thc nnxture compnsutg C»-Cso Is
hy'dIocBrbons cBB FBngc fioat Bnv of thc nunnnunl VBIUcs

dcscnbcd above to any oi'hc maxunum vulucs descnbcd
above i&or example. the oil contprises a mixture of ditferent
hydrocarbims, any of which can optionally be substituted,
and from 0i'o to 10% of the mixture (w/w) can comprise 40

C»-Cso hydmcarbons (e.g.. from 0'!o to 5%. from 5% to
10%, from 0./o to 2%, from 2% to 4%, from 4% to 64/o. I'rom

6 /o to 8%, from 8!o to I 0%. I'rom 0/o tu 8%, from 0% to 6%,
from 0'/o to 4'!o, from 1% to 10%. from 2% to 10%. from 4%
to 10/ . from 6% to 10%, final 0.5/ to 9 5%, fl'oill 1% to 4

9%. or from 2% to 8%).
In some examples. the otl comprises a mixture of diff'erent

hydrocarbons, any of which can optionally be subsunned,
and 25% or morc of thc nnxturc (w/&w) &xtmpnscs C,-C»
hydrocarbons (c.g., 25.5% or morc. 26io or morc. 26.5% or 0

morc. 27 /o or morc. 27 S% or morc, 28 /o or morc, 28 5% or
more. 29% or more. 29 5% or ntore. 30% &m more, 30.5%ot'ore.31% or more. 31 5% or ntore. 32% &m more, 32.5% or
more, 33i'o or more, 33.5% or more. or 34% or more). In
some examples, the otl comprises a mixture of diff'erent .1
hydrocarbons, auy oi'hich can optionally be substttutcxt,
and 35% or less of thc mixture (w,tw) 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'%r less,
31% or less. 30 5% or less, 30% or less. 2'85% or less, 29% ao

or less, 28.5% or less. 28% or less. 27.5% or less. 27% ol
less, 26.5% or less, or 26% or less). The amount of the
mixture comprising C,-Cs hydrocarbon Liut rmtge from any
of thc nunimum values dcscnbed abuvc BI any oi'hc
maxuuum ialucs descnbcd above. For cxamplc. (hc otl as

comprises a mixture of different hydrocarbons, any of which
can optionally be substituted. and fmm 25% to 35% of the

nuxturc (w,'w) can comprise C, -C» hydrocarbons (c.g., I'rom

25% to 30%, from 3(1N to 35%. from 25% to 27'rt, front
27% to 29%, from 29% to 31%. from 31% to 33'N, front
33% to 35%, from 25% to 33%. from 25% to 31'rt, front
25% to 29%. from 27% to 33%, from 29% to 35%, from
31% to 35%, from 25.5% to 34 5'i. or from 26% to 34%),

In some cxamplcs. the otl compnscs a mixture of &hiicrcnt
hydrocarbons, any uf wluch can optionally bc subsututed.
and 25% or nmre of the mixture (w/iv) comprises ('4-('»
hydrocarbmts (e 8,, 25.5% or more. 26% or more. 26 5»i or
more, 27% or nmre, 27 5'%r more, 2N'%r more, 2N 5% or
more. 29% or more. 29 5 io ol'ttore, 30'io or more. 30 5% or
more. 31% or more. 31. 5 io ol'ttore, 32'io or more. 32 5% or
morc. 33% or morc, 33.5% or more, or 34% or more). In
sonic cxdnlplcs, thc tul conlpllscs a aux(Ore ol dliicrcnt
hydrocarbmts. any of which can optionally be substituted,
and 35% or less of the mixture (w/w) compnses ('4-('1
hydrocarbmts (e.g, 34.5% or less. 34% or less, 33 5% or
less. 33%o or less, 32.3% 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, 2S.5% Ur less, 2S% or less, 27.S% or less, 27% or
less. 26.5% Ur less. or 26% or less). lltc amount of thc
mixture comprising (!4-( „hydrocarbon can range from any
of the ntinimum values descnbed above to any of the
nmximum values described above I'or example. the oil
comprises a mixture of different hydrocarbons. any of which
can optionally be substituted, and from 25% to 35'!o of the
nuxturc (w,'w) can comprise Co-Cs hydrocarbons (c.g., I'rom

25% to 30%. from 30%4 to 35/o. from 25% to 27%, I'rom

27% to 29%, from 29% to 31%. from 31% to 33'N, front
33% to 35%, from 25% to 33%. from 25% to 31'rt, front
25% to 29%, from 27% to 35%. from 29% to 35'rt, front
31% to 35%, from 25.5% to 34 5'i. or from 26% to 34%),

In some examples. the oil compnses a mixture of different
hydrocarbons, any uf wluch can optionally bc subsututed.
dnd 5 1% ot ulot & of thc aux(UO ('w/'w ) can coItlPnsi Co C»o
hydrocarbons (c.go 55.54/o or morc. 565/o or morc, 56.5% or
more, 57% or nmre, 57 5'%r more, 5N'%r more, 5N 5% or
Illorc, 5 9% ul IIIOFB, 59 5 % ol'orc, 60% CF Bio lc, 60 5%ot'ore.

61% or more. 61. 5 io ol'ttore, 62'io or more. 62 5% or
more. 63% or more, 63.5i'o or more, or (i4% or more). In
sonic cxdnlplcs, thc tul conlpllscs a aux(Ore ol dliicrcnt
hydrocarbons, any uf wluch can optionally bc subsututed.
and 65% or less of thc mixture (w/w) can comPrisc Co-C»o
hydrocarbmts (e.g, 64.5% or less. 64% or less, 63 5% or
less, 63% or less, 62.5% or less, 62% or less, 61 5'i or less,
61% or less. 60.5% or less, 60% or less, 59.5% or less, 59%
or less. 58.5% or less, 38;o or less. 57.5% or less, 57% or
less. S6.5% Ur less. or 56% or less). lltc mnount of thc
nuxturc comPnsing Co-CIC hydrocarbons cau rmtgc I'rom

any of thc mtninntm values dcscnbcd above to mty of thc
nmximum values described above I'or example. the oil
comprises a mixture of difihrent hydrocarbons. any of which
can optionally be substituted, and from 55% to (i5!o of the
mixture (w/w) can comprise C,-CFw hydrocarbons (e...
from 55% to G0%, from 60'/o to (15%, from SS% to 57%.
from 57% to SO)%, from 59'/o to (11%, from 61% to 63%.
from 63% to GS%, from 55'/o to (13%, from SS% to 61%.
from 55% to 59'%. from 57% to 65%. from 59% to 65%,
from 61'i to 65%, fmm 55.5% to 64 5'%, or from 56'/0 to
64%).

In some examples. the oil compnses a mixture of different
hydrocarbons, any uf wluch can optionally bc subsututed.
dnd I % Ol ntol& Of th& OUX(UI'C (w/w ) Cdn ConlprlS& C

( C»o
hydrocarbons (c.go 1.5/o or morc, 2'/o or morc, 2.5% or
IIIOFC, 3% OI'IIOFC, 3 5N or mol'C. 4% ot'OlL, 4 5% Ot'IIOFC,5% OI'IIOFC, 5 5N or mol'C. 6% ot'OlL, 6 5% Ot'
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morc. 7»/o or more, 7 5'/o or more, 8/o or morc, 8.5'/o or
more. Cr 9'/ or more) In sonle examples, the oil conlprises
a mixture of different hydmcarbons, any of which can
optionally be substituted. and 10'N or less of the nlixture
(w/w) cmt compose C»-C„hydrocarbons (e,go 9.5'/o ol
less, 9i'o or less. 8.5'io or less, 8'/o or less. 7.5'/o or leam 7'/o
or Ics», 6.5'!o or less, 6'/o or less, 5.5»/o or less, 5/o or less,
4.5»/o or less. 4/o or less. 3.5'/o or lcs», 3'/o or less, 2.5/o or
less. or 2»/ or less) 1'he amount of the mixture comprising
('.,-Cso hydrocarbons can range fmm any of the mininnun lo

value~ described above to any of the nlaximum values
described above. For example, the oil comprises a mixture
of different hydrocarbons. any of which can optionolly be
subsututcd, and from I'/o lo 10'/o of lhc mixture (w/w) can
comprise C»-C»o hydrocarbons (ego from I/o lo 4.S/o, ls
fmm 4 5»/ to 10'N, fmm I'N to 4'i. from 4'N to 7'/. front
7'rb to 10»/. fmm I o/ to 9'N, from I'rN to 8'N, from I o/ to 7'/,
fmm I'rb to 6'/, from 1»/ to 5'N, front I'/ to 3'N. from 2'N

to I @%, from 3'io to 10'/o. from 4'/o to 10'/o, from 5'/o to 10'/o,

from 6'/o to 10'/o. from 8'/o to 10'/o, from 1.5'/o to 9.5i'o, from to
2/o lo 9!o, or from 3 /o lo 8/o).

In some example», lhc od n&mpnscs a mixture of dlffbrnll
hydrocarb&ms, any of which can optionally be substituted,
and the mixture compnses: 25-35'i (e g., 30-35'N) C,-('»
hydrocarb&ms, 55-65»/ (e g, 60-65'i ) ('r-('so hydrocarbons,
and I-10»io (e.go 3-8'/o) C»& ( o I'lydrocarbons. In some
examples, the oil composes a mixture of diff'creat hydro-
carbons. mly OI w luch can opuonally bc subslitulcdo and thc
mlxlurc comP»scs. 30-3S/o C,-C» hydrocarbons, 60-65/o
( o ( jj hydrocarbons, and 3-8'N C» -C,o hydrocarbons. )o

In some example~. the oil comprises a mixture of ditTerent
hydrocarb&ms, any of which can optionally be substituted,
and the mixture comprises: 25-35'/o (e.g.. 30-35'/o) ('C,
hydrocarbons, 55-65'/o (e,go 60-65'/o) C,-C&m hydrocarbons,
and 1-10!o (c.g., 3-8/o) C»& C o hydrocarbons. In some )s
cxaltlplc», lhc od colllpnsc» a nuxlulc oi dllhvcnl hvdro-
carbons. mly OI w luch can opuonally bc subslitulcdo and thc
mixture comprises 30-35'/ Co-( „hydrocarbons, 60-65'N
('o-('z&j hydrocarbons, and 3-8'N (:sr-(:ss hydrocarbons.

In some examples. the oil comprises a mixture of diff'erent so

hydrocarbons, any of which can optiormlly be snbsnnned,
and the mixture is substanually fr&x: oi hydrocarbons com-
pnsulg 30 or morc carbons.

In some example», lhc od n&mpnscs a mixture of dlffbrnll
hydrocarb&ms, any of which can optionally be substituted,
and the mixture comprises saturated hydmcarbons (e g.,
linear, branched. and/or cyclic alkanes). unsarurated (non-
aromatic) hydrocarbons (e.g.. linear, branched. and/or cyclic
alkcncs and/or alkyncs), and aronu&uc hydrocarbons. For
cxamplco thc oil n&mpnscs a mixture of dlffj:rntt hydrocar- o

bona. mly OI'luch can opuonally be subsututnl, and thc
mixture comprises 90 wt '/ or more unsaturated hydrocar-
bons (e.g., 90 5 wt. '/ or nlore, 91 wt '," or nlore, 91 5 wt
'io or more, 92 wt. 'io or more, 92.5 wt. '/o or more, 93 wt.
'io or more, 93.5 « t, 'io ol nlore, 94 wt. '/o or more, 94 5 wt. aa

!o or morc. 95 wl. /o or morc. 95.5 wl. /o or morc. 96 wl.
'!o or more, 96.S wt '/o or more, 97 wl. /o or morc. 97.5 wt.
'!o or morc. 98 wl. '/o or more, 98.5 wl. o/o or more, or 99 wt.
o/ or more) In some exanlples, the oil comprises a nlixture
of diflbrent hydrocarbon~. any of which can optionally be so

substituted, and the mixture comprises 100 wt. '/o or less
unsaturated hydrocarbons (e.g . 99.5 svt, '/o or less. 99 wt '/o

or less, 98.5 w t. '/o or Ics», 98 wt. '/o or Ics»o 97.5 wt. /o or
less. 97 wl. !o or less, 96.5 wl. /o or les». 96 wf. !o or less,
95.5 wu !o ol Icos, 95 wn /o ol lcs», 94.S wl. /o &jl Ics». 94 as

wt o/ or less. 93 5 wt. o/ or less, 93 svt 'N or less, 92 5 wt.
o/ or less. 92 lvt 'N or less, 91.5 wt 'N or less, or 91 wt. 'N

or lc»s) Thc amount of lhc mixture compnstng unsaulralcd
hydrocarbmls can range from any of the mlnimuln values
described above to any of the maximum values described
above For example, the oil comprises a mixture of ditTerent
hydrocarbons, any of which can optionally be substituted.
and the mixture comprises from 90 wt. o/o to 100 svt. '/o

un»stun&ted hydrucarbons (c.go from 90 lo 9S wl. '/oo I'rom

95 lo 100 wl. /o, from 90 lo 92 wu /o, from 92 lo 94 wl. /o.
from 94 to 96 wt '/, from 96 to 98 wt 'N, from &98 to I(X)

wt 'N, from 90 to 98 wt. o/, from 90 to 96 wt. o/. fmm 90
to 94 wt rk fmm ')2 to 100 wt '/. from 94 to 1(X) wt. 'N,
final 96 to 100 v't.;o. flolll 91 to 99 wt. 'io. from 92 to 98
v t. '/o, or from 94 to 96 vn, i'o).

In some cxamplc». the oil compnscs a mtxlurc of &hffcrcnl

hydrocarbon», any of wluch can opuonally bc subsulutcd.
and the mixture comprises 0 v t. o/ or nlore unsaturated
(non-sromatic) hydrocarbons (e.g . 0 25 wt o/ or more. 0 5

wt 'N orna»re, 075 wt rb or more. I wt o/ or &nore, 1.25
v t. '/o or more, 1.5 wt, oio ol'nore, 1.75 v t '/o or more, 2 wt.
'/o or more, 2.25 wt. '/o or more, 2.5 wt. o/o or more, 3 svt. '/o

or morc, 3.S wl. /o or morc. or 4 wl. '/o or more). In some
example», the otl comprlscs a mixture oi'tili:rent hydro-
carbons, any of which can optionally be substituted, and the
nuxture comprises 5 &vt o/ or less unsatumsted (non-am-
nmtlc) hydrocarbons (e.g . 4.5 &vt o/ or less, 4 wt. 'N or less,
3.5 wt.",o or less, 3 wt. 'io or less, 2.5 wt. o/o or less, 2.25 wt.
'/o or less, 2 wt. 'io or less, 1.75 wt. 'io or less, 1.5 wt. '/o or
lcs». I 25 wl. /o or lcs», I wt. /o or less, 0.7S wl '/o or less.
or 0 5 wu '/o or less). Thc mnounl of un»a(Orat»xi (non-
aronmtlc) hydrocarbons in the mixture can mange front any
of the nlinimum values descnbed above to any of the
nmximum values described above I'or example. the oil
comprises a mixture of different hydrocarbons. any of which
can optionally be substituted, and the mixture can comprise
from 0 wl. /o lo 5 wl. '/o unsaturated (non-aromauc) hydro-
carbons (c.g., Ibom 0 to 2.5 wl. /o, from 2.5 to 5 wl. '/o, I'rom

0 to I wt. /o, Irom I lo 2 wu '!o, from 2 to 3 wl /o. I'rom 3
to4vt.'/,fmm4to5wt '/. from0to4wt 'N,from0to
3 wt. 'N, from 0 to 2 wt 'i, from I to 5 wt. '/. from 2 to 5

v t. '/o, from 3 to 5 svt. i"o, from 0.5 to 4.5 v t '/o, or from 3.5
to 4.5 vvt. '/o).

In some cxamplc». the oil compnscs a mtxlurc of &hffcrcnl

hydrocarbon», any of wluch can opuonally bc subsulutcd.
and thc mixuue comprlscs 0 wk '/o or more aromauc
hydrocarbmls (e o.. 0.25 wt '/ or more. 0 5 wt '/ or more,
075 wt 'i or more, I wt rb or more. I 25 wt 'N or more,
1.5 wt.",o or more. 1.75 wt. 'io or more, or 2 wt. '/o or more).
In some examples, the oil comprises a mixture of different
hydrocarbon», any of wluch can opuonally bc subsulutcd.
and thc nnxlurc composes 2.S wt. '/o or less aromauc
hydrocarbon» (c.go 2.25 wu /o or less. 2 wl. /o orle»», 1.75
wt o/ or less, 1.5 wt. '/ or less, 1.25 wt o/ or less, I wt ')I

or less, 0.75 v't rN or less, or 0 5 wt.'N or less) 'lbe amount
of the mixture comprising aromatic hydrocarbons can range
from any of the minimum values described above to any of
thc maxinulm values described above. For example, the otl
composes a mixture of dlffi:rntl hydrocarbons, any of wluch
can optionally be subslllulni. and the mtxlurc can comprise
from 0 wt 'N to 2.5 wt '/ ammatic hydrocarbons (e.g, front
0 to 1.25 wt. rk fmm I 25 to 2.5 lvt o/, from 0 to 0 5 wt
'/o. from 0.5 to I wt. 'io, from I to 1.5 wt o/o, from 1.5 to 2

v t. '/o, from 2 to 2.5 wt. '/o, from 0 to 2 wt '/o. from 0 to 1.5
wt. /o. Irom 0 lo I wl. !o. Irom 0 5 lo 2.5 wl. /o, Irom I lo
2.S wt '/o. from 1.5 to 2.5 wl. /o, Ibom 0 5 lo 2 wl. /o, or I'rom

I to 2 wl. '/o).
In smne examples. the oil comprises a nlixture of ditTerent

hydrocarbmls. any of which can optionally be substituted,
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and thc nuxturc compnscs: 90-100 wt. % saturated hydro-
carbons (eg., 94-96 wt %); 0-5 wt. '! unsaturated (non-
aroinatic) hydmcarbons (e g., 3.5/ h5 at '!'); and 0-2 5 wt.

aromatic hydmcarbons (e.g . 1-2 wt. %). In some
examples, the oil composes a mixture of difi'creat hydro-
carbons, any of which can optionally be substituted. and the
mixture compnscs. 94-96 wl. % satumtcd hydrocnrbons,
3.5-4.5 w l. %a unsaturatcxf (non-aromatic) hydrocarbons; and
1-2 ivt % aromatic hydrocarbons

'flic oil can, for exantple, have a final boiling point of 750" la
I( or more (e.g., 760" I( or inore, 770" I( or more, 7NO" li

or more, 790" F. or more, 800" F, or more. 810" F. or more,
820" F, or more, 830" F. or more, 840" F. or more. 850" F.

or morc, 860'. or more, 870'. or more, 880'. or morc,
890'. or morc. 900'. or morc, 910'. or morc, 920'. is
or inore, 930" Ii or ntore, 940" I'r more. 950" I( or ntore,
960" I( or more, 970" li or more, or 9NO''r more). In

some examples, the oil can have a final boiling. point of
1000" F. or less (e.g.. 990" F. or less, 980" F. or less. 970"
F. or less, 960" F. or less, 950" F. or less. 940" F. or less, 930" zo

F. or less, 920'. or less, 910'. or less, 900'. or less.89)0'.

or less, 880'. or less, 870'. or less, 860'. or less.850'(

or less, 840" I
'r less, N30" Ii or less, 820" I( or less. 810"

I( or less, 800" Ii or less, 790" I'r less, 780'i or less, or
770" I'r less) 'I he final boiling point of the oil can range
from any of the minimum values described above to any of
the maximum values described above. For exranPI, the oil
can haves Iinal boiluig point of from 7SO'. to 1000'.
(c.g.. from 750'. to 87S'.. Ibom 87S'. to 1000'.. from
750" I'o NOO" I', front NOO" Ii to 850" I'. from 850" F to so

900" I'. from 900" li to 950" I'., from 950'( to H)00" I',
fmm 750" I( to 975" I'., from 750" li to 950'', from 750"
F. to 925" F., from 750" F to 900" F., from 750" F. to 850"
F., from 750" F. to 825" F., from 775" F. to 1000" F, fmm
800'. Io 1000'.. from 825'. to 1000'.. Ibom 850'. )s
to 1000'., from 900'. Io 1000'., Irom 92S'. lo1000'.,

Ibom 775'. to 975'., from 800" F. to 9SO'., I'rom
850" I'o i)50" I', from 920" I'o 950''., or from ')35'i
to 950" li). 11te hnal boilutg point of the oil can be
determined using any suitable method, such ns those known so

in the am For example. the final boiling point of the oil can
be dctcrmincd usutg ASTM D 7169.

llic oil can. for example. have a pour pouit ol''. or
morc (c.g., I'. or more, 2'. or more, 3" F. or morc, 4'.
or more, 5" I'r more, 6" I'r niore, 7" I( or more, N" li

or more. 9" I'r more, 10" I( or more, 11'( or more. 12"

F. or more, 13" F. or more, 14" F. or more. 15'. or more,
16" F. or more. 17" F. or more. or 18" F, or more). In some
examples, the oil can have a pour pouil of20'. or Jess (c g.,
19'. or less, 18'. or less. 17" F. or less, 16'. or less. 15'
F. or Icsa, 14'. or less, 13'. or less, 12'. or less, 11'.
or less, 10" I

'r less, 9" Ii or less, 8" I or less, 7" I
'r less,O''r less, 5" I'r less. 4" I'r less, 3'a or less. or 2"

F. or less). The pour point of the oil can mn e from any of
the minimum values described above to any of the maxi- . a

mum s alucs dcscribcd above. For extmiplc, the oil can have
a pour point of''rom O'. lo 20'. (c, from O'. to10'.,

from 10'. to 20'., from 0" F. to 5'., Ibom 5'. to
10" I'., from 10''o 15" I', from 15" Is to 20" I', fnim 0"

I( to 15" I', from 5'i to 20" F, from 5" I'o 15" F . or front ao8', to 15" F.). The pour point of the oil can be determined
using any suitable method, such as those known in the art.
For cxamplc. the pour pouil of thc oil cmt be dctcrmincd
using ASTM D 97.

In some cxamplca, the oil can include onc or morc as

contaminants (:oittaminants can for example, comprise an
alkali metal. an alkahne earrh inetal, a transition metal, a

basic metal, a scmimclal, a nomnclal, a lrslogmi, a sall or
compound thereof, or a combination thereof. I:xamples of
contannnants include. but are not limited to, lithium,
sodium, beryllium, magnesium, calcium, strontiuni, tita-
nium. vanadium. cJtromium, manganese, iron, cobalt, nickel.
copper. zinc, molybdenum, cadmium. mercury, aluminum.
titaruum sihcon, tin. Iced. nitrogen, phosphonia, arsenic.
antimony, oxygen, sulfur. sclcnium, tluonnc, cltionnc, bro-
nune, compounds thereof, and combinations thereof In

some examples, the oil includes a contammant coinprising
chloride, nitmgen, silicon, sodium, iron, phosphorus, sulfur,
calcium. nicl el. copper. vanadium, or a combination thereof.

Contaminants are introduced during plastic formulation
and manufacturing proccsscs during the first li Jb ofplasuc in
confunction with ihc source and collccuon method of'hc
plastics.

lier example. chlorine sources in used plastics can coni-
prise VVD('ayers PVD(: is often used as a layer or coating
in food and phanna packaging apphcations because it pro-
vides excellent barrier properties a ainst moisture. UV light.
acids. salts, mtd dctcrgcnts as well as having good trmtspar-
cncy Despite design for recyclabihly formulation chan ca.
VVD('s fiirecasted to increase at 3 2% annually through
202N in the I.JS Packaging, converteis pmduce a range of
monolayer and nndti-layer packaging l)oth types can
become mixed in recycled streams. Post-consumer sources
v ill contain higher volumes ofmatenals containing chlorine
sources thai can bc diflicull to diffi:rcnliatc and rcmove
through standard surlutg ttxltmqucs.

Nitrogen sources in used plastics can, for example. be
derived from depolymeritnstion of nylon (e g.. Nylon 6

(VA-6), Nylmi-66 (VA-66) in used plastic sources, often
from food and industrial packaging materials. Nylon is used
in multi-layer fiexible packing hlms to protect oxygen-
smisilivc Ioods or when cxccllmtl oil and grcasc rcsisfancc
disci ltiglt Illccliiiiiical slrcliglli arc icxiutrcd. socll as fol
proccsscd meals mid lish. aixl chccsc and other dairy pmd-
ucts Nylon also provides a wide cold to hot teniperature
mange (eg, —60" ('o 150'2), which enables foods to
move tltrough freezer to the microwave/oven without pack-
agin degradation. In industrial pacl aging, nylon is often
used aa a reinforcing layer lo provide high mechanical
strength and excellent abrasion and puncture resistance (Ior
example, in polvpropylcnc supcrsacks thai raintmn a nylon
interlayer or straps) Nitmgen can also come fmni protein
(food) residue on plastics that anses from the aniino acids in
decomposed protein. Post-consumer sources will contain
higher volumes of materials containing nitrogen sources that
can bc diflicull to dillcrenliatc and rcmove tluough standard
sorting limluuquca.

Silicon sources ui used plastics can, for example, com-
prise silica desiccant packages In food packaging and
pmcessing plants, silicon products are widely used as
release a ents in a wide variety of materials and equipment.
leaving residue on plastic surfaces. Silicon is also an addi-
tive thai can bc added to a wide range ofmalcoals to chan c
thc appearance, extrusion propcrtica, and/or end-product
characlcnalics: llus appln:d lo films as well as two-duncn-
sional plastics Post-consumer sources will contain higher
volumes of materials containing silicon sources that can be
difficult to differentiate and remove through standard sortin
teclmiques.

Silicon dioxide can bc applied in a very tlnn coaung lo
plastics, spccilically polyclhylmtc, polypropylcnc, and'or
polvslyrcnc, to acl as a barrier layer to nnprove the shelf lili:
of oxygen and moisture sensitive food 'I'lus thin coating can
be applied by a vacuum or plasma deposition process; the
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barrier layer und thc plastic I'orms covalent bond. Thc SIDS
barrier coatings are chemically inert and enable benefits in
rigid and flexible food packaging applications. including,
but not limited to. reducmg oxygen and nxiisture perme-
ability of pLastics. ensuring aroma protection and retention
of the smell and taste of contents. not sensitive to tluctua-
ttons in tcmpcraturc and humidity, well-suited for pastcun-
zation and stcrihaalton processes, rul can utcrcasc shell'fc
of foods ivithout the addition of preservatives 'I'he SIO,
coatings are thin, eg significantly thinner than a lntman Io

hair, and therefore have a negligible intpact on the packing
weight. For this reason, coated packs ing is considered a
mono-material that can be mechanically recycled. Recycfa-
bthty uutianvcs arc promoung the usc of SIDS coulings as a

rcphmcment I'or PVDC and Nylon bamcrs ut Gcxtblc and Is
rigid packaging. Although these guidelines are intended for
mechanically recycled plastics. sevensl packaging fonna and
fornndations are hetter suited for pyrolysis-based advanced
recycling. SiO, coatin s have the potential to be the "gift
that keeps on ivlng*k especiafiy svhen used in rigid and Io
Gcxiblc polyethylene mtd polypropylmtc plasncs thai arc
mechatucally recyclcd Initially. which, uitcr a fcw cycles,
will then eventually become the used plastic feedstocks for
advanced recycling: the silicon is predicted to accunndate
and carry forward into each successive application.

Phosphonis-containing Game retardants are widely used
in plastics where Its rapid oxidation consumes all the oxy en
present, Ihcrcby slopping thc fire. Plusltcs conunonly ram-
taitung Ihcse Game rclardants include, bul arc nol lnmtcd lo,
engineered plastics. polyurethane fomns, polvamides (eg., so

nylon) and glass-fiber reinforced nylon, polyethylene and
I!s IA co-polymers, and intumescent coatings on foants and
polypropylene textiles. Phosphate eaters are also used as
flame retardant pie sticizers in pxg( '. high impact polystyrene
(HIPS), polycarbonatc (PC), mtd acrylorutrilc butadtcnc Is
styrcnc (ABS) Phosphorus sources also include a ocul(ural
applmattons, such as residual glyphosatc ut HDPE conlaut-
ers and residual phosphonts fertilizers on ground-levd fihns
(e .. mulch films) Post-consumer sources will contain
hi/ter volumes of matenals containing phosphorus sources so

that can be difficult to differentiate and remove tluough
standard sorting techniques.

Sources of sulfur, calcium, sodium, Iron. phosphorus, or
a combination thcrixtf arc additives, surface rcsnlucs, and
residual ciuutamination of the incoming post-consumer and/
or post-industrial plastics A wash step can potentially
remove certain surface residues, but would add cost and
complexity to the advanced (e.g.. pyrolysis based) recyclin
process. Accordutgly, posl-consUnlcr soUI'ccs will con(ant
higher voltuncs of utslcnBIB conlauung stitlrccs of sUlftir, 0

calcium. sodium, Iron, phosphorus, or a combmalion Ihcrcof
that can be difhcult to difi'erentiate and renusve through
standard sorting techniques

Copper alloys are commonly and increasingly used to
create molds for plastic injecfion molding processes due to . s

their high thcnnal conductivity that rcmovcs hot spots,
ICSIUccs w Btpagc Bnd I'cdUci s cvclc lane, I Bsc of BIBchullng
by a I aricty of processes. Bnd corrosion resistance lo water,
cooling fluids and the plastics being injected Copper alloys
often contain nickel and silicon Plastics mamtfactured in so

copper alloy molds can have residual amounts of copper,
nickel, and silicon on their surface. In addition. the pLstin
of plastm with nickel and copper can bc an cfibcuvc means
01 prolix'nng a SUbsltstc Bgaulsl cotroston honl cnvtron-
mental cxposurc und make Il morc rcststmtl to dsnlagc front Ss

chemical~ used in the ntanufacturing pnscess In some
instance~. the plating on plastic can increase the hardness,

strength, mtd wear resistance of thc substrate. Thc prcscncc
of copper and nickel on the surface of both pre-consumer
and post-consumer sources can bc difiicull lo ihlfcrcnltatc
and remove through standard sorting techniques

In some examples. the otl has a tolul chlondc content of
500 ppm or less (e g, 475 ppm or less, 450 ppm or less, 425

ppm or less. 400 ppm or less, 375 ppm or less, 350 ppm or
less, 325 ppm or less. 300 ppm or less, 275 ppm or less, 250

ppm or less. 225 ppm or less, 200 ppm or less, 175 ppm or
less. 150 ppm or less. 125 ppm or less, 100 ppm or less. 75

ppm or 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. g ppnt
or fess, 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 ppm or less, 2 5 ppnt
or less, 2 ppm or less, 1.3 ppm or less, I ppm or less, 0.75

pput 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 example~, the oil has a total chloride content of 0
ppm or morc (c.g.. 0.001 ppm or morc, 0.0025 ppm or morc.
0 005 ppnl or nmre, 0 0075 ppm or more, 0 01 ppnt or more,
0 025 ppm or more, 0.05 ppm or more, 0 075 ppnt or more,
0 I ppnl or more. 0 25 ppm or more, 0 5 ppnt or more. 0.75
ppm or more. I 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 morc. 4.5 ppm or more, 5 ppm or morc, 6 ppm or
morc. 7 ppm or murc, S ppm or morc, 9 ppm or morc, 10

pput or more, 15 ppm or more. 20 ppln or more, 25 ppnt 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 ppnt
or more, 125 ppm or more, 150 ppm or more, 175 ppm or
more. 200 ppm or more. 225 ppm or more, 250 ppm or more.
275 ppm or morc, 300 ppm or more, 325 ppm or morc, 350
ppm or morc, 375 ppm or morc, 400 ppm or more, 425 ppm
or morc, or 450 ppm or morc). Thc total chlondc content of
the oil can range from any of the mininnun values described
above to any of the maxinnun values described above I'or
example. the oil can have a total chloride content of fbom 0
to 500 ppm (e.g.. from 0 to 230 ppm. from 250 to 500 ppm.
from 0 lo 100 ppm. from 100 lo 200 ppm, I'rom 200 to 300
ppm, from 300 lo 400 ppm, from 400 lo 500 ppm, I'rom

0.001 lo 500 ppm, Ibom 0.001 to 475 ppm, Ibom 0.001 to 450
ppnt, front 0 001 to 425 ppm, from 0.001 to 400 ppin, front
0 001 to 375 ppm, fmm 0 001 to 350 ppm, from 0 001 to 325
ppm, fmm 0.001 to 300 ppm, from 0.001 to 275 ppm, from
0.001 to 250 ppm. from 0.001 to 225 ppm, from 0 001 to 200
ppm, from 0.001 lo 175 ppm, Ibom 0.001 lo 150 ppm, I'rom

0.001 to 125 ppm, Ibom 0.001 lo 100 ppm, from 0 001 lo 75

ppm, from 0.001 to 50 ppm, from 0.001 lo 45 ppm, I'rom

0 001 to 40 ppm, fmm 0 001 to 35 ppm, fmm 0 001 to 30

ppnt, from 0.001 to 25 ppm, fmm 0.001 to 20 ppnt, front
0.001 to 15 ppm. from 0.001 to 10 ppm, fmm 0.001 to 5

ppm, from 0.001 to I ppm, from 0.001 to 0.1 ppm. from
0.001 lo 0.01 ppm, from 0 lo 475 ppm, Ibom 0 to 450 ppm.
from 0 to 425 ppm, from 0 to 400 ppm, from 0 lo 375 ppm.
from 0 to 350 ppm, from 0 to 325 ppm, from 0 lo 300 ppm.
from 0 to 275 ppm, froin 0 to 250 ppm, from 0 to 225 ppm,
from 0 to 200 ppm, froin 0 to 175 ppm, from 0 to 150 ppm,
from 0 to 125 ppm, from 0 to 100 ppm, from 0 to 75 ppm.
from 0 to 50 ppm. from 0 to 45 ppm. from 0 to 40 ppm, from
0 to 35 ppm, from 0 to 30 ppm. from 0 Io 25 ppm. Ibom 0
to 20 ppm. from 0 lo 15 ppm, from 0 lo 10 ppm, from 0 Io

5 ppm, from 0 lo I ppm. Ibom 0 Io 0.1 ppm, or from 0(o 0.01
ppnt). In smue example~. the oil is substantially free of
chlorides the total chloride content of the oil can be
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dctcrmlncd using mly suitable me(bud. For example, thc
total chloride content of the oil can be determined using
AS'I'M D 7359

'lhe oil can, for example, have a nitrogen content of 600
ppm or less (e.g . 575 ppm or less. 550 ppm or less, 525 ppm
or less, 500 ppm or less, 475 ppm or less. 450 ppm or less,
425 ppm or less, 400 ppm or less, 375 ppm or less, 3 SO ppm
or less. 325 ppm or less. 300 ppm or less, 27S ppm or less,
250 ppm or less, 225 ppnl or less, 2(X) ppm or less, 175 ppnl
or less. 150 ppm or less. 125 ppnl or less, 100 ppm or less, ln

75 ppm nr less, 50 ppm or less. 45 ppm tm 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.S ppm
or less. 4ppmor less,3.S ppmorlcss,3 ppmoricsa,2 5 ppm Is
or less, 2 ppm or less, 1.5 ppm or less. I ppm or less. 0 75

ppm or less, 0.5 ppm or less. 0 25 ppm or less, 0 I 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 nitmgen content of 0 to

ppm or morc (c.. 0.001 ppm or morc, 0.002S ppm or morc,
0.005 ppm or morc. 0.0075 ppm or morc, 0.01 ppm or morc,
0 025 ppm or more. 0 05 ppm or Inore, 0075 ppm or nlore,
0 I ppm or more, 0 25 ppm or mnre. 0.5 ppm or more. 0 75

ppm nr more. I ppm or nlore, I 5 ppm nr 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. (i ppm or
morc. 7 ppm or morc, 8 ppm or morc. 9 ppm or morc, 10

ppm or more, 15 ppm or morc. 20 ppm or morc, 2S ppm or
olol'c. 30 ppnl oi'olE, 35 ppnl ol nloln, 40 ppnl ol alone,
45 ppm nr more, 50 ppm or more, 75 ppnl tm more, 1(X) ppnl
or Imlre, 125 pptn or more, 150 ppm nr more. 175 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, 350
ppm or morc, 375 ppm or morc. 400 ppm or morc, 425 ppm ls
or more, 450 ppm or morc, 475 ppm or morc, 500 ppm or
morc. 525 ppm or morc. or S50 ppm or morc). The rutrogcn
content of the oil can range frotn any of the nlinimum values
described above to any of the Inaxinnun values descnbed
above. For example. the oil can have a sulfur conrent of fmm so

0 to 600ppm 1e.g., from 0 to 300ppm. from300to 600 ppm,
from 0 to 100 ppm, from 100 to 200 ppm, Ihom 200 to 300
ppm. from 300 to 400 ppm. from 400 Io 500 ppm. from 500
to 600 ppm, from 0.001 to 6100 ppm, from 0.001 to 575 ppm,
fmm 0 001 to 550 ppm. from 0 001 to 525 ppm, from 0 001
to 500 ppm. fmm 0 (X)1 to 475 ppm, from OX X)1 to 450 ppnl,
from 0.001 to 425 ppm. from 0.001 to 400 ppm. Ibom 0.001
to 375 ppm. from 0.001 to 350 ppm. from 0.001 to 325 ppm,
from 0.001 to 300 ppm, from 0.001 to 275 ppm, from 0.001
to 250 ppm, from 0.001 to 225 ppm, from 0.001 to 200 ppm, o

from 0.001 to 175 ppm, from 0.001 to 150 ppm, from 0.001
to 125 ppm, from 0 001 to 100 ppnl, frnm 0 001 tn 75 ppnl,
fmm 0 001 to 50 ppm, from 0.001 to 45 ppm. from 0 (X) I to
40 ppm. from 0.001 to 35 ppm, from 0.001 to 30 ppm. fmm
0.001 to 25 ppm, from 0 001 to 20 ppm, from 0.001 ro 15 . I

ppm. from 0.001 to 10 ppm, from 0.001 to S ppm. I'rom

0.001 to I ppm, I'rom 0.001 to 0.1 ppm, Irom 0.001 to 0.01

ppm. Ihom 0 to 57S ppm, Ihom 0 to 550 ppm. from 0 to 525
ppm. from 0 to 500 ppnl, from 0 to 475 ppnl. fmm 0 to 450
ppm. from 0 to 425 ppnl, from 0 to 400 ppnl. fmm 0 to 375 an

ppm. from 0 to 350 ppm, from 0 to 325 ppm, from 0 to 300
ppm. from 0 to 275 ppm, from 0 to 250 ppm, from 0 to 225
ppm. Ihom 0 to 200 ppm, Ihom 0 to 17S ppm. from 0 to 150
ppm. from 0 to 125 ppm, from 0 to 100 ppm, from 0 to 75

ppm. from 0 to SO ppm, from 0 to 45 ppm. Irom 0 to 40 ppm, as

fmm 0 to 35 ppm, from 0 to 30 ppm. from 0 to 25 ppnl, front
0 to 20 ppm. from 0 to 15 ppnl, frotn 0 to 10 ppm. front 0

to 5 ppm, from 0 to I ppm. from 0 to 0 I ppm. or from 0 to
0 01 ppm) ln some exainples. the oil can be substantially
free of nitrogen. 'I'he nitmgen content of the oil can be
deternnned using any suitable methnd. such as those knnsvn
in the art. For example, the nitmgen content of the oil can be
detertntned using rXSTM D 4(i29.

Thc oil can, for cxmnplc. Ilavc a slhcon content of 2000
ppm or less (c.g., 1900 ppm or less, 1800 ppm or less, 1700
ppnl or less, 1600 ppm nr less, 1500 ppm or less, 1400 ppnl
or less, 1300 ppm or less. 1200 ppm or less, 1100 pptn or
less, 1000 ppm or less, 950 ppm or less, 900 ppm or less. 850
ppm or less. 800 ppm or less, 750 ppm or less, 700 ppm or
less. 650 ppm or less, (i00 ppm or less, 550 ppm or less, 500
ppm or less. 475 ppm or less, 450 ppm or less. 425 ppm or
less. 400 ppm or less. 375 ppm or less, 3 SO ppm or less. 325
ppnl nr less, 3(X) ppm nr less, 275 ppm or less. 250 ppnl or
less, 225 ppm nr less. 200 ppm or less, 175 ppm or less, 150

ppnl nr less, 125 ppm or less. 100 ppm or less, 75 pptn or
less. SO 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 ppnl or less, 3 5 ppm nr less, 3 ppm or less. 2 5 ppm or less,
2 ppm or less, 1.5 ppm or less, I ppm or less, 0.75 ppm or
less, 0 5 ppm or less, 0 25 ppm or less, 0 I 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
cxiunplca, thc oil can have a sdn:on con(cut of 0 ppnl ol
morc (c.g., 0.001 ppm or morc. 0.002S ppm or more, 0.005
ppnl or more. 0 0075 ppin or more, 0 Ol ppm or nlore, 0.025
ppnl or more, 0 05 ppm or more, 0 075 ppm or mnre. 0 I

ppnl or tnore. 0 25 ppm or more, 0 5 ppm or more, 0.75 ppnl
or more. I 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 morc. 4.5 ppm or more, 5 ppm or morc. 6 ppm or morc.
7 ppm or morc, 8 ppm or morc, 9 ppm or morc. 10 ppm or
morc. 15 ppm or morc. 20 ppm or morc. 25 ppm or morc.
30 ppnl ol nlol'e, 35 ppnl ol'nile. 40 ppnl ol nlol'c. 45 ppnl
or nmre, 50 ppm nr more, 75 ppm nr more, 100 ppnl or more,
125 ppm or more, 150 ppm or more, 175 ppm or more. 200
ppm or more. 225 ppm or more, 250 ppm or more, 275 ppm
or morc, 300 ppm ur more, 325 ppm or morc, 350 ppm or
morc. 375 ppm or morc. 400 ppm or morc. 425 ppm or morc.
450 ppm or morc, 475 ppm or more, 500 ppm or morc, 550
ppnl or mnre, 600 ppm nr more, 650 ppm or more, 700 ppnl
or nlore, 750 ppm or more, 800 ppm or more, 850 ppm or
more. 900 ppm or more, 950 ppm or more, 1000 ppm or
more. 1100 ppm or more, 1200 ppm or more. 1300 ppm or
morc. 1400 ppm or more, 1500 ppm or morc, 1600 ppm or
morc. 1700 ppm or morc, or 1800 ppm or morc). The slhcon
content ol thc oil can rmlgefrom mly of thc minimum values
described abnve to any of the maximum values described
above For example, the oil can have a silicon content of
from 0 to 2000 ppm (e.g., from 0 to 1000 ppm, from 1000
to 2000 ppm. from 0 to 500 ppm. from 500 to 1000 ppm.
from 1000 to I SOO ppm, from 1500 to 2000 ppm, fmm 0.001
to 2000 ppm, from 0.001 to 1750 ppm, from 0.001 to 1500
ppm, from 0.001 to 1250 ppm, from 0.001 to 1000 ppm.
from 0 001 to 750 ppm. from 0.001 to 500 ppm, from 0.001
to 475 ppm, fmm 0.001 to 450 ppm, from 0 001 to 425 ppm,
from 0.001 to 400 ppm. from 0.001 to 375 ppm. from 0.001
to 3 SO ppm. from 0.001 to 325 ppm, fmm 0.001 to 300 ppm.
from 0 001 to 275 ppm. Ihom 0.001 to 2SO ppm, Ibom 0.001
to 225 ppm, I'rum 0.001 to 200 ppm, I'rom 0.001 to 175 ppm.
from 0 001 to 150 ppm. Ihom 0.001 to 125 ppm, Ibom 0.001
to 100 ppm, frwn 0 001 to 75 ppm, from 0 001 to 50 ppm,
from 0 001 to 45 ppm, fmm 0 001 tn 40 ppm, front 0.001 to
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35 ppm. from 0 001 to 30 ppm, lbom 0.001 to 2S ppm. I'rom

0.001 to 20 ppm, from 0 001 to 15 ppm, from 0.001 to 10

ppm. from 0 001 to 5 ppm, from 0.001 to I ppm, from 0.001
to 0.1 ppm. from 0 001 to 0.01 pptn, from 0 to 1750 ppnt,
from 0 to 1500 ppm, from 0 to 1250 ppm, from 0 to 1000

ppm. from 0 to 750 ppnt, from 0 to 500 ppnt. fmm 0 to 475

ppm. from 0 to 450 ppm, from 0 to 425 ppm, from 0 to 400
ppm. from 0 to 375 ppnt, from 0 to 350 ppnt. fmm 0 to 325

ppm. from 0 to 300 ppm, from 0 to 275 ppm, from 0 to 250
1 It

ppm. Ibom 0 to 22S ppm, lbom 0 to 200 ppm. from 0 to 175

ppm. from 0 to 150 ppm, from 0 to 125 ppm, from 0 to 100

ppm. from 0 to 7S ppm, from 0 to 50 ppm. Irom 0 to 45 ppm,
fmm 0 to 40 ppm, from 0 to 35 ppm. from 0 to 30 ppnt, front
0 to 25 ppm, lbom 0 to 20 ppm, from 0 to 15 ppm. Ibom 0
to 10 ppm, trom 0 to 5 ppnt, from 0 to I ppnl, from 0 to 0 I

ppm. or from 0 to 001 ppm). In some examples. the otl can
be substantially free of sihcon 'I'he silicon content of the oil
can be determined using any suitable method. such as those
known ut thc art. For example, thc stltcon content ol thc otl ao

can be determined using ASTM D 5185.
lltc oil can, for example, have a sodium content of 100

ppm or less (e g, &)5 ppnt 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, 55 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 ppnt or less, 4 ppm or less, 3.5 ppnt
or less, 3 ppm or less. 2 5 ppm or less. 2 ppm or less, 1.5 ppm
or less, I ppm or less, 0 75 ppm or less, 0 5 ppm or less, 0 25

ppm or less, 0 I ppm or less. 0.075 ppm or less. 0.05 ppm
or less. 0.025 ppm or less, 0 01 ppm ur less. 0.007 S ppm or
less. or 0005 ppm or less) In some exatnples, the oil can
have a sodium content of 0 ppm or morc (c.g., 0.001 ppm or
more. 0.0025 ppm or ntore, 0.005 ppnt or ntore. 0.0075 ppnt
or more, 0.01 ppm or more, 0.025 ppm or more. 0.05 ppm
or more, 0.075 ppm or more, 0 I pptn or nxsre. 0 25 ppm or
more, 0.5 ppm or more, 0.75 ppm or more. I ppm or more, so
1.5 ppm or more, 2 ppm or morc, 2.S ppm or morc, 3 ppm
or more, 3.5 ppm or more, 4 ppm or more, 4.5 ppm or more,
5 ppm or morc, 6 ppm or morc. 7 ppm or morc. 8 ppm or
morc. 9 ppm or morc, 10 ppm or morc, 15 ppm or more. 20
pplll ol'ore, 25 ppm ol'ltore, 30 ppltl ol'tlol'e. 35 pplll ot'

more. 40 ppm or more, 45 ppm or ntore, 50 ppm or ntore,
35 ppm or more, 60 ppm or more. 65 ppm or more. 70 ppm
or more, 75 ppm or more, 80 ppm or more. 85 ppm or more,
or 90 ppm or morc). The sodium content of dtc otl can range
from any of thc muumum values dcscubcd above to any of o

the maximum values dcscribcd above. For cxmnplc, the otl
can have a sodium content of from 0 to 100 ppm (e.g . front
0 to 50 ppm, from 50 to 1(X) pptn, from 0 to 20 ppnt, front
20 to 40 ppm, from 40 to Ei0 ppm. from ti0 to 80 ppm. fmm
80 to 100 ppm. fmm 0 001 to 100 ppm. from 0.001 to 75 . s

ppm. from 0.001 to 50 ppm. Ibom 0.001 to 45 ppm, I'rom

0.001 to 40 ppm, from 0.001 to 35 ppm, lrom 0.001 to 30
ppm. from 0.001 to 25 ppm. Ibom 0.001 to 20 ppm, I'rom

0 001 to 15 ppm, fmm 0.001 to 10 pptn, from 0.001 to 5

ppm. fmm 0001 to I ppm, from 0.001 to 01 ppm, front so

0.001 to 0.01 ppm, from 0 to 75 ppm. fmm 0 to 50 ppm,
from 0 to 45 ppm, fmm 0 to 40 ppm. from 0 to 35 ppm, fmm
0 to 30 ppm, lbom 0 to 25 ppm, from 0 to 20 ppm. Ibom 0
to 15 ppm. from 0 to 10 ppm, from 0 to 5 ppm, Ibom 0 to
I ppm, from 0 to 0.1 ppm, or lbom 0 to 0.01 ppm). In some ss
examples, the ml can be substantially free of sodium 'I he
sodium content of the otl can be determined usmg any
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suitable method. such as those known tn the art. For
exantple, the sodium content of the oil can be determined
using Ag I'M D 5185.

I'he oil can, for example. have an tmn content of 10 ppnt
or less (e... 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.S ppm or less, 3 ppm or less, 2.5 ppm or less, 2 ppm or less.
I.S ppm or less, I ppm or less, 0.7S ppm or less, 0.5 ppm or
less, 0 25 ppm or less, 0 I 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
ppnt or less, or 0 005 ppm or less). In some exantples, the oil
can Imve 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 morc, 0.01 ppm or morc. 0.025 ppm or more. 0.05
ppm or more, 0.075 ppm or morc, 0.1 ppm or morc, 0.25
pplll ol lucre, 0 5 pplll ol'lmre. 0.75 ppm ol ltlole, I ppllt
or ntore, 1.5 ppm or more. 2 ppm or more, 2.5 ppnt or more,
3 ppm or more. 3 5 ppm or more. 4 ppm or more. 4 5 ppnt
or more. 5 ppm or more, 6 ppm or more, 7 ppm or more, or
8 ppm or more). The iron content of the oil can range from
any of thc nuntmum values above to any ol'he maxunum
vulucs dcscribcd abuse. For example, the otl can have sn
iron content of from 0 ppm to 10 ppm (e g.. from 0 to 5 ppm,
from 5 to 10 ppm, from I to 2 ppm, fmm 2 to 4 ppm, front
4 to 6 ppm, from 6 to 8 ppm, from 8 to 10 ppm, from 0.001
to 10 ppm. fmm 0.001 to 9 ppm. from 0.001 to 8 ppm. from
0.001 to 7 ppm, from 0.001 to 6 ppm, from 0.001 to 5 ppm.
from 0.001 to 4 ppm. from 0.001 to 3 ppm, lbom 0.001 to 2

ppm, from 0.001 to I ppm. Ibom 0.001 to 0.1 ppm, I'rom

0 001 to 001 ppm. from 0 to 9 ppm, from 0 to 8 pptn, front
0 to 7 ppm, fmm 0 to 6 ppm, from 0 to 5 ppm, from 0 to 4

pplll, flolls 0 to 3 pplrl, front 0 to I ppm, ft'om 0 to 0 I pptlt,
or fmm 0 to 0.01 ppm). In some examples. the oil can be
subst mtially free of iron. The iron content of the oil can be
dctcrnnncd using any sutto bio method. such as those known
ut thc urt. For extunplc, thc tron content of the otl cmt bc
dctcrnnncd using ASTM D 5185.

I'he oil can. for example, have a phosphorus content of 25

ppnt or less (e.g, 20 pptn 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 ppm or less, 2.5 ppm or less, 2 ppm or less, I.s ppm
or less. I 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.(X)75 ppnt or
less, or 0.005 ppm or less). In some examples, the oil can
have a phosphorus 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 morc. 0.01 ppm or morc, 0.025 ppm or morc.
0.05 ppm or morc, 0.075 ppm or more, 0 I ppm or morc.
0.25 ppm or more, 0.5 ppm or morc. 0.75 ppm or morc, I

pptlt or more, I 5 ppm or nxsre. 2 ppm or more, 2 5 ppnt or
more, 3 ppm or more, 3 5 ppm or more, 4 ppm or ntore, 4 5

ppm 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
morc. or 20 ppm or morc). The phosphorus content of thc otl
can range from any ol'hc minimum values dcscnbcd above
to mty of thc maxtmum values dcscubcd above. For
exantple, the oil can have a phosphonts content of from 0 to
25 ppm (e g.. from 0 to 12.5 ppm, fmm 12.5 to 25 ppnt, front
0 to 5 ppm, from 5 to 10 ppm, from 10 to 15 ppm, from 15

to 20 ppm, from 20 to 25 ppm, from 0.001 to 25 ppm, from
0.001 to 20 ppm. Ibom 0.001 to IS ppm, from 0 001 to 10

ppm, from 0.001 to 5 ppm. Ibom 0.001 to I ppm. I'rom 0.001
to 0 I ppm, from 0.001 to 0.01 ppm, from 0 to 20 ppm, I'rom

0 to 15 ppm, from 0 to 10 ppm, from 0 to 5 ppm, from 0 to
I ppm, from 0 to 0 I ppm. or fmm 0 to 0 01 ppnt). In some
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examples, tlm otl can bc subslanually frcc of phosphorus.
'I'he phosphorus content of the nil can be determined using
any suitable method, such as those known in the art I'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 of250 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 pptn or less. 40 ppm or less,
35 ppm nr less, 30 ppm or less. 25 ppm im less, 20 ppm or ln

less. 15 ppln nr less, 10 ppm nr less. 9 ppm or less. 8 ppnl
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 ppm or less, 2 5 ppm
or less, 2 ppm or less, I.S ppm or less, I ppm or less. 0.75

ppm or less, O.S ppm or less. 0.25 ppm or less, 0.1 ppm or ls
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 has a sulfur content nf 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 more, 0.01 ppm or more, 0.025 Io

ppm or more, 0.05 ppm or morc, 0.075 ppm or morc. 0 I

ppm or morc, 0.2S ppm or morc, 0.5 ppm or more, 0.75 ppm
or nlore. I ppm ol nlore, 1.5 ppnl or ntore, 2 ppln ol'lore,
2 5 ppnl or more, 3 ppnl or ntorc, 3.5 ppnl ol'lore, 4 ppnl
or nlore. 4 5 ppm ot'lore. 5 ppnl or ntore, 6 ppln ol'lore,
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 morc. 3S ppm or more, 40 ppm or morc. 4S ppm
or morc. 50 ppm or morc, 7S ppm or murc, 100 ppm or morc,
125 ppm or more, 150 ppm or more, 175 ppm or nxsre, or In

200 ppm or more) 'I'he sulfur content nf the nil can range
fmm any of the minimum values described abnve to any of
the maximnm values described above. For exiunPI, the oil
can have a sulfur content of from 0 ppm to 250 ppm (e.
from 0 lo 125 ppm. I'rom 12S to 2SO ppm, from 0 to 50 ppm, Is
from 50 lo 100 ppm, from 100 to 150 ppm, Irom 150 tu 200
ppm. from 200 to 2SO ppm, I'rom 0.001 lo 2SO ppm, I'rom

0 001 to 225 ppm, fmm 0 001 to 200 pptn, from 0 001 to 175

ppm. fmm 0 001 to 150 ppm, from 0 001 to 125 ppm. front
0.001 to 100 ppm. from 0.001 to 75 ppm, thorn 0.001 to 50 so

ppm. from 0.001 to 45 ppm, from 0.001 to 40 ppm, fmm
0.001 lo 35 ppm, from 0.001 lo 30 ppm, Irom 0.001 to 25

ppm. from 0.001 to 20 ppm. Ibom 0.001 to 15 ppm, I'rom

0.001 to 10 ppm, from 0.001 to S ppm, from 0.001 lo I ppm,
fmm 0.(X)1 to 0 I ppm. from 0 001 to 0 01 ppm, fnsm 0 to
225 ppm. from 0 to 200 ppnt, from 0 to 175 ppm. fmm 0 to
150 ppm. from 0 to 125 ppm, from 0 to 100 ppm, from 0 to
75 ppm. from 0 to 50 ppm, from 0 to 45 ppm, thorn 0 to 40
ppm. from 0 to 3S ppm, from 0 lo 30 ppm. Irom 0 lo 25 ppm,
from 0 to 20 ppm, I'rom 0 lo 15 ppm, from 0 lo 10 ppm, from o

0 to 5 ppm, from 0 lo I ppm, from 0 to O.l ppm, or from 0
to 0.01 ppm). In some examples, the nil can be substantially
free of sulfur 'I'he sulfur content of the oil can be deternuned
by any suitable method, such as those known in the nrt. For
example. the sulfur content of the oil can be determined . I
using ASTM D 4294.

lltc otl can. for example. have a calcium content of 50

ppm or less (c.g, 4S ppm or less, 40 ppm or less, 35 ppm or
less. 30 ppm or less. 25 ppm nr less. 20 ppm or less, 15 ppnl
or less. 10 ppm or less, I) ppnt nr less, 8 pptn nr less. 7 ppnl an

or less. (I ppm or less. 5 ppm or less, 4.5 ppm or less. 4 ppm
or less, 3.5 ppm or less. 3 ppm or less. 2.5 ppm or less. 2 ppm
or less. 1.5 ppm or less, I ppm or less,0.7S ppm or less, 0 5

ppm or less, 0.25 ppm or less, O.i ppm or less. 0.075 ppm
or less. 0.05 ppm or less, 0 02S ppm or less, 0.01 ppm or as

less. 0.(X)75 ppm or less, or 0.005 ppm or less) In some
examples, the ml can have a calciutn content of 0 ppm or
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morc (c.g., 0.001 ppm or morc. 0.002S ppm or more, 0.005
ppnt or more. 0 0075 ppin or more, 0 Ol ppm or ntore, 0.025
ppnt or more, 0 05 ppm or more, 0 075 ppm or mnre. 0 I

ppnt or nacre. 0 25 ppm or more, 0 5 ppm or more, 0.75 ppnt
or more. I 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 morc. 4.5 ppm or more, 5 ppm or morc. 6 ppm or morc.
7 ppm or morc, 8 ppm or morc, 9 ppm or morc. 10 ppm or
more, 15 ppm nr more. 20 ppm or more. 25 ppm nr more,
30 ppm or more, 35 ppm or more, or 40 ppm or more). 'I he
calcium content of the oil can mange front any of the
minim(un values described above to any of the maximum
values described above. For example, the oil can have a
calcium content ol from 0 to 50 ppm (c.g., from 0 lo 25 ppm.
from 25 to 50 ppm, from 0 to 10 ppm, Ikom 10 to 20 ppm.
from 20 to 30 ppm, froin 30 tn 40 ppm, from 40 to 50 ppm,
from 0 001 to 50 ppm, fmm 0 001 tn 45 ppm, front 0.001 to
40 ppm, fmm 0 001 to 35 ppm, from 0 001 to 30 pptn. front
0.001 to 25 ppm. from 0.001 to 20 ppm, from 0.001 to 15

ppm, from 0.001 to 10 ppm. from 0.001 to 5 ppm. from
0.001 lo I ppm, Irom 0.001 to 0.1 ppm. from 0.001 to 0.01

ppm, from 0 lo 45 ppm. from 0 to 40 ppm, from 0 lo 35 ppm.
from 0 to 30 ppm, from 0 to 25 ppm, fmm 0 to 20 ppnt, front
0 to 15 ppm, from 0 to 10 ppm, from 0 to 5 ppm, from 0 to
I ppm, from 0 to 0 I ppm. or fmm 0 to 0 01 ppnt). In snme
examples, the oil can be substmttially free of calcium. The
calcium content of the oil can be determined using any
suitable methods, such as those known In the an. In some
examples, lhc calcium contmtt of lhc od can bc dclcrnunixl
using AS I'M D 5185.

I'he ml can, for example. have a copper content of 10 ppnt
or less (e.g, ') ppm or less, 8 ppm nr 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 ppm or less, 2.5 ppm or less, 2 ppm or less.
I.S ppm or less, I ppm or less, 0.7S ppm or less, 0.5 ppm or
less. 0.25 ppm or less, 0.1 ppm or less, 0 07S ppm or less.
0 05 ppm or less. 0 025 ppm or less. 0 01 ppm or less, 0 0075
ppnt or less, or 0 005 ppm or less). In some exantples, the oil
cnn have a copper content of0 ppm or more (e g., 0.001 ppnt
or more, 0.0025 ppm or more, 0.005 ppm or more. 0.0075
ppm or more, 0.01 ppm or more. 0.025 ppm or more, 0.05
ppm or more, 0.075 ppm or morc, 0.1 ppm or morc, 0.25
ppm or morc, O.S ppm or morc. 0.7S ppm or morc, I ppm
or morc, 1.5 ppm or morc. 2 ppm or morc, 2.5 ppm or morc.
3 ppm or more. 3 5 ppm or more. 4 ppm or more. 4 5 ppnt
or (nore, 5 ppm or more, 6 ppm or more, 7 ppm or Inure, or
8 ppm or more). The copper content of the oil can range
from any of the minimum values described above to any of
thc maxinuim values described above. For example, the otl
can have a copper content oi'rom 0 ppm to 10 ppm (c.g..
from 0 lo S ppm, Irom 5 to 10 ppm, from I lo 2 ppm. I'rom

2 to 4 ppnt, trom 4 to 6 ppm, trom 6 to 8 ppnt, from 8 to 10

ppnt, from 0001 to 10 ppm. from 0.001 to 9 pptn. front
0.001 to 8 ppm, from 0.001 to 7 ppm, from 0.001 to 6 ppm.
from 0.001 to 5 ppm, from 0.001 to 4 ppm, from 0.001 to 3

ppm, from 0.001 to 2 ppm. Ibom 0.001 to I ppm. I'rom 0.001
to O.l ppm, from 0.001 lo 0.01 ppm. from 0 lo 9 ppm, I'rom

0 to 8 ppm, I'rum 0 lo 7 ppm, Ibom 0 lo 6 ppm, Ikom 0 lo 5

ppnt, frnm 0 to 4 ppm. trom 0 to 3 ppm. from 0 to I ppm,
from 0 to 0.1 ppm, or frnm 0 to 0.01 ppm) In snme
examples, the oil can be substantially free of copper. The
copper content of the oil can be detemline using any suitable
method, such as those known ut the arl. For example. (hc
copper content ol the oil cmt bc detcnntncd using ASTM D
518 S.

I'he oil can. for example. have a nickel content of 250
ppnt or less (e.g, 225 ppin or less. 2(X) ppm or less. 175 ppnt
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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 rm less, 40 ppm or
less. 35 ppm or less. 30 ppm or less. 25 ppm or less, 20 ppnl
or less, 15 ppm or less. 10 ppm or less. 9 ppm or less. 8 ppnl
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 ppm or less, 2 5 ppm
or less, 2 ppm or less, I.S ppm or less, I ppm or less. 0.75

ppm or less, O.S 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, 00075 ppm or less. or 0 005 ppm or less) to

Ill so(1m ex;lluples, the otl c:ltl have a nickel conlellt of0 ppln
or more (e.g., 0.001 ppm or more, 0.0025 ppm or more,
0.003 ppm or more, 0.0075 ppm or more. 0.01 ppm or more,
0.025 ppm or morc. 0.05 ppm or morc, 0.075 ppm or morc,
0.1 ppm or morc, 0.25 ppm or morc, O.S ppm or morc. 0.75 ts
ppm or more. I ppm or nlore, I 5 ppm or nxlre, 2 ppm or
tool'e. 2.5 ppm ot'nol'e, 3 ppm of (nore, 3.5 ppln or Inure,
4 ppln or Iuol'e, 4 5 ppm or nlot'e. 5 ppln ol'nore, 6 ppulot'ore,

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 to
morc. 30 ppm or more, 3S ppm or morc, 40 ppm or morc,
45 ppm or more, SO ppm or morc, 75 ppm or morc, 100 ppm
or (mire, 125 pptn or more, 150 ppm or more. 175 ppm or
more. or 200 ppm or more). 'I'he nickel content of the oil can
range from any of the minimum values described above to
any of the maximum values described aixlve. For example,
the oil can i)ave a nickel content of from 0 ppm to 250 ppm
(c.g.. from 0 to 12S ppm. from 125 to 250 ppm, Ibom 0 to
50 ppm, Iiom 50 to 100 ppm, Ibom 100 to 150 ppm. I'rom

150 to 200 ppm. from 2(X) to 250 ppm, from 0 00) to 250 lo

ppm. fmm 0 001 to 225 ppm, from 0 001 to 2(X) ppm. front
0 001 to 175 ppm, fmm 0 001 to 150 pptn, from 0 001 to 125

ppm. from 0.001 to 100 ppm. from 0.001 to 75 ppm, fmm
0.001 to 30 ppm, from 0 001 to 45 ppm, from 0.001 to 40
ppm. from 0.001 to 35 ppm. Ibom 0.001 to 30 ppm, I'rom ls
0.001 to 25 ppm, from 0.001 to 20 ppm, Irom 0.001 to 15

ppm. from 0.001 to 10 ppm, from 0.001 to S ppm. I'rom

0 001 to I ppm, from 0 001 to 0 I ppnl, from 0 (X) I to 0 01

ppm. from 0 to 225 ppnl, from 0 to 200 ppnl. fmm 0 to 175

ppm. from 0 to 150 ppm, from 0 to 125 ppm, from 0 to 100 So

ppm. from 0 to 75 ppm. from 0 to 50 ppm. fmm 0 to 45 ppm,
from 0 to 40 ppm, I'rom 0 to 35 ppm, from 0 to 30 ppm, from
0 to 25 ppm, Ikom 0 to 20 ppm, from 0 to 15 ppm. Ibom 0
to 10 ppm, from 0 to S ppm. Ibom 0 to I ppm, Irom 0 to 0 I

ppm. or from 0 to 0 01 ppm) In some examples. the oil can
be substantially fee of ntckel 'I'he nickel content of the oil
can be determined using any suitable method. such as those
known in the art. For example, the nickel conrent of the oil
can be determined ustng ASTM D 5 i 85.

lhc oil cml. for example. have a valutduun content of 25 o

ppm or less (c.g, 20 ppm or less, IS ppm or less, 10 ppm or
less. 9 ppm or less. 8 ppm or less, 7 pptn or less. 6 ppnl or
less. 5 ppm or less, 4 5 ppnl or less, 4 ppm or less, 3.5 ppnl
or less, 3 ppm or less. 2 5 ppm or less. 2 ppm or less, 1.5 ppm
or less, I ppm or less, 075 ppm or less. 05 ppm or less. 025 .1
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 ur less. 0.007 S ppm or
less. or 0.005 ppm or less) In some examples, thc otl can
have;I v;ltladluul colltellt of 0 pplu ol'ore (L'.8, . 0.001 ppln
or more, 00025 ppm or more, 0005 ppm or nxlre. 0.0075 ao

ppm or more. 0.01 ppm or more, 0.025 ppm or more. 0.05

ppm or more, 0.075 ppm or more, 0.1 ppm or more, 0.25
ppm or morc, 0.5 ppm or more, 0.75 ppm or morc, I ppm
or more, 1.5 ppm or more, 2 ppm or morc, 2.5 ppm or morc,
3 ppm or morc, 3.S ppm or morc, 4 ppm or morc. 4.5 ppm as

or nlore. 5 ppm or more, 6 ppm ol'lore, 7 pptn ol Inure, 8

ppm or Inore. 9 ppm or more. 10 pptn or (nore, 15 ppm or
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morc. or 20 ppm or morc). Thc vmrs(hum content of Ihe otl
can range from any of the minimum values descnbed above
to mly of thc maxtmum values dcscnbed above. For
exon)pie, the oil can have a vanadium content of fmm 0 to
25 ppm (c.g., Ikom 0 to 12.5 ppm, from 12.S to 25 ppm, I'rom

0 to 5 ppnl, from 5 to 10 ppm, from 10 to 15 ppnl, front 15

to 20 ppm, from 20 to 25 ppm, from 0.001 to 25 ppm, from
0 001 to 20 ppm, fmm 0 001 to 15 ppm, fmm 0 (X)1 to 10

ppm, from 0.001 to 5 ppm, from 0.001 to I ppm, from 0.001
to 0 I ppm, from 0.001 to 0.01 ppm, from 0 to 20 ppm, I'rom

0 to 15 ppm, from 0 to 10 ppm, fmm 0 to 5 ppm. from 0 to
I ppm, from 0 to 0.1 ppm. or from 0 to 0.01 ppm). In some
exon)plea, the oil can be substantially free of vanadium 'I he
vunadtum content oi thc oil cml bc dctcrmtncd usulg any
suitable method, such as those known m the art I'or
example. the vanadium content of the oil can be determined
using Ag I'M D 5185.

In some examples, the oil has a total chloride content of
500 ppm or less, a nttrogcn content oi'00 ppm or lcssi and
a silicon content of 2000 ppm or less. In some examples. the
oil has a total chloride contmlt of 500 ppm or less, a tutrogcn
content of 600 ppm or less: a silicon content of 2(X)0 ppm or
less, and a sodium content of 100 ppm or less. In some
exon)plea, the oil has a total chloride content of 500 ppm or
less, a nitrogen content of (i00 ppm or less, a stlicon content
of 2000 ppm or less; a sodium content of 100 ppm or less:
an tron content ol 10 ppm or less; a sulfur con(cut of 250
ppm or less, and a calcium content oi'0 ppm or less. In
some examples, the oil has a total chloride content of 5(X)

ppnl or less: a nitrogen content of 600 ppm or less: a silicon
content of 2000 ppm or less: a sodium content of 1(X) ppnl
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, mid a calctmn contmlt of 50 ppm or less In some
examples, thc oil has a total chlorulc content of 500 ppm or
less, a rutrogen content of 600 ppm or less, a all(con content
of 2000 ppm or less; a sodium content of 100 ppm or less;
,'lll lt'on cofltent of 10 pptn ol'ess,,'I phosphonls colitetlt of
25 ppm or less; a sulfur content of 250 ppm or less; a
calcium content of 50 ppm or less, a copper content of 10

ppm or less, a ntckcl content OI'SO ppm or less: aml a

vunadlum content uf 25 ppm or less
In some examples. the oil has a totul chlonde content of

100 ppm or less; a nitrogen content of 600 ppm or less: and
a ail(con 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 (i00 ppm or less; a silicon content of 250 ppm or
less, and a sodtmn con(cut of 25 ppm or less. In some
examples, thc oil has a total chlorulc content of 100 ppm or
less, a rutrogen content of 600 ppm or less, a all(con content
of 250 ppm or less; a sodium content of 25 ppm or less: an
iron content of 10 ppm or less: a sulfur content of 10 ppnl
or less: and a calcium content of 5 ppm or less. In some
examples, the oil has: a total chloride content of 100 ppm or
less, a rutrogen content of 600 ppm or less, a all(con content
of 2SO ppm or less, a sodium content oi'25 ppm or lcssi sn
tron content of 10 ppm or less, a phosphorus content oi'0
ppnl or less: a sulfur content of 10 ppm or less; and a calciunl
content of 5 ppm or less In some examples, the oil has a
total cldoride content of 100 ppm or less; a nitrogen content
of 600 ppm or less; a silicon content of 250 ppm or less; a
sodium con(cut of 25 ppm or less, tu»ron con(cut of 10 ppm
or less, a phosphorus content of 10 ppm or less, a suliur
content of 10 ppm or less: a calcium content OI' ppm or
less, a copper content of I ppm or less; a nickel content of
50 ppm or less: and a vanadium content of I ppm or less
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lltc oil can, for example, have a Retd Vapor Pressure of
12 5 pcig or less (e g., 12 psig or less, 11.5 psig or less, 11

pcig or less, 10 5 pstg or less. 10psig or less, 9 5 psig or less,
9 psig or less, 8 5 pstg or less, 8 psig or less, 7.5 pcig or less,
7 psi or less, 6.5 psig or less, 6 pcig or less, 5.5 psi or less,
3 psi or less, 4.5 psig or less, 4 pcig or less, 3.5 psi or less,
3 pstg or less. or 2.5 pstg or less). In some examples, thc otl
can lutvc a Retd Vapor Prcssure ol'2 psig or morc (e.g . 2 5

pstg ol'lole, 3 pstg ol uuu'c, 3 5 pstg ol'u11'e, 4 pstgot')ol'c.4 5 pslg ol o)ot'c. 5 pstg of nlol'c, 5.5 pstg ol nlorc, 6 ul

pstg ol'u1lc. 6 5 pstg ol mole, 7 pstg ot'ncle, 7 5 pstgot'ore,

8 psig or more. 8.5 psig or more. 9 psi or more. 9 5

psig or more, 10 psig or more, I 0.5 psi ~ or more, or 11 psi
or more). Thc Retd Vapor Prcssure of thc orl can range from
any ol'hc mutimum values dcscnbcd above to any of thc Ic

maxinntm values described above. Isor example. the oil can
have a Reid Vapor Pressure of frotn 2 to 12 5 psia (e g., front
5 to 7 pcig. from 7 to 12 5 psig, from 2 to 4 psig, front 4 to
6 psig, from 6 to 8 psig, fmm 8 to 10 psig. from 10 to 12 5

psig, from 2 to 12 psig, from 2 to 11 psig. from 2 to 10 psig, )o
from 2 to 9 psi, from 2 to 8 psig, from 2 to 6 pstg, from 2

to 5 pstg, from 3 to 12.S pstg, from 4 to 12.S pst, Ikom 5

to 12.5 pcig. from 6 to 12 5 psig, from 7 to 12 5 pcig, front
8 to 12 5 psig. from 9 to 12 5 psig. fmm 3 to 12 pcig, front
5 to 11 psig. or from 7 to 10 psig) 'I'he Reid Vapor Pressure
of the oil can be determined using any suitable method. such
as tlmse known In the art. For example. the Reid Vapor
Prcssure of thc od cau be dctcmuned usutg ASTM D 5191.

lltc oil can, lor example, have a wutcr by distr))ation
amount of 0.5 vol % or less (e.g. 0 45 vol % or less. 0 4 co

vol. '%r less, 0 35 vol % or less. 03 col % or less. 0 25
vol. '%r less, 0 2 vol % or less, 0 15 vol % or less. 0 I vol
'i6 or less, 0 075 vol. 'ib or less, 0 05 vol, '/c or less, 0 025 vol.
'i6 or less. or 0 01 vol. % or less). In some exlunPle, the oil
can have a wutcr by dtstillauon mnount of 0 vol. % ot ulorc 31

(c.g.. 0.01 vol. % or more, 0.025 vol. % or morc, 0.05 vol.
% or morc. 0.07S vol. % or morc, 0.1 vol. % or morc, 0.15
vol. '%r more, 0.2 vol % or ntore, 0 25 vol % or nacre, 0 3

vol. % of uu1fc, 0 35 vol. % of utolc. 01'.4 vol % ol'lolc)
The amount of water by distr))ation in the oil can range fmm co

any of the minimum values described above to any of the
maxuuum I alues descnbcd above. For cxtunplc. thc otl can
have a water by Ihsullation mnount of from 0 to 0.5 vol. %
(c.g.. from 0 to 0 25 vol. %, Ikom 0.25 to O.S vol. %. I'rom

0 to 0 I vol. %, from 0 I to 0.2 vol. %, frotn 0 2 to 0.3 vol
'%. from 0 3 to 0 4 vol %, front 04 to 0 5 vol %. fmm 0 to
0.4 vol.%. from 0 to 03 vol.%. from 0 to 0.2 vol. 'io. fmm
0 to 0.05 vol. %. or from 0 to 0.01 vol. '/o). The amount I1f

water by disullatton ut the otl can be dctcnmncd by any
suitable method, such as those known in the art. For o

example, thc water by distr)Intron amount ut Ihc oil can bc
determined using AS'I M D 95.

'lhe oil can, for example. have a total sediment content of
0.5 vol. 'i6 or less (e.g., 0.45 vol. '/c or less, 0.4 vol. % or less,
035 vol, io or less, 0.3 vol % or less. 0.25 vol. io or less, . 1

0.2 col. '/o or less, 0.15 vol. % or less. 0.1 vol. % or less,
0.075 vol. /o or less, O.OS vol. % or less, 0.025 vol. % or less,
or 0.01 vol. % or less) In some examples, thc otl can have
a total sediment content of 0 vol % or more (e g., 03)1 vol
'%rmore. 0 025 vol.% ormore. 0051ol % or more,0075 so

vol. 'i6 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,
035 vol. 5/o or morc, or 04 vol. % or morc). Thc total
scduncnt contmtt of the otl can rtmge Irom any of thc
muunmm values dcscnbed above to any of thc mnximum sc

values described above I'or example, the oil can have a total
ceditnent content of fmm 0 to 0 5 vol % (e g., fncm 0 to 0 25
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vol. %, from 0.2S tu 0.5 col. %, from 0 to 0.1 vol.%. I'rom

0.1 to 0.2 vol. %, from 0.2 to 03 vol. %, from 0.3 to 04 vol.

%, from 0.4 to 0.5 vol. 5/w from 0 to 0.4 vol. %. from 0 to
0 3 vol. %, from 0 to 0 2 vol %, from 0 to 0 05 vol. %. or
from 0 to 0.01 vol. %). 111c total scduncnt content of thc otl
cun be determined by any suitable method, such as those
known in the art. For example, the total sediment content of
the oil can be determined using AS I'M I) 4870.

The oil can. for example, have an n-heptane insoluble
content ol 0.1 wt. % or less (c.g., 0.09 wt. '!o or less, 0.08 wt.
% or less, 0.07 wt. % or less, 0.06 wt. % or less, 0.05 vvt. %
or Icos, 0.04 wt. % ur less, 0.03 wt. % or less, 0.02 wt. % or
less, or 0 01 Ivt % or less). In some examples. the oil can
huvc an n-hcptanc insoluble tant/ant ol'0 w t. % or morc (c g..
0 01 wt. 'i or more,0 02wt.% or Inure,0 03 wt 'i or more,
0.04 wt. % or more. 0.05 vlt; % or more. 0.0(i wt. % or more.
0 07 wt % or more. or 008 wt. % or more) 'I'he n-heptane
insoluble content of the oil can range from any of the
nuntmum values dcscnbcd abocc to auy ol thc maxunum
values described above. For example, the oil can have an
n-heptane insoluble content of I'rom 0 to 0.1 wt. % (c.g..
from 0 to 005 wt 'i, fmm 005 to 0 I wt %. front 0 to 0.02
wt %, from 0 02 to 0 04 wt. %, from 0.04 to 0 06 wt
from 0.06 to 0 08 wt %. from 0.08 to 0 I wt. %. from 0 to
0.09 wt.%. from 0 to 0.08 wt, 'io, from 0 to 0 07 wt. '/6 from
0 to 0.06 wt. !w from 0 to 0.04 wt. io, from 0 to 0.03 1vt.%.
or from 0 to 0.01 wt. 5/o). The n-heptane Insoluble content of
thc oil ctut bc determined usutg any sut table method, such as
those known in the art. Isor example, the n-heptane insoluble
content of the oil can be determined using AS'I'M I) 3279

I'he ml can, for example, have a total acid number of I mg
KOH/g or less (e.g.. 0.9 mg KOH/g or less, 0 8 mg KOH/
or less. 0.7 mg KOH/ or less. 0.6 mg KOH/g or less, 0.5 m
KOH/g or less, 0.4 mg KOH/g or less, 0 3 mg KOklig or
less. 0.2 mg KOHig or less, or 0 I mg KOH/g or less). In
some cxmnplcs, thc od can haec a totul acid number of 0 mg
KOII/8 or more (e .. 0.1 mg KOII/8 or ntore, 0.2 mg
KOI I/8 or nacre, 0.3 mg KOIIIg or more. 04 mg KOI Iig or
more. 0 5 mg KOH/g or more, 0.6 m KOH/g or more. 0.7
mg KOH/g or more. 0.8 mg KOH/g or more, or 0.9 m
KOH/g or morc). Thc total acid number ol'hc otl can ran c
from any ol the nunimum values dcscribtxl above to any of
thc maxinutm values described above. For example, the otl
cun have a total acid number of from 0 to I mg KOI I/g (e.g,
from 0 to 0.5 mg KOI I,'g. from 0 5 to I ntg KOI I/8, from 0
to 0.2 m KOH/g, from 0.2 to 0.4 mg KOH/g, from 0.4 to
0.6 mg KOH/g. from 0.6 to 0.8 mg KOH/g. from 0 8 to I m
KOH/g. from 0 to 0.8 mg KOH/g, from 0 to 0. 6 mg KOkl/g,
from 0 to 0.4 mg KOH/g, or from 0 to 0 I mg KOH/g). Thc
total actd number ol'he oil cmt bc dctcrmtncd usutg any
suitable method, such as those known m the art I'or
exon)pie, the total acid number of the oil can be determined
usia ASTIVI D 664.

In some examples, the oil has a Reid Vapor Prescure of
12 5 pstg or less, mtd a Iinal but lutg po tnt ol'50'. to1000'.

Iu some cxamplcs. thc otl has a Retd Vapor Prcssure of
from 7 to 10 pstg: and a Iinal botling potnt ol'kom 935'.
to 950" F

In come examples, the oil hac a Reid Vapor Pressum 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 poutt of from 10'. to 15'.
In some examples. thc otl has a Iinal botlutg poutt of750'.

to 1000'u mtd a pour point of O'. to 20'. In some
exmnplec, the oil has a hnal boiling point of from 935" I'o
950" F; and a pour point of from 10'S to 15" 11
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In some cxtunplcs, the oil has a Raid Vapor Prcssure of
12.5 psi or less; a final boiling point of 750', to 1000'.,
and a pour point ofO'. to 20'. In some examples, thc oil
has a Retd Vapor Prcssure ol'rom 7 to 10 psig, a linal
boilin point of from 935"!'o 950" I'; and a pourpoint of
fmm 10'6 to 15" I'.: In some examples. the oil has a Iield
Vapor Pressure of 12 5 psig or less: a final boiling poult of
750" F, to 1000" Fd a pour point of 0" F. to 20'd a total
cldoride content of 500 ppm or less: a nitro en content of
600 ppm or less, a slhcon content ol'000 ppm or less, alii
sodnim conlmll of 100 ppm or less: Im iron content of 10

ppm or less, a phosphorus content of 25 ppln or less; a sulfur
content of 250 ppm or less: and a calcium contmlt of 50 ppnl
or less. In some examples, the oil has a Reid Vapor Pressure
of from 7 to 10 psig: a final boiling point of fmm 935" F. to
950" Fq a pour point of fmm 10" F. to 15" Fq a total chloride
contmll of 100 ppm or less, a nitrogen content of 600 ppm
or less; a sllmon rxintcnl of 2SO ppm or less. a sodnim
content of 25 ppm or less; an iron content of H) ppm or less,
a phosphorus content of 10 ppm or less; a sulfur content of IC

10 ppm or less, and a calcium content of 5 ppm or less.
In some examples, the oil is a raw pyrolysis product,

meaning the oil is pmduced by a method thar substantially
cxcludcs any hydrolrcalmcnl or fiirlhcr rclimng slcps uftcr
pyrolysis.

Compositiana Comprising the Oil and the )I/BX,

Such as Blends

Also disclosed herein are colnpositions comprising any of ia
waxes disclosed herein and any of the oils disclosed herein

I(or example, the composition can comprise 50% or nlore
of the oil by volume (e.g., 51% or more. 52'/o or more. 53%
or more, 34% or more. 55% or more, 56% or more. 57% or
morc. 58!o or morc, S9% or morc, 60io or morc, 61% or I(
morc. 62'!o or morc, 63% or morc, 64'io or morc, 6S% or
morc. 66% or morc, 67% or morc, 68% or more, or 69% or
more) In some example~. the composition can comprise
70% or less of the oil by volulne (e o . 69% or less. 68% or
less, ti7oio ol'less. Eifi ro ol'less, 65% ot'less. Ei4 ro ol'less. 63% dc

or less, 62'io or less, 61% or less. 60% or less. 59% or less,
58% or less, 57% or less. S6% or less, 55% or less. 54% or
less..(3% or loss, 52!o ol loss, ol 51% ol loss). The lluluilul
of oil by volume ln the rximposition can rmlge from mly of
the iuinimum values descnbed above to any of the maxi-
muiu values described above. I'or exanlple, the composition
can comprise from 50% to 70'/o of the oil by volume (e...
front 50% to Ei0%. fi'oui 60% to 70%. ft'olu 5P/o to 55%,
from 55'/o lo 610%, from 60% lo 6S%. from 65% ui 70%,
from 50/o lo 6SSro. from S5% lo 70%, or from S5% lo 6S%). c

In some cxtunplcs, thc composiuon can compose 30% or
more of the wax by volume (e g, 31% or more. 32% or
ulol'c. 33 % ol'int'c. 34% ol'lot'c. 35% ol'uorc, 36%oi'ore,37'io or more. 38% or more. 39% or more. 40% or
more, 41'io or more. 42% or more. 43% or more. 44% or . I
morc. 45'!o or morc, 46% or morc, 47'io or morc, 48% or
ulorc. or 49/o or nlorc) lu sonic exaulph:sr lhc c(iulp(islllou
can comprise SO/o or less of thc wax by volume (c.go 49%
or less. 48% or less. 47% or less. 46'rt or less, 45% or less,
44% or less, 43'%r less. 42'ri or less, 41% or less. 40'%r sa

less, 39 io ol'ess. 38 ro ol'ess, 37% ot'ess. 3(i ro or less. 35%
or less, 34'io or less, 33% or less. 32% or less, or 31% or
less). Tlm muounl of wax by volume ul lhc (ximposllion c;ul
range from any of lhc miiumum values described above to
any of the maximum values dcscubcd above. For ex;unplc, oi
the composition can comprise from 30% to 50% of the wax
by volume (e.g, from 30% to 40%. front 40% to 50%. front
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30% to 35%. from 35o/o lo 40/o. from 40/o to 4S%, I'rom

45% tu 50%, fi'oui 30% to 45%, fi'om 35% to 50r . Cr fi'onl
35% to 45%)

i(or example, the composition can comprise 50-70% of
the oil and 30-50'io of the v ax by volume. For example. the
composition can comprise 65'io oil and 35% w ax by volume.
In some examples. thc composition compnscs SO/o oil and
50% wax by volume. In some cxmnplcs, thc composition
comprises a blend of the wax and the oil

gystenls and Methods of Making
Also disclosed herein are methods of making any of the

compositions (e,go waxes. oil, blends. etc.) descnbed herein.
For example. disclosed herein are systems and methods

for making hydrocarbon bas(xi compositions dcnvcd I'rom

pyrolysis of a lhcdstock comprisulg post-consumer and(or
post-industrial plastics. such as ally of the conlpositions
described herein above In some example~. the conlpositions
disclosed herein can comprise a wax. an oil, or a combina-
tion thereof.

Recycling of plastics via pyrolysis is a technology that
gcncratcs products with a broad rungc ol'uahty dcpcndcnl
Ilpou B VBllcly'l factors, hichldulg thc fhcdslock dud
nmnufacturing process Pyrolysis depolymerizes plastics
into products cmnprised of building block molecules. Con-
tanunants are intmduced during plastic fiirmulation and
manufacturing processes during the first life of plastic in
conjunction with the source and collection method of the

pill Sl IC S.

For cxmuplc, dcscnbcd lmrein are systems and methods
for plastic to liquids conversion that can accept, for example,
polyethylene, polypropylene. and/or polystyrene plastics
tint are neither suitable nor desirable for conventional
(mechanical) plastic recycling. The plastic is thermally
converted to liquid (e.g., oil) and w ax hydrocarbon products.
Thc hydrocarbon products cml. for cxtunplc, bc used in lhc
production of new plastics through rxinvcnllonal hydrocar-
bon cracking units. Tlm hydrocarbon products can, for
exanlple, also be used as an alternative fiir naphtha, fuel. etc
'I'he systems and methods herein can also produce char/coke
and combustible gases, e.g. as products or byproducts.

Plastics that are typically received would have otherwise
biwu dcslincd for disposal al a lund(ill or waste to energy
plant biwdusc of their physical form and/or make-up pre-
vents them fmm beulg efihctlvcly rixyclcd by current con-
ventional (meclmnical) recycling means Most film plastics
fall into this category. as do others that have intermixed
types of plastic resins or simply have contaminants (such as
paper labels. organic food residue. functional additives.
colorilnls. ctc.) thai alake conventional (ulcchdulcal) Iccv-
cliug IlnccouonucBI.

Thc systculs Iuld/or nlclhods ilcscrlbcd hcrcul call, lor
exanlple, operate on an industrial scale

In sonic examples, the systems and/or methods described
herein can process 5 metric tons or more of plastic feedstock
per day (e.g., 5.5 metric tons or more. 6 metric tons or more.
6.S mctnc tons or morc. 7 mctnc tous or morc. 7.5 mctuc
tons or morc, 8 metric tons or more, 8 5 mctnc tons or morc.
9 mctnc tons or morc. 9.5 metric tous or morc, 10 mctuc
tons or tuore. 11 metric tons or more. 12 metric tons or more,
13 metric tons or more. 14 metric tons or more, 15 nletric
tons or more, 20 metric tons or more. 25 metric tons or more.
30 metnc tons or more, 35 metnc tons or more, 40 metric
tons or morc, 45 metric iona or morc. SO metric tons or morc.
60 mctnc tons or morc. 70 mctrw. tons or morc, 80 mctuc
tons or morc. 90 mclnc tons or more, 100 mcluc tons or
more, 125 metric tons or more, 150 metric tons or lnore, 175
metric tons or more, 200 metric toils or nlore, 225 nletric
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tons or morc, 250 metnc tons or morc, 300 mcfnc luna or
tliol'c. 350 metlic tol'ls oF lnolc, 400 Inc(lie tolls ol lucre. 450
tlletlic tolls ol mot'c. 500 mctlic tolls ot'lorc, 600 Inutile
tons or more, 700 metnc tons or inure, NOO nletric tons or
more, or 900 metnc tons or more). In some examples. the
systems and methods descnbed herein can process 1000
metric tons or less oi'lastic lix:dslock pcr day (c.g.. 900
metric lone or less. 800 metric tons or less, 700 metnc lone
or less. 600 metric tons or less, 500 metric tons or less. 450
metric tons or less. 4(X) metric tons or less, 350 metric tons Io

or less. 300 metric tons or less, 250 metric tons or less. 225
metric tons or less, 200 metric tons or less, 175 metric tons
or less, 150 metric tons or less, 125 metric tons or lesg 100
metric lorn or less, 90 mctnc tons or less. 80 metric lorn or
less. 70 mctrw. tons or less, 60 mctnc tons or less, 50 mclnc ls
tons or less, 45 metric tons or less, 40 metric tons or less. 35
metric tons or less, 30 metric tons or less, 25 metric tons or
less. 20 Inetric tons or less, 15 metric tons or less, 14 nletric
tons or less, 13 metric tons or less. 12 metric tons or less, 11

metric tons or less, 10 metric tons or less. 9.5 metric tons or io
less. 9 metric tons or less, 8.5 mclric lone or less, 8 mclnc
tons or less, 7.S mctnc lone or less, 7 mcinc tons or less, 6 5

metric tons or less, or 6 metric tons or less) 'I'he amount of
plastic fee&Lstnck processed by the systems and/or methods
herein can range from any of the minimum values descnbed
aboive to any of the maximum values described above For
example. the systems and/or methods described herein can
process from S to 1000 metric tons oi plustic fecdstocl pcr
day /c.g., Ikom 5 lo 500 mctnc loni, from SOO to 1000 mclnc
tons. fmm 5 tn 2(X) metric tons, from 2(X) to 400 metric tons, so

fmm 400 to 600 metnc tons. front 600 to NOO metric tons,
fmm 800 to 1000 metric tons. from 5 to 800 metric tons,
from 3 to (i00 metric tons, from 5 to 400 metric tons, from
5 to 100 metnc tons, from 5 to 50 metric tons, from 5 to 25
metric tons. from 10 to 1000 mcuic tons, Irom 25 lo 1000 is
metric loni, from 50 lo 1000 metric tons, from 100 to 1000
metric tons. from 200 lo 1000 mclnc Ious, I'rom 400 tu 1000
metric tons. frnm 6(X) to 1000 metric tons. from 10 to 9(X)

metric tons, from 15 to 800 nietric tons, from 25 to 750
metric tons, or from 50 to 500 metric tons). So

In some examples, the systems and/or methods descnbed
hcrcui can produce 10,000 gallons of pyrolysis product /c.g.,
otl and/or wax, clc.) or morc in an muount of lime /c.g.,
11,000 gallons or more, 12.000 gallons or morc, 13,000
gallons or more: 14,000 gallons or niore; 15,(X)0 gallons or s
more; 20,000 gallons or niore; 25,000 gallons or more,
30,000 gallons or more: 35,000 gallons or more; 40.000
gallons or more: 45,000 gallons or more: 50.000 gslkms or
morc, 60,000 gallons or morc. 70.000 gullons or morc,
80.000 gallons or more, 90,000 gallons or more. 100,000 o

gallons or morc, 125,000 gallons or morc, ISO,000 allons
or more; 175.(X)0 gallons or more; 200.000 gallons or more,
225.000 gallons or more, 250,0(X) gallons or nxire; 300,000
gallons or more: 350,000 gallons or more; 400.000 gallons
ormore; 430.000 gallons or more; 500.000 allons or more, .1
600.000 gallons or morc, 700,000 galloiw or morc, 800,000
gallons or morc, or 900,000 gallons ur morc). In some
examples, lhc systems nnd/or methods dcscrtbcd hcrcui can
pmduce 1.0(X),000 gallons of pymlysis product (e g., oil
andtorivax, etc ) or more tn an amount of time (e g . ')00,000 so

gallons or less; 800,000 gallons or less: 700,000 allons or
less; 600.000 gallons or less: 500.000 gallons or less,
450.000 gallons or less, 400,000 gallons or less: 350,000
gallons or less, 300,000 gallons or less: 250,000 gallons or
less, 225,000 a)lone or less: 200.000 gallons or less, ss
175.000 gallons or less; 150,0(X) gallons or less: 125,0(X)
gallons or less: 1(X),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 0(X) gallons or less; 45 000 gallons or less;
40,(X)0 gailmis or less; 35.000 gallons or less; 30.000 gallons
or less; 25 000 gailmis or less: 20 000 gallons or less; 15 0(X)

gallons or less: 14.000 allons or less, 13,000 gallons or less:
or 12.000 gallons or less). The amount of pyrolysis product
produced in the amount of lime by Ihc systems and&or

method» dcscnbcs) hcrcin can range from any of lhc nuni-
nntm values described above to any of the maxinium values
described above. 1&or example. the systems and/or tnethods
described herein can produce from 10.000 to 1,000,0(X)
gallons of pyrolysis product (e.g., oil and/or wax, etc.) or
more in an amount of time /e.g., from 10.000 to 500.000
gullons, from S00,000 lo 1.000.000 gallons, from 10.000 lo
200.000 gallons: lrom 200,000 to 400,000 gallons. I'rom

400,000 tn 600,000 gallons: from 600.000 to NOO,(X)0 gal-
lons, from 800.000 to 1,(X)0,000 gallons: fmm 10,000 to
800,000 gallons; fmm 10,(X)0 to 6(X),000 gallons; front
10.000 to 400.000 gallons, from 10.000 to 200,000 gallons:
from 10.000 to 100,000 allons, from 10,000 to 50.000
gullons, lrom 10.000 lo 25.000 gallons, from 25,000 lo
1,000,000 gallons, from 50.000 to 1.000,000 gallons: I'rom

100,000 to 1,0(X),(X)0 gallons: from 200,000 to 1,000,0(X)
gallons; fmm 400.000 lo 1.000,(X)0 gallons; fmm 600.(X)0 to
1,0(X),000 gallons: fmm 15,0(X) to 900,000 gallons; or front
20.000 to 800,000 allons).

The amount of time in v.hich the pyrolysis product is
produced by thc syslmns mid/or methods csn, for cxamplc.
bc 5 days ol nlolc (o.g., 6 days or inure, 7 ilavs or nlorch 8

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 nmre, 16 days or more. 17 days or more, 18 days
or more. 19 days or more, 20 &Lsys or more, 21 days or more.
22 days or more. 23 days or more. 24 &Lays or more, 25 days
or morc. 26 days or more, 27 days or more, 28 days or morc.
29 days or morc. 30 dnys or more, 35 days or more, 40 dave
or morc. 4S days or more, 50 days or more, 60 days or morc.
70 days or more, or NO &Lsys 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 1e.g..
80 days or less. 70 days or less, 60 days or less. 50 days or
less. 45 duys or less. 40 days or less, 3S days or less, 30 days
or less. 29 days or less, 28 days or less, 27 days or less, 26
duys or less, 25 days or less, 24 days or less, 23 days or less.
22 days or less, 21 &Lays or less, 20 days or less, 19 days or
less, I N days or less. 17 days or less, 16 days or less, 15 days
or less. 14 days or less, 13 days or less, 12 days or less, 11

days or less. 10 days or less, 9 days or less, 8 days or less.
or 7 days or less). Thc mnounlof time tn which the pyrolysis
product is produced by the systems and/or methods csn
range from miy of tlm mimmum values dcscnbcd above lo
any of the maximum values described above I'nr example,
the amount of time in ivhich the pyrolysis product is
produced by the systems and/or methods can be from 5 to 90
days fe.g.. from 4 to 45 davs, from 45 to 90 days, from 5 to
30 days, lrom 30 lo 60 days. from 60 to 90 days, Ikom S lo
80 days. from S lo 70 days, from 5 to 60 days. fmm 5 lo 50
duys, from 5 lo 40 days. from 5 to 21 days, from 5 to 14 days.
from 5 to 10 days. from 7 to 90 days. front 10 to 90 days,
from 14 to ')0 days, frotn 21 to 90 &hys, from 30 to 90 days,
from 40 to 90 days. from 50 to 90 &hys, from 70 to 90 days.
from 7 to 80 days, or from 10 to 60 days).

In some cxtunplcs. the systcnw und/or methods dcscnb&xl
hcrcin can process Ibom 5 lo 1000 me(wc tons pcr day of
plastic fccdslock tmd produce from 10,000 lo 1,000,000
gallons of pyrolysis product fe.. ml, ivax, or a conibination
thcl'cof) pal' t&1 90 tiav's.
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FI( 8 HFICI. 5 arc block liow diagrams of cxamplc sys-
tems and methods described herein.

lllc s)'steals Btul nlclhods can, Ior cxanlplc. Blcllldc ullltkc
of plastic fcedstock. sorting and'or reducing the size of the
plastm fi:cdslock. followed by pyrolysis and/or remuval of
contaminants to produce the hydrocarbon prnduct, which
can optionally be post-treated.

Iteedstock
The feedstock composes post-consumer Bnd/or post-in-

I I I

due(rial plastms. '*Post-induslual" or '*Pre-colwumcr 'las-
tics include materials derived ibom waste streams durin a
plastm manufacniung process. "Post-consumer" plastics
include materials generated by households or by commer-
cial, industrial. and/or ulsliluuonal ldcililics in lhetr roice as
end-users of the pmduct which can no longer be used tilr its
intended purpose. This includes returns of material from the
distribution clwin

In some examples, the feedstock comprises 50'/o or more
by weight post-consumer plastics (c.go 51/o or morc, 52/o Io
or more, 53'/o or nn1re. 54'/o or more, 55'/o or more. 56'/o or
morc. 57'!o or morc, S8'/o or morc, 59i'o or morc, 60/o or
more. 61o/ or more. 62o/ or more. 6(P/ or more, 64'/ or
more. 65o/ or more. 66o/ or more. 67'/ or more, 68'/ or
more. 69o/ or more. 70o/ or more. 71'/ or more, 72'/ or
more, 73'io or more. 74'/o or more. 75'/o or more. 7(i/o or
more, 77'io or more. 78'/o or more. 79'/o or more. 80'/o or
morc. 81!o or morc, 82/o or morc, 83ioo or morc, 84/o or
morc. 85!o or morc, 86/o or morc, 87io or morc, 88/o or
tool'c. 89/ ol'uoi'c. 90/ ol'loi'c. 91/ ol'nilrc, 92/ ot'ool'c.93 I ol'uoi'c. 94/ ol'loi'c. 95/ ol'nilrc, 96/ot'ore.97o/ or more, 98'!0 or more, or 9&N/ or nxlre) In some
examples, the feedstock comprises 100'/o or less by Ivet ht
post-consmner plastics (e.g . 99'/o or less. 98'/o or lesg 97'/o
or less. 96'!o or less. 95o/o or less, 94o!o or less, 93o!o or less, 1&

92/o or less, 91 /o or less. 90/o or less, 89/o or less. 88/o or
less. 87!o or less, 86 /o or less. 85 Io or Icos, 84 /o or less, 83 /o
or less. 82o/ or less. 81'N or less. 80'N or less, 79'/ or less,
78'N nr less, 77oI or less. 76'r( or less, 75'N or less. 74'N or
less, 73 io ot'less. 72 ro ol'less, 71/o ot'less. 70 ro or less. 69'/o do

or less, 68'io or less, 67o/o or less. 66/o or less. fi5'/o or less,
64 /o or less, 63'/o or less. 62/o or less, 61'/o or less. 60/o or
less. 59!o or less, 58/o or less. 57 Io or less, S6/o or less, 55/o
or less. 54o!o or less, 53/o or less, or 52/o or less). Thc
percent by weight of the feedstock that i ~ post-consumer d

plastics can nsnge from any of the nlinimum values
described above to any of the maximum values descnbed
above. For example. the feedstock can comprise from 50'/o
to 100/o by weight post-consumer plasucs (c.g., from 50/o
to 75 /o. from 7S lo to 100 lo, from 50 lo to 60/o. from 60 lo o

to 70/o, Ibom 70'/o to 80/o, from 80'/o to 90/o. from 90 lo
10(E/, from 50 to 99'N, from 50 to 95'/, fmm 50 to 90'/,
fmm 50'I to 80'N, fmm 50oI to 70'r(, from 55'I to 100'I,
front 60io lo 100/o. fl'om 70'/o to 100'/o, from 75 to 100/o,
from 80 to 100'io, from 95 to 100'/o. from 55'/o to 99'/o. fmm . I
70/o to 99/o. or Ibom 7S lo 95 Io).

Plastic letxlstock cdu be provulcd ul tuly suitable loon,
such as, for example, loose film. baled lilm. Oglds, lhcnuo-
filrms, sheets. foams, non-wovens, strips. pellets, powder,
purge patties. densified. shredded, etc In smne exanlples, sn

the feedstock comprises fihns, such as sin le and/or nudti-
layered films.

In some cxnmplcs. thc plasuc fccdslock can bc packagcxl,
c.g. In bales. boxes, drums, etc.

lllc h:cilstock cdn. Ior cxdnlplc, conlptlsc poly(:lhvlcnc Ss

(e .. I DVE. I,I Dpiu VI.DPI(, Ml)VI(, Ill)VE. UI IMWVI„
Vl:X. etc ), polypropylene. polystyrene. or a cnmbination

thereof. In some extmlplcs. thc fccdslock includes plastics
with a plastic type classihcatinn 42, 4, 5, 6, or a conlbination
thereof.

In sonic examples. a majority of the plastic that is
processed by the systems and methods described herein
comprises low-density or linear-low density polyethylene
(LDPE~4) and high-density polyethylene (HDPE 42),
ul pllltlcular flin plasnc. Bnd lhc svstctus Bnd nlclhods
described herein are optimized to effectively process these
nmterials

A substantial portinn of polyethylene and polypropylene
polymers are used in single use plastics and get discarded
after its use. Polyethylene is used widely in various con-
sumer mid industual products. Polyethylene is thc most
conunon plastic, over 100 million tons ol'olyethylcnc
resins are pmduced annually. Its primary use is in packaging
(plastic bags, plastic films. geomembranes, containers
including bottles, etc.) Polyethylene is produced in a variety
of fonna (e.g., ultms-high molecular weight polyethylene
(UHMWPE). high-density polyethylene (HDPE), medium
density polyethylene (MDPE). linear low-dml~ lty polycth-
ylmlc (LLDPE). Iow-density polyethylene (LDPE), very low
density polyethylene (Vi,l)VI:). crosslinked polyethylene
(VI!X)) v ith the same chemical formula (('11 14)n but dif-
ferent molecular structure I IDVE lws a low degree of
bmnching with short side chains while LDPE has a very ifipt
degree of branching with long side chains. LLDPE is a
substtmtially hncar polymer with signilicdnl numbers of
short branches, conuuonly made by copolymcnzauon of
ethylene with slxlrt-chain alpha-olefins

I'he feedstock can. for example, comprise polyethylene,
polypropylene. polystyrene, or a combination thereof in an
amount of 90'/o or more by weight( (e, 91o/o or more. 92'/o
or more. 93'/o or more. 94'/o or more, 95o/o or more, 9(iv!o or
morc. 97 /o or morc, 98'!o or morc, or 99 /o or morc). In some
examples, the fi:edslock composes polycthyleuc, polypro-
pylmlc, polystyrene, or a combination ther(mf ul an amount
of 100 i or less by weight (e . 99o/ or less. 98'8 or less,
97'/ nr less, 96'I or less, 95'/ or less, 94oI or less. 93'rt or
less. 92'/o or less, or 91;o or less). The amount of polyeth-
ylene, polypropylene, polystyrene, or n combination thereof
ul thc fctxislock can range from any of lhc mlrumum values
dcscribcd above to any of thc maxunum values dcscnb(xl
above For extunplc. lhc Ibcdstock cau c(Impose polyethyl-
ene, polypropylene, polystyrene, or a combination themof in
an amnunt of fmm 90'i to 100oI by weight (e g., front 90'r(

to 95/o. from 95'/o to 100'/o, from 90'io to 92'/o. from 92/o
to 94 /o, froltl 94 /o to 9(i;o, fmtn 9(i'io to 98'/o. from 98'/o to
100 lo, from 90'Io lo 98o/o. from 90/o lo 96 lo, fmm 90'/o lo
94/o, from 92 /o lo 100!o. from 94/o kt 100/o, from 96/o lo
100 lo, from 91'/o to 99/o. from 92/o to 98'/o, or from 93o/o

to 97'/).
In snme examples, the feedstock comprises moisture (e.g,

v ater) ul an amount of 20i'o or less by ii eight (e.g., 19.5'/o
or less. 19o/o or less. 18.5;o or less. 18'/o or less, 17.5'/o or
less. 17/o or less, 16 5/o or less, I/I!o or less, IS 5 Io or less.
15'/o or less, 14.5'!o or less. 14'/o or less, 13.5'/o or less. 13o/o

or less, 12.5/o or less, 12!o or less, II.S/o or less, 11 /o or
less, 10 5'/ or less. ION or less. 9.5'/ or less, ')'i or less,
8 5'/ or less, 8'rfi or less, 7 5oI or less, 7oI or less, 6 5'N or
less. 6'/o or less. 5.5'/o or less, 5oio or less. 4 5'/o or less. 4'/o

or less, 3.5'!o or less. 3i'o or less, 2 5'io or less. 2'/o or less.
I.S/o or less. I /o or less. or 0.5o/o or less) In some cxmuplcs,
thc fi:cdslock composes moisture in an mnount ol''/o or
morc by weight (c.g., 0.5!o or morc, I /o or morc, I.S Io or
more, 2'N or more, 2 5'i or more. 3'/ or more, 3 5o/ or
Inure, 4N (im Inure, 4 5N or mol'c. 5/ ot'ole, 5 5/ ot'
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morc. 6n/a or more, 6 5% or more, 7% or morc, 7.5% or
nsoi'c. 8% ol'orc, 8 5% of OIolc, 9% ol alone, 9 5%oi'ore.

10% or more. 10 5% or Inom, 11'!'r nxire. 11.5% or
more. 12% or more. 12 5% or ntore. 13% m more, 13.5% or
more, 14% or more, 14.5% or more. 15'/a or more. 15.5% ol
more, 16% or more, 16.5% or more. 17'/a or more. 17.5% ol
morc. 18'!a or morc, 18.S% or morc, or 19% or morc). Thc
dnlount of ntotsturc ul Lhc fccdslock can Idngc flout any'f
the ininimum values descnbed above to any of the maxi-
muin values described above. I'or exantple, the feedstock In

can cnmprise moisture in an amount of front 0% to 20'%y
weight (e.g . from 0'!n to 10%, frutti 10% to 20%, ft'otn 0%
to 5; a, from 5% to 10%, fmm 5% to 15%. fmm 15% to 20%,
from 0'/o Lo 2.5%, 2.5% to 5%, from S% Io 7.5%, from 7.5%
to 10!o. from 10% to 12 5%,1yom 12 S%1o IS%, from 15% Is
to 17.5%. from 17 5% to 20 'rt, fmin 0% to 19%. from 0%
to 18%, from 0'%o 17'%, from 0'i to 16%, from (7% to 15%,
fmm 0% to 14%, from 0% to 13%. from 0% to 12%, front
0%to 11/o, front 0/o to 9%, from 0%to 8%. from 0'!Sto 7%,
from 0% to (i%. from 0% to 4%, tbom 0% to 3%, from 0% zo

to 2%, Ibom 0% to I'/a. from 1% Lo 20%, from 2% to 20%,
from 3n/o Lo 20%a, I'rom 4% Lo 20%, from 6% Io 20%, from
7% to 20%, fmm 8% to 20'i, from 9% tn 20%, from 11%
to 20'i, from 12% to 20%. fmin 13% to 20'%, from 14% to
20%, from 16'%o 20%, fmm 17% to 20%, from 18% to
20;a, from 0.5% to 19.5%, from 1% to 19'/a. frutti 1% to
15;a, from I'in to 10%, or from 1% to 5%).

Polyvutyl chlorine (PVC), polyvmyltdcnc chloride
(PVDC). polycthylntc tcrcphdtalatc (PET) (conunonly used
for plastic bottles), nylon. ethylene vinyl alcohol (EVOI I), sn

pnlycarbonate (PC), acrylonitrile butadiene styrene (ABS),
rubber, thermosets, and non-plastic components (e 8 . ntetal,
glass, wood, cotton, paper, cardboard, dirt. inor anics. etc )
are not desirable and their presence should be minimized.

In some cxnmplcs. thc fccdstock compnscs 5% or less by Is

weight polyvutyl chlondc (PVC), polyvutyltdnte chlornlc
(PVDC). polycthylenc Lcrephtlmlatc (PET). nylon, cthylntc
vinyl alcohol (EVOII), polycarbonate (P('). acrylonttnle
butadiene styrene (ABS), rubber. therntosets, or a combma-
tion thereof (e ., 4.5% or less, 4'/a or less. 3.5% or less. 3% do

or less, 2.5i'n or less, 2% or less. 1.75% or less, 1.5i'n or less,
1.25!a or less. 1% or less, 0.9% or less, 0.8% or less, 0.7%
or less. 0.6'!o 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 cx unplcs, thc
feedstock comprises 0'%r more by weight pnlyvinyl chlo-
ride (PV('), pol)n inyhdene chloride (PVD('). polyethylene
terephthalate (PET), nylon, ethylene vinyl alcohol (EVOH),
polycarbonate (PC). acrylonitrile butadiene styrene (ABS),
rubber, thcnnoscts, or a combutauon Ihcrcoi (e.g.. 0.1% or
morc. 0.2'!a or morc, 03% or more. 0.4'ia or morc. 0.5% or o

morc. 0.6'!a or morc, 0.7% or more. 0.8'ia or morc. 0.9% or
more. 1% or more, I 25% or more, I 5'!! or Inore, I 75% or
more. 2% or more, 2 5% or ntore, 3% or more, 3 5% or
more, or 4% ol nlore), The amotutt of polyvinyl chloride
(PV('), polyvinylidene chloride (PVDC). polyethylene tere- . 1

phthalatc (PET). nylon, ethylcnc vmyl alcohol (EVOH),
polycarbormtc (PC), acrylotutrilc butadtcnc styrnte (ABS),
rubber, Ihennoscts, or a combitm !ton Ihcrnti m Ihc fccds tock
can range from any of the mininnun values described above
to any of the maximum values described above I'or an

example. the feedstock can comprise from 0'/a to 5% by
weight polyvinyl chlonde (PVC). polyvinylidene chloride
(PVDC). polycthylenc Lcrephtlmlatc (PET). nylon, cthylntc
itnyl alnihol (EVOH), polycarbondtc (PC), scrylonttnlc
butadtcnc styrene (ABS), rubber. thcnuoscts. or u combine- as

tion thereof (e g., from 0% to 2.5'rt, fmm 2.5% tn 5'%. front
0% to 1%, fmm 1% to 2%, from 2'i to 3%, from 3% to 4%,

from 4% Io 5%, Ibom 0!a Io 4.5%, from 0% to 4%, from 0%
to 3.5%, from 0% to 3'i, from 0'%o 2%, fmm 0% to 1.5%,
from 0% to 0.5%. froin 0 5'%o 5%, from 1% to 5%, front
I 5% to 5%, from 2'%o 5'%, from 3% to 5%, from 3.5'rt to
5%. from 0.1% to 4.5%, from 0.2% to 4'in, or from 0.3% to
3%)

Thc fccxlstock can. for cx;mtplc. compnsc 15% by weight
or less non-plastic matcnals, such as metal, glass. wood.
cotton, paper, cardboard. dirt. inorganics. etc . or a contbi-
natiim thereof (e.g . 14 5'%r less, 14% or less, 13.5% or
less, 13% or less, 12.5% or less. 12% or less, 11 5'i or less,
11% or less. 10.5% or less, 10i'a or less. 9 5% or less. 9'!a 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.S% or less, 2% or less.
I 5% or less, 1% or less. or 0 5% or less) In some examples,
the feedstock cnmprises 0% or more by weight non-plastic
nmterials (e g.. 0 5'i nr more. 1% or more, I 5% or more,
2% or more. 2.5% or more, 3% or more. 3.5% or more, 4%
or more, 4.5% or more, 5;a or more, 5.5% or more, 6/0 ol
morc. 6.5% or more, 7% or morc. 7.S% or morc, 8% or
morc. 8 S% or morc, 9/a or more, 9.S% or morc, 10% or
more, 10.5% or more. 11'%r more. 11 5% or more. 12% or
more, 12.5% or more. 13'%r more, 13 5% or more. or 14'rt

or mnre). I'he amount of non-plastic materials in the feed-
stock can range from any of the minimum values described
above to any of the maximum values described above. For
example, Ihe Icixlstock can comprise uon-plasuc malcndls
ut an romaunt ol'Ibom 0% to 15% by wctght (c.g . from 0%
to 7.5%, from 7 5% to 15%. from 0% to 5%, from 5% to
10%, from 10% to 15%. from 0% to 2 5%. 2 5% to 5'rt, front
5% to 7 5%. from 7 5'%o 10%. from 10% to 12 5%, front
12.5% to 15%, from 0/n to 14%, from 0'in to 13%. thorn 0%
to 12%a. from 0% to 11; a, from 0% to 10%, from 0'!a to 9%.
from 0% to 8%, from 0/o Io 7'/o. Ibom 0% Io 6%. from 0%
to 4!a, from 0% Io 3 /o. Ibom 0/o Io 2%, from 1% Lo IS%.
from 2% to 15%. Irom 3% Lo 15%, from 4% Io IS%. I'rom

5% to 15%. from 6% to 15'%. from 7% to 15%, from 8'rt to
15%, from 9% tn 15%. from 11% to 15%. from 12% to 15%,
flout 15% to 15a/o, front 0.5/o to 14.5%, front 1% to 14%.
or from 1% to 10';a).

In some examples, Lhc fecdstock can nutially bc manually.
vtsually. Snd'or automatically (c g., by an nutomated aystcng
component) checked Lo cnsurc it ntntauts Ihc correct mate-
rial and does not contain an inordinate antount of oln ious
contannnation. During the manual/visual/automated inspec-
tion of the feedstock, the feedstock is Inspected for large
contamirmnt items, such as metal, glass. PVC, paper. wood.
PET plastics, and cardboard, which are rcmovixl when
alen(1fied.

In some examples, thc fenlstock can further be asscsscxi.
e g. for chemical anchor physical properties 'I his can
include, for example. assessing, at least a representative
sample portion of each feedstock via infrared analysis (e...
portable infrared analyzer), gas cluomatography-mass spec-
trometry ((IC-MS). a bench-scale pyrolysis Lest, ASTM
tcsttng for spccilic conumtinants and physical pmpcrttca.
mch-index test, imh Lest. or a ntmbinatton Ihcrcoi.

lieedstock that fail to meet the mitial inspection criteria is
not further pmcessed by the systems or methods described
herein.

After the initial inspection is complete. the acceptable
Iccdstock eius bc storcxt Ior luturc usc (c... nl d stockpdc, a

hopper, ctc.) and/or loaded utto thc system for processing.
Infbcd
In some examples, the feedstock can be loaded into the

system via an inteed conveyor I he mate at which the inteed
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comcyor provides fccslstock lo Ihc system (c.g., lhc feed
rate) can. for example, be 500 pounds per hour (Ib /hr.) or
morc (c.g., 550 lb./lu; or morc: 600 lb./hr. or morc. 650
lb,ihr. or more; 700 lb /hr or nlore; 750 lb /hr or nxire, 800
lb./lu; or morc; 850 lb./lu; or morc, 900 lb./lu. Or morc, 950
lb,ihr. or more; 1000 Ib /hr. Or inore: 1100 Ib /hr or more,
1200 lb./lu, or more, 1300 lb./hr. or more; 1400 lb./lu or
more; 15(X) Ib /hr or nlore; 1750 1b /hr or nlore; 20(X) Ib /hr
or more; 2250 lb /hr or more; 2500 lb./hr. or more: 2750

I i 1

lb./lu; or morc; 3000 lb./lu: or morc, 3250 lb./lu; or morc,
3500 lb./lu, or more: 3750 lb./hr. or more; 4000 lb./hr or
morc, 4250 Ib /lu; or morc, 4SOO lb.!Iu: or morc, 4750 Ib /lu;
or more; 50(X) Ib /hr or more; 5500 lb.!hr or more: 6000
lb./lu; or morc; 6500 lb./lu: or morc, 7000 lb./lu; or morc,
75(X) Ib ihr or more: NOOO Ib/hr. or inore; 85(X) Ib /hr or
more; 9000 Jb /hr. or more; 9500 lb./hr. or more: 10.000
lb,ihr. or more: 11,000 lb./hr or more; 12,000 lb./hr or more,
13,000 lb./lu, or more, 14,000 lb./hr. or more: 15.000 Jb /hr.
or more: 16,000 Ib /hr. or morc, 17.000 lb./lu; or morc, io
18,000 lb./hr or more, or 19,000 lb./lu. or more). In some
examples, Ihc rale al wluch Ihc udi:ixl iamvcyor provides
feedstock to the system (e g, the feed rate) can be 20,000
lb,ihr. or less (e 8, 19,(X)0 Ib 'hr or less: IN,OOO Ib /hr. or
less; 17.000 Ib /hr or less: 16,000 Ib/llr. or less; 15,000
lb./lu. or less: 14,000 lb./hr. or less; 13.000 lb./lu. or less,
12,000 lb./lu, or less; 11.000 lb./hr. or less: 10,000 lb./hr. or
less, 9500 lb./lu; or less, 9000 lbyhr. or less. 8500 lb./lu. or
less, 8000 lb./lu; or less, 7500 lbyhr. or less. 7000 lb./lu. or
less; 6500 lb./hr. or less; 6000 Ib/hr. or less; 5500 Ib /hr. or 10

less; 5000 lb./hr. or less; 4750 Ib /hr. or less; 4500 Ib /hr. or
less; 4250 lb./hr. or less; 4000 Ib /hr. or less; 3750 Ib /hr. or
less; 3300 lb./lu. or less, 3250 lb./lu. or less: 3000 lb./hr. or
less; 2750 lb./lu. or less, 2500 lb./lu. or less: 2250 lb./hr. or
less, 2000 lb./lu; or less, 17SO lbyhr. or less. 1500 lb./lu. or is
less, 1400 lb./lu; or less, 1300 lbyhr. or less. 1200 lb./lu. or
less, 1100 lb./lu: or less, 1000 lb.ilu; or less, 950 lb./hr. or
less; 900 Ib,'hr or less; N50 Ib /hr. or less; 800 lb./hr or less,
7501b ihr or less; 700 lb/hr or less: 650 1b/hr. Or less: or
600 lb./Iu. or less) The rate at which the infeed conveyor do

provides feedstock to the system can range fmm any of the
muunmm values dcscubed above 10 any of Ihc mnximum
1 alues dcscribcd above. For example, lhc mtc at winch thc
infccd conveyor provides fccdslock lo Ihc system cun bc
fmm 500 pounds per hour (lb!hr.) to 20,000 lb/hr (e g,
fmm 500 to 5.000 Ib /hr; front 5.000 to 20,000 Ib /hrd front
300 to 4000 lb./hrd fmm 4000 to 8000 lb.!hrd from 8000 to
12,000 lb./lud from 12,000 to 16.000 lb./hrd fmm 16.000 to
20.000 lb./luq from 500 lo 15.000 lb.iIu;, Irom SOO(0 10,000
lb./lud from 500 lo 9000 lb.qtl.. from 500 to 8000 lb./lu, 0

from 500 to 7000 lb./hr., Ibom 500 lo 6000 lb./lu;: from 500
to 2500 lb.,ihrd from 1000 to 20,000 lb.i1lr; from 2500 to
20.000 lb ihr, from 60(X) to 20,000 lb rhr; from 70(X) to
20,000 lb./lud from 8000 to 20,000 lb./hrq Jbom 9000 to
20,000 lb./Iu.i fmm 10,000 to 20.000 lb./hrd from 550 to .1
19.000 lb./hr., Ibom 600 to 19,000 lb.!Iud or Irom 1000 to
15.000 lb./lu;)

Sorlmg
In some examples, feedstock loaded into the system can

undeigo additional sorting ail

In some examples, the plastic feedstock can be deposited
onto a conveyor and/or hnther processed to remove con-
tamurdnls. This can. for example, ulcludc visual ulspecllon
and manual removal, milomalcd inspection;uld removal,
poslllonnlg onc or uteri: nlagncm 10 nldgncllcBIJ)'l:nlovc Ss

ferrous contaminants (e 8, various components such as nuts,
bolts. screivs, small pieces of w:im, etc coinprising ferrous

nlcnlls anipor dllovs). WBshnlg allil/or lhyutg, stzi: bdsixl
separation (e.g., screenin, sil'tinn, etc ), air jets. smk float,
etc

In some examples, the feedstock can be transported to a
trommel. such as a screen tronunel. The screened tronuuel
can. for example, be used to remove tine dust, particles. and
other conlaminanls from lhc incomiug fimdslock stream, Ior
example bcfore and/or after it has passed tlu ough a shrcddcr.
'I'he tromnlei can receive feedstock and trommel rotation can
agitate incoming feedstock and promote removal of granular
nmterials (e.g, sand. pign)ent, binder, fiiod particulates. dirt,
etc ) ln the feedstock tluough the trommel screen. The
remaining oversized material from the trommel can be
dcposilcd. for exiunplc, onto a conveyor for further inspec-
tion imd/Or sorting.

In some example~, visual inspection and manual sorting
slid/or automated inspection and sortiilg is used to renlove
contanunants fmm the plastic feedstock, e g, befiire and!or
after passing tluouglt the tronunel and/or sltledder. Contami-
nants to be removed can, for example. Include undesirable
plasnc (such as PET. PVC. nylon. and thcnnoscts) as mell as
other materials thai can damage dowmlrcnm cqulpmcnl or
degrade the quality of the finished pmducts such as stmsp-

ping, paper, cardboard. mpe, batteries, bevemsge bottles still
contaimng liquid. glass, ivood. metal, electmnics. and a
v ide range of other non-plastic materials

Size Reduction
In some cxamplcs, fi:cdslock loaded into Ihc system cdn

undergo onc or morc size reductions The size rcducuon cdn
be accomplished by any suitable means. such as those
known in the art lior example. the feedstock can be shred-
ded, pelietized. densified, or a combination thereof. I'or
example. the system can include one or more size reduction
components. such as a chipper, granulator, rinder, hammer-
nulL slucddcr (c.g., a shear shredder), pclleuzer, dcnsilier.
agglomcralor, or a combination thcrcoi;

In some cxamplcs. thc fccdstock can bc slucddcd, for
exanlple using one or more shredders I:ach 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 sluedders.

Thc slucddcr can perform a size rcducuou ou ulcomlng
plastic. for example lo a rmlge oi 0.25 lo 36 inches (longcsl
dimension). For example. thc slucddcr can rcducc the aver-
age initial size of the incoming plastic to 0 25 inches or nlore
(longest dimensimi) (e g, 0.5 inches or nlore, I inch or
more. 1.5 inches or more, 2 inches or more, 3 inches or
more. 4 inches or more. 5 inches or more, 6 inches or more.
7 inches or morc, 8 inches or morc, 9 inches or more, 10
ulchcs or morc, 11 ulchcs or morc. 12 inches or more, 13

ulchcs or lucio. 14 Riches or nlorc. 15 uli:hcs or nlolix 16

inches or more, 17 inches Or more. IN inches or nlore, 20
inches or more, 22 inches Or more. 24 inches or nlore, 26
inches or more. 28 inches or more, 30 inches or more, 32
inches or more, or 34 inches or more). In some examples, the
shrixidcr can rcducc Ihc avcrdgc uuual size oi'hc ulcomlng
plasnc to 36 inches or less (longest dimension) (c.g.. 34
ulchcs Or less, 32 ulchcs or less, 30 ulchcs or less, 28 inches
or less, 26 inches or less. 24 inches or less. 22 inches or less,
20 inches or less. IN inches or less, 17 inches or less. 16

inches or less. 15 inches or less, 14 inches or less. 13 inches
or less, 12 inches or less, 11 inches or less, 10 inches or less.
9 inches or less. 8 inches or Jess, 7 inches or less. 6 inches
or less. 5 inches or less, 4 inches or less. 3 ulchcs or less. 2

ulchcs or Jess, or I utch or less). The average longcsl
dimension of the plastic processed by the shredder can mulge
from any of the minimum values described above to any of
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the maximum values dcscnbixl above. For cxamplc. thc
shredder can reduce the average initial size of the incomin
plastm to Ibom 0.25 ulchcs 10 36 ulchcs (longcsl dnncusion)
(e .. from 0.25 to 18 inches, from 18 to 36& inche~, from 0 25

to 6 inches, I'rom 6 to 12 inches, from 12 to 18 ulchcs, I'rom

18 to 24 inches, from 24 to 30 inches, from 30 to 36 inches,
from 0.25 to 30 inches, fmm 0.25 to 24 inches, from 0 25 to
18 inches. from 0.25 to 16 ulches, fronl 0.25 to 14 inches,
from 0.25 to 12 inches, fmm 0.25 to 10 inches, from 0 25 to

& il
8 ulchcs, from 0 25 lo 4 inches. Ibom 0.25 to 2 ulchcs, from
0.25 inches to I inch, from I to 36 inches. from 2 to 36
inches, Ibom 4 to 36 inches, thorn 6 lo 36 ulchcs, from 8 to
36 inche~. from 10 to 36 inches, from 12 to 36 inche~. front
14 lo 36 inches, lrom 16 lo 36 inches, from 18 10 36 inches,
fmm I to 30 inches, or from 2 to 18 inches).

Plastic feedstocl that passes through the shredder can
then be stored in a hopper andior transported for further
processing.

In some examples, thc slucdded li:cdslock can 0 lhrough &0

a second size reduction process using any suimble size
rixlucuon technique

Drying ('oinpoilent
In some exumplcs. the systems aml me&la&ds can furlhcr

include washing and/or drying the feedstock
For cxtunplc, thc systems and methods can further com-

prise drying the feedstock, for exanlple to remove at least 0

portion of the moisture or other liquids comprising a con-
taminant v ithin the feedstock

In some examples. the feedstock can be deposited onto a

corn cyor wluch pusscs thc Feixlstock tluough u dryer before
depositin the feedstock in a storage bm&ker nnd/or tmns-
porling the fbcdstock lo a lurther sysicm componcnl lor
further processing

lhc dryer cau compnsc any suiuiblc cquipmcnl. such as
a mtary dryer. I teated air can be directed through the dryer
across the feedstock to remove moisture from the feedstock.
'I'he surface area exposed can allow the heated air flov to
remove moisture or free v ater that may be present in the 40
lixdslock. Thc moist air along w&th small, cntrau&cxf par-
ticles from the dryer can be exhausted usin ~ Bny suitable
me&ms. Thc rcqu&rcxf mr can be hcalcd by any sultublc
me&ms, such as clcctncdlly hcateik Thc maxlmiun atr tem-
perature &vill be below the softening point of any of the
plastics Using an effective drying solution upstreanl of the
extruders and/or reactors can reduce the problems of vent
flow at do&wlstream extrusion equipment Bnd water intrusion
lo lhc reactors.

Storage Bunker 0

In some cxamplcs, the system cdn furlhcr ulcludc a

storage bunker, for example to store feedstock before under-
go&&IF, &UCltlllg, retnov,'ll Of COIIIBmlllallts. pvnllv's&B, Oi'

combination thereof.
In some examples. the system includes a store e bunker . &

that rcccivcs the Feixlstock lbom thc lnfi:cd conveyor. thc
shtixklcl'whet& prcsclll). Ihc diver (when plcsent), lhc
tronmlcl (whml prcscnl), clc or a ix&mbulation lhcreol

'lhe storage bunker can. for exainple, have the capacity to
store enou h feedstock to provide an uninterrupted supply of so

plastic to the downstream components (e.g.. extruder(s)) for
a period of time (e.g., up to tvvo hours). fi&r example if any
of Ihc upstream cqu&pmcnt has to be shul down briefly lbr
tnanltct&B&u:e or ri'pal&.

Fccdstock levels insnlc thc storage bunker can be mom- ss
tored. for example using one or nlore cameras or other
feedback mechanisms

Metals Deux)&on mid Rmnoval
In some examples, feedstock loaded into the system can

undergo addil&onal metals delecuon aud removal. In some
exunlples, the plastic feedstock can be deposited onto a
conveyor tuldior further processed to metal con&emu&ants.
'I'his can, for example, include visual inspection and manual
removal, automated inspection and removal, positioning one
or more magnets to magnetically remove ferrous contami-
nants (e.g., various components such Bs nuts, bolt~, screws.
sin&Ill plcccs of AI&c, clc. cutup&&sulg fbtroUs luclBls Btupol

alloys), waslung and/or drying, size based sepamsuon (e...
scrccnulg. sift&ng, clc.). mr lets. sink tloal, clc.

i&or example, at one or more points in any of the systems
or methods dcscnbcd hcrcul, thcrc cun be onc or morc
,'&ddrtloiull tn;lglmtlc coirlpotlcilts 10 magllctlcallv re&nova

ferrous contaminants from the feedstock. for example befi&re

the shredder, after the shredder. befi&re the trommel, after the
trommel. before the dryer. after the dryer, before the stomsge

bunker, aficr the siuragc bunker. before the components lor
melting, removal of contaminants, and/or pyrolysis, or a
combmation thcrcol; For example. Ihc system can include
n&aguets positioned before, after, or as part ofeach of the one
or nmre conveyors that transport the feedstock between each
system location'component. 'I he strength of the magnets can
be selected based on the location in the system and/or the
throughput of feedstock processed.

In addition, Ihc system can further ulcludc a metal de&ce-

llo&1 Slid Iclccuon sv'sxctn 10 clan&&late fUrlhcr tuclal co&1-

tanunants, such as non-fern&us metals (e g, copper, brass,
bmnze, stainless steel. aluminum and other non-fermus
alloys) Non-ferrous metals can be present in a variety of
forms, such as. for example. nuts. bolts, screws, washers.
batteries. machine parts, tools, etc. The additional metal and
dc&ection sv'stein cB&l bc hlclU fed ln lhc systi nl, for cxanlpkx
ou lhc convcyors fi:cding the storage bunkers. Tlus addi-
tional metal and dcicctlon system can dc&eel non-ferrous
metals and then trigger a quick-acting diverter gate that
moves this metal off the conveyor and into a collection bin
While nlumimun is the primary target of this system. copper.
stainless steel, and brass can also be detected and rejected.

Convcvots
In thc system dcscribcd herein. each of the couvcyors cdn

compnsc any suitable type of conveyor. Exmuplcs of con-
veyots include, but are not limited to. belt conveyors, roller
conveyots, slat conveyors, apron conveyors, ball transfer
conveyors. magnetic conveyors, bucl et conveyors, chute
conveyors. chain conveyors. pneumatic conveyors, vacuum
convcyors, screw corn cyors, iibralulg couveyors. wheel
convcyors, sandwich corn cyors, and comb&nat&ons Iberia&f.

In some cxamplcs, each of thc couveyors can compnsc a
screw cmlveyor, a belt conveyor. or a combination thereof
In some examples. the system can include a plurality of belt
conveyors. The belt comeyors can, for example, be
designed with side walls. The belt conveyors can include
any type ofbell conveyor. such as standard flat bells. clealixl
belts. semi-uough belts. compound bells (c g., hockey suck
configurations). or a combulation thereof.

I'he dimensions and,'or speed of any of the conveyors can
be selected in view of a variety of factors i&or exanlple, the
dimensions and/or speed of the conveyor can be selected to
regulate the How of materials at 0 desired rate

Mcllulg, Removal of Contam&nants, Bnd/or Pyrolysis In
so&Bc cxdlnples, lhc svslctns cd&i ulchulc otic or a&ore cotn-
poncnls foi nlclullg lhc fccdslock, volaulizlllg vat&otls co&1-

tanunants in the feedstock. pyroly&ung the feedstock, or a
combination thereof
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While some ixlntamrnants can bc physmdlly rcmovcd by
one or more of the processes discussed above, for certain
feedstock components. such as multilayer films, it is drflicult
to physically remove the contaniinants and instead they can
be removed by heating the feedstock to a tempensture
suflicient to volatilize said contaminant.

For cxamplc. Ihc systems and methods can compose
pyrolyzing thc fcrxtstock, whcrcul thc pyrolysis rcactur and
method includes a component or step fiir removal of volatile
contaminants 'I he pyrolysis can be acconlpli shed using any la
suitable pyrolysis reactor, such as, for example, an auger
pyrolysis reactor. a rotary kiln pyrolysis reactor. a dnun
pyrolysis reactor, a tubular pyrolysis reactor. a fluidized bed
reactor, a spouted bcd reactor, a molten sall reactor. a
flxcxt-bcd reactor, a conunuously snrrcd reactor, a Heinz is
l(Clots Pymlysis reactor. a vortex pymlysis reactor. a batch
pyrolysis reactor, a semi-batch pymlysis reactor, or a cons-
bination thereof.

In some examples. the systems and methods can comprise
heating and/or meltin the feedstock before introducing the 20

meluxl ferxlstock ullo a pyrolysis reactor, w hcrmn Ihc fcrxi-
stock rs healed mid/or melted at a Icmpcralurc suflicrcnt to
volatilize a contaminant and the systems and methods can
further include removing said volatilized contaminants Any
suitable component for heating and/or melting can be used,
such as those knolln in the art. In some examples. the
systems and methods can include one or more extruders,
whcrcin Ihc fccdslock rs heated and,'or melted within thc
cxlrudcr and optionally whcrcul Ihc extruder illcludcs iillc or
more vents for removing voLstile contaminants front the so

heated anigor melted feedstock
lixtniders
In some examples, plastic feedstock (e... optionally

shredded plastic feedstock) from the stomge bunker ls

corn cycd separately lo onc or morc cxtrudcrs (c.g.. Ixvo or 3s

morc). Ibr example using a conveyor. Thc cxtrudcrs can bc
any suitable type of extruder. Tile cxtrudcrs can, lbr
example. be designed to heat the plastic and convert it mto
semi-molten plastic that rs nioved to the reactors ln some
examples, the systems includes two or more extruders and dc

the two or more extniders can be in operation simultane-
ously.

In some exmnplcs, Ihc system ulcludcs a plurnlrty of
cxtrudcrs and each extruder rs contigurcd lo process a

portion of normal thmughput, for example so as to allow
plastic flolv to and openstion of the reactors to continue v hen
one of the extruders is taken out of service for repair or
maintenance. In some example~. the system can include
tllrcc exlnidcrs, w rib Iwo cxlrudcrs bculg in opcralron simul-
lillnx)ilslv illld thc lhlrrl extruder bclllg a rcdulldsllcy ior O

example thc third cxtrudcr cml bc operated while onc of thc
other extruders is taken out of service for repair or mainte-
nance.

Each extnider can, for example. use an internal pneumati-
cally operated ram to increase the density of the plasric in . I
order to achmvc the dcsircd Ihroughpul rale. The rmn can
also move Ihc plastic from Ihc cxinidcr ullcl inui thc
cxlrudcr's screw mcchamsm.

In some examples, the extmder barrel can include one or
tnol'c opctlitlgs (c g orle of Inure velits ol'iiits);it orle ot'o
more positions along the length of the extnider barrel In
some examples, each extnider barrel can include n plurality
of vents (c.g., Iwo or morc vcnm) along Ihc length of thc
cxtrudcr barrel. Thc vent(~ ) can allow vapors and/or guscs
produced from the plastic li:cdslock durmg Ihc healing ss
pmcess to escape from the extnrder Moisture in the feed-
stock is converted to steam at the high temperatures created

ul thc extruder and tins stcam typically exits al thc vent.
Other gaseous material such as volatile inks fmm plastic
labels, various lipids and fats from filod contamination on
the plastic, and decomposed PV('nd PI.'I'olyniers can
also exit at the vent along with gas made up ofentrained fine
particulates. This system allows removal of significant
amounts of chlorine and other undesirable clcmcnts that
olhcrw lac would cnd up rn Ihc reactor and potcnnally afli:cl
the quality of both oil and lvax products and/or corrode the
pmcessing equipment

In smne examples. each extruder comprises a two or niore
vents (e.g.. Ivherein the extruder includes at least a first vent
and a second vent). In some examples, the first vent of the
cxlrudcr compnscs an ambient prcssure vent. In some
examples, Ihc second vent of the cxlrudcr compnscs a
vacuum vent, for example where a vacuum is applied
through the vent to pull gases and/or contaminants out of the
senti-molten feedstock.

In some examples. a vent feeding device can be used at
one or more ot'he extnider vents to prevent expulsion of
melted plastic fmm that l cnl. The vent fi:cdcr can lilrcc any
plasuc that is llowulg or being cxpcllcd from Ihc vent back
into the barrel where it is then carried fomard down the
extnrder. 'I'his feeder can be equipped lvith a vent section
tlmt can allow steam and other volatiles to pass by the feeder

In some examples, the barrel of the extruder can be
heated. for example by one or more externally mounted
hcatcrs. In some cxmnplcs, Ihc barrel ol'hc cxlrudcr can bc
hcatcd by a plurahly of cxtcrnally mounted hcmcrs. Thc
heaters can be any suitable type of heater. such as resistive
electric heaters and'or inductive heaters. Additional heating
can, for example, be provided by friction as the pLsstic is
forced throuch the internal geometry of the extnider barrel
by the screw. Multiple zones along the length of the extruder
can, in some examples, bc uldepcndcntly heated and coohxl
using barrel heaters and/or cooling fans lo aclucvc a prc-scl
tClnpcliililrC profih: thai villlCs ih:pclldlllg Oil lhC 13'pc Ol

nmterial being fed into the extnider
ln smne examples. the barrel of the extnrder can be heated

such that the feedstock within the extruder has a temperature
of 20" C. or more at the tirst of the one or more vents (e...25'. or morc. 50" C. or morc, 7S'. or morc. 100'. or
morc. 125'. or morc. 150' or morc. 17S' or morc.
200" C. or more. 225'. or morc, 250'. or morc, 275'.
or nlore, 280'('r more, 285" (L or more, 290" ('r more,
295" ( . or nmre, 300'.. or Inore. 305' or more, 310 (I
or more, 315', 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 morc). In some cxamplcs, the barrel of the extruder cdn
bc llcdlcd suCh lhill IhC fCixlsloCk Wllhlll lhc cxttlidcr hds a

tcmpcraturc of ISO'. or less at Ihc lirst ol'hc onc or morc
vents (eg.. 425" ('r less, 400'(L or less, 375'( or less,
350" ('r less, 325" C or less, 320" ('r less, 315" C or
less. 310" (( or less, 305', or less, 300" C. or less, 295"
C. or less. 290" C, or less, 285'. or less. 285" C. or less.
280" C or less, 275'. or less, 2SO'. or less, 225'. or
less. 200" C. Or less. 175'. or less, ISO'. or less,125'.

Or less, 100" C. or less, 75'. or less, or SO'. or less).
'I'he temperature of the feedstock within the extmder at the
first vent can nslige trom atty of the mininiuni values
described above to any of the maximum values described
above. For example. the barrel of the extnider can be heated
such thai lhc fecxtstock rs ilhin Ihc cxlrudcr has a Icmpcralurc
of from 20" C. Io 450'. at the Iirst ol'hc onc or morc vents
(c g., from 20'. io 225'., from 22S'. Io 4SO'., I'rom
20" C. to 125" (', from 125''o 225" (' fmm 225" ('o
325" C, from 325' to 450" ('., from 20" ('o 400" (
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from 20'. to 350'., from 20'. &o 300'., from 20'.
to 250" (', from 20" ('o 200" C, from 20" ('o 250" C.,
fmm 20' to 100" C, fron& 20" ('o 50" ('., from 50" C
Io 450 ( . fi'om 100 ( to 450 ( . ffonl 150 ( 10 450
('.. from 200" C. to 250" C., from 250" C. to 250''.. fmm
300" C. to 450'., from 350" C. to 450' .. from 50''. to
400'.. from 100'. Io 37S'., from 2SO'. to 3SO',
or Ikom 275'. Io 325'.)

In snme examples. each extn&der includes a acre&v v ith
multiple zones. such as a pumping section. a compression &0

ace&ion, a decompress&on section. a mixing section. or 0

combination thereof. In some examples. each extruder screw
includes a decompression section at or before the first vent,
Ior ex&in&pic 10 pro&note exp&i ~ &on ol cnnanuxl iin, nuusliirc,
and/or other gases (c.g., volaules) from lhc fimdslock at thc
fir t vent.

'lhe residence time of the feedstock within each extruder
can be selected in view of a variety of factors. For example,
the residence time of the feedstocl. &vithin each extruder can
be selected in view of the speed at which the extnider is run &0

(winch in turn can be sclcclcd based on lhc tin oughpul rate
of Ihe reaclor(s) Ihul Ihc extruder is Iccding), Ihc ulm&ttly of
the plastics within the feedstock. or a conibinatinn thereof

In some examples, the residence time of the feedstock
within the extruder can be 30 seconds or more (e g., I n&inute

or more, I 5 minutes or more, 2 minutes or more, 2 5

minutes or more, 3 minutes or more. 3.5 minutes or more. 4
mu&utes or morc, S nunulcs or more, 5.5 nnnules or morc. 6

mu&utes or morc, 6.5 m&nulcs or morc, 7 numilcs or morc,
7 5 minutes or more. 8 minutes or more, N.5 minutes or
more. or ') minutes or more) In son&e exa&nples, the resi-
dence time of the feedstock w:ithin the extmder can be 10
minutes or less (e.g . 9 5 nunutes or less. 9 minutes or less,
8.5 minutes or less. 8 minutes or less, 7.5 minutes or less. 7
mu&utes or less, (&.5 m&nutcs or less, 6 mu&utes or less, S 5 &s

mu&utes or less, 5 m&nutes or less, 4.5 nunulcs or less. 4
mu&utes or less, 3.5 m&nutcs or less, 3 mu&utes or less, 2 5

minutes or less, 2 minutes or less, I 5 &ninutes or less. or I

minute or less) I'he residence ti&ne of the feed&tock &vithin

the extruder can mange fmm any of the minimum values 40

described above to any of the maximum values descnbed
abo&c. For exumplc, Ihc rcsidcncc l&mc ol Ihc fccdslock
witlnn thc extruder can be Ikom 30 seconds to 10 numitcs
(c.g.. from 30 sera&nds lo 5 mu&utes, from S nunulcs 10 10
minutes. from 30 seconds to 2.5 n&inutes, from 2 5 to 5

minutes. from 5 to 7 5 mun&tes, fm&n 7.5 minutes to 10
minutes. from 30 seconds to 9 minutes, from 30 seconds to
8 minutes. from 30 seconds to 7 minute~. from 30 seconds
to 6 minuies, I'rom 30 seconds to 4 m&nuies, Irom 30 seconds
to 3 minutes, I'rom 30 seconds to 2 minuics. Ikom I minute 0

to 10 nunules, from 2 lo 10 mu&utes, Ikom 3 0& 10 minutes,
fmm 4 to 10 minutes, fron& 6 to 10 mim&tes, from 7 to 10
minutes. from 8 to 10 minutes, from I mimite to ') n&inutes,
or from 1.5 minutes to 5 minutes).

Feedstock material subsequently enters the extruder . &

screw's pumpu& section where il is propcllcd oui of thc
cxlrudcr m&d u&lo the pyrolys&s rcaclor. Ior cxamplc via a

healed um&sfcr pipe A rupture d&sk can bc prov&dcd Ihr
emergency pressure relief to prevent down-stream damage
to piping and equipment si&

Pyrolysis Reactors
The hydrocarbons that make up the feedstock plastic

polymers include chmns and rings of hydrocarbon molccu les
lu&kcd together to form the sol&d malcnals with some
additives lo Ihc structures lo adjusi propert&cs such as ss
plasticity, stabilization against ultraviolet light degradation,
and extrusion slip

O&1 and wax producuon is accompl&shed by healing Ihc
incon&ing stream of plastic (e g., nsw feedstock, melted
feedstock, semi-molten plastic from the extruders. etc ) in an
oxygen-free environment to the point where the plastic is a
fully molten liquid and the polymers "depolymenze". Dur-
ing the conversion process, the hydrocarbon plastic chains
and groups of rings are splii apart by thc heal&ng process mio
snuilk:r scgn&cnls uni&l ihcv'rc stuall atul hghl cnotigh 10

ex&t the reactor as a vapor
i&or example, the systems and methods can include one or

more pyrolysis reactors (e g . t&vo nr more, or three or n&ore)

for pyrolyzing the feedstock. The pyrolysis can be accom-
phshed using any suitable pyrolysis reactor, such as. for
example, an auger pyrolysis reactor, a rotary kiln pyrolys&s
reactor, a drum pyrolysis reactor, u tubular pyrolys&s rcaclor.
a fluidized bed reactor, a spouted bed reactor, a n&olten salt
reactnr, a fixed-bed reactor, a continuously st&rred reactor, a
I le&nz Retort Pymlysis reactor, a vortex pyrolysis reactor. a
batch pyrolysis reactor, a semi-batch pyrolysis reactor, or a
combmation thereof. In some examples. the system and
method» can u&cludc onc or more batch pyrolys&s reaciors.
smn&-batch pyrolys&s reactors, a continuously stirrixl rcaclor,
or a combination thereof. 'Il&e reactors can have any suitable
orientation. such as hnrizonal or vertical In some examples,
the reactors are vertical reactors.

Each reactor can receive feedstock fmm one or more
upstream components (e, storage bunker, extruder, etc.).

In son&c I:xtuupil:s. Ihc sy'sic&t& u&cladcs Onc 0& n&0&c

reactors (c.g., tivo or morc, or ihrcc or more) rx&niigurcd lo
rece&ve the semi-molten plast&c feedstock from the
extn&der(s) In some examples, the system can include a
plunslity of reactors I iach reactor can. for exan&pie, process
the output of one or more extruders.

The volume of each reactor can be selected. for example.
u& v&cw of Ihc throughput of Ihc syslmn.

In some cxamplcs, thc volume of each reactor can inde-
pcndcntly bc I cubic fool (ft') or morc (c g., 2 fts or morc.
3 ft'r more. 4 ft or more. 5 fts or more, 10 fts or &nore, 15

ft or mnre, 20 ft or more. 25 fts or more, 30 fts or more. 35
ft'r more. 40 ft'r more. 45 fts or more, 50 Rs or more. 60
ft'r more. 70 ft'r more, 80 ft 'rmore, 90 ft 'rmore. 100ft'r morc. 125 f1

'r more, 150 fi 'rmorc, 17 S ft'r morc.
200 ft'r morc, 225 ft'r morc. 2SO fi'r more, 300 I'1'r
morc. 350 11'r more, 400 fi'r morc, 450 fi'r morc. 500ft'r more, 600 ft'r more, 700 ft'r more, NOO ft& or more,
900 fts or more, 1(X)0 ft nr more, 11(X) ft or more, 1200 fts

or more. 1300 ft'r more, or 1400 ft'r more). In some
examples, the volume of each reactor can independently be
1500 ft 'r less (c.g.. 1400 ft'r less, 1300 fi 'r less, 1200ft'r less, 1100 I''r less, 1000 fi'r less. 900 R'r less.
800 0'r less, 700 fi or less. 600 R'r less, SOO R'r less.
450 ft'r less, -i(X) ft or less. 350 ft'r less, 300 ft'r less,
250 fts or less, 225 ft or less. 200 ft'r less, 175 fts or less,
150 fF or less. 125 ft'r less, 100 fts or less, 90 ft'r less.
80 ft'r less, 70 ft'r less, 60 R 'r less, 50 ft'r less. 45
ft'rle&a, 4011'r less, 35 fi'r less, 30 I''r less. 25li'r

less. 20 fi'r less, 15 ft'r less. 10 R'r less, S fi'r less.
4 ft'r less. 3 fi'r less, or 2 fi'r less). Thc volume of each
reactnr can independently range from any of the &ninin&un&

values described above to any of the maximu&n values
described above. For example. the volume of each reactor
can independently be from I R'o 1500 ft'e.g . from I to
750 ft', from 750 lo 1500 ft, Ikom I to SOO fi'. from SOO io
1000 fi', Ikom 1000 a& 1500 fi'. Ikon& I 10 1400 R', from I

to 1300 ft', from I to 1200 fi', Ikom I to 1100 R', from I

to 1(X)0 ft', frmu I to 900 ft'. from I to NOO ft'. fron& I to
700 ft', from I to 600 ft, fmm I to 400 ft . fron& I to 3(X)
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fl'. from I to 200 I'', from I to 100 ft', Irom I lo SO II', from
I to 25 ft', from I to 10 ft', from 10 to 1500 8', front 25 to
15(X) ft'. from 50 to 1500 ft', from 100 to 1500 ft', from 2(X)

to 1500 I't
, fmm 3(X) to 1500 ft', fmtn 428) to 1500 ft'. front

500 to 1500 ft-', from 600 to 1500 ft', from 700 to 1500 ft',
from 800 to 1500 ft', fmm 900 to 1500 ft', fmm 1200 to
1500 ft', Iyom 1300 lo 1500 Ii '. from 10 to 1400 Ii'. I'rom

100 to 1000 ft', or from 500 lo 750 fl).
In some examples, the volume of each reactor can inde-

pendently be 100 gallons or niore (e g, 250 gallons or niore, la
500 gallons or more, 750 gallons or more, 1000 gallons or
more, 1500 allons or more, 2000 gallons or more. 2500
gallons or more. 3000 gallons or more, 3500 allons or
morc. 4000 gallons or more, 4SOO gallons or morc, 5000
gallons or more, 5500 gallons or more, 6000 gallons or ts
more. 6500 gallons or more, 7000 gallons or more, 7500
gallons or more. 8000 gallons or tnore, 8500 gallons or
more. or 90(X) gallons or niore). In some examples. the
volume of each reactor can independently be 10.000 gallons
or less (e.g., 9500 allons or less, 9000 gallons or less. 8500 20

gallons or less, 8000 gallons or less, 7500 gallons or less,
7000 gallons or less. 6500 gallons or less, 6000 gallons or
less. 5500 allons or less, 5000 gallons or less, 45(X) gallons
or less. 4000 gallons or less, 3500 gallons or less, 3000
gallons or less, 2500 gallons or less, 2000 aallons or less,
1500 allons or less. 1000 gallons or less. 750 gallons or
less, 500 gallons or less. or 250 gallons or less). The volume
tif cttcli teat:tot' ati ttttk:pctidctillv rJti c Irotti stiiy ttf lite
muuntmm values dcscnbed above lo any of thc mnximum
values described above ltor exaniple, the volume of each so

reactor can independently be fmm 100 gallons to 10,000
gallons (e g., from 100 to 1000 gallons; front 1000 to 10,0(X)

gallons: from 100 to 500 gallons; from 500 to 1000 gallons,
from 1000 to 5000 gallons; from 5000 to 10,000 gallons,
frutti 100 lo 9000 gallons, Iyom 100 lu 8000 gallotuo from is
100 to 8000 gallons, from 100 to 7000 gullons; from 100 to
6000 gallons; Iyom 100 lo SOOO Jllonsl lrom 100 lo 4000
gallons: from 100 to 3000 gallons; fmm 100 to 20(X) gallons,
fmm 500 to 10.000 gallons; from 1000 to 10,000 gallons,
from 2000 to 10,000 gallons; from 3000 to 10.000 gallons, so

from 4000 to 10,000 gallons; from 6000 to 10.000 gallons,
from 7000 to 10.000 gallons: Ibom 8000 to 10,000 gallons,
from 500 lo 9000 gallotts. or from 1000 to 7500 gallons)

Each reactor ts cqutppcsI with hcalcrs, Iitr cxamplc inter-
nal andtor external heaters The heaters can be any suitable
type of heaters, such as electric, niicrowave, and/or gas
heaters. The heaters pmvide the heat needed to raise tem-
peratures inside the reactor to a point where the depolymer-
ization process lakes place. In some extmiplcs. a plurality of
healers cmi bc arrayed on the reactor's exlcrior antVor witlun O

ils inlcnor.
In some examples, the heaters are gas heaters (e g, gas

pmvered heaters), ivhich can be fed from commercial gas
fuel and/or recycled hydmcarbon gases recovered from the
reactor products (e.g, propane, butane. and/or pentane) In . s

sotiic cxBtiiplcs, (lie licBO:ts Btc clccltic licBtcls (c.g., t:It:c-

trmJlly powered healers, rest~ live healers, mducuvc hot ters,
ctc.). In some cxmnples, lhc clccuic hcaicrs can bc powered
by a generator, which tn turn can be gas powered and winch
can be fed from commercial gas fuel and/or recvcled hydro- so

carbon gases recovered from the reactor products (e
propane. butane, and/or pentane).

In some cxamplcs, Ihc rcaclors arc cquippcd with a

plurality of internal chmlnc heaters, e.g. a plurality of
clcctnc hcatcrs disposed within Ihc reactor (c.g., 2 or morc, ss
3 or tiiot'c. 4 or morc, 5 ot'orc. 6 ot'u(it'e 7 ot'iorc, 8ot'ore.

9 or more, 10 or more, 11 or more. 12 or more. 13 or

morc. 14 or more, or 15 or more). Thc clcctnc hcatcrs can.
for example, be oriented in miy suitable direction (e...
honzontally, vcrucally. miglcd) within each rcacior inside
dry wells. '(lie electric heater tempemsture can be controlled
to provide a prcscnbcd lmnpcraturc and cncrgy density lo
the dry v;ell ivalls which in turn provide a controlled heat
flux into the plastics bath to drive the reactions and mini-
nuztng char fiimiation 'I'he number of internal heaters can,
for example, be selected based on the size of the reactor
and/or thc size of Utc hcatcrs. Supplemental electric heaters
on the outer surface of the reactors can also be provided that
operate ttl (lie BBttic tcttipct'ittul'cs Bird cttcrgy dctistlv Js llic
internal heaters, as necessary

Thc cncrgy density appltcxl by c ich oi'hc internal and tor

external heaters can. for example. independently be 5 watts
per square inch (W/in ) or more (e.g.. 6 W/in or more. 7
W/in or more, 8 Wtin or nxire. 9 W/ins or more, 10 W/in
or more. 11 W/in or more, 12 W/in or more, 13 W/in'r
morc. 14 W!in or morc. 15 W/tnz or more, 16 W/ui or
more. 17 W/ins or more, 18 W/In'r more, 19 W/in'r
morc. 20 W!in or morc. 21 W/tnz or more, 22 W/ui or
more, 23 W/in or more. 24 W!tn or more, 25 W/in or
morc. 26 W!in" or morc. 27 W/tn" or more, 28 W/ui" or
more, 29 W/in or more. 30 W!tn or more, 31 W/in or
morc. 32 W!in" or morc. 33 W/tn" or more, 34 W/ui" or
more, 35 W/in or more. 36 W!tnz or more, 37 W/in or
more. 38 W/in or more, 39 W/In or more, 40 W/in or
more, 41 )V/in or more. 42 W!mz or more, or 43 W/inz or
more). In some examples, the energy density applied by each
of thc uitcrnal and'or cxlemal healers cau indcpendenlly bc
45 W/tn'r less (e, 44 W/in'r less, 43 W/in'r less, 42
W/tn or less. 41 W/ui or less, 40 W/ui or less. 39 W!in
or less, 38 )V/inz or fess, 37 Wttn or less, 36 Wiin'r less,
35 W/in or less, 34 W/ui or less. 33 W/tn'r less, 32 W!ins

or less, 31 )V/inz or fess, 30 Wttn or less, 29 Wiin'r less,
28 W/in'r less, 27 W/In'r less, 26 W/in or less. 25 IV/in
or less, 24 )V/in or fess, 23 Wttnz or less, 22 Wiin or less,
21 W/in'r less, 20 W/In'r less, 19 SV/ins or less. 18 IV/ins

or less, 17 W/ui or less, 16 W/tnz or less, 15 W/in or less.
14 W/ins or less, 13 W/in'r less, 12 W/in'r less, 11IV/in'r

less, 10 W/ui or less. 9 W/ui'r less, 8 W/ui or less, or
7 W/iu or less). Thc energy density applied by mich of Ihc
internal and/or external heaters can independently range
from any of the minimum values described above to any of
the maximum values described above For example. the
ener y density applied by each of the internal and/or exter-
nul healers can independently bc Irom 5 lo 45 W/in (c.g..
from 5 to 25 W/in, from 25 lo 45 W/tn, from 5 to I S W'n .

from 15 lo 25 W/tn . from 25 to 35 W/tn, from 35 to 45
W/in, from 5 to 40 Wtin, from 5 to 35 W/in', fmm 5 to 30
W/in', frmn 5 to 20 Wtin . from 10 to 45 W/in . frotn 15 to
45 W/in-', from 20 to 45 IV/in-'. from 30 to 45 W/in-'. from
10 to 40 W/in'. from 15 to 35 W/in', from 12 to 30 W/in'.
or Irom 16 lo 24 W/ui ).

Thc dcpolymcnzauon process cun produce hghl hydro-
carbon gases (e.g., propane, butane, and/or pentane) wluch
can be separated from the oil and wax product streatns and
used as an energy source. fuel, or chemical feedstock

Localized overheatin and/or high temperatures can result
in solid char (coke) formation. Char buildup can require
pcnodic clean out of a re mlor for char removal from healing
surfaces. Loose char can also bc I'onncd by miy wood.
cardboard, or paper ma ten ala Ihal cnlcr thc system as part of
the plastic feedstock. Iteactor tempemsture monitoring, accu-
mate and precise individual heater control. and good heat
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transfi:r Ibom the hwitcrs into thc liquid plustic can, Ihr
example. be selected to contml and limit the anxlunt and/or
rate of char formation.

'lite feedstock can, for exainple. be heated to a tinnpera-
ture of 200'. or more v itlfin the reactor (e.g., 225" C or
more, 250' or more, 275" C. or more, 300" ('. or more,
325'. or morc. 3 SO'. or more, 375'. or morc, 400'.
or morc, 425' or morc. 450" C. or morc,475" C. Or morc,
500 ( or mill'e. 550 (1. or nlot'e. 600 ( . ol'lol'e. 650 (I
or more, 700" C. or more. or 750" ('r inore). In some ln

examples, the feedstock can be heated tn a tmnperature of
800" C. or less wltlfin the reactor (e.g.. 750', or less. 700"
('. or less. 650" C. or less, 600'', or less, 550" C. or less,
500'. or less, 475'. or less, 450'. or less, 425'. or
less. 400'. or less, 375'. or less, 350'. or less, 325'l
('rless. 300" ('r less. 275" ('r less, or 250'('rless)
'I'he temperature to which the feedstock is heated within the
reactnr can range from any of the minimum values descnbed
abolve to any of the maximum values described above For
example. the feedstock can be heated to a temperature of zo

from 200' lo 800'. within lhc reactor (e.g.. from200'.

(o 500', I'rom 500'. to 800'., from 200'. to300'',

fmm 300" ('o 4(X)" C, from 400" ('o 500'L. front
500" (2 tn 6(X)" (', fmm 600" ('o 700" C., fmm 700" C
to 800'' from 200" ('o 7(X)" (' from 200''o 6(X)"

('.. from 200" C. to 400" C., from 300" C. to 800''.. fmm
400" C. to 800" C., from 600" C. to 800" C., from 250" C.
to 750'.. from 300'. to 700" C., from 3SO'. toSOO'.,

Ibom 375'. to 425', or Ibom 38S'.. ul 41S'.).
'lite liquid and/or vapor phase phsstic inside a reactor can in

be agitated. Iior example, the pymlysis reactor can comprise
an auger pyrolysis reactor. a rotary kiln pyrolysis reactor. a
fluidized bed reactor, a contmuously stirred reactor. or a
combination thereof, wherein the reactor agitntes the liquid
and/or sapor phase plasuc ls

In some exmnplcs, thc liquid anipor vapor phase plusllc
insnlc a reactor cml be kept ul conunuous motion usul an
agitator that circulates the liquid and/nr vapnr phase plastic
inside the reactor Iior example, the liquid plastic can be
agtated in a manner that fosters heat transfer from the so

internal and/or external heaters to the liquid. Liquid plastic
is a good insulator (l.c., has a low )hernial conductivity) and
the ability lo gcl heal ullo il in a way that docs nol lead lo
clmmng bul still provides enough heai lo promote dcpo-
lymerization can be an important factor a

Iior example. each reactor can include an agitator. for
example a mixer or stirrer comprisin one or more blades.
The agitator can be configured so that it can produce liquid
fioss velocities inside lhc reactor such thai lhc bulb acquires
the ncccssary heal mid also avoids long rcsidencc (mica al o

the heated surfaces For example, thc a itutor can bc coll-
fi ured such that the entire liquid hath is agitated, e g
substantially none of the liquid bath is static.

The a@tutor can. for example. be operated nt a speed of
20 RPM or more (e.g., 25 RPM or more, 30 RPM or more, . 3

35 RPM or morc, 40 RPM or more, 45 RPM or morc, 50
RPM or morc, S5 RPM or more, 60 RPM or morc. 6S RPM
or morc. 70 RPM or morc. 75 RPIvi or morc, 80 RPM or
more. 85 RVM or more, 90 RVM or niore, 95 RVM or niore,
100 RVM or more, 105 RVM or inore, 110 RVM or niore, sn

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 morc, ISO RPM or morc. JS5 RPM or morc,
160 RPM or morc, 165 RPM or morc. 170 RPM or morc,
175 RPM or morc, 180 RPM or more, 185 RPM or morc. or ss
190 RVM or more) In some examples, the agitator can be
operated at a speed of 200 RVM or less (e.g . 195 RVM or

less. 190 RPM or less, 185 RPM or less, 180 RPM or less.
175 RVM or less, 170 RVM or less. 165 RVM or less, 160
RVM nr less, 155 RVXI or less, 150 RVM or less, 145 RVM
or less, 140 RVM or less. 135 l(VM 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 RVM or less, 45 RVM or less, 40
RVM or less, 35 RPM or less, or 30 RVM or less) I'he speed
at v hich the agitator is operated can range from any nf the
minim(un values described above to any of the maximum
values described above. For example. the agitator can be
opcralcd al a specxJ of from 20 to 200 RPM (c.g., from 20
to 12S RPM, from 125 lo 200 RPM. from 20 lo 60 RPM.
from 60 to 100 RVM, from 100 RVM to 140 RVM, fmm 140
to 200 RVM, from 20 tn 180 RVM. from 20 to 160 l(VM,
from 20 to 140 I(VM, from 20 to 120 RVM, from 20 to 1(X)

RPM. from 20 to 80 RPM, from 20 to 40 RPM. from 40 to
200 RPM. from liO to 200 RPM, from 80 to 200 RPM, from
100 to 200 RPM, from 120 lo 200 RPM. from 140 to 200
RPM, from 160 lo 200 RPM. from 2S to 195 RPM, from 30
to 190 RVM, from 50 to 175 RVM. from 75 to 150 RVM, or
from 120 to 160 RPM).

I'he agitatnr can be contigured tn produce honioaenenus
or inhomo eneous fiuid (e.g., liquid and/or vapor) flow
inside the reactor. In some examples, the agitator ls conh-
urcd to produce tlunl flow velocities ulsldc the rwictorol'rcatcrtitan 0 mcicrs pcr second (m/s) (c.g., 0 05 m/s or
more, 0 I m/s or more. 0 15 m,'s or more. 0 2 nlis or more,
0 25 m/s or more. 0 3 nvs or more, 0.35 m/s or more, 0 4 m/s
ornmre, 0 45 m/s or more, 0 5 m/s nr more, 0 6 nlis or more,
0.7 m/s or more. 0.8 m/s or more. 0.9 m/s or more. I n9s or
more. 1.25 m/s or more, 1.5 m/s or more, 1.75 nt/s or more.
2 nt/s or more. 2.2 S m/s or morc. 2.5 m/s or morc, 2.7S ngs
or morc, 3 m's or morc. 3.5 m/s or more, 4 nt/s or morc, 4.5
nt/s or morc, 5 mis or morc. 5 5 m/s or more, 6 m's or morc.
6 5 m/s nr nxlre, 7 m/s or more. 7 5 m/s or more, 8 in/s or
more,g 5 m/s or more, or 9 m,sor more) In some examples,
the agitator is confimtred to produce fhiid fiov velocities
inside the reactor of 10 nt/s or less (e.g., 9.5 m/s or less. 9

nt/s or less, S.S m/s or Jess. S m/s or less. 7 5 m/s or less. 7

nt/s or less, 6.S m/s or Jess. 6 m/s or less. S 5 m/s or less. 5

nt/s or less, 4.S m/s or Jess. 4 m/s or less. 3 5 m/s or less. 3
nv's or less, 2 75 m/s or less. 2 5 mis or less. 2 25 ni/s or less,
2 m/s or less, 1.75 nvs nr less, I 5 m/s or less, 1.25 in/s or
less. I m/s or less, 0.9 m/s or less. 0.8 nt/s or less, 0.7 nt/s
or less. 0.6 m/s or less, 0.5 nv's or less, 0.45 m/s or less, 04
nt/s or less. 0.35 mls or less. 0.3 m's or less, 0 25 m/s or less.
0.2 m/s or less, 0.1 S m/s or less, or 0.1 m/s or less). Thc Jluid
liow velocity inside the reactor produced by lhc agitator can
mange from any of the minimum values described above to
any of the maximum values described above I'nr example,
the agitator can be configured to produce fhiid flow veloci-
ties inside the reactor of from greater than 0 m/s to 10 nt/s
(c g., from greater thml 0 lo 5 m/s. from 5 lo 10 m/s, I'rom

grcatcr titan 0 lo 2.5 m's, from 2.5 lo S m/s. from S lo 7.5
nt/s, from 7.5 lo 10 nt/s, Ibom greater than 0 lo 2 ngs, I'rom

2 to 4 m/s, frnm 4 to 6 nvs. from 6 to 8 m/s, from 8 to 10
nv's, fmm greater than 0 to 9 mls, from greater than 0 to 8

m/s, from greater than 0 to 7 nt/s. from rester than 0 to 6

m/s, from greater than 0 to 4.5 nt/s. from rester than 0 to
4 nt/s. from greater than 0 lo 3.5 m/s, Ibom grcalcr than 0 lo
3 nt/s. from greater than 0 lo 2.5 m/s, Ibom grcalcr than 0 lo
J.S mls, from 0.05 to 10 m/s, from 0.1 to 10 m/s, from 0.5
to 10 m/s. fmm I to 10 in/s, from I 5 to 10 m/s, from 2 to
10 nl/s, fmm 3 to 10 m/s. from 4 to 10 m/s, fmm 6 tn 10 mis,
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from 7 to 10 nt/s, from 9 to 10 m/s, from 0.05 to 9.S m's,
fmm 0 I to 9 m/s, or from 0 25 to 5 m/s)

I.iquid level inside the reactors can be nxmitored using
anY snitable Ineans, for exanlple using one or more (e.g . 0

series of) themlocouples arranged along the inrernal reactor
wall or tluough non-contact means. such as radar or ultm-
soluc smlsors For example, a plurahly of thcnnocouples can
bc arranged vertically along thc ullcnlal rcuctor wall. Thc
liquid bath is typically hotter than the vapor in the headspace
above it As the liquid bath level insides reactor changes. the ln

change can be seen by changing temperatures I'eedstock
input and pmduct output can be monitored and/or adjusted
based on the observed vanations in the liquid bath level.

lllc liquid volume in each reactor cml. Ibr ex;unplc,
comprise 40% or morc of thc volume of thc reactor (c g., li
41% ol'lolL', 42% 0F nlore, 43% ol'lore, 44% ol'lore,
45% ol'lolL', 46% 0F nlore, 47% ol'lore, 48% ol'lore,
49% or more, 50% or more, 51% or more, 52% or nlore,
53;Y or more. 54'is or more. 55% or more. 5G% or more,
57;Y or more. 58'is or more. 59% or more. Ci0% or more, 20

61% or more, 62% or morc, 63% or morc, 64/o or morc,
65% or more, 66% or morc, 67% or morc, 68/o or morc,
69% or more, 70% or more, 71% or more, 72% or nlore,
73% or more, 74% or more, 75% or more, 7(i% or nlore,
77% or more. or 78% or more) In soine examples. the liquid
volume in the reactor can comprise 80% or less of the
volume of the reactor (e.g . 79'/s or less. 78% or less. 77%
or less. 76% or less. 75% or less, 74% or less, 73% or less,
72% or less, 71% or less. 70/Y or less, 69% or less. 68% or
less. 67'%r less. 66'%r less. 65'i or less, 64% or less. 63% ln
or less. 62'%r less. 61% or less. 609( or less, 59% or less,
58% nr less, 57'%r less. 569( or less, 55% or less. 54% or
less, 53"in or less. 52'io or less, 51% or less. 50'/8 or less. 49%
or less, 48'i8 or less, 47% or less. 46% or less. 45% or less,
44% or less. 43% or less, or 42% or less). Tllc hquid volume ii
hl lhc reactor can lunge flout anv ol lho nunnniun values
dcscnbcd above to any ol'hc maxunum vulucs descnbcd
above lior example. the liquid volume in the reactor can
comprise from 40% to 80% nf the vnlume of the reactor
(e.g.. from 40'/s to 60%. fi'oln 60% to 80%, from 40% to 40

50;Y, frnm 50'i8 tO 60%. fram 60'/s tO 70'iw fronl 70% tO

80%, Ibom 40% to 75%, from 40% lo 70%, from 40% to
65%, Ibom 40% to S5%, from 40% lo 45%, from 45% lo
80%, Ibom 50% to 80%, from SS% lo 80%, from 65% to
80%, fmm 75% to 680%, fmin -159( to 75'!!. or frmn 50% s
to 70%).

In some examples. the headspace volume in each reactor
comprises 20% or nlLlre of the volume of the reactor (e
21% or more, 22% or morc, 23% or morc, 24/o or morc,
25% or more, 26% or morc, 27% or morc, 28/o or morc, 0

29% or more, 30% or morc, 31% or morc, 32/o or morc,
33% ol'lolL', 34% 0F nlore, 35% ol'lore, 36% ol'lore,
37% ol'lolL', 38% 0F nlore, 39% ol'lore, 40% ol'lore,
41;Y or more. 42'is or more. 43% or more. 44% or more,
45;Y or more. 46'is or more. 47% or more. 48% or more, . I
49% or more, 50% or morc, 51% or morc, 52/o or morc,
53% or nlorc, 54% or inure, 5S% or lnLirc, 56/o or inure,
57% or morc. or 58% or morc). In some ex anplcs, thc
headspace volume in each reactor comprises 60% or less of
the volume of the reactor (e g., 5')9( or less, 58% or less, sn

57;Y or less, 56'i8 or less, 55% or less, 54% or less, 53% or
less, 52"i8 or less. 51 io or less, 50% or less. 49% or less. 48%
or less. 47% or less. 46% or less, 45% or less, 44% or less,
43% or less, 42% or less. 41% or less, 40% or less. 39% or
less. 38% orlcss, 37% orless. 36% orlcss, 35% orlcss, 34% si
or less. 33'%r less. 32% or less. 319( or less, 30% or less,
29% nr less, 28'%r less. 279( or less, 26% or less. 25% or

less. 24% or less, 23% or less, or 22% or less). Thc
headspace volume in the reactor can range front any nf the
nunimum values described abme to any of the nlaxinlunl
values described above. Iior example, the headspace volume
in the reactor can comprise from 20'i8 to 60% of the reactor
volmne (e... from 20'i8 to 40'i8. from 40% to 60%, from
20% to 30%. from 30% lo 40/w from 40/o to S0%, I'rom

50% to 60%. from 20% lo 55/w from 20/o to S0%, I'rom

20% to 45%, from 2(1N to 35%. from 20'%o 259(, front
25% to 60%, from 3(1N to 60%. from 35% to 609(, front
45% tn 6(1%, from 55% to 60'%, from 25% to 55'i. or front
30% to 50 6).

Hydrocarbon vapor generated inside each reactor exits the
reactor tluough a plpulg or dueling mm» fold connected lo 0

product recovery system which is dcscnbcd below. In some
exanlples, the reactor vapor pressure is monitored 'I'he type
and quality of product nutput can be controlled to snme
degree by altering the pressure inside the reactor liach
reactor is connected to a manifold, and vapor flow from each
reactor is controlled by a valve designed to operate at the
high vapor exit tcmpcraturc or a down-stream blower/
vucuum system. allowing lhc individual reactors kl bc
nmintained as needed betiveen a slight positive pressure and
a shght vacuum pressure, depending on reactor perforinance
and the types of hydrocarbon products condensmg in the
downstream product recovery winch operates under a slight
vacuum as described below.

Thc piping numifold system also allows Inert gases to bc
ullroduccd when necessary to purge the reactor intcnor, or
displace the liquid bath or vapor headspace in each reactor
to annther reactnr without Ihe use of pumps

I'he pressure inside each reactnr can. for example, be
-7.25 psig or more (e.g.. —7 psi or more, —6.5 pslg or more.
-Ci psig or more, —5.5 psig or more, —5 psig or more. —4.5
psig or morc, —4 psig or morc, —3.S psig or morc, — 3 psl or
morc. —2.5 psig or morc. — 2 psig or morc, — 1.5 pslg or morc.
— I psig or morc, —0.5 psig or more, 0 pslg or morc, 0.5 psig
or nlore, I psig or more, I 5 psig or more. 2 psig or more,
2 5 psig or tnore. 3 psi nr 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

psi or more. 6.5 psig or more, 7 psig or more. 7.5 psig or
morc. 8 psig or morc, 8.5 psig or morc, 9 psig or morc, 9.5
psig or more, 10 psig or more, IO.S psi or more, 11 psig or
morc. 11.S psig or more, 12 pslg or morc, 12 5 psig or morc.
13 psig or more, 13 5 psig or more, or 14 psig or mnre) In

some examples, the pressure inside the reactor can be 14 5

psi or less (e.g.. 14 psig or less, 13.5 psig or less, 13 psi
or less, 12.5 psig or less, 12 psig or less. 11.5 psig or less.
11 psig or less, 10.5 pslg or less, 10 psig or less, 9.5 psig or
less. 9 psig or less, 8.5 psl or less, 8 psig or less. 7.5 psig
or less, 7 psig or less. 6 5 pslg or less, 6 pslg 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. I 5 psig
or less. I psig or less, 0.5 psig or less, 0 psig or less. -0.5
psi or less. — I psig or less, -1.5 psig or less. -2 psig or less.
—2.5 psig or less. —3 psig or less, —3.S pslg or less, —4 psig
or less, —4.5 psig or less. —5 pslg or less, —5.S psig or less.
-6 psig or fess, -G.5 psig or less, or -7 psig or less). Thc
pressure v;ithin the reactor can range fmm any of the
nunimum values described abme to any of the nlaxinlunl
values described above. For example, the pressure inside the
reactor can be from -7.25 to 14 5 psig (e.g., from -7.25 to
3.S pslg, from 3.5 to 14.5 psig, from —7.25 to 0 pslg, I'rom

0 to 7.25 psig, fmm 7.25 to 14.5 psi, lbom -7 25 lo 10 psig.
from —7.2S to S psig. from — 5 to 14.5 pslg, from S lo 14.5

psig, frnm — 5 to 10 psig, from — 5 tn 5 psig, or front — 2 5 to
25psi )
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11&c rcs&dence tune ol'hc fccdstock w&llun the rcuctor
(e.g.. the time that it takes to pyrolyze) can vary based on a

variety of factors. For cxamplc, lhc rcsidcncc lime ol thc
feedstock v ithin the reactor can vary based on the type of
reactor, the compos&uon of the lix:dslock, lhc lcmpcrulurc
within the reactor, the pressure ivithin the reactor, the
agtation rate. the amount of char. or a combination thereof.

I&or example, the residence ti&ne of a given polymer
comprising the feedstock w&thin the reactor can be I second

1&i

or morc (c.g.. 2 seconds or morc. 3 seconds or morc, 4
seconds or more, 5 seconds or more, 10 seconds or more. 15

a&moods or more, 20 seconds or more, 25 seconds Or morc,
30 seconds or more, 35 seconds or more, 40 seconds or
morc. 45 seconds or more, 50 seconds or morc. S5 seconds
or more, I minute or more, 2 n&inutes or more, 3 mimites or
more, 4 minutes or more, 5 minutes or more, 10 minutes or
more. 15 minutes or more, 20 n&inutes or more, 25 minutes
or more, 30 minutes or more, 35 minutes or more, 40
mu&utes or more, 4S minutes or more, 50 munilcs Or morc, &0

55 minutes or more, I hour or more. 1.5 hours or more. 2

hours or morc, 2 5 hours or more. 3 hours or morc, 3.5 hours
or more, 4 hours or more, 4 5 hours or nxire, 5 hours or
more. 5 5 hours or more, 6 hours or &nore, 7 hours or n&ore,

8 hours or more. &) 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). h& some
cxanlplcs, lhc &ca&leuco nnu: ol a Ivcn polvnlcl conlprisnlg
the. fcedslock w&tlun thc reactor can bc 24 hours or less (c g.,
22 boun; or more, 20 hours or n&ore, 18 hours or more, 16 ic
hours or more, 14 hours or more, 12 hours or more, 10 hours
or more, &) hours or n&ore, 8 hours or more. 7 hours or n&ore,

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 morc, 2.5 hours or more, 2 hours or morc. 1.5 hours or is
morc. I hour or less. 5S m&nulcs or less, 50 nnnulcs or less,
45 minutes or less, 40 m&nulcs or less, 35 mimitcs or less. 30
minutes or less, 25 n&inutes or less, 20 niinutes or less, 15

minutes or less, 10 minutes or less, 5 minutes or less, 4
minutes or less. 3 minutes or less, 2 minutes or less. I minute 40

or less. 55 seconds or less, 50 seconds or less. 45 seconds or
less. 40 sem&nds or less, 35 seconds or less, 30 seconds or
less. 25 sem&nds or less, 20 seconds or less, IS seconds or
less. 10 scmmds or less, or S seconds or less). Thc rcsnlcncc
time of a given polyn&er con&prising the feedstock v ithin the
reactor can range from any of the minimum values descnbed
aboive to any of the maximum values described above For
example. the residence t&me of a given polymer comprisin
the foods&ock &v &thin thc rmictor can bc from I scmond to 24
hours (c.g., from I s&xond to 12 hours, from 12 hours to 24 0

hours. from I second lo I mimitc, from I mimitc 10 I hour,
fmm I hour to 24 hours. from I second to I hour, from I

hour to 6 hours. from 6 hours to 12 hours, from 12 hours to
18 hours, to 24 hours, from I minute to 20 hours. from I

second to 18 hours. from I second to 16 hours, from I . 1

s&Y:&ind 10 Ij hoi&I's, II'onl I second lii 10 hoiirs, Iriinl I

a&mond to 8 hours. from I a&mond lo 4 hours. from I a&mond

to 2 hours. from I second to 30 nnnutcs, Irom I second to
15 ininutes. from I second to 10 &ninutes, from I second to
5 minutes, from I mim&te to 24 hours, froni 5 minutes to 24 sc

hours, from 10 minutes to 24 hours, thorn 15 minutes to 24
hours, from 30 m&nutes to 24 hours, from I hour to 24 hours,
from 2 hours to 24 hours, I'rom 4 hours to 24 hours, from 6

hours lo 24 hours, from 8 hours to 24 hours. Irom 10 hours
to 24 hours, I'rom 12 hours to 24 hours, Irom 14 hours to 24 ss
hours. fmm 16 hours to 24 hours, from 20 ours to 24 hours,
fmm 30 seconds to 22 hours. or from I n&inute to 20 hours)

Incr& malcrial that enters thc reactors, such as b&m ol'mclal
and grit, as v'ell as loose char that can be created through the
heatmg process, can optionally be removed by any suitable
pmcessing compo&lent or step, such as sedin&entation, decan-
tation. filtration. sieving, etc.

In some examples, the reactor can further include an
add&tive, such as a catalyst, a d&luenl, an adsorbent. clc.

Vapomz&xl Product Recovery
Vapor leaving the reactors contains a complex hydrocar-

bon nnxture ranging fmm light molecules (short carbon
clmins) to heavy molecules (long carbon chains). 'I'he pro-
cess uses one or more stages of cooling and condensation to
condense the vapor product into one or more 1&qu&d products.
In some cxiunplcs, thc vapor cm& bc sub)ected to an addi-
t&onal process&ng step (e.g.. further heated, d&stilled, 0(ter&xi.

etc ) before and/or after condensation
i&or example. vapor from the reactors enters a condenser

where hydrocarbons that have a boiling point at or above the
temperature of the condenser are condensed The condenser
can comprise any suitable condenser Condensed hquid from
thc m&ndcnscr can then bc transferred, for cxmnplc, lo a

storage &m&k. In some cxamplcs, condcns&xl liquid Irom lhc
condenser can then be distilled. for example to separate the
pmduct into one or more fnsctions and/or purify the product

In some examples, the process uses a plunslity of stsges
of cooling and condensation to selectively sepamste reactor
vapor product into a wax product (e.g., comprising lon-
cha&n hydrocarbons &hat arc a sohd or scm&-sol&d wax al
ambient temperatures) and m& o&1 product (c.g . compns&ng
lighter, shorter-chain hydrocarbons that are a liquid at ambi-
ent temperatures). In some examples, there is also uncon-
densed gas.

In some examples. wax condensat&on takes place inside a
first condenser (e.g.. a &sax condenser). The first condenser
can comprise any suitable condenser. For cxamplc, vapor
from lhc reactors enters thc Iirsl condenser whcrc hydrocar-
bons that lmvc a bo&lmg point al or above thc tcmpcraturc of
the first condenser are condensed Condensed liquid (e.g,
liquid wax) from the first condenser can then be transferred,
for example, to a storage tank (e.g., a wax storage tank).

In some examples, vapor plmse material that passes
through the wax condenser can flow to a second m&ndcns&ng

system (c.g., a a&mond condenser). 11&c second condenser
can comprise any suitable condenser. For cxamplc, vapor
from the wax condenser enters the second condenser where
hydrocarbmis that have a boiling po&nt at or above the
temperature of the second condenser are condensed. Con-
densed liquid (e.g.. liquid oil) from the second condenser
can then be transferred, for exmnplc, to a storage tauk (c.g..
an o&l storage tank).

In son&&. cxilnlplcs. Vapor phase nlalcrial lhal passes
through the second condenser. such as uncondensed hydro-
carbons (e.g.. pentanes and some heavier, longer clmin
alknnes) and non-condensables (e.g.. butane and lighter
hydrocarbons and any non-hydrocarbon gases), can flow to
d g&is-hquid scpB&dtor Bnd/or 10 d lh&rd condcnscn Thc
gus-liquid s&7&an&tor. when prcscnt. cdn m&mpnsc any su&&-

able separator.
In son&e example~. vapor phase material tlmt passes

through the second condenser can flow to a third condenser
The tlurd condenser can comprise any suitable condenser.
For example. vapor from the second condenser enters to the
tlurd condenser where hydrocarbons that have a bo&hng

po&nt al or above lhc tempcralurc of thc flurd condenser arc
condcnscd. such im C,-C& hydrocdrbonm Condensed liquid
from the third condenser can then be tnsnsferred, fi&r

exan&pie, to a storage tank
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In some examples, Ihc Imnpcralurc cut-oil of each of thc
one or more condensers can be selected in view of a variety
of factol1. In soon: cxanlplcs, Ihc Icnlpclalulc cut-oil of lhc
one or more condensers can be selected such that a portion
of thc oil product is uot condcnsixl. For example, a ccrlmn
portion of the oil pmduct can, in some examples. comprise
a lfigh concentmstion of contaminants. and the condensers
can be contigured to selectively allow this pmtion of the oil
product to pass tltrou h each of the one or more condensers

111
without condcusutg.

In some examples, the systems and/or methods descnbed
hcrcul can produce Ihc pyrolysis products (c.g., wax;uld/or
oil) at a yield of 50"/ or more (e.g. 51'N or more. 52'/ or
nlorc. 53!o or nlorc, S4/o or nlorc, 55iso or nlorc, 56/o or is
nlol'c. 57/ ol'loi'c. SN/ ol'noi'c. Siy/ ol'nite, 60/oi'ore,61'is or more. 62/o or more. 63'/a or more. 64'/o or
more. 65"/ or more. 66"/ or more. 67'/ or more, 68'N or
more, 69'is or more. 70'/s or more. 71'/a or more. 72'/s or
morc. 73'!o or morc, 74'/o or morc, 75i'o or morc, 76/v or Io
more, 77'is or more. 78'/s or more. 79'/a or more. 80'/s or
morc. 81!o or morc, 82/o or morc, 83iso or morc, 84/o or
nlol'c. 85/ ol'loi'c. 86/ ol'noi'c. 87/ ol'nite. NNNoi'orc.

89'!o or morc, 90'/o or morc, 91i'o or morc, 92/v or
nlol'c. 93 / ol'loi'c. 94/ ol'noi'c. 95/ ol'nite, 96/oi'orc.

97'!o or morc, 98'/s or morc, or 99i'o or morc). In some
examples, the systems and/or methods described herein can
produce the pyrolysis products (e.g., svax and/or oil) at a
yield of 1(X)"/ or less (e g . 9958 or less. 98'/N or less, 97'N

or less, 96'is or less, 95"/a or less. 94'/a or less. 93'/s or less,
92/o or less, 91 /o or less. 90/(( or less, 89/s or less. 88/o or
less, 87"is or less. 8(i'is or less, 85'/a or less. 84'/8 or less. 83'/s
or less. 82'!o or less. 8 I /o or less, 80/(( or less, 79/s or less,
78'N or less, 77"/ or less. 7651 or less, 75'N or less. 74'N or
less. 73!o or less, 72 /o or less. 71 /a or less, 70/o or less, 69 /o

or less. 6N"/ or less. 67'N or less. 66'N or less, 65'/ or less,
649(S or less, 63'is or less, 62/o oi'ess, 61 /o or less, 60/oot'ess.5')"/ or less. SN"/ or less 57"!I or less, 56'/ or less. 55'N

or less. 54'/s or less. 53'/s or less. or 52'/s or less). The yield so
of Ihc svstcnls and/ol'lclhods ilcscilbcd hcl'cnl can riulgc
from any of the minimum values described above to any of
the maximum values dcscnbixl above. For cxamplc. thc
systems and/or methods dcscnbixl herein can produce thc
pyrolysis products (e g, wax and/or oil) at a yield of front
50'/ to 1 (X)'N (e.g, from 50/ to 75'N . from 75'N to 10(YN,

front 50/o to (IO/o. fi'onl 60/o to 70 le ft'olu 7P/a Io 80/w
from Sffib to 90"/w front 90'/(( to 100'/w from 50'/s to 95'/w
from 50'/s Io 90'/0 from 50/o lo 8S/w from 50/o ui 80/w
from 50'/s Io 70'/0 from 50/o lo 6S/w from 50/o ui SS/w o

from 55~/a to 100/w I'rom 60/s lo 100/0 lrom 65!o lo 100 lw
fmm 70'/ to 100'/. front 80'/ to 100'i. from NS'N to 100'/,
fmm ')0'/ to 100/. fmm 55'/ to 95"i, or from 80'N to 95s/)

Post-Treatment
In some examples, the methods and systems herein pro- . 1

duce a raw pyrolysis product with a rcduccd level of
contmuurants. for cxmuplc such thai no furlhcr posl-treat-
ment of Ihc product Is nccdcd (c.g.. Ihc mclhods substan-
tially exclude any hydmtreatinent or further refining steps
after the pyrolysis). 1 I I

In some examples, the methods and systems hereul can
further comprise post-treating the pyrolysis products. For
example, thc wax mid/or oil can be furlhcr proccascd by
relining. Iillcnng. cracking, hydmlrcanng, dislillmg, clc.. or
a combinanon Ihcrcof. In some cxamplcs, Ihc post-treatment ss
can reduce the level of one or nlore contaminants m the
p)'I'olysis pl'oducl (e 8, oil aud/oi w:Ix)

Product Storage
After hydrocarbon pmduct has been condensed as wax

(molten) and/or oil (and optionally post-treated), it is trans-
ferred to stowage tanks I.iquid product can be transferred
usia any suitable means to the storage tanks

The storage tanks can be constnlcted of any suitable
material. In some examples, thc storage tanks can further
ulcludc a fccxtback system. For example, hquid lcvcls ul Ihc
tanks can be monitored usin an electronic sensor In some
exunlples, the feedback system can include a teniperature
control system (e.g, to contml the temperature of the liquid
v ithin the stomge tank, for example by heating and/or
coo)htg). The feedback system can. for example. activate the
heating Iuld/or coohng systems as nixdcd, for cxmuplc
bused on particular tcmperaturc sct-poults. In some
exunlples, at least a portion of the storage tank(s) can be
insulated.

Iieet 'I'racing
In some examples. the system can further include heat

trace components. For example, mineral insuLated heat trace
cable can bc used on some or all process lines conveying
mthcr molten plastic or hquid products Thw cable can
ensure that products within the process lines renlain flow-
able under all conditions Such cables can be protected
through cladded insulation 'I'hermocouples on each inde-
pendent section of heat trace can be installed to monitor heat
levels within these sections and feedback mechanisms can
provide ml alert if pipulg sections may uot be receiving
proper hcatulg. For example. some or all of the piping
Iuulning frmn the extruder into the reactors can be insulated
and/or include heat tracing. Such insulating and heat tracing
to process lines can be particularly important during colder
ambient conditions. It is imperative that all process lines
alv ays remain fully open and operable, regardless of the
ambient tcmpcraturc.

System Availability
System availability is typically cxprcsscd as a percents c

and refers to the amount of time a system is opensting„
divided by the total amount of time in the penod Availabil-
ity is a combination of scheduled maintenance (non-oper-
atin hours) and reliability (defined as I minus forced
outagcs divided by operating hours). Avadabihty Is dcpcn-
dcnt on scvcral factors, including the quahly of cquipmcnk
cngulccring and construction employed, the dcgrcc of back-
up or redundant equipinent. the expertise and effort of
personnel, the level of preventative, predictive and correc-
tive maintenance. the replenisiunent of spare parts. the
operatin demand placed on a facility, and first year versus
nninni: operation.

In some cxiunplcs. the systmns and methods dcscnbixl
hcrcin can have an availabihty factor of 50/o or more (c.g..
55'/ or more, 6(XN or more, 65"/ or more, 70'i or more,
75'/ or nxlre, NO'/ or more. 85'/ or more, 90"/ or more, or
95'/s or more). In some examples, the systems and methods
described herein can lieve an availability factor of 100'/s or
less (c g.. 95 /o or less, 90 /a or less. SS!o or less, 80 /o or less.
75/o or less, 70/o or less, 65 /a or less. or 60/o or less). Thc
availability factor can range from any of Ilm mimmum
values described above to any of the maximuin values
described above. 1(or example. the systems and Inethods
described herein can have an avaiLability factor of from 50'/a
to IOO!o (e g., fl'om 50io lo 75/o. fl'otn 75 io to 100/w fioln
50/o to 60/o. from 60/a lo 70/w from 70/o to 80/w I'rom

80/o Io 90 /o. from 90/a Io 100!w I'rom 50/o to 80/o, I'rom

50/o Io 80 /o. from 50/a Io 70!w from 610/s lo 100/o, I'rom

7(y/ to 100'is from 80"/ to 100'Ns fmm 90'N to 1(X)'N. front
')5/ to )0(XNs frmn 55'/ to 95'/, or from 60'N to ')051)
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Compositions, Articles of Manulhcnirc, Methods uf Usc
Also disclosed herein are compositions comprising any of

the waxes disclosed hcrcin, any of thc oils disclosed hcrcln,
any of the blends disclosed herein. or any of the products of
thc lnotllods or sy'stcnls ihscloscd llclclll.

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

111
Also disclosed hcrcin arc methods ol usuig uny of thc

compositions described herein (e.g.. any of the waxes dis-
closed herein. any ol'hc oils disclosed hcrcuif any of thc
blends disclosed herein, or any of the products of the
methods or systems dtscloscxi hcrcm).

Also disclosed herein are articles of niainifacture con&-

prising any of the compositions described herein (e., any
of the waxes disclosed hereui, any of the oil ~ disclosed
herein, any of the blends disclosed herein. or any of the
prodllcts of thc nlclhods or svsicnls dlschisixl hclcnl). Oo

Also disclosed herein are methods of mal ing any of the
compositions or articles ol mmiufaciurc, Iiir ex unplc,
wherein the method comprises additional processing of the
composition. such as refining. filtering. cracking, hydrotreat-
liig, C'tC

In some examples, the composition or article compnses a
lubricating oil. a mineral oil, a group Ill base oil, a idly
rc(incd parallin waxf or a combuiauon thereof;

In some exumplcs. thc composillon ur artmlc compnscs a
binder, a processing aid, or a conibination thereof. in

In some examples, the composition or article coniprises
kerosene including cosnietic kerosene, white oils. high value
paralfin and purified liquid fuels, or a combination rhereof.

In some examples, the composition or article comprises
llaphtha. ls

In some cxmnplcs, thc composition ur urticle composes
I'UCI.

In some examples, the composition or article coniprises
liquefied petroleum gas (I,PCI), naphtha, kerosene, diesel
and gas oil, or a combination thereof. So

In some examples, the composition or article comprises
lube oilf gasoline, tct fUCI, diesel fUclf or B conlbumtion
thcrcof.

In some cxmnplcs, thc composition ur urticle composes
packs in, him. Bnd/or fibers for carpets and clothing,
molded articles, and extruded pipes, or a cnmbination
thereof.

In some examples, the composition or article compnses a
medmal dcvwc.

In some cxamplcs, the composinon or t)tc;Uttclc corn- o

poses lubncmit, candles. Bdhcsivcsf packagmg, rubber. cos-
metics. fire logs. bituminous inixtures, superhcial v ear
coatings. asphalt, sealing coatings, ore coinbination thereof

In some examples, the composition or article comprises
asphalt, automotive fuel, aviation fuels, base oih binunen, . 1

cadalmic. cutting fiuid, diesel fuclf I'ucl oil, gusolincf healing
oil, heal y fuel oil, hydrocarbon solvents, lct fuel, kcroscnc,
ligroui, lubricunt. mazui, microcrystalhnc wax, muicml oil,
motor fuel, motor oil, naphtha, naphthenic acid, paratfin
wax. petroleum benzine, petroleuni ether, petmlenm telly, on

petroleum naphtha, petroleum resin. retene. or n combina-
tion thereof.

In some cxmnplcs, thc composition ur urticle composes
gasoline. jet fuclf diesel and other fiicls, aspludt. heavy fuel
oil, lubricants, parallin wax. tar, asphaltf fcrnllzcr. Booring, os

perfiune. insecticide, petroleuni jelly. soap, vitamin. aniino
acid. or a combination thereof

In solllc cxilnlplcm tho colllposltioll or altlclc conlpllscs
v ood-based composites such as oriented-strand board
(OSB). particleboard. Irardboard. medium density tiber-
board, gypsum board. or a combination thereof

In solllc cxilnlplcm tho colllposltioll or altlclc conlpllscs
fully refined paraffin which is used to pmduce candles,
cosmetics. crayons. food packaging. paper and carton coat-
ulgs. or a combuiation thcrcol;

In some examples. the composition or article comprises a
hydrocarbon fcedstock for a pctrolcum rclinery. a catalyuc
cracking system, a thermal cracking systeni, a polymeriza-
tion system. or a combination thereof. For example. also
disclosed herein are methods of using any of the composi-
tions disclosed herein as a hydrocarbon feedstock for a
pctroli:lint rclincoy, a cBullvtn: cracknl sy'sn:nl, B Illcnllal
cracking system, a polymerization system, or a conibination
thcrcol.

A number of embodiments of the invention have been
described. Nevertheless, it will be understood that various
modihcatimis may be made ivithout departing front the spirit
and scope of the invention. Accordingly. other embodiments
arc wlthlll the scope iif tllc follow lllg clallilm

I'he examples below are intended to further illustrate
certain aspixts ol thc systems and methods dcscrtbcxi herein.
and are not intended to limit the scope of the claims.

I,XAVIPI I if

I:xample I

A wax derived from pyrolysis of a feedstock comprisin
post-consumer and/or post-industrial plastics was producixl
and mlalyzed. At ambient tcmpcraturc and pressure, thc wax
was a solnl with mi mnbcr to bclgc color

I'he fnllowing techniques ivere applied to the wax: UV-

Vis, Irl'IR. carbon munber distribution by (iC, hydrocarbon
types by clay-gel absnrp lion chromatography, 'I I-N MIN and
"C-NMR

A sununary of the substance identity profile is provided in
Table l.

TABLE I

Salfan:Ill of:Ix Pfoaoci

H alo ".Ifi os 1 'lc (I w"x/

S*Ifonftca costco'1
HnfffIlfOICCI Cnsffsi

vl ff

1 ii

Thc following exiunplcs arc set forth below to illustrate
the methods and results according to the disclosed subject
matter. Thcsc examples arc not uitcndcd to bc inclumvc ofall
aspects of the subject matter disclosed herem. but rather to
illustrate representative methods and results. These
exnnlples are not intended tn exclude equivalents and varia-
tions of the present invention which are apparent to one
skilled in thc art.

I iffiirts have been made to ensure accunlcy with respect to
numbers (c.go amounts. tcmpcraturc. ctc.) but some errors
and dcviatloim should beaccountcd Ihr. Unless indicatixl
othcrwisc, parts are parts by welghL tcmpcraturc is ui '.
or is at ambient temperature, and pressure is at or near
atnxispheric. I'here are numerous variations and combina-
tions of measurement conditions, e g, component concen-
trations. temperatures, pressures and other measurement
ranges and conditions tllat can be used to optnnize the
dcscribcd process.
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Smnmary of uax produ t Carbon number d stnbur on parunetets

RESLLT INITS
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CI 9

C
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C24-C 8

C28 (3
(' ("6
(' ('atl

C4A-C(4
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ct) I
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Ia
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fl 7(
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178

I 94

3 t)7

3 78
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0(
5 0

10 0

15 0

20 0

4o.fi
4( Il

0 Il

60 Il

6

70 0

75 0

80 Il

)A.fi

95 0

99 (

14tl
771 tl

BOILING
PONT

148
51 't

870
SA7

340 tl

36 I

37 I

383 3

373 I

401 9

41(i 4
419

'2tl 7

43tl 8

4(A (
46 6

479 tl

yu3

(71 0

"C

"('RITS

"C
"C
"C
"C
"C

"('('('('C

"C
"C
"C
"('C

"C
"C

"('('C

"C

UV-Vis spectmphotometry was performed using a Shi-
madzu UV1800 spcctrophotomctcr using a single cell (IO
nun) over a tt avelength range of from 200 to 800 nm. The

3(
smnple was dispersed in hexane (dilution lhctor 100 and
100x) 1'he l)VVis results fpl(i 6 and I'l(i 7) show that the
sample had maxnuum absorpuons at wavclengtlw of 880
nm, 825 nm, 255 nm, and 200 nm.

FTR-ATR spectroscopy was performed using 0 Perkin so

Elmer Instrmncnts Spectrum Tlucc FT-IR Sprmtromctcr,
equipped tvith an A'I'R (iolden (iate budge
(crystalMtamond) over a spectral range ol4000 to 600 cm'ithbaseline correction 'I'he I "I'Ilt spectrum is shov n in
FIG. 7. The FTIR main peaks arc sununartzml m Table 2

'IAI31,1: 4

IBP
so

lo tl

0 tl

0 tl

40 Il

6)l ri

70 Il

to ) 0
9A 0

o

FBP

239 9
291 9

I 4 7

383

414 3

428 I

451 3

4,1 3

484 3

.; UFF BOILI. IO POP T Lo(ITS

"C
"C
" ('

('

('C

"C
"C
"C
"C
"C
"C
"C

TABLE 2 i,i 3(O'

FTIR niaut cak. Ot's toduct

bl. n I Iut .(I R
TABLE 5

29
2916
28 I

2848
147'1463

1378

7 9,719

Anu synunett c sttetchu)s of methvl
Ant)-ay nnnctnc strctclung of incthylcnc
Syinnictnc strct Iun ot'inctln I

Syinnictnc strct Iun ot'inctln leuc
A)it)-s'toil)ICtr)C bC))tlag 'lb)at)elis Of

Methylene bendum teel uig v biat ons
(cr, sr.ill mt, i 6 I I

Carbon number distribution in the wax product was
asscsscd by simulntrxl dtstillauon (GC) usuig ASTM
D5442M and ASTM D2887. The G('hromatogram of the 6(
wax product is shown ui FIG. 9. The results are sununanzcd
in 'I'able Brlable 5

('RI)ob
XIIMIII 8

C9
0 10

0 11

('
(' I
('14
('
C16
C17
C18
C19
C20
C24
C28

I I

I 4
196
216
2

2 ')4

271

87
307

316
33)

:44
391
431

0 (90
O 9SS(
I 7416
- 6140

7 66O6

7 6124
10 AA47

13 078
16 8(39

I AAA7

26 0614
488 7S

709 95

lii' (') OI I
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summer, of n I product

CARBO)(
)T! VIBBR

('
('
( '40

C44
C46

BP i" C)

466
4'J 6

22

545
5s6

-. OFF

8) 8719
9 6(pn
97
98.7'169
9').1241

H dmcmbnn types

H, dtnmirt nii
numbe&

Cnaccntrstina
(n

94 8

8

14

Coacentist oa
( 2 w"s)

Hydmcarbon types in the v ax sample were further
assessed using clay-gel absorption chromatography accord-
in to ASTM D2007. The results are sununarized in Table 6.

15

() ((3

() 61

1 64
6 62
90
5 47
8 68

14 1

6 ')4

76)
5 'iii

5 14

619
432
3 51

3 ((9

8

21

16
127
ti 86
n64
ti 85

U 7U

U stl
U 42
() 24
01

Cs
C
C4
C.
('6
(7
('8
('9
C li)
C l&

Cl
C13
C&4

C&5

C&6

C&7
('t(
('9
('21

C2
C23
024
C25
C26
C27
C28
('

TABLE 6

&St M I) 0)7

ilydmo b n toils 20

Sshu'ttc cnatcat
Arnitlsti cot&to&it

Polar cot(to&it

Asphsltcncs

86 I Wt
12 8 Wt

11 Wt
:01 Wt

'Ibe hvax sample was further subjected to 'I I-NMR spec-
troscopy. 'I'he 'I I spectms were obtained in ('DCI) solvent
(Cioss Scientific D. 99.8%) at ambient laboratory rempem-
ture and auto referenced against the solvent peak using the
;IEOL ECS 400 NMR spectrometer.

11&c 'H-NMR spcclrn are shown u& FIG. 11 und FIG 12.
Thc mmotal&ons u& FIG. 12 &s a guide highhghung cerlmn
peaks of interest 'I'he 'I I-NMR spectml generated for the
wax sample are dom&nated by resonances that are consistent
with saturated, unsaturated and aron&atic hydrocarbons

The normalized NMR integration values indicate there &s

97,9%o aliphat&c protons (region 0.5-3.2 ppm). 1.0%o unsatil-
ratcxl protons (rcg&on 4.5-6.0 ppm) and 1.1% aroma&&c

protons (reg&ou 6 5-8.5 ppm). Tlus rulers to the percentage
of proton atoms in the al&phatic saturated, unsaturated and
aromatic rings only relet&veto the total proton content 'I'here

were no ~ignals observable outside the mange shown in the
'H-NMR spectra.

The hhax sample was further subjected to 'C-NMR
spccuoscopy. Thc 'sC-NMR spectra werc obtau&ixl &n

CDCI, solvent ((ioss Sc&cnt&lic D, 99.8%) al mnbicnl labo-
ratory temperature and auto referenced against the solvent
peak

'Ibe "C-NMR spectra are shown in ltl(i. 13 and Itl(i 14
The annotations in FI(i. 14 is a guide hi h)IP&ting certain
peaks of interest. The "C-NMR spectra enerared for the
wax samplearc dom&natcd by rcsonanccs lhul ure consistent
with saluralrxl, unsnluraled aml aromat&c hydrocarbons.
'I'here were no s&gnals observable outside the range shown in
the ' -NMR spectra
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FTIR mam esks f o I iodu r

Maui FTIR ATR
Peal s ( m 'I Interpmrar n

UV-h/is spectrophotometry was performed using a Shi-
madzu UV1800 spectmphotometer using a single cell (10
mm) over 0 wavelength r;mgc of from 200 lo 800 nm. Thc
sample v:as dispersed in hexane (dilution factor 100 and

40
100x) Thc UV-Vis results (FIG. 15 and FIG. 16) show that
the sample had maxinn&m absorptions at wavelengths of 335
nm, 245 nm, and 200 nm.

FTIR-ATR spectroscopy was performed us&ng a Perkin
Elmer Instruments Spectrum Three FT-IR Spcctromcler.
cqu&ppcd with nn ATR Goldm& Gale bral 0

(crystul=d&amond) over a spectral range ol'4000 to 600 cm'ithbaseline correction I'he I "I IR spectnun is shohvn in
I)I(i 17 I'he F I'IR main peaks are summarized in I'able 8

Example 2

An oil denved fmm pyrolysis of a feedstock comprising
post-consumer and/or post-industrial plastics wms produced
and analyzed. At ambient temperature and pressure, rhe oil
was a dark brown, clear liquid.

1110 lollowlng techniques wc&L'pphixl to lhc v,six. UV-
V&s. FTIR, GC-FIDr GC-MS, ku&ematm viscosity, flush
poinL d&a(illation charactcnsucsr 'H-NMR, and ''C-NMR.

A summary of the substance identity profile is provided in
'I'able 7.

6(l

29 6

2m
28 .

14 7

1)78
992
96
7

f metl ((erie
Lmbrells Lend ne y bint oas of methyl
I Iethvl bead ns
C -C skclctnn ibr:itious, nicthyl bcadirm,
Mcthylcnc bendute rocluna ibrstions

es Gas cluumatography was perl'onncd on thc o&1 product
using an Agilent 6890 (ias ('hmmatogmlph w&th Atlas soft-
ware and a flame ionization detector ((i('-I'ID) ((rC ten&-
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peru(urc program: lnuial 20'. 10 nunuies; Rmnp I5'1/minto 250'd Final 250" C. 10 minuresj. The CiC

spccua arc shown ui FIG. 18 and FIG. 19. Thc results arc
summarized in 'table 9 and 'labia 10

'I'AI31
I ( 9

Extended PION results.

'I'AI31.1: 9-contmued

Exrended PIOP,A msults

Ident fied ebon
cha n lens(h

('28
('29

Total

Area

0 24
0

I'00

Idcntiricd carbon Arcs

Cl

Cs
C')

( '4

('1

C6

C7

Cs
C9
('ttl
('l l

Cl
C13

C14

Cl(
(')6
(')7
(')8

C19

C

Cs1

C

C 4

(uo
(E6
C27

CA i)1

1 1
0"

11.( I

I 64

9.t) 'I

(.47

8.( 8

14.1

7 69

(.14

6.19

4ns
3 11

3 i)9

." I

I.i 3

ln"
A.86

A.s(

I) 71)

1 1 4

I'A 131,1 I 10

Extended PIOEA substu e 1 st

Substm e

20

Pctitatic
H «:

H pt:
0 i:m
'thi ~ieptr
bonane
De me
I:nde ine
Dodccanc
Ttidc snc
Tctrtdccanc
Pctitadccaiic

H ptml ..«

E cossite
Hens osa»e

- 14

9

- ')6

98
3 14
3 14
3 12

91
- 77
- 44
- 19

I 79

I 45
I (iii

Gas cluumatography Mass spcctromc(ry (GC-MS) was
pcrfonncd using a Thcmio Scicn(ilic Trace 1300 GC with 0

3'hermo Scientific ISQ QD (injection volume 0 5 micro-
liters: split ratio I:5; injection temperature 250" Cd oven
pmgram 70'L. hold I min, 10" ('/min to 300" ( . hold
24 mini lhe (iX:-MS results are summarized in 'I'able 11

TABLE 11

OC-I I( results

)tete I in It tents

I 57
I 61

I 63
I 6.
I 7'

77
I 80
I 91

I 94
ti I

08
2 12

Propane
Isobutuic
I-tutcite
-tut'cite

P i trit
C. allicnc (in'7 . 5, 42. 41)
I-pentane, 4-incth) I-

Butane. 2A) dunerh, I

Pm)sr e. 2 tm)n)

C6 alkcac (nx'z t!4, 41. 69)
C6 xll eae (m'z 41. (, 84)

18

2 I 1

2 'li)

2 'I'I

40
44

2 4

I-Pcotcoc, E4-duncthrl-
C7 xll eae (m'z 83. 98, 41)
C, lopenterie. I merh, I

Bcitzeiic
He(aria, n1ctlitl.
C7 xll eae (m'z 41. 98 \

I'1 ( 6: Iten ( 1 41, 67. 39)

11) I

10

'0

3t!

10 43
1 i) 47
1 i) (
11) 62

10 82

ill 84
li) 79

1 i) 98

0 i)9

11 2

11 44

11 I

11 9

11 60

H 69

H 7(
11 88

12 ()0

12 I

12 311

iin,z 131. 146, 162)
iinrz 162. 166, 91)
iinrz 162. 1115, 145)
iinrz 131. 146, 145)
(,7 146, I I, )44't

(,7 144, 129, )4('t
I-tndcccnc
Tl'ldCCsllC

(ttt'z 182. 197. 111)

(,7 1)1. 4). 121)
(,7 1)1. )41. 142)
iinrz Hl, 114 I

Merhhlnuihrhaleae Im'z 14 .

141. Il()
('ll:Ik ( ,7 182, I

1)1)
( 7 Is)1 I 4 )7('t
(,7 I, 14, I 4't

iinrz 145. 16ii, I 6)
(m'z 176. 16ii. 168i
(ttt'z ill, I ( 168)
(,7 I 9, 14, I 76't

I-Tctradc cite

Tctiadccutc
(ttt'z 196. 1(6. 141i
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GC MS results

Rctcnl on

trna

Arri«f1 Contpoticrit

Recit't on
t me
Anuil C nnipnucrif

61

2 65

2 71

2 84
29
" 98
3 08
319
3 24

28

59

61

79
91

40
415

4 0

437
447
457
47A

4 84
5 3

2

64
71

76

5 79

6 05

6 14
6 29

G 4'I

6 t)

69,
13

7 24
7 2

7 48
7 55

7 68

7 86
7 89
tl 01

8 7

tl 57

tl 61

86,
875

tl 92

917
929
93

I lept;

«r z 98. 81, 96)
C7 alkene (m'z r)8. 41. 39)
C( lohexane. merh,l
C( lopenrtme eth,l
C7H I 2 Anrz 81, 96 79)
C7H I 2 Anrz 81, 96 9

Hcptanc 4-tncthyl-
Tolircric
('7HI2 (,z 96. 81. ')l I

('8, lk ( z 4(, 112,

0*A r «

rrn z 112. 41 5()
D methyl », lohextme
C9H2(i alkane (tnz 85 4«. 41)
tm z 83. 126. 41)
Cu slkcac Anrz 4R 126, 55)
iinrz I I 0, 9. 109)

xylene (tti'z r)l. 106, lo(i
5, lena + (m z 106. 91 Iflp)
C9H(G (m'z l(lr). 124. 8 )
C9 alkene (m'z 41. 43. 97)
CltiH2(i inirz 4R tl3, 104)
xi(circ + ttn'z lt)6, 43, 911
I orisltc
Hcnzcnc (I-incth Icthyll-

')7, 83. I 6)

124, 41, 9

rr;I C9(II (r '05,(
103)
m mare C9H( (m z 105 I 0

106)
m mare C9H( (m z 105 I 0

119)
aminstc C9HI ini z lil, I

ltt31
Clr)H2(i alkcnc in& z 41 9, 5'I
I)e «
('IDHSA r(L e ( r (4(i. 97 41(

rrn z 113. 43 41)
CHH 4 slkuic inirz 4", ilk 41)
iinrz 154 41. 111)
indene
aminstc C IDH14 Ini z 105, I 4,

119, 105, 4()
111, 112, 41)

tm z 119. (ll. Il )
ttn z 119. 41 r)7)

aminstc C I DH12 Ini z 117. H
1321

t:d*m

('ill (22;

II ( 'r I 4, 97, 4(i
('ill(22; II ( 'r I 4,41,
I

ttn z 15 125. 41)
(m z 154 119 l( )

13(, 1(9. 146)

aminstc Inuz 148, 105, Ir)6)
m mare (niz 117. Il( 1) )
m mare (niz 148, l(9. 115)
:r:I (

'r 148.(0 . It)6)
CI'lkmic itnrz 97. 16fl. 41)
Dnrz I'tl 17r) 4" l

h,aphrhalene

12 69

I 2.i «

I 81

I 9f)

I) fltl

IR07
IR14
1klf1
1kefl
13 46
13 «I

13 «8

13 71

1).8
1) 80
1) 92
14 ill
14.04
14.14

14 16

14.
14 i(
144
14 « I

14.67
14.80
1(.10
1(.1 f1

l(
15 52

15 56
15 '2

1548

15(7

14.80

1(.66
15 83
15 95

16il6
16."(
16HD
16dfl
16.43

16 48
16 «3

16 «4

16.6
15 95

16.i6

16 91

1719
17 49

17.(7
17 63

17 72

17 81

17.94
(IL(1

18 60
18 69
1 f1.80

1 f1.93

1047

!m z I l. 97. 2ti4)
im z 168. 169. I (l
An'z 17D. 150. 15" I

C 15 slkctic Ati z 18.
182)

r 157. 04. 08)
!m z 107. 196. I (l
!m z 04 08 170l
!m z 04. 10 . 2 4l
Cetene
Hct sdccsuc
An'z 224, 111, 195)
An'z 150, 168. 1541
An'z )SR )BR 1691

r 167. 196. 18

r 197. 196. I I

r 167. "4. 16 I

r 18. 11. It()

21D.

tm z 106. 197. 10 ()

tm z 167 18 16(l

An'z 224, 111 195)

I-Hcptadc cite
H pt:ul
CI7: Ik.i (
169)
C17 au:ene (m
An'z 168. )BD.
An'z 179. 196.
An'z 160, )BR
An'z 211, 181.

238, 1(1.

z 97. 198. 238)
1821

1941

1671

21D)

r 179. 194.

r 179. 32.
tm z 16 . 181.
C17 au:ene (m
160)
I Gcnidc cuc

178)
fill
194)

2(ol
z O'l8

r 178.

r 25. 179
97)
178)

!m z 39. 179
!m z 46. 179

r 66. 19)

I Ror;ale*
I'nnsdc snc
!m z 179. 39

!m z

r 6it. 192

I-Ercnscnc
Et nssnc
!mz l. 74

194l
194l

181)

208l
19)l
191)

2 l

141, 174)
!m z I 6. I . I 4l
tm z 106. 168. 83)
im z 10ri 169 168l
!m z I 6. 183. 18 l

An 'z 19D. 194. I. 91

An'z 19D. 100. 1551
An'z 156, 1. 7. 1721

I-Pcntsdcccnc
Pr(u( c, i

r 167. 141. 18

,41) I I but Ipl em(
r 111, 208. I

!mz I 17ti I ll
I IsopropeaylrmSihrhslene
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GC MS results

Re(col ou

trna

oninl Cnmponcnt

1 7 06*m
1 9 ('(2.11c ( '6(l.'), I I)
946 m mate C(IH(4(m,z It( 146,

H I 1

9 50 (m z 168 131. 1461

9 8 (m z 145 1st. 1601

9 92 inilz 16 166. 155)
99, iinlz 168 H7 183)

10 02 iinlz 16 H7 09l
10 0 aulz 14«166. 160)
u(12 ( '4«. 162, 160)

Rue(i't ou
t me
nnul) C Onlpnucut

1976 I H 1 *o.
191(7 H» *os,
«0 77 Docosine

21 64 Ti oosane
2 47 Teuacosme
""."7 Pent'ic05auc
4.04 Hcl 5 05auc

24.84 Hepta osanc
5.74 Oct'5'0551(c

6 79 Rom

TABLE 12

D(5(ill'1'(lou icsults nf 011 smn Ic

Anal)'515 Au:6) 515

Re en et tempeianue
St ut Ilg SaillplC
Tculpcl'atul'c
Inn(el noilitig Poult25'e o ci
35', Re o ci

80(% Re oiet,
SS'e oiei,

16
0

I 7

163 I

159 6

216 I

271 6

88 9

16
20

I 8

161 8

188 «

217 6

244 4
270 lt

86
105

'
'

'C
'C
'C
'C''

('
('
('
C

'
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The oil sample v as further subjected to 'H-NMR spec-
troscopy. 'I'he 'l l spectml were obtained in ('DC), solvent
(Cioss Scientific D. 99.8%) at ambient laboratory tempem-
turc nlxl mito rcfcrcnced against Ihc solvent pc;6 using thc
;IEOL ECS 400 NMR spectrometer. 0

lllc '-NMR spec(rn arc shown in FIO. 20 und FICi 21.
'1'he annotations in I(I(i. 21 is a guide highlighting certain
peaks of intcrcst. The '-NMR spectra generated fi)r Ihc oil
sample confirm the presence of saturated, unsatumlted and
aromatic hvdrocarbons. 'H-NMR indicates the presence of '

vinyl. internal and vinylidene olefinic functionalities
The normalized NMR integration values indicate there ls

94.8'!o ahpluiuc protons (region 0.2-4 ppm), 3.8% olcliluc
protons (region 4.6-6 0 ppm) and 1.4% aromatic protons „„
(region 6.7-8.3 ppm) This rcli:rs to Ihc pcrccntuge of proton
atoms in Ihe aliphatic saturated. Clefinic and aromatic rings
only rclatilc lo Ihc to(al pro(on conlmlt. There werc no
signals observable outside the mange shown in the 'I I-NMR
spectra. 65

'lhe oil sample was further subjected to '('-N MR spec-
troscopy. 1'he "('-NMR spectra were obtained in ('D('ls

'lhe kinematic viscosity of the oil was assessed using
ASTM D446 nnd ASTM D7042 usm an An(on Paar 20

SVM30(X) Stabinger Visconleter (i2 I'he oilsample had 0

kinematic viscosity of 28.2 nun'/s, cSt.
'lhe fiash point of the oil was measured using ASTM

D93A using a Pensky Martens Herzog. E)ectronic MP329
instrument. The oil hlxl 0 llashpoint of 11.3'.

The oil was sub)ected to distillation accordin to EN 1SO
406. The results are sununanzcd in Table 12.

solvent ((ioss Scientihc D. 99 8%) at ambient laboratory
temperature and auto referenced against the solvent peal .

The 'C-NMR spectra are shown in FICi. 22 and FICi. 23.
The annotations in FICi. 23 is 0 guide highlighting certain
peaks of in(crest. Thc '1C-NMR spectra genera(Ox) I'or thc oil
sanlplc urc donlnlatcd bv tcsonanccs Iiult Brc conslstcnl wllh
saturated, unsaturated and ammatic hydrocarbons m('-

NMR mdicates the presence of vinyl, internal and
vinyhdene olelinic functionalities. There were no signals
observable outside the range shown in the '1C-NMR spec-
tra.

Other advml(ages w Inch arc obvious mid which arc inhcr-
cn( Io thc invention w ill bc evident Io onc sin)lcd ul thc an.
It will be understood that certain features and sub-conlbi-
nations are ofutility and may be employed without reference
to other features and sub-combinations. This is contem-
plated by and is within the scope of the claims Since many
possible embodiments may be made of the invention without
dcpar(ing from thc scope Ihcrlxif, lt is to bc undcrs(ood Iha(
all ma(tcr hcrcul sci forth or shown in thc accompanying
draw:ings is to be interpreted as illustrative and not in a
linuting sense

The methods of the appended claims are not hmited in
scope by the specihc methods described herein. which are
intended as illustrations of a few aspects of the claims and
any methods tha( arc functionally cqutva)cn( are intcndcd Io

fall wlthnl Ihc scope tlf Ihc chunls. Vallous nlodlficanons ol
the methods in addition to those sholvn and descnbed herein
are intended to fail within the scope of the appended clainls
l(urther, v;bile only certain representative method steps
disclosed herein are specifically described, other combina-
tions of the method steps also are intended to fall within the
scope of the appended claims, cvcn 11'o( spccilically
rect(cd. Tluls, a cumbilmuon of steps, clcmcnts. compo-
nents, or constituents may be exphcitly mentioned herein or
less, however, other combinations of steps, elements, conl-
polmnts, Bncl const(tun'nts Bl'0 nlchlclecl. even though not
explicitly stated.

W)mt is claimed ls.
I A wax derived from pyrolysis of a fccdstock compns-

ing post-cmlsumer an(1'or post-industrial plastics, wherein:
the wax is produced at an industrial scale;
the v ax has a number average molecular v eight and/or a

v ei ht average molecular wei ht of from 300 to 400
De)tons,

thc wax compnscs a nux(urc of ddli:rent hydrocarbons.
any of wluch can opuonally bc subsututcd, whcrcin
front 60% to 80'i of Ihe mixture (w/w) comprises
('zo-('ac hydrocarbons: and
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lllc wax llas.
a tinal boiling point of 950" F. to 1300'd and
a sodium content ol ISO ppm or less.

2 I'he ivax of claim I, wherein from 95 to ii')'%f the
mixture /w/w1 comprises CS-Cs„hydrocarbons.

3 'I he ivax of claim I, wherein the mixture coniprises:
20-30%4 Cs-Csc hydrocarbons.
20-30% ('to-CS4 hydmcarbons,
20-30%4 CS4-Css hydrocarbons. and
10-20% CS„-C„hydrocarbons.
4. The wax of claim 1, wherein the mixture is substan-

tially Ircc ol C, -C„hydrocarbons.
5 'I he ivax of claim I, wherein the mixture coniprises:
80-100 wt. % unsaturated hydrocarbons,
0-5 ivt '%nsaturated non-smmatic hydmcarbons: and
0-15 wt. % aromatics.
6 'lite wax of claim 1. wherein the wax has a melting

point of from 40' to 55" C.
'7. Thc wax of clmm 1, whcrcin the wax luis a pour point

of from 30' to (i0" F.

8. The wax of claim 1, whcrcui thc v ax has a total
chloride content of 50 ppm or less

9. Thc w ax ol'luun 1, whcrcui the wax has a rutrogcn
content of 300 ppm or less

10. Thc wax ol'laun 1, whcrcin dic wax has a silicon
contrail of 125 ppm or less.

11. The wax of claim 1, whcrcin lhc wux lms a sodnim
content of 10 ppm or less

12. I'he v ax of claim I, wherein the wax has an irml
content of 10 ppm or less.

13. The wax ofclaim 1, wherein the wax has a phosphorus
content of 50 ppm or less.

14. Tllcwax ol claiiii 1, wllcrcut tlii: wax liils a siilfiir
contrail of 500 ppm or less.

15. 'I'he wax of clauii I, wherein the wax has a calcnuu
content of 50 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 25 ppm or less. ore combination
liicrcof.

is
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is

17. The wax of claim 1. whcrcin thc wax has:
u total chlondc content of 50 ppm or less,
a nitrogen content of 300 ppm or less: and
a silicon content of 123 ppm or less.
18. 'I'he wax of claim 1. wherein the wax has:
a total chloride content of 50 ppm or less;
u nitmgcn content of 300 ppm or less:
u silicon content of 125 ppm or less,
a sodium content of 150 ppm or less,
an iron content of 10 ppm or less;
a phiisphonls colitciit of 50 ppm iii'ess;
a sulfur content of 500 ppm or less; and
u calcium con(cut of 50 ppm or less.
19. The wax of claim 1. whcrcin thc wax has:
a total chloride content of 25 ppm or less,
a nitrogen content of 300 ppm or less,
a slllcofl cofltciit of 100 ppm iii'ess;
a sodium cmitent of 10 ppm or less:
un iron content of 10 ppm or less,
u phosphorus con(wit of 50 ppm or less,
a sulfur content of 10 ppm or less,
a calcium content of 5 ppm or less,
or a combinatimt thereof
20. 'I'he v;ax of claiin 1. ivherem the wax has a Raid

Prcssure of 12.S psig or less.
21. 'I'he wax of claim 1. wherein the wax has:
a Reid Vapor Pressure of 12 5 psig or less: and
a pour point of 30" F, to (IO'.
22. The svax of claim 1, svherein the wax has:
a Reid Vapor Pressure of 12.5 psi or less:
u pour pouit of 30'. to 60'..
u total chlondc content of 50 ppm or less,
a nitmgen content of 3(X) ppm or less:
a silicon content of 125 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
u calcium con(cut of 50 ppm or less.
23. A method ol'aking thc wux of claun 1, whcr

method comprises pyrolysis of a feedstock comprisin
consumer and/or post-industrial plastics

t t t

V'ipot'iii

lllc

g post-
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