OXI DI ZED OLEFI N WAX POUR PO NT DEPRESSANTS BACKGROUND
OF THE I NVENTION [0001] Crude oils, crude distillates
(e.g. gas oil, petroleumfuel, diesel oil, heating
oil, kerosene, etc. . .), residual fuels and/or
residual oils often contain waxy constituents which

can precifi . § j d LSk ,
resi dual @&ﬁ&gﬁﬁﬂﬁ]‘rﬂ@g |vgﬁ$jﬁ Qﬁﬂ EP@QQLJEFE@ESW

| ower tenperatures. Dependi ng upon the particul ar
conposition, crude oil, crude oil distillates,

residual fuels and/or residual oils can |lose their
fluidity as tIBACREROUNDOFUEREINVENTIONat e fromt he
bul k solution. The precipitation of the waxy
constitutes can cause problens durln% the recovery

[0001 Fahéf‘p@}% cruge éwa@&eﬁm 8ps Qibetspl el digeel ol laeaﬂag Oidke

kerosé}iel efdi ng I Ldi Qe Puel SOY ' eéi(ﬁﬁl b e dctaid Yaky U&ﬁtl&'eﬁts which
overy and transport, wax precipitates ca

can pmemﬁatemlmn the pratie nﬂé, onmiel distilbatks u’e'sgiuzil ﬁfel and/cmtesmual oil are

. punpi and in so cassco |.ete bl ockage qf the
SubJe{JSF@BEa IpHer (FReTRtESH, Beperd 198 1PPR th therrticupt & '.%PP%P% [yude oil,
crude o1 IRk, REidGAIYE&s Shd/or Bsi@hd s R&Yi080tHeRWuidity as the waxy

tenperatures (e.g. sub arctic areas). In storage and
constifuentsipwecipitae fori thg bulk solutide. Thé precipitatiqnr @dhpmaay eenstitutes can

ate heated storage, for the .crude
cause RIS f e g RcBertt GHrRR sirade S B€o fins Prugh S e o
distillhtes]iahd€ tdstduADoiRN dn eAdb SITREReR MndftranbortV@he wax precipitates can
precipitates. In use, the waxy constituents can result

deposit gnipipeliae waHs stusineadi ffisuity inspurping end intomexeres, copmlete blockage
of the ’f) I#@igg gvh'ic!haé’élcigngﬁpaﬂ{cu ar %J)n(!ehpfzo% ’theathg{sgér.t Qtﬁ? He I)x? ta%zfs having
it engi nes ces,” preventin I'a

low tenfpetdveres (kg subasttic ﬁre&@ﬁ&n SidERR a0d figtheg pmmh@t of crude 01ls the
i.nterruption of th or

f the fuel
precipifales GoR Dgcgenifele hPH"@ é%/rs %swsig.oalggau@ﬁ thglﬁmat%ge@ldual

fuels, ?ﬁd {Tégfdl:ugl'n&l?é r%efl:lﬁ d%&gﬁ?ﬁrpp%g%d}éégﬁ‘?fj t W f(zfécglfaﬂ:%eln use, the
waxy cawstitheats chnedsslt imfranation efSpreicipitates insstca'agd tauks, cause plugged

.ures are of nstderable ern. Par r
transpgfi oh Fied it gl ook GRE i GG anA PSR PG A8 Eepls
meteriiB dF teSFubl @nd hpm dabdseaiifle ts@ﬁspmeqﬁt Pﬁ&r?oiftﬁé SRl PO the

properties of crude oils, crude oil dis | at es,
fuel orkeatidgaledfumsl s, and/or residual oils. Pour point (ASTM
D97- 47) is deflned as the |l owest tenperature at which

0002 THESblsas athdctoted Rt MRIRes Qi B8, SRR SIS ERAGES
precipltaté 50 atiof i bﬁldb eiffenalewiladigtillandy] fsidaalpfuels) @idloﬁttr&dual oils at

first appear, as.a haze in a_material upon cool.ing.
low teppperatyres arg of gensidserble canseme arameters seediaserox peiat, apd cloud
poie HE0EE 4 BB N TS R Af iR o
crude bifl cfudewdltdistillages aresidtoal fpelsandior rés;duaf oilsh &ar puh’e(rASé]‘M D97-
erature condi.tions na the tra

47) is gﬁﬂ’ @ﬁ%f%%s t tpTHperatyeg o <Fh YmRfSrid Wf flow ygen Eﬁrﬁ without
disturdalBO8Rd P b feciffedBhEHibA whilStHR W bR dRt (Q@@WS@)@?Q)&G

indicates the tenperature at which the wax
tempetatwrs et whishaprécipitate firbteippowes @ heod mawyla{uppplcoalmg/ A

t.h h .th hest | .
e R B S8 AR ) B e
or sem‘i@@hd@ie@ibit@ﬂe pattRB3Zhn béglﬁ’ ks SfFedt ereAVR bikiblyfahil/o¥ blihPsbility of

W th the precipitation of waxy constituents during

these materdale tindsar low tonpajeuretqondisions making dhekarispeyt 2adpumpiag of the
additives are often added to crude oil, crude oi
distillates, residual fuel, and/or residual oils to
decrease the wax precipi t atle particle size, change wax
precipitate particle structure, reduce settling and/or
aggl oneration of the wax precipitate particles, and/or
mai ntain or inprove their [ow tenperature flow




include but are not limted to distillation into
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Characteristic Typical Value (Typical Range) Al pha
Aefin Alpha AQefin Alpha Aefin Al pha Adefin Al pha
Oefin C20_24 C24-28 C26-28 C30* C301414. % Al pha

ol efi ns 86 54 79 62 76 (11-1-NWMR) (83 -92) (40 - 60)

2 .
all fafl within 31 )de{imtlon o? l@drocarbon composition even though these compositions can

contain compounds comprising elements in addition to hydrogen and carbon.

[0011] The term "crude oil" whenever used in this specification and claims denotes all types
of mineral oils found in nature. Crude oil includes oils obtained from wells, shale, rock

and/or sand among others.

[0012] The term “crude oil distillate” refers to any distillation overhead product - be it a fuel,
oil, and/or some other product - obtained from the distillation (atmospheric or
subatmospheric) of crude oil or refined crude oil. Crude oil distillates also include fuels, oils,
or other products that have been obtained from the distillation of crude oil obtained by the
thermal cracking and/or catalytic cracking of crude oil. Other processes which can be
practiced on the crude oil during or prior to obtaining the crude oil distillate include solvent
extraction, caustic treating, acid treating, dewaxing, desulfurizing, and reforming among

other crude oil refining processes.

[0013] The term “residual 0il” and “residual fuel” refers to any products, be it fuel or oil, at
least partially composed of residual components, residues, from the distillation (atmospheric
or subatmospheric) of crude oil and/or refined crude oil. The terms “residual oil” and
“residual fuel” also includes fuels, oils, and other products that have been obtained from the
distillation of thermally and/or catalytically cracked crude oil. Other processes which can be
practiced on the crude oil during or prior to obtaining the residual fuel or residual oil include
solvent extraction, caustic treating, acid treating, dewaxing, desulfurizing, and reforming

among other crude oil refining processes.

[0014] The term “synthetic hydrocarbon composition” refers to compositions comprising one
or more hydrocarbons synthesized from small carbon containing molecules. The synthetic
hydrocarbon composition can include compositions having synthetic compounds comprising
only hydrogen and carbon and compounds comprising other elements in addition to hydrogen
and carbon. Additionally, the synthetic hydrocarbon compositions can also contain non-
synthetic materials. Non-limiting examples of synthetic hydrocarbon compositions include
hydrocarbons produced by a Fischer-Tropsch synthesis (oligomerization of carbon monoxide
in the presence of hydrogen) and hydrocarbons produced by an olefin oligomerization
process. The term “synthetic hydrocarbon composition” also includes materials which have

undergone further processing step(s) after the synthesis step(s). Further processing steps can



(70 - 81) % Vinylidenes 8 30 16 30 18 (11-1-NWR) (6 -
15) (25 - 55) (11 - 17) (25 - 45) (15 - 25) % Internal
olefins 3 18 3 10 5.3 (11-1-NWR) (2 - 5) (10 - 22) (2
- 8 (5- 20) (4 - 10)

include but are not limited to distillation into distillate fractions and/or residual fractions,
thermal cracking and/or catalytic cracking, solvent extraction, caustic treating, acid treating,
dewaxing, and reforming among other processes. For example, a fraction of a Fischer-
Tropsch synthesis can be treated like a crude oil or crude oil derivative and undergo further

crude oil refining steps (thermal and/or catalytic cracking) among other processing steps.
DETAILED DESCRIPTION

[0015] The present invention relates to compositions comprising a hydrocarbon composition
and an oxidized olefin wax which have a pour point lower than the pour point of the
hydrocarbon composition alone. The present invention also relates to compositions
comprising a hydrocarbon composition and an oxidized olefin wax which have an average
wax particle size less than the average wax particle size of the hydrocarbon composition
alone. The present invention also relates to a method of reducing the pour point and/or

decreasing the average wax particle size of a hydrocarbon composition.

[0016] The hydrocarbon composition can generally be any composition comprising a
hydrocarbon. In an embodiment, the hydrocarbon composition can comprise a crude oil, a
crude oil distillate, a residual fuel, a residual oil, or a synthetic hydrocarbon composition. In
other embodiments, the hydrocarbon composition can be a crude oil, a crude oil distillate, a
residual fuel, a residual oil, or a synthetic hydrocarbon composition. In some embodiments,
the hydrocarbon composition can be a crude oil; alternatively, a crude oil distillate;
alternatively, a crude oil residual fuel; alternatively, a crude oil residual oil; or alternatively, a
synthetic hydrocarbon composition. In some embodiments, the hydrocarbon composition can
comprise crude oil, kerosene, diesel fuel, aviation fuel, jet fuel, burner oil, gas oil, fuel oil,
light cycle oil, cleaning oil, hydraulic oils, a white oil, or a lubricating oil. In other
embodiments, the hydrocarbon composition can be crude oil, kerosene, diesel fuel, aviation
fuel, jet fuel, burner oil, gas oil, fuel oil, light cycle oil, cleaning oil, hydraulic oils, a white
oil, or a lubricating oil. In yet other embodiments, the hydrocarbon composition can
comprise crude oil, kerosene, diesel fuel, aviation fuel, jet fuel, or fuel oil. In yet other
embodiments, the hydrocarbon composition can be crude oil, kerosene, diesel fuel, aviation
fuel, jet fuel, or fuel oil. In further embodiments, the hydrocarbon composition can be crude
oil; alternatively, kerosene; alternatively, diesel fuel; alternatively, aviation fuel;

alternatively, jet fuel; or alternatively, fuel oil.
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[0017] Generally, the hydrocarbon composition has a boiling point greater than 80 °C. In an
embodiment, the hydrocarbon composition can have a boiling point greater that 100 °C; or
alternatively, greater than 120 °C. In some embodiments, the hydrocarbon composition can
boil within a range of 80 °C to 400 °C; or alternatively, 100 °C to 370 °C. In other
embodiments, the hydrocarbon composition can have a boiling point greater than 300 °C;
alternatively, greater than 330 °C; or alternatively, greater than 360 °C. In yet other
embodiments, the hydrocarbon composition can boil within the range of 300 °C to 600 °C; or
alternatively, with the range of 340 °C to 560 °C. The boiling point information presented
herein are provided as atmospheric pressure boiling points. While the boiling points are
stated as an atmospheric boiling point, the hydrocarbon composition can be produced using
any distillation pressure be it atmospheric pressure, subatmospheric pressure, or
superatmospheric pressure. One skilled in the art can readily convert subatmospheric or
superatmospheric pressure boiling point temperatures to atmospheric boiling point

temperatures.

[0018] Generally, the hydrocarbon composition has a pour point greater than its desired
and/or intended storage, transport, or use temperature. In an embodiment, the hydrocarbon
composition can have a pour point greater than -30 °C. In some embodiments, the
hydrocarbon composition can have a pour point greater than -15 °C; alternatively, greater that
0 °C; alternatively, greater than 15 °C; or alternatively, greater that 30 °C. In other
embodiments, the hydrocarbon composition can have pour point ranging between -30 °C and

70 °C; alternatively, -15 °C and 60 °C; or alternatively, 0 °C and 45 °C.

[0019] In an embodiment, the hydrocarbon composition can comprise waxy constituents
which can precipitate from the hydrocarbon composition at a temperature greater than its
desired and/or intended storage, transport, or use temperature. In some embodiments, the
hydrocarbon composition can have a wax content greater than 1 weight percent. In other
embodiments, the hydrocarbon composition can have a wax content greater than 2 weight
percent; alternatively, greater than 3 weight; alternatively, greater than 5 weight percent; or
alternatively, greater than 7.5 weight percent. In an embodiment, the hydrocarbon
composition comprises waxy constituents which form wax precipitate particles having an

average wax particle size greater than 50 microns.

[0020] In an aspect, the hydrocarbon composition generally has a pour point higher than the

transport, storage, or use temperature of the hydrocarbon composition. Thus, one function of
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inhibitors, dispersants, emulsifying agents, detergents, viscosity index improvers, extreme

pressure agents, dyes, and/or dye stabilizers.

[0026] In an aspect, the present invention relates to a method of decreasing a pour point of a
hydrocarbon composition comprising combining a hydrocarbon composition and an oxidized
olefin wax. In another aspect, the present invention relates to a method of decreasing the
average wax particle size in a hydrocarbon composition comprising combining a hydrocarbon
composition and an oxidized olefin wax. In yet another aspect, the present invention relates
to a method of decreasing the pour point of a hydrocarbon composition and decreasing the
average wax particle size in a hydrocarbon composition comprising combining a hydrocarbon

composition and an oxidized olefin wax.

[0027] The hydrocarbon composition and oxidized olefin are described herein and their
embodiments are generally applicable to the method of decreasing the pour point of a
hydrocarbon composition and/or decreasing the average wax particle size in a hydrocarbon
composition. The hydrocarbon composition and oxidized olefin wax are typically combined
in any quantity sufficient to decrease the pour point of the hydrocarbon composition and/or
decrease the average wax particle size in the hydrocarbon to a sufficient extent to allow its
storage transport or use at the desired conditions. The quantity of oxidized olefin wax, the
reduction in the pour point, and the average wax particle size are described herein and are
generally applicable to the method of decreasing the pour point of a hydrocarbon composition

and/or decreasing the average wax particle size in a hydrocarbon composition.

[0028] In some instances, the oxidized olefin wax may not in a form that can be easily
combined with the hydrocarbon composition. Alternatively, the amount of oxidized olefin
wax may be too small to be accurately measured or metered to combine with the hydrocarbon
composition. In these instances, or merely for convenience, the oxidized olefin wax can be

dissolved, or dispersed in, a solvent to form an oxidized olefin wax concentrate.

[0029] Generally, the oxidized olefin wax concentrate comprises a solvent and an oxidized

olefin wax. The solvent used for the oxidized olefin wax concentrate can be any solvent
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olefin concentrate used to reduce the pour point of another crude oil, and/or decrease the

average wax particle size in another crude oil. The hydrocarbon compositions are described
herein and can be generally utilized as the solvent for the oxidized olefin wax concentrate. In
some embodiments, the oxidized olefin wax concentrate solvent can be any liquid solvent
having from 4 to 30 carbon atoms. In some embodiments, the solvent can be a liquid
hydrocarbon having from 6 to 60 carbon atoms; alternatively, from 7 to 50 carbon atoms;
alternatively, 8 to 40 carbon atoms; alternatively, 9 to 30 carbon atoms, or alternatively, 10 to
20 carbon atoms. The liquid hydrocarbon can be linear, branched, cyclic, alicyclic, or

aromatic.

[0030] Generally, the concentration of the oxidized olefin wax within the oxidized olefin wax
concentrate can be any concentration wherein the oxidized olefin wax is dissolved or
uniformly dispersed within the oxidized olefin wax concentrate solution. Alternatively, the
oxidized olefin wax concentration can be chosen to enable the accurate measurement or
metering of the oxidized olefin wax to be combined with the hydrocarbon composition. In an
embodiment, the oxidized olefin wax can comprise from 0.1 to 50 weight percent of the
oxidized olefin wax concentrate. In some embodiments, the oxidized olefin wax
concentration within the oxidized olefin wax concentrate can range from 1 to 45 weight

percent; alternatively, 2 to 40 weight percent; or alternatively, 5 to 35 weight percent.

[0031] In an embodiment, the oxidized olefin wax concentrate can comprise other materials
in addition to the solvent and the oxidized wax. Often these additional materials are added to
improve the transport, storage, or use properties of the hydrocarbon composition. Materials
which can be include in the oxidized olefin wax concentrate include one or more of the
following materials; antioxidants, corrosion or rust inhibitors, haze inhibitors, foam
inhibitors, dispersants, emulsifying agents, detergents, viscosity index improvers, extreme

pressure agents, dyes, and/or dye stabilizers.
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[0037] In an embodiment, the oxidized olefin wax is produced from an olefin wax having a
proportion of waxes within a certain carbon number range. In some embodiments, the olefin
wax can comprise greater than 70 weight percent olefins having from 20 to 24 carbon atoms;
alternatively, greater than 80 weight percent olefins having from 20 to 24 carbon atoms;
alternatively, greater than 85 weight percent olefins having from 20 to 24 carbon atoms;
alternatively, greater than 90 weight percent olefins having from 20 to 24 carbon atoms; or
alternatively, greater than 95 weight percent olefins having from 20 to 24 carbon atoms. In
other embodiments, the olefin wax can comprise greater than 50 weight percent olefins
having from 24 to 28 carbon atoms; alternatively, greater than 60 weight percent olefins
having from 24 to 28 carbon atoms; alternatively, greater than 70 weight percent olefins
having from 24 to 28 carbon atoms; alternatively, greater than 80 weight percent olefins
having from 24 to 28 carbon atoms; or alternatively, greater than 90 weight percent olefins
having from 24 to 28 carbon atoms. In yet other embodiments, the olefin wax can comprise
greater than 50 weight percent olefins having from 26 to 28 carbon atoms; alternatively,
greater than 60 weight percent olefins having from 26 to 28 carbon atoms; alternatively,
greater than 70 weight percent olefins having from 26 to 28 carbon atoms; alternatively,
greater than 80 weight percent olefins having from 26 to 28 carbon atoms; or alternatively,

greater than 90 weight percent olefins having from 26 to 28 carbon atoms. In yet further
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embodiments, the olefin wax can comprise greater than 70 weight percent olefins having at
least 30 carbon atoms; alternatively, greater than 80 weight percent olefins having at least 30
carbon atoms; alternatively, greater than 85 weight percent olefins having from at least 30
carbon atoms; alternatively, greater than 90 weight percent olefins having at least 30 carbon
atoms; or alternatively, greater than 95 weight percent olefins having at least 30 carbon

atoms.

[0038] Alternatively, the oxidized olefin wax can be produced from an olefin wax having a
particular average molecular weight. In an embodiment, the olefin wax has an average olefin
molecular weight greater than 260 grams/mole. In some embodiment, the olefin wax has an
average olefin molecular weight greater than 330 grams/mole. In another embodiments, the
olefin wax has an average olefin molecular weight greater than 400 grams/mole. In an
embodiment, the olefin wax has an average molecular weight ranging from 260 grams/mole
to 1000 grams/mole; alternatively, ranging from 260 grams/mole to 750 grams/mole; or
alternatively, ranging from 260 grams/mole to 550 grams/mole. In some embodiments, the
olefin wax has an average olefin molecular weight ranging from 260 grams/mole to 340
grams/mole; alternatively, ranging from 280 grams/mole to 320 grams/mole; or alternatively,
ranging from 290 grams/mole to 310 grams/mole. In another embodiment, the olefin wax has
an average olefin molecular weight ranging from 330 grams/mole to 420 grams/mole;
alternatively, ranging from 350 grams/mole to 400 grams/mole; or alternatively, ranging from
360 grams/mole to 390 grams/mole. In yet another embodiment, the olefin wax has an
average olefin molecular weight ranging from 440 grams/mole to 550 grams/mole;
alternatively, ranging from 460 grams/mole to 530 grams/mole; or alternatively, ranging from

480 grams/mole to 510 grams/mole.

[0039] Generally, an olefin is a hydrocarbon with at least one carbon-carbon double bond.
There are several types of olefins which can comprise the olefin wax. These types of olefins
can include an alpha olefin, a linear alpha olefin, a vinylidene, an internal olefin, and a linear
internal olefin among others. An alpha olefin is a hydrocarbon with a carbon-carbon double
bond at the terminal position. The term alpha olefin includes a linear alpha olefin and a
vinylidene. A linear alpha olefin is an alpha olefin having a straight chain of carbon atoms
(i.e. no carbon chain branches) and a carbon-carbon double bond at the terminal position.

The term normal alpha olefin is synonymous with linear alpha olefin. A vinylidene is a 2,2-
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disubstituted olefin (2,2-disubstituted alpha olefin, a non-linear alpha olefin). An internal

olefin is an olefin having a double bond at an internal position.

[0040] In an embodiment, the oxidized olefin wax can be produced from an olefin wax
comprising an alpha olefin wax, a linear alpha olefin wax, a vinylidene wax, an internal
olefin, a linear internal olefin wax, or any combination thereof. In some embodiments, the
olefin wax can comprise an alpha olefin wax; alternatively, a linear alpha olefin wax;
alternatively, a vinylidene wax; alternatively, an internal olefin wax; or alternatively, a linear
internal olefin wax. Thus, in an embodiment, the oxidized olefin wax can comprise an
oxidized alpha olefin wax; alternatively, an oxidized linear alpha olefin wax; alternatively, an
oxidized vinylidene wax; alternatively, an oxidized internal olefin wax; or alternatively, an
oxidized linear internal olefin wax. In other embodiments, the oxidized olefin wax can be an
oxidized alpha olefin wax; alternatively, an oxidized linear alpha olefin wax; alternatively, an
oxidized vinylidene wax; alternatively, an oxidized internal olefin wax; or alternatively, an

oxidized linear internal olefin wax.

[0041] In an embodiment, the olefin wax can comprise alpha olefins. In some embodiments,
the olefins wax can comprise greater than 30 mole percent alpha olefins. In other
embodiments, the olefins of the olefin wax comprises greater than 45 mole percent alpha
olefins; alternatively greater than 60 mole percent alpha olefins; alternatively, greater than 75
mole percent alpha olefins; alternatively, greater than 90 mole percent alpha olefins; or
alternatively, greater than 95 mole percent alpha olefins. In yet other embodiments, the
olefin wax can comprise from 50 to 99 mole percent alpha olefins; alternatively, 55 to 98
mole percent alpha olefins; alternatively, 60 to 97 mole percent alpha olefins; or alternatively,

from 65 to 95 mole percent alpha olefins.

[0042] In an embodiment, the olefin wax can comprise linear alpha olefins. In some
embodiments, the olefins of the olefin wax can comprise greater than 30 mole percent linear
alpha olefins; greater than 45 mole percent linear alpha olefins; alternatively, greater than 60
mole percent linear alpha olefins; or alternatively, greater than 75 mole percent linear alpha
olefins. In other embodiments, the olefin wax can comprise from 30 to 99 mole percent
linear alpha olefins; alternatively, from 40 to 95 mole percent linear alpha olefins; or

alternatively, from 50 to 90 mole percent linear alpha olefins.
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[0043] In an embodiment, the olefin wax can comprise vinylidenes. In some embodiments,
the olefins of the olefin wax can comprise from 2 to 80 mole percent vinylidenes. In other
embodiments, the olefins of the olefin wax can comprise from 4 to 70 mole percent

vinylidenes; or alternatively, 6 to 60 mole percent vinylidenes.

[0044] In an embodiment, the olefin wax can be a commercially available olefin wax.
Known olefin waxes include olefin streams from ethylene oligomerization, cracked heavy
waxes (e.g. Fischer-Tropsch waxes), and mixtures of paraffins and olefins, among others.
Additionally, the olefin wax can include Fischer-Tropsch waxes comprising a mixture of
paraffin waxes and olefin waxes which meet the olefin wax compositions described herein.

One source of commercially available Fischer-Tropsch waxes is Sasol, Johannesburg, South

Africa.

[0045] In an embodiment, the olefin wax can comprise a commercially available normal
alpha olefin wax. In some embodiments, the olefin wax composition consists essentially of
commercially available normal alpha olefin waxes. One source of commercially available
normal alpha olefin waxes is Chevron Phillips Chemical Company LP, The Woodlands, TX.
Table 1 provides published physical and chemical characteristics of the normal alpha olefin
waxes Alpha Olefin Cy.p4, Alpha Olefin Cy4.25, Alpha Olefin Cyg.3, Alpha Olefin Csp+, and
Alpha Olefin Cs+na, which are provided for illustrative purposes as exemplary olefin waxes.

The invention is not limited to these particular feedstock olefin waxes.

[0046] Generally, the oxidized olefin wax can be produced using any set of oxidation
conditions capable of producing the oxidized wax having the herein described properties
from an olefin wax. The olefin wax and the oxidized olefin wax composition properties are
described herein and are generally applicable to the process to produce the oxidized olefin

wax.

[0047] Generally, the oxidized olefin wax can be produced by contacting an olefin wax with
an oxygen-containing gas. Additional process parameters which can be used to describe the
process to produce the oxidized olefin waxes can include the oxygen content of the oxygen-
containing gas and/or the flow rate of the oxygen-containing gas, the temperature at which
the olefin wax and oxygen-containing gas are contacted, the time for which the oxygen-

containing gas and the olefin wax are contacted, and whether or not the olefin wax is mixed,
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Table 1 — Typical Properties of Commercial Normal Alpha Olefin Waxes

Characteristic Typical Value (Typical Range)
Alpha Olefin | Alpha Olefin | AlphaOlefin | AlphaOlefin | Alpha Olefin
Cao24 Caans Ca6.28 Cso+ Cspena
% Alpha olefins 86 54 79 62 76
(‘H-NMR) (83-92) (40 - 60) (70 -82) (50— 65) (70— 81)
% Vinylidenes 8 30 16 30 18
(‘H-NMR) 6-15) (25 - 55) a1-17) (25 -45) (15-25)
% Internal olefins 3 18 3 10 53
(‘H-NMR) 2-5) (10-22) (2-8) (5-20) 4-10)
Drop melt point, °F "
(ASTM D 127) 96 154 125 164 150
Needle Penetration
@ 77°F, dmm 150 59 48 13 15.5
Flash Point 362 °F 425 °F 417 °F 485 °F 432 °F
(ASTM D 93) (183 °C) (218 °C) (214 °C) (252 °C) (222 °C)
Saybolt Color 30 25 30 20+ 20+

stirred, or agitated during contact with the oxygen-containing gas. These independently

variable process parameters are further described herein.

[0048] The oxygen-containing gas can be any gas containing oxygen. The oxygen-
containing gas can be pure oxygen, oxygen diluted with an inert gas, air, or air diluted with
an inert gas, among others. Nitrogen and noble gases may be referred to herein as “inert
gases.” Exemplary mixtures of oxygen diluted with an inert gas or gases include, but are not
limited to, mixtures of oxygen and a noble gases, mixtures of oxygen and nitrogen, mixtures
of oxygen and argon, or mixtures of oxygen, nitrogen, and argon, among others. In one
embodiment, all gases other than oxygen in the mixture are selected from nitrogen or noble
gases. In an embodiment, the oxygen-containing gas can comprise less than 50 percent
oxygen. In a further embodiment, the oxygen-containing gas can comprise less than 22

percent oxygen. In another embodiment, the oxygen-containing gas is air.

[0049] The contacting of the olefin wax and the oxygen-containing gas can involve any
technique known to the skilled artisan. Such techniques can include, but are not limited to,
sparging the gas through the melted olefin wax (with or without mixing, stirring, or other

agitation of the melted wax) or providing the oxygen-containing gas to the surface of the
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melted wax with or without mixing, stirring, or other agitation of the melted feedstock olefin

wax composition, among others.

[0050] The contacting step can be performed in the presence or absence of a catalyst. In
some embodiments, the contacting step is performed in the absence of an added catalyst. In
other embodiments, the contacting step can be performed in the presence of a catalyst. In the

catalytic embodiments, the catalyst may comprise manganese or cobalt, among others.

[0051] Generally, the process to produce the oxidized olefin wax comprises contacting the
olefin wax with an oxygen-containing gas at a temperature greater than the melting point of
the olefin wax. In an embodiment, the temperature of the contacting step to produce the
oxidized olefin wax composition can be between the olefin wax melting point and 300°C. In
some embodiments, the contacting step can be performed at a temperature between 80°C and
300°C. In other embodiments, the contacting step can be performed at a temperature between
80°C and 200°C; alternatively, between 90°C and 180°C; alternatively, between 100°C and
160°C; or alternatively, between 110°C and 150°C.

[0052] In an embodiment, the contacting step for producing the oxidized olefin wax
comprises contacting air with the olefin wax at an air flow rate greater than 0.1 CFH/kg
olefin wax. In some embodiments, the air flow rate is between 0.1 CFH/kg olefin wax and 30
CFH/kg olefin wax. In other embodiments, the air flow rate is between 0.5 CFH/kg olefin
wax and 20 CFH/kg olefin wax; alternatively, between 1.0 CFH/kg olefin wax and 15
CFH/kg olefin wax; alternatively, between 1.5 CFH/kg olefin wax and 12 CFH/kg olefin
wax; or alternatively, between 2 CFH/kg olefin wax and 10 CFH/kg olefin wax.

[0053] In some embodiments, the contacting step for the process for producing an oxidized
olefin wax composition can have a duration between 1 minute and 48 hours. In another
embodiment, the duration is between 2 hours and 30 hours. In yet another embodiment, the

duration is between 4 hours and 24 hours.

[0054] In a separate embodiment, the contacting step for producing the oxidized olefin wax is
performed at a low air flow. In this low flow embodiment, the contacting step comprises
contacting air with the olefin wax at an air flow rate less than 0.1 CFH/kg olefin wax and
without substantial agitation of the olefin wax. In this embodiment, the duration of the

contacting step can be greater than 1 day.
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[0055] The contacting step yields an oxidized olefin wax, which may further comprise other
compounds, such as volatile compounds. In one embodiment, the process can further
comprise removing volatile compounds from the oxidized olefin wax by one or more of

vacuum, heat, nitrogen sparging, or contacting with activated charcoal, clay, alumina, or two

or more thereof.

[0056] In an embodiment, the oxidized olefin wax can be devolatilized by transfer to an
appropriate vessel and connecting the vessel to a vacuum apparatus, such as a Kugelrohr
rotovap apparatus consisting an air oven, a vacuum pump, and a rotating mechanism to effect
a thin film evaporation function (manufactured by Barnstead International and distributed by
Aldrich, Model No. Z40-115-3). The volatiles can be stripped off by a combination of
vacuum (less than S mmHg) and heat, such as maintaining the oven temperature from about

140°C to about 220°C for a duration from about 1 hr to about 12 hr, such as 3 hr.

[0057] In another embodiment, the oxidized olefin wax can be devolatilized by applying a
vacuum to a vessel comprising the oxidized olefin wax. In yet another embodiment, the
oxidized olefin wax can be devolatilized by applying a vacuum and heat to a vessel
comprising the oxidized olefin wax composition. In still another embodiment, the oxidized
olefin wax can be mixed, stirred, or agitated during the vacuum devolatilization step. In other
embodiments, a sparging gas is passed through the oxidized olefin wax during the vacuum
devolatilization step. The sparging gas can be an inert gas such as nitrogen, argon, or
combinations thereof. In yet another embodiment, the vacuum devolatilization step may be
performed using a wiped film evaporator. In some embodiments, two or more of heat,
agitation, sparging, and wiped film evaporation can be applied during vacuum

devolatilization.

[0058] The following examples are included to demonstrate specific embodiments of the
invention. Those of skill in the art should appreciate that the techniques disclosed in the
examples represent techniques discovered to function well in the practice of the invention.
However, in light of the present disclosure, those of skill in the art should will appreciate the
changes that can be made in the specific disclosed embodiments and still obtain similar

results that do not depart from the spirit and scope of the invention.
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EXAMPLES

[0059] In examples 1-13, normal alpha olefin waxes were oxidized under different oxidation
conditions. The properties of the normal alpha olefin waxes prior to the oxidation are
provided in Table 2. The properties of the oxidized normal alpha olefin waxes are provided

in Table 3.

Table 2 — Properties of Normal Alpha Olefin Waxes

Needle Penetration Saponification Acid Number Viscosity at | Drop .Melt

Feed Stock Number at 25°C Number (mg KOH/g) 100°C Poomt

(dmm) (mg KOH/g) (cSt) O
Alpha Olefin Cs. 13 <0.5 <0.2 7.3 77
Alpha Olefin C3g,p4 14 <0.5 <02 7 71
Alpha Olefin Cys.55 45 <0.5 <0.2 34 51
Alpha Olefin Cy.55 59 <0.5 <02 25 63
Alpha Olefin Cygp4 150 <0.5 <0.2 2.1 36

Example 1

[0060] Alpha Olefin Csg+ (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a
side arm connected to a receiving flask. The wax was heated to 130 °C and the agitation was
set at 400 rpm. Then a steady stream of air was introduced at 1.7 CFH. The reaction was
maintained at 130 °C for 24 hours. The contents were allowed to cool to 100 °C and were
discharged. The resulting material appeared as a white to light yellow solid. The properties
of the oxidized Alpha Olefin Cs¢: are provided in Table 3.

Example 2
[0061] Alpha Olefin Csp+ua (Chevron Phillips Chemical Company LP), 500 g, was placed
into a four-neck flask, equipped with a heating mantle, a thermocouple, a single blade
agitator, an air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15
um), and a side arm connected to a receiving flask. The wax was heated to 130 °C and the
agitation was set at 400 rpm. Then a steady stream of air was introduced at 1.7 CFH. The

reaction was maintained at 130 °C for 24 hours. The contents were allowed to cool to 100 °C
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and were discharged. The resulting material appeared as a white to light yellow solid. The

properties of the oxidized Alpha Olefin Cs:+pa are provided in Table 3.

Example 3
[0062] Alpha Olefin Cso+ (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a
side arm connected to a receiving flask. The wax was heated to 145 °C and the agitation was
set at 400 rpm. Then a steady stream of air was introduced at 3.4 CFH. The reaction was
maintained at 145 °C for 8 hours. The contents were allowed to cool to 100 °C and were
discharged. The resulting material appeared as a white solid. The properties of the oxidized
Alpha Olefin Cj. are provided in Table 3.

Example 4
[0063] Alpha Olefin C;3p:+ua (Chevron Phillips Chemical Company LP), 500 g, was placed
into a four-neck flask equipped with a heating mantle, a thermocouple, a single blade
agitator, an air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15
pum), and a side arm connected to a receiving flask. The wax was heated to 145 °C and the
agitation was set at 400 rpm. Then a steady stream of air was introduced at 3.4 CFH. The
reaction was maintained at 145 °C for 8 hours. The contents were allowed to cool to 100 °C
and were discharged. The resulting material appeared as a white solid. The properties of the

oxidized Alpha Olefin C;y.g4 are provided in Table 3.

_ Example 5

[0064] Alpha Olefin Cy4.25 (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 um), and a
side arm connected to a receiving flask. The wax was heated to 145 °C and the agitation was
set at 400 rpm. Then a steady stream of air was introduced at 3.4 CFH. The reaction was
maintained at 145 °C for 8 hours. The contents were allowed to cool to 100 °C and were
discharged. The resulting material appeared as a white solid. The properties of the oxidized
Alpha Olefin Cy¢.,3 are provided in Table 3.
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Example 6

[0065] Alpha Olefin Cs¢+ (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 ym), and a
side arm connected to a receiving flask. The wax was heated to 145 °C and the agitation was
set at 400 rpm. Then a steady stream of air was introduced at 3.4 CFH. The reaction was
maintained at 145 °C for 24 hours. The contents were allowed to cool to 100 °C and were
discharged. The resulting material appeared as a yellow solid. The properties of the oxidized

Alpha Olefin Cs. are provided in Table 3.

Example 7

[0066] Alpha Olefin Csp+ua (Chevron Phillips Chemical Company LP), 500 g, was placed
into a four-neck flask equipped with a heating mantle, a thermocouple, a single blade
agitator, an air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15
pm), and a side arm connected to a receiving flask. The wax was heated to 145 °C and the
agitation was set at 400 rpm. Then a steady stream of air was introduced at 3.4 CFH. The
reaction was maintained at 145 °C for 24 hours. The contents were allowed to cool to 100 °C
and were discharged. The resulting material appeared as a white solid. The properties of the

oxidized Alpha Olefin Csp:p4 are provided in Table 3.

Example 8

[0067] Alpha Olefin Cys.3 (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a
side arm connected to a receiving flask. The wax was heated to 145 °C and the agitation was
set at 400 rpm. Then a steady stream of air was introduced at 3.4 CFH. The reaction was
maintained at 145 °C for 24 hours. The contents were allowed to cool to 100 °C and were
discharged. The resulting material appeared as a white solid. The properties of the oxidized

Alpha Olefin Cyg.95 are provided in Table 3.

Example 9
[0068] Alpha Olefin Cso+ (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a

side arm connected to a receiving flask. The wax was heated to 145 °C and then a steady
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[0070] Alpha Olefin Cy¢.25 (Chevron Phillips Chemical Company LP), 500 g, was placed into

a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an

air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a
side arm connected to a receiving flask. The wax was heated to 145 °C and then a steady
stream of air was introduced at 3.4 CFH. The reaction was maintained at temperature 145 °C
for 24 hours. The contents were allowed to cool to 100 °C and were discharged. The
resulting material appeared as a yellow solid. The properties of the oxidized Alpha Olefin

Cae.28 are provided in Table 3.

Example 12
[0071] Alpha Olefin Cy4.,3 (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a
side arm connected to a receiving flask. The wax was heated to 145 °C and then a steady
stream of air was introduced at 3.4 CFH. The reaction was maintained at temperature 145 °C
for 24 hours. The contents were allowed to cool to 100 °C and were discharged. The
resulting material appeared as a yellow solid. The properties of the oxidized Alpha Olefin

Cy4.23 are provided in Table 3.
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Examples 14 — 24
[0073] The oxidized normal alpha olefin waxes of examples 9-13 were evaluated as potential
pour point depressants by determining the effect the oxidized normal alpha olefin wax had on
the pour point and the average wax particle size of the wax precipitate particles of a crude oil
distillate simulant. The pour point depressant tests were performed by combining the crude
oil distillate simulant and the oxidized normal alpha olefin wax, heating the solution in an
- oven to 40 °C (104 °F), and then allowing the solution to cool to room temperature. As the
pour point depressant test solution cooled, the pour point was periodically evaluated by
placing the flask at a 45 degree angle. The highest temperature at which the pour point
depressant test solution did not flow was taken to be the pour point. The average wax particle
size in the crude oil distillate simulant was measured by SEM (scanning electron
microscopy). Test pour point depressant solution containing greater than 500 ppm oxidized
normal alpha olefin wax were prepared by directly adding the test oxidized normal alpha
olefin wax to the crude oil distillate simulant. Test pour point depressant solution containing
less than 500 ppm oxidized normal alpha olefin wax were prepared by combining a stock
solution of the oxidized normal alpha olefin wax in ortho-xylene and a crude oil distillate

simulant.

[0074] Crude oil distillate simulants were comprised of 95 grams tridecane and 5 grams of
60 °C (140 °F) melting paraffin wax. The crude oil distillate simulant were prepared by
combining the tridecane and the paraffin wax and heating the simulant in an oven at 60 °C

until the paraffin wax was dissolved within the tridecane.

[0075] Stock oxidized normal alpha olefin wax solutions were comprised of approximately
0.01 grams of an oxidized normal alpha olefin wax from examples 9-13 and 10 grams of
ortho-xylene. The stock oxidized alpha olefin wax solutions were prepared by combining the
oxidized normal alpha olefin wax and the ortho-xylene and heating the solution in an oven at
43 °C until the oxidized normal alpha olefin wax was completely dissolved. Similar solutions
of Alpha Olefin Csy+ (unoxidized) and Alpha Olefin Cso+na (unoxidized) were prepared in the

same mannecr.

[0076] Example 14 represents a control experiment that determined the pour point of the
crude oil distillate simulant and the average wax particle size in the crude oil distillate
simulant in the absence of the oxidized normal alpha olefin wax. Examples 15 and 16

represent comparative experiments that determined the effect that Alpha Olefin Cs¢: and
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1 Pour Point Depressant Al pha defin C30+ Al pha

A efin C3041. A Oxidized Al pha defin C30+HA Oxi di zed
Al pha Aefin C26-28 Oxidi zed Al pha Aefin C3041A

Alph?é)ileq%nzggdomﬁl hgg %n (t]heegc;u? pgg{ of the crude oil distillate simulant and the average
wax particle size in the crude oil distillate simulant. Examples 17-24, determined the effect
that the oxidized normal alpha olefin waxes of examples 9-13 had on the pour point of the
crude oil distillate simulant and the average wax particle size in the crude oil distillate
simulant. The results of pour point depressant evaluation of the oxidized normal alpha olefin

waxes of examples 9-13 are provided in Table 4.
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normaﬂ %1 %%%Ee lhgatl gan‘i &}les P aﬁm VRS 'an%d”&eﬂé? ﬁq'aﬁ@ﬂlteﬁﬁllowmg

ropoin pres qt'-on
the sohﬂk)ﬁllo b@blb@rddﬁ&teﬂ@éfauﬂﬁj [AIs.the pour point depressant test solution cooled,

the pour point was periodically evaluated by placing the flask at a 45 degree angle. The

highest temperature at which the pour point depressant test solution did not flow was taken to

be the pour point.

[0079] Crude oil distillate simulants were comprised of 95 grams tridecane and 5 grams of 60
°C (140 °F) melting paraffin wax, or 95 grams tridecane and 5 grams of 74 °C (165 °F)
melting paraffin wax. The crude oil simulants were prepared by combining the tridecane and
the paraffin wax and heating the simulants in an oven at 60 °C until the paraffin wax was

dissolved within the tridecane.

[0080] Stock oxidized normal alpha olefin wax solutions were comprised of approximately
0.01 grams of the 7.5 hour oxidized Alpha Olefin Cy4.55 sample from example 25 (25 Alpha
Olefin Ca4.05 - 7.5) and 10 grams of ortho-xylene, or approximately 0.01 grams of the 24 hour
oxidized Alpha Olefin Cy4.95 sample from example 25 (25 Alpha Olefin Cp4.25 - 24) and 10

grams of ortho-xylene. The stock pour point depressant solutions were prepared by
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[0079] Crude oil distillate simulants were conprised
of 95 grans tridecane and 5 grans of 60 C (140 F)
nmelting paraffin wax, or 95 grans tridecane and 5
grams of 74 C (165 F) nelting paraffin wax. The crude
oil simulants were prepared b conblnlng the tri

combaning feexisiipest Alphe QSind o+ Aod T orth sy encandiceting e siejution in
an oK BP9 ic (il OLbibd RIS B el B b RR B ed.

al pha olefin max solutions were conprised of _
[0081 MWBQ 3Q, aad iﬁmpmsmft cotmolbxﬁerhmnts toxdettirming the pour

i S 85 S5 TR 5 SR e K R o

Ex ryxzmb%'nésﬁa@ Jndl rsarw @éteinhiRed the ROREL tﬁaﬂtﬁ’é &Qdiz&d Rliha
efin C24 sanpl e from exanpl e 25 (25 Al pha O efin

Olefic@4+.2 8ampled pf exaehplen2 Phashan the pewn pednt,of tegsudemribdigtilipi

simul otﬁ,g eorﬁg}lESﬁ)g%é;rspg)? tdgpx;&ls%ﬂ evé ea¥\§) %&gl%%%gf fe% d’l%ilrﬂal alpha olefin

waxe©bf HOmMHYE BNgrePpickid@icihiTagletIe sol ution in an oven at 43
Cuntil the oxidized Al pha Aefin c24..28

wasconpl etel y di ssolved. 100811 Exanples 26, 29, 32,
and 35 represent control experinments to determ ne the
pour point of the crude oil distillate sinmulant in the
absence of the oxidized Al pha defin C24-28- Exanples
27-28, 30-31, 33-34, and 36-37, determ ned the effect
that the oxidized Al pha defin C24-28 sanpl es of
exanpl e 25 had on the pour point of the crude oi
distillate simulants. The results of pour point
depressant eval uation of the oxidized normal al pha

ol efin waxes of exanple 25 are provided in Table 5.
Exanpl e 38 [0082] Al pha Aefin C24.28 (Chevron
Phillips Chem cal Conpany LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a

t hernocoupl e, a single blade agitator, an air sparger
(cylindrical, 1" in length and 3/8" in dianeter,
average pore size 15 um), and a side arm connected to
a receiving flask. The wax was heated to 155 C and
then a steady streamof air was introduced at 2.5 CFH
The reaction was nmaintai ned at tenperature 155 C for
11 hours. Sanples of the oxidation reaction were taken
hourly begi nning at the second hour. The hourly
sanpl es were anal yzed by FTIR to determ ne the C=C/ C=0
rati o of the oxidized normal Al pha defin C24-28
hourly sanples. These val ues are shown on Figure 1.
Exanpl e 39 [0083] Al pha Aefin C24_28 (Chevron
Phillips Chemical Conpany LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a

t hernocoupl e, a single blade agitator, an air sparger
(cylindrical, 1" in length and 3/8" in dianeter,
average pore size 15 pm, and a side armconnected to
a receiving flask. The wax was heated to 135 C and
then a steady streamof air was introduced at 3.5 CFH
The reaction was mai ntained at tenperature 135C for 11
hours. Sanples of the oxidation reaction were taken
hourly beginning at the first hour. The hourly sanples
were anal yzed by FTIR to deternine the 0---C/ C=0 ratio
of the oxidized Al pha Aefin C24-28 hourly sanpl es.
These val ues are shown on Figure 1. Exanples 40 -48
[0084] The 1 hour oxidized Al pha AQefin C24 28 sanple
of exanple 39, the 3 hour oxidized Al pha defin C24-28
sanpl e of exanple 39, the 5 hour oxidized A pha Aefin
C2428 sanpl e of exanple 39, and the 7 hour oxidized

Al pha O efin C24-28 sanple 2% exanple 39 were

eval uated as potential pour point depressants by
determ ning the effect the oxidized Al pha Aefin

C24- 28 sanpl es had on the pour point of two crude oi
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Example 38
[0082] Alpha Olefin Cy4.53 (Chevron Phillips Chemical Company LP), S00 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a
side arm connected to a receiving flask. The wax was heated to 155 °C and then a steady
stream of air was introduced at 2.5 CFH. The reaction was maintained at temperature 155 °C
for 11 hours. Samples of the oxidation reaction were taken hourly beginning at the second
hour. The hourly samples were analyzed by FTIR to determine the C=C/C=0 ratio of the

oxidized normal Alpha Olefin Cy4.553 hourly samples. These values are shown on Figure 1.

Example 39
[0083] Alpha Olefin Cy4.58 (Chevron Phillips Chemical Company LP), 500 g, was placed into
a four-neck flask equipped with a heating mantle, a thermocouple, a single blade agitator, an
air sparger (cylindrical, 1” in length and 3/8” in diameter, average pore size 15 pm), and a
side arm connected to a receiving flask. The wax was heated to 135 °C and then a steady
stream of air was introduced at 3.5 CFH. The reaction was maintained at temperature 135 °C
for 11 hours. Samples of the oxidation reaction were taken hourly beginning at the first hour.
The hourly samples were analyzed by FTIR to determine the C=C/C=O0 ratio of the oxidized
Alpha Olefin Cy4.93 hourly samples. These values are shown on Figure 1.

Examples 40 - 48
[0084] The 1 hour oxidized Alpha'Oleﬁn C,4.28 sample of example 39, the 3 hour oxidized
Alpha Olefin Cy4.03 sample of example 39, the 5 hour oxidized Alpha Olefin Cy423 sample of
example 39, and the 7 hour oxidized Alpha Olefin Cy4,3 sample of example 39 were
evaluated as potential pour point depressants by determining the effect the oxidized Alpha
Olefin Cy4.03 samples had on the pour point of two crude oil distillate simulants. The pour
point depressant tests were performed by combining the crude oil distillate simulant and a
stock solution of an oxidized Alpha Olefin C,4.55 in ortho-xylene, heating the solution in an
oven to 50 °C (122 °F), and then allowing the solution to cool to room temperature. As the
pour point depressant solution cooled, the pour point was periodically evaluated by placing
the flask at a 45 degree angle. The highest temperature at which the pour point depressant

test solution did not flow was taken to be the pour point.

[0085] Crude oil distillate simulants were comprised of 95 grams tridecane and 5 grams of 60

°C (140 °F) melting paraffin wax, or 95 grams tridecane and 5 grams of 74 °C (165 °F)
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Number 80 LZ 9°'S 86 8'0 9'S 86

melting paraffin wax The crude oil simulants were prepared by combining the tridecane and
the paraffin wax and heating the simulants in an oven at 60 °C until the paraffin wax was

dissolved within the tridecane.

[0086] Stock oxidized normal alpha olefin wax solutions were comprised of approximately
0.01 grams of the 1 hour oxidized Alpha Olefin C,43 sample from example 39 (39 Alpha
Olefin Cy43 - 1) and 10 grams of ortho-xylene, approximately 0.01 grams of the 3 hour
oxidized Alpha Olefin C,4.,3 sample from example 39 (39 Alpha Olefin C45 - 3) and 10
grams of ortho-xylene, approximately 0.01 grams of the 5 hour oxidized Alpha Olefin Cy4.28
sample from example 39 (39 Alpha Olefin Cyp4.55 - 5) and 10 grams of ortho-xylene, or
approximately 0.01 grams of the 7 hour oxidized Alpha Olefin Cy4.25 sample from example
39 (39 Alpha OlefinCaq4.25 - 7) and 10 grams of ortho-xylene. The stock pour point depressant
solutions were prepared by combining the oxidized Alpha Olefin Cy4.23 wax and the ortho-
xylene and heating the solution in an oven at 43 °C until the oxidized Alpha Olefin C4.08 wax

was completely dissolved.

[0087] Examples 39 and 44 represent control experiments to determine the pour point of the

crude oil distillate simulant in the absence of the oxidized Alpha Olefin C4.25. Examples 40-
43, and 45-48, determined the effect that the oxidized Alpha Olefin Cy4.23 of example 39 had
on the pour point of the crude oil distillate simulants. The results of pour point depressant

evaluation of the oxidized normal alpha olefin waxes of example 39 are provided in Table 6.
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[0088] All of the compositions and methods disclosed and claimed herein can be made and
executed without undue experimentation in light of the present disclosure. While the
compositions and methods of this invention have been described in terms of particular
embodiments, it will be apparent to those of skill in the art that variations may be applied to the
compositions and methods and in the steps or in the sequence of steps of the methods described

herein without departing from the concept, spirit and scope of the invention as defined by the

appended claims.
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Lt 817 6P 320 [0088] Al of the conpositions and

nmet hods di scl osed and cl ai mred herein can be nmade and
executed wi thout undue experinentation in Iight of the
present disclosure. While the conpositions and nethods
of this invention have been described in ternms of

CLAI ticular enbodinents, it will be apparent to those

of skill in the art that variations may be applied to

What Rei680Resi tions and nmethods and in the steps or in

L.

10.

11.

the sequence of steps of the nmethods described herein
W t hout departing fromthe concept, spirit and sco
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Asbmphsitipmsemptising a dydretather cormpesiionsgndeiere §. 004 ta3.0 weight
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CVisit@bdn 123 ee70.9%cSan oxi di zed al pha ol efin wax pour
poi nt depressant having a viscosity at 100 C. between

13.3 and, 70.5 ¢St. 2. The conposition of ¢laiml, )
ThiearenasitioneoTislamde ahstsn Bishydeoceibn cepRptitiapeomprises g grude oil,
a Qluble 83 dfsliiﬂgﬁ, g Hsiﬁ'aﬁfu'el; :%Q{:s?duaﬁog,eo?‘r'a thefit' &Y droBarbon composition.

resrdual or'l; "or a synthetic hydrocarbon composition.

3. The conposition of claim?2, wherein the hydrocarbon
Thoamysisttionrof ctaimrd, seerein thedydidearbr compositionic@sptises crude oil,

fuel, aviation fuel , jet fi]lel r.fuel oil. 4. The
ketoene, 1@qegﬁleg@vtg|tlgp m‘J’l’,JeVé’fgt ar ﬁ‘ef #& hydr ocar bon

conmposi tion conprises a crude oil. 5. The conposition
TR cdihf¥sitioh o BMel, RvhleRedn M%IHYHZAREHBh RBRpOiQbh BorBrise & crude oil.

derived froman alpha ol efin wax having an average

mol ecul ar wei ght between 260 and 1000 g/nole, 6. The
Theoenepssitionrofslain) lawherein theexidized:alphanleiin way isdesiygd from an

7R R 951 NIRG8O LS 100 e,

conposition of claim1l, wherein the oxidized al pha

Thd &fnhposition dfataim ICHHefshi tHealkidizddedpha diafin Fax Bas # acid number

conposition of claiml1, wherein a pour, point of the
rapgiag dom Borme infdmek OH/g oxidiged alphaglefp Wax. | east 0.5

C. 9. Anethod to decrease a pour point of a

r ) . I= .

D R SREROR e GRS ARG yER N €200 rato
leds3th&n dnd 70.5 cSt to the hydrocarbon conposition. 10.

The nmethod of claim9, wherein the addition of the

ACHIrDR BB BLFBGA TcBHBEE & P PB4t T dutocbn BRpghinghis
ddpRéLabPht 16dsabme ), wherein the addition of the
oxi di zed al pha ol efin wax decreases an average wax

particle size in the hydrocarbon conposition to |ess |
Atrhethod® deicteasma pourint i e hivdrosadhon Lombasifiomeonprésieg #lding an

t.he ocar.bon conposi t.ion..c o 4l
o et b S R L @B LTI T et 3R Blg 70Tt to the
hifro@arSotnédigidsiioay dr ocar bon conposi tion. 13. The net hod

of claim9, wherein the oxidized al pha olefin wax is

resent in an ampunt ranging from 0, Q0005 to éfp mei%ht
Tg@m@émi ofrlaimS, Whererythe @g@ﬂ% AT thepyertized alpha glgfin gy decreases
_ . . L h | ofi
T S T U

aver age nol ecul ar wei ght between 260 and 1000 g/ nol e.
The method of claim 10, wherein the addition of the oxidized alpha olefin wax decreases

an average wax particle size in the hydrocarbon composition to less than 50 microns.
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12.
13,
14,
1s.
16. The

17.

18.

19.

20.

21.

22.

15. The nmethod of claim9, wherein the oxidized al pha

ol efin wax has an acid nunber between 4 ng KOH g

oxi di zed wax and 50 ng KOH g oxi di zed al pha ol efin

wax. 16. The nethod of claim9, wherein the oxidized

al pha olefin wax has a C=C/ C=0 ratio |less than 3. 17.
Therretheshofsflaie® mewssin thedty deecarbogcomagsipen eqraprises p guide il, a
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and a solvent. 21. The nethod of clain120 mherein t he
pha o] efin X concentrate also rls )
WM@A%@?W¥%&?@%W%P fl g gt o 7O ratio Less
thdast. i nhibitors, haze inhibitors, foan1|nh|b|tors,
di spersants, enulsifying agents, detergents, viscosity

i ndex inprovers, extreme pressure agents, dyes, and/or
Adpethed abl¢dreasing anz@eragh wamtattwbb wite ipladiydrararbonisemppsition

t he .oxi di centrate 0 S
cpgriine Mg a0 pRdte® sEre BBy SRIREA BhSaly BPldeS & between
193l I70\5e08¢ tlthe hydR camBbh @empbsidi m 19, wherein the
addi tion of the oxidized aIpha ol efin wax concentrate
decreases. t he pour point of the hydrocarbon
Toe msthadiaf shimyl 7awhereiisthe gddjtien obtiie oxidizedintgplefin wipderreases
tiehve f'%% atttﬁfe %Qedl thé) Rbcdbish G sﬁi%ﬁ t@id@?ﬁl&ﬁ%@flﬁ@mns
wax concen rate ecrease an avera article size
in the hydrocarbon conposition to Iess than 50
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drocar.hon.c |t|on co Ses
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claim19, wherein the oxidizéd al pha olefin wax is

resent in an anount ranging fromO0, 0005 to 2.0 wei ght
Tﬁ@m,egw@ ofrlagm il nwhersipdthe exidizsd alnbaplsdingwamcongentratpeomprises the

ol® gggqlpg,gopelﬁg da"\é?)?\; in the oxidized al pha ol efin
wax I $

erive roman a pha ol efin wax having an
aver age nol ecul ar wei ght between 260 and 1000 g/ nol e.
TR8mefHod offelaim @0p#herca tive 4pha whedinevax doheentoatectilsechbnaprisesione or
ol efin

mber .b oHg. ..
A e %%%eéﬁgg@bg%aﬁeﬂzsgwﬂms foam
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pressure agents, dyes, and/or dye stablhzers

The method of claim 19, wherein the oxidized alpha olefin wax concentrate comprises

from 1 to 45 weight percent of the oxidized alpha olefin wax.
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23.

24.

23.

26.

27.

28.

29.

The method of claim 19, wherein the addition of the oxidized alpha olefin wax

concentrate decreases the pour point of the hydrocarbon composition by at least 0.5° C.

The method of claim 23, wherein the addition of the oxidized alpha olefin wax concentrate
decreases an average wax particle size in the hydrocarbon composition to less than 50

microns.

The method of claim 19, wherein the hydrocarbon composition comprises a crude oil, a

crude oil distillate, a residual fuel, a residual oil, or a synthetic hydrocarbon composition.

The method of claim 19, wherein the oxidized alpha olefin wax is present in an amount

ranging from 0.0005 to 2.0 weight percent of a final hydrocarbon composition.

The method of claim 19, wherein the oxidized alpha olefin wax is derived from an alpha

olefin wax having an average molecular weight between 260 and 1000 g/mole.

The method of claim 19, wherein the oxidized alpha olefin wax has an acid number

between 4 mg KOH/g oxidized wax and 50 mg KOH/g oxidized alpha olefin wax.

The method of claim 19, wherein the oxidized alpha olefin wax has a C=C/C=0 ratio less

than 3.
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