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viscosity at 100°C of 36 mm?/s or higher and a viscosity index (VI) greater than 55; and wherein
the one or more olefins having the boiling point less than 82°C (180°F) comprise greater than 50

20  wt% of a total mixture of olefins fed to the reactor.

This application also provides a process to make base oil, comprising oligomerizing one
or more olefins having a boiling point less than 82°C (180°F) in a presence of an ionic liquid
catalyst and a mixture of C5+ alpha olefins derived from waste plastic to produce a base oil
having a kinematic viscosity at 40°C greater than 1100 mm2/s and a viscosity index (VI) greater

25  than 55.

This application also provides a base oil, comprising one or more oligomers of a mixture
of olefins, wherein the mixture of olefins comprises propylene and one or more C5+ olefins
derived from waste plastic; and wherein the base oil has a kinematic viscosity at 40°C greater
than 1100 mm?”/s, and a viscosity index (VI) of at least 70.

30
BRIEF DESCRIPTION OF THE DRAWINGS

FIG 1 is a diagram of one embodiment of a static mixer loop reactor.

FIG 2 is a diagram of one embodiment of a fixed bed contactor reactor.
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_108 7 DETAILED DESCRIPTION
A base oil is an oil to which other oils or substances can be added to produce a finished
lubricant.

Several different olefins have a boiling point less than 82°C (180°F). Some specific

examples are shown below.

P%}[mogc Compound(Synonym) P%{[Higc
Compound (Synonym)

cthylene -103.7 cis-2-butene 3.7
propene (propylene) -47.6  2-methylpropene -6.6
I-butene -6.1  1-pentene 30
trans-2-butene 0.9  3-methylcyclobutene 32
2-methyl-1-butene 31 trans-2-pentene 36
cis-2-pentene 37 I-methylcyclobutene 37
2-methyl-2-butene 39  cyclopentene 44
3,3-dimethyl-1-butene 41 3-methyl-1-pentene 54
4-methyl-1-pentene 54 2,3-dimethyl-1-butene 56
4-methyl-trans-2-pentene 59  4-methyl-cis-2-pentene 56
2-methyl-1-pentene 61 1-hexene 63
2-ethyl-1-butene 64  cis-3-hexene 66
3-methylcyclopentene 65 2-methyl-2-pentene 67
trans-3-hexene 67  trans-2-hexene 68
3-methyl-trans-2-pentene 68  4,4,-dimethyl-1-pentene 72
cis-2-hexene 69 I-methylcyclopentene 76
3-methyl-cis-2-pentene 70 3,3-dimethyl-1-pentene 78
2,3-dimethyl-2-butene 73 4,4-dimethyl-cis-2-pentene 80
4,4-diemthyl-trans-2-pentene 77  3,4-dimethyl-1-pentene 81
2,3,3-trimethyl-1-butene 79

10
In one embodiment, the one or more olefins having a boiling point less than 82°C

(180°F) comprise predominantly or entirely alpha olefins. In one embodiment, the one or more
olefins comprise a propylene, a butene (e.g., 1-butene), or a mixture thereof. In another
embodiment, the one or more olefins have a boiling point less than 65 °C, less than 50 °C, less
15  than 40 °C, less than 30 °C, less than 20 °C, less than 10 °C, or less than 0 °C. Sources of
propylene are described , for example, in US Patent Application No. 12/538,738, filed on
August 10, 2009.
Ionic liquid catalyst is composed of at least two components which form a complex. The

ionic liquid catalyst comprises a first component and a second component. The first component
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of the ionic liquid catalyst can comprise a Lewis Acid. The Lewis acid can be a metal halide
compound selected from components such as Lewis Acidic compounds of Group 13 metals,
including aluminum halides, alkyl aluminum halide, gallium halide, and alkyl gallium halide.
Other Lewis Acidic compounds, such as Group 3, 4, and 5 metal halides, in addition to those of
Group 13 metals, can also be used. Other specific examples include ZrCly, HfCls, NbCls, TaCls,
ScCls, YCls, and mixtures thereof. The periodic table by the International Union of Pure and
Applied Chemistry (IUPAC), version date 22 June 2007, is used for defining the Groups 3, 4, 5,
and 13 metals. In one embodiment the first component is aluminum halide or alkyl aluminum
halide. For example, aluminum trichloride can be the first component of the acidic ionic liquid.

The second component making up the ionic liquid catalyst is an organic salt or mixture
of salts. These salts can be characterized by the general formula Q+A—, wherein Q+ is an
ammonium, phosphonium, boronium, iodonium, or sulfonium cation and A— is a negatively
charged ion such as Cl , Br , ClO4 , NOs , BF, , BCly , PF¢ , SbFs , AICL , TaFg , CuCl, ,
FeCl; , HSOs , RSOs, SO;CF; 7, alkyl-aryl sulfonate, and benzene sulfonate (e.g., 3-
sulfurtrioxyphenyl). In one embodiment the second component is selected from those having
quaternary ammonium halides containing one or more alkyl moieties having from about 1 to
about 12 carbon atoms, such as, for example, trimethylamine hydrochloride,
methyltributylammonium halide, or substituted heterocyclic ammonium halide compounds ,
such as hydrocarbyl substituted pyridinium halide compounds for example 1-butylpyridinium
halide, benzylpyridinium halide, or hydrocarbyl substituted imidazolium halides, such as for
example, 1-ethyl-3-methyl-imidazolium chloride.

In one embodiment the ionic liquid catalyst is selected from the group consisting of
hydrocarbyl substituted pyridinium chloroaluminate, hydrocarbyl substituted imidazolium
chloroaluminate, quaternary amine chloroaluminate, trialkyl amine hydrogen chloride
chloroaluminate, alkyl pyridine hydrogen chloride chloroaluminate, and mixtures thereof. For
example, the ionic liquid catalyst can be an acidic haloaluminate ionic liquid, such as an alkyl
substituted pyridinium chloroaluminate or an alkyl substituted imidazolium chloroaluminate of

the general formulas A and B, respectively.
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In the formulas A and B; R, Ry, R, and R; are H, methyl, ethyl, propyl, butyl, pentyl or
hexyl group, X is a chloroaluminate. In one embodiment the X is AICl4 or Al,Cl;. In the
formulas A and B, R, R;, R, and R3; may or may not be the same. In one embodiment the ionic

10  liquid catalyst is N-butylpyridinium chloroaluminate.

In one embodiment ionic liquid catalyst comprises a cation selected from the group of an
alkyl-pyridinium, an alkyl-imidazolium, or a mixture thereof. In another embodiment the ionic
liquid catalyst can have the general formula RR’ R” N H" Al,Cly, wherein N is a nitrogen
containing group, and wherein RR” and R” are alkyl groups containing 1 to 12 carbons, and

15  where RR’ and R” may or may not be the same.

The presence of the first component can give the ionic liquid catalyst a Franklin or Lewis
acidic character. In one embodiment the ionic liquid catalyst includes strongly Lewis acidic
anions, such as ALL,Cl;. ALCly, for example, is a strongly Lewis acidic anion, while AICl, is
not. In one embodiment, the greater the mole ratio of the first component to the second

20 component, the greater is the acidity of the ionic liquid catalyst.

Other examples of compounds which can be used as the ionic liquid catalyst include, 1-
Butyl-3-methylimidazolium hexafluorophosphate [bmim+][PF6—],
Trihexyl(tetradecyl)phosphonium chloride [thtdPh+][Cl—], commercially available as CYPHOS
IL 101™ (Hydrocarbon soluble (hexane, toluene) Tg—56° C), and 1-Ethyl-3-

25  methylimidazolium tetrachloroaluminate [emim—+][AlCI4—]. An ionic liquid that can be used as
the second component in the ionic liquid catalyst includes Trihexyl(tetradecyl)phosphonium
chloride [thtdPh][CI—].

In one embodiment, a co-catalyst or promoter is added to the ionic liquid catalyst.
Examples of co-catalysts or promoters are halide containing additives, such as alkyl halides or

30 hydrogen halides. Other co-catalysts or promoters are Bronsted acids. A promoter is a substance
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4 4_5di r"rcﬁatltrl)%lilll_acc::ice ér%t_epcﬁg tef%gc? of a catalyst on a reaction. A Bronsted acid is any substance that
can donate an H+ ion to a base. Brensted acids are H+-ion or proton donors. Examples of
Brensted acids are HCI, HBr, HI, HF, sulfuric acid, +NH4, CH3;CO;H, and mixtures thercof.

The test methods used for boiling range distributions, initial boiling points, and upper

boiling points of the one or more olefins and the base oil in this disclosure are ASTM D 2887-
10 06a and ASTM D 6352-04. The test method is referred to herein as “SIMDIST”. The boiling
range distribution determination by distillation is simulated by the use of gas chromatography.
The boiling range distributions obtained by this test method are essentially equivalent to those
obtained by true boiling point (TBP) distillation (see ASTM Test Method D 2892). They are not
necessarily equivalent to results from low efficiency distillations such as those obtained with
15  ASTM Test Methods D 86 or D 1160.

The base oil produced by the process has a high kinematic viscosity. In one embodiment
the kinematic viscosity at 100°C is 20 mm?”/s or higher or 36 mm?/s or higher, such as greater
than 40 mm?/s, 45 mm?/s or higher, 50 mm?/s or higher, 55 mm?®/s or higher, 60 mm?/s or higher,
or 65 mm?/s or higher. In some embodiments, the base oil produced by the process also has a

20  high kinematic viscosity at 40°C. The high kinematic viscosity at 40°C can be generally greater
than 200 mm?/s at 40°C, and in certain embodiments is 300 mm?”/s or higher. In some
embodiments the base oil has a kinematic viscosity at 40°C of 400 mm?/s or higher, 500 mm?®/s
or higher, 600 mm?/s or higher, 700 mm?/s or higher, 800 mm?®/s or higher, or even greater than
1100 mm?*/s. In one embodiment, the base oil has a kinematic viscosity at 40°C of greater than

25 1100 mm?/s, 1200 mm?/s or higher, greater than 1500 mm?/s, or greater than 1600 mm?%/s. In
one embodiment the base oil has a kinematic viscosity at 40°C from greater than 1100 mm?®/s to
less than 5000 mm?*/s. The test method for determining kinematic viscosity at either 40°C or
100°C is ASTM D 445-09.

The VI of the base oil is greater than 55, greater than 60, at least 70, at least 80, or at

30 least 90. In one embodiment the VI is less than 140, less than 120, or less than 100. The test
method for determining VI is ASTM D 2270-04.

In one embodiment, the base oil has a low cloud point, such as less than 0°C, and in
other embodiments the cloud point is less than -10C, less than -20°C, less than -30°C, less than -
40°C, less than -50°C, or less than -60°C. The test method for determining cloud point is ASTM

35 D 5773 - 10 Standard Test Method for Cloud Point of Petroleum Products (Constant Cooling

Rate Method), or any other method that gives equivalent results.
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25  embodiments, the one or more olefins having a boiling point less than 82 °C comprise greater
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than 20 wt%, greater than 30 wt%, greater than 40 wt%, at least 50 wt%, at least 60 wt%, at least
70 wt%, at least 80 wt%, or up to 95 wt% of the total mixture of olefins fed to the reactor.
In one embodiment, a mixture of liquid hydrocarbons fed to the reactor can comprise a
mixture of various hydrocarbons, including the one or more olefins having a boiling point less
30 than 82°C, the one or more C5+ alpha olefins, and additionally can comprise one or more
isoparaffins or other olefins, and other hydrocarbons that function as diluents.

In one embodiment, the one or more C5+ alpha olefins are present in the reactor in an
amount to increase the VI of the base oil. For example, the amount of one or more C5+ alpha
olefins can be present at less than 50 wt%, less than 40 wt%, less than 30 wt%, or less than 20

35  wt% of the total mixture of olefins fed to the reactor. The amount of C5+ alpha olefins will

generally be greater than 1 wt% of the mixture of liquid reactants in the reactor. In some
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25 pyrolysis of waste plastic, Fischer-Tropsch processes, metathesis of fatty acids, catalytic
cracking of heavier hydrocarbons, and combinations thereof. In one embodiment, the C5+ alpha
olefins are produced by the conversion of tertiary alcohols over a zeolite catalyst. One process
to do this is described in US Patent No. 5,157,192. In one embodiment the C5+ alpha olefins
are derived from the pyrolysis of a waste plastic, such as polyethylene. Processes for the

30  thermal cracking of Fischer-Tropsch derived waxy feeds to produce olefins are taught in US
Patent Nos. 6,497,812 and 6,703,535. Processes for the pyrolysis of waste plastic are taught in
US Patent Nos. 6,774,272 and 6,822,126. In one embodiment, the C5+ alpha olefins are cut
from a high purity Normal Alpha Olefin (NAO) process made by ethylene oligomerization.
Very high (99%+) purity C5+ or C8+ alpha olefins can be produced using a modified Ziegler

35  cthylene chain growth technology, for example.

In one embodiment, the oligomerizing in the presence of the one or more C5+ alpha

olefins reduces a pour point of the base oil more than a similar process done in the absence of
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reactors that can be used are continuously stirred tank reactors (CTSR), nozzle reactors
(including nozzle loop reactors), tubular reactors (including continuous tubular reactors), fixed
30  Dbed reactors (including fixed bed contactor reactors), and loop reactors (including static mixer
loop reactors). Fixed bed contactor reactors are described in Patent Application No. 12/824,893,
filed June 28, 2010. One embodiment of a fixed bed contactor reactor is shown in FIG. 2.
Static mixer loop reactors use a static mixer placed in a loop in which part of an effluent
of the static mixer is recycled to an inlet of the static mixer. Static mixer loop reactors achieve
35  agitation and mixing of the one or more olefins and the ionic liquid catalyst by pumping the one

or more olefins and the ionic liquid catalyst through a static mixer in a loop. The static mixer

loop reactor behaves kinetically much like a CTSR reactor, but as conversion rates increase, the
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In one embodiment, a fresh ionic liquid catalyst is added continuously to the reactor and
a passivated ionic liquid catalyst is withdrawn continuously from the reactor. The ionic liquid
catalyst can be passivated, for example, by lowering its acidity. This can happen, for example,
by complexing with conjunct polymers that form as a byproduct during the oligomerizing. By
35  continuously adding fresh ionic liquid catalyst to the reactor the catalyst activity can be
controlled. The passivated ionic liquid catalyst can be regenerated in full or in part, and recycled

back to the reactor.
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from the reaction zone evaporate to cool the reactor the temperature in the reactor can be

30  maintained within 10°C, within 5°C, or within 1°C. In one embodiment, a volatile hydrocarbon

from the reaction zone in the reactor evaporates to cool the reactor and the reactor is maintained

at a temperature from 25 to 100°C, such as 30 to 70°C, 35 to 50°C, 35 to 40°C, or about 40 to

50°C. This means of cooling the reactor can be highly scalable, and can be used on any reactor

size from a small micro-unit reactor in a research lab, to a reactor in a pilot plant, and up to a full

35  size reactor in a large refinery operation. Examples of volatile hydrocarbons from the reaction

zone that can provide cooling include Cs normal alkanes, isoparaffins, and olefins having a
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In one enbodinent, a fresh ionic liquid catalyst is added continuously to
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Buring an Adiiadad 47706106 BEsHyload ynd Qﬁﬂ@%é}irulﬁa&le(ﬂ‘b&hﬂl@ahﬁf}ewdymubdudeﬂhﬁtbmm
system fluctuations, 25and there is no externally E plied heating or

cool i n@utqal?éﬁépnﬁ%gllmgql1bHW§>ymaaw@dﬁpﬁ@P@9m@r@pgﬁ ignie Hawid endippers A0 maelvd ofgs
and requgf | %br@lz dpky &Bﬁr?ss(aﬁ n‘?&iél&iéo chﬁ‘@éﬁn&&‘égo Exﬁd"’@?ﬁ Gfe'ﬁi@ 411’&& he
react or can PRt @ ned a surtable range 1Is avin olatile
hydr ocawhditiofis 'm)rpradlroeaﬂ:ﬂgbmnrlza:bitbﬁ off thetmepylem:tﬁre reikapo mak allcbwed:mcsltlr irhihe

tor haV| a volatile hydrocarbon fromthe reaction, zone evaporate
oola“f%éVFél&E PTCEHRS OSHRSETS it GPWS%UH%O{'E‘S&‘%S’P%QH‘B@ &rmai nt ai ned

W' t hi n MIEmeMkd iRy RGonOht Wrd Pt And the tkﬁﬁ&ﬁﬁr@ﬂp@%mftmllé‘d ¥PE&ine
hydr ocarbon fromthe reaction zone in the reactor evaporates to cool t he
r eact orOlaguﬂnetrhetlmIeaﬁho prapylemaiimthaiioed liguidan thenmpescataioiethe €dhagéd (113 oldiIE,

ch as C, 35t 35to to 5 Thi
ool i ngeins® fdBriy atha oRtigare S e np il s@hE- Tk hseR Sl ARy R ERe o
si ze fromficeimtdd MR fdbitibng: egot)qrﬂ@ooasmﬁezar@nw%ﬁemt end@(goeacharod n a
pilot plant, and up to a full Size reactor in a large refi @ery oper ati on.

Exafpl 900K at A Wit lyeelqhylilrl%w Bomeactiorohad hleinematee visersitpae4 mam /<@ 0Bt de
cool i ng;1 nel1dgs S8ty OPIITB mAtKafRc, 1.SOPF AL Lk p308 oPlE! R SRV gy 2

pour point of -14°C. The 900°F- fraction had a kinematic viscosity of 4 mm?/s at 100°C, a

kinematic viscosity of 22 mm?/s at 40°C, a VI of 75, a cloud point of less than -60°C, and a pour
point of -56°C. The VI was significantly improved by the presence of longer chain alpha olefins
35  during the oligomerization of propylene. The kinematic viscosity of the 900°F+ fraction

maintained a kinematic viscosity at 40°C of 300 mm?/s or higher.
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Speci fic exanples are ethyl ene, ethane, propane, n-butane, isobutane,

i sobut enayoantk/osestur es t her eof I n one enbodi ment pca/ustéopisasbd of
products boiling at 482C+ (900F+) is greater than 25 wt% of a total yield
of products fromthe oligonerizing step. In sonme enbodi ments, the wt%yield
of products boiling at 482C+ (900F+) is at least 35 W% at least 45 %

at Ieasgxaﬁlelg) W% at least 65 W% or greater than 70 wt% of a total
yi el oducts fromthe oligonerizing step. The base oil can be

used in anty naptd efgiromyicneherbatanchamdglitwist dedecone wehiatrotnagd ilwtbﬁd'ogidtb;td

t het | ub t b he b il .b d I t
" bl 2 BB BF B SoR AR S TUEET ¥R PF PP A 0t P BRUOUEEE.  Bxanl o5
of thi canRibAs ﬁ)rﬁomexﬂlg@aeﬁydtea%thelpﬁhpﬁ@nmmearbe&@bﬂa&omaabﬁfs esters,
butyl rubbers, ol efin copolynmers, styrene-diene polymers,

polPmetdsaeibetan &5, Pagany Aonbicationarsmbenhy 82895 fedphing 28 clit TheACs. Exanpl es

of hi gh mol ecul ar vvel t.co X &St ars can be,.used t rs are
Che. pr CUBRISFA RhalE R nES RSP nEr kR Ion AL ep RGeS S R By
1847, 18b1.5 @&Po%lat&ﬂ&@ed 810&& e 2ont@SSrcacitnd, A9BOHAsndlsadtio 6f &BUuSSOO

di scl osure, an "ultra hl(gh viscosity PAO' has a kinematicCc viscosity
bet weericEBYEIIS HPua A2 ©ood Erete ﬂ@afn M yhe plodin cpgpergion. The ﬁX@ﬂH@db‘a%’féCerI

can be @é&&%ﬁ&é&% %Bfaﬁ&{ Sf‘t?edﬁ;!e‘abc{ed%%ﬁ&ctoﬁﬁ@d% B¥erP]l hfe?tlnﬂrasdé‘?eq shﬁQJe' GRS
are: sugar ricants ear ol transm ssion arh olls,
gr das esthe teyn;l:reeamhnecxza‘slad1aﬁsucaﬂetcahmrdd| byg: vhparatisn oﬁathel tmttaﬂem ©Oot hdvagtage bﬁtheand

engine |nclud|n t wo- st roke _and ur - strok ine ojils e base
oi | %ﬁ‘é SentRgPr i defpr By b @eélownoffﬁg%mnwh% én o dh°2§°‘ﬁé? rs

wher e QH&'H@H@E ﬁéa&tb!ﬁ’t& 'nPﬁJe 'r%tcﬁo @ﬂig’ohf%ﬂ%atﬁufntcﬁf @hé)]%l%ﬁﬁl'ehe atdicBhel il tMAbAc9ear s.

I n one enbodi nent base oil i s bl ended h one or nDre ot her base oils
to nakdlcaud)méu@dla I@Iaeyl dil having g karematip rvwesitymtdﬁ@‘i@ yf Zeinettseddfar\dnofidTe

educed B e gsRLurts by SRR SERE BB oAttt fise EBFhose b e fdty ™ nalaLr  ng
| ngoeased H ?@mgm LML FOROLD D3 BETMIEPATne (O LARAOMPE o 8 30

Test Met ho Measuring Wear Pro erties of Fluid Lubricants (Fal ex Pin
and Veer@paes Chféhm&@k)tlon@wehngeett R4 H and lne@su\renrmgklneﬁmﬂsmm #f HY eod 57 s

t he ASTM 2 dar for 2 Eval.u | uf fing
Load Capatlz:?ll‘é %@2%@78%11(“59%%8%@? zflt QR/E-[f?ift%) aS?ﬁéjMIg Faa anC oy é‘}i}?i&ﬁgﬁ Yeduced
oi | congaapBydAclugdinATMJIRIaR in tkO@addl tdav dofTRS fradthinttaiisnd £1938Maddat i on of
Engine G ls in_a High- Speed Si ngl e-Cylinder Diesel Engine-1K 35 Procedure

(0.4 oelrgher was incigaschyatilrpsbl dcedur e (0.04 9% Fuel Sulfur). The base
oi !25carE)pdéii@eﬁ)e bl ended with an enmulsifier so that it provides both

t hi ck enul sifying properties to a finished lubricant that is
bl ended wi A Imikture of\{fEbRA04r2/, 02182 P@H 19S2041 1/d2tbh8 Ovhs Iitrdaluced into the same fixed

bed contactor reactor described in Example 3 containing 1-butylpyridinium
heptachloroaluminate ionic liquid, under conditions to produce oligomerization of the
propylene. The oligomerization was done in a single step under the following conditions: olefin
30 LHSV of 1 to 1.5 (calculated based on the empty contactor reactor), olefin/HCI molar ratio
about 500, temperature about 40-45°C, and greater than 90 wt% olefin conversion.
Oligomerization of the propylene and the 1-octene in the ionic liquid produced a heavy oil
having a kinematic viscosity at 100°C of 29 mm”/s and a VI of 82. The heavy oil was hydro
treated and fractionated into three fractions, 67 wt% boiling at 930°F and higher (greater than 70
35  wt% boiling at 900°F and higher), 27 wt% boiling from 680 to 930°F, and 6 wt% boiling at less
than 680°F. The properties of the fraction boiling at 930°F and higher were: kinematic
viscosity at 100°C of 69 mm?/s, VI of 75, and kinematic viscosity at 40°C of at least 2336.



EXAMPLES Exanple 1 (conparative): A mxture of 73 wt % propyl ene and 27 w %
propane froma refinery was introduced into an 10aut ocl ave contai ni ng
1- but yl pywodnryasmshkept achl or oal um nate ionic |iquid undectasediiisns to
produce ol igonerization of the propyl®ne. The m xture was allowed to stir
i he autoclave until there was no decrease in the pressure of the gaseous
m xt’ure. The oligonerization was done at zero C and the tenperature rise
was cont.alee by cooling. Aigonerization of the propylene in the ionic
| i qui d produced 55-60 wt % heavy oils having a kinematic viscosity of 65
m2/s at 15 niQQE; ofa/ 7k\ivﬁ/e petpyenv iasE 33 it wbpapedanen refhraery F10Mtnord@ed 1atp ad0C,

nt of |ess 60C, ,and oint .o

s ol i) RS e P GeBoBRRRR Sipi¢ iwid g PG BuforPger™

bel i eved ¢ Qpkeoldtiss (aa?pﬂokﬁnaf&wgmft%cd&hmmwaﬂd @q;%lemﬂs) ubaer fgauion9kd had
a VI of 40. 20 Exa 2: A mxture of 77 w % propyl ene and 23 wt %

pr d@aneorod@moag@@ﬁmx%m oftles rirepylowucléy mintuse aas alewed awser oothe auﬁqphge until
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ol ef i ngkranTerd heo m@ihpdr@tnﬁe 12 VsQaHE6l &l bydesting Z ligemcifatioh ®f ﬂfecpwﬂ)}ﬂ&% inThe
m xture was allowed to stir in the 25autocl ave until there was no decrease

in the the @g%lﬂ@l@)fn thperegere sl shat 1 wdC 1 2rplsfiny iegwﬁéirmzahemhowgth@d}@@
zero C 84 oLt& TRES ﬁt Y& Hela B%P%E@A&&anp%a&%%ﬂfea%o %&g% szation
e |qU| the an

of the pr erne int ionic e presence o St12
ol @bi ns(90(é’§&b Deet1B60°R dnéawy?woyitldyartd(9a016) 410h900°argéS oft%4iéldt a'hd 360+ Thi S

heavy o rotreated and fractjonat into two fractio 0
900- 1363m§tlafl ﬁﬁzgkwrl‘émw%w @éé’@fﬁ at4110§gcs%)ﬁ@%¢ﬂ%wwltw5 ? I éuﬂﬂ(/) S athe
900F+ f4paet 'm dr%q étcﬂswgam bPle¥§ tﬁ&ﬂ’sd()tlﬁ Qfd 4&&@%{& ofl16300&ne dolipremat i c

vi scosity of 10 me/ s ud point of less than
-60C, efrmttlan p@aha kp}@ma,tlc Ufscesﬂ:r/sz@f 4'Brmné(s@1Fl 00°|Caaﬂ<nmnaltladmomyrmfr%tmm /s at

Vi SCOSi /s.at, 100C,..a ki n i SCosi t. at 40C, a
V1 Sof S A coi v o ERE st s Ss Shil BBt and yEREraibi 55 Tt 1 e The: i
Wa Qs %ﬁ‘gtﬁﬁé‘a@lﬂ Ilmpfd%a eye ﬂ%&sehb@oﬂbﬁ%& RESn A phla IR dafifd headliBmeal&fonns
35during the o kgﬁﬁerlzatlon of propylene. The kinematic viscosity of the

900F+ fatacenydene nmen@@cals@m@rmftt ¢I0°Et drictign mping@>dof KiBomapgPisepssy

hi gher 2 2 U82011/044804 13 5 Exanple 3: A m xture of
propylenerE giﬁgﬁgl% 5 wt % dodecene was introduced into a fixed bed
contactor reactor containing 1-butyl pyridinium heptachl oroal um nate ionic
| i quid, under conditions to produce oligonerization of the propyl ene. The
fixed He@dmpdhéactor reactor is

25 A mixture of 77 wt% propylene and 23 wt% propane from a refinery was introduced into an
autoclave containing 1-butylpyridinium heptachloroaluminate ionic liquid and approximately 30
wt% of alpha olefins derived from waste plastics by pyrolysis. The waste plastics alpha olefins
were comprised of various alpha olefins that fell in the boiling range of 140-310°F (mostly C5 to
C10 olefins and 3.4% aromatics (mostly naphthalene or derivatives). The reaction was run as

30  described in Example 5. The mixture was allowed to stir in the autoclave until there was no
decrease in the pressure of the gasecous mixture (indication of near complete propylene
consumption). The oligomerization produced an oligomer in the boiling range of 330- 1360 °F.
The oligomerization product was hydrotreated and fractionated into two fractions: 900°F+
(482°C+) at 49 wt% yield, and (900°F-) 410-900°F at 51 wt% yield. The 900°F+ fraction had a

35  kinematic viscosity of 70.6 mm®/s at 100°C, a kinematic viscosity of 1608 mm?/s at 40°C, a VI
of 90, a cloud point of less than -60°C, and a pour point of -2 °C. The VI was significantly

improved by the presence of alpha olefins derived by pyrolysis of waste plastics and the



10descri bed in US Patent Application nunber 12/824,893, filed June 28,
2010. The oligonerization was done in a single step under the follow ng
condi ti ons0 201282 182LHSV of from 1l to 1.5 (cal cul ated bagew/useottiloessenpt y
contactor reactor), olefin/HCL nolar wati o of about 500 t enper at ure about
40- 45C, .and greater t 80 wt % ol efin conyersion, The fixed bed_ contactor
r eat orKIRGERAICrAYFOpSY a%ﬁ%% 0. fraﬁﬁ@nm%amﬁia E@H@&&F@Pom&t A8’ f? At rsatar
heat - trtﬁmg sfrface, and 15 the tenperature was adiabatically controlled
by evapor atl on ofS t he butane. One advantage of the fixed bed contactor
reactor was that the flow of the ionic liquid was independent of the flow

of the ot reagtants in the reactor orrerl atlon of.,th Iene and
Godecene. | HTHE  SSRRESTED ks B AGEnS CIBEOR SsfcPh U AE dendiisB ity

Vi scosithyt téfm, buPsnyofuck 41cm¥isorangs arc Mot @ihaﬁ?ﬁve—rﬁ!@d HeaMbodRinknt@8 include
hydrotreated and fractionated into three fractions, 65 wt % boi | i ng at 930F
20 18nd dthaytelamengsionsteps bEpt thagputnosen Ealis specdB@iEon andlampended ¢ains, negjesst | ess
than 68(%1'1:61'W}_Slgeln lcqg(?rﬁll Of the gli‘laCtEIJ,I‘l(%lr‘&I bo'elce g‘torg:%(o)':rgnd hlcgot%r were
ki nematl ¢ Visco BRSSPy ArgF S BT 8B R T8 ' 8E0sT y at
40C of raimdriealstaluks héemm%@ spcaifitatdroatdl cﬂ@lm’ét are @6 Be hill@stooBA D eiBymbdigict ¢ ng
t he dodecene in the reactor, the VI of the fraction boiling at 930F and

hi gher aNdBstrigss B3 dhedeny "douf. o aBerthesmorrs alganeps disgloscd hereimarg iggluyise of the
propyl fixed
bed cort ary B A AREnaaRAad Ao RE CRERIRS: L RLROMAF R S PSSP AR L
hefdbac hindraa alppen limait @rol disulaset amgmﬁmbanﬂﬁlnng:\mkﬁntth@mﬁgé B avoopucéically

oligo rf{Wiatlon of the propyl ene. The oligonerization was done in a single
step u oSethe fol I owi ng conditions: olefin 30LHSV of 1 to 1.5 (cal cul at ed

based on theA@’%hM &)%Pé\@é%foﬁ r 5EGRE hot &’éfﬁlfeh%/lh‘ﬁ%rs%ﬁd% hhd 4h@ oBdiA, 500,

tenperature a t 40-45C and greater than wt % ol efi n conversio
d i gonené¢anatg wad bf atplessop lsblyblydi entcartait thegine dn@tapplecantlnn tshielel. offhe smguiar d

roduc a heayy ,oi | Vi icC Vis osit at 100C of . 29 /s and a
01 Oo g8riite oyt v Ry Aha R bhed® SRER KSR, Soiise FF ke
fraoti agsne ﬁlgta\ﬁ@g/o b0| ling at 930F and higher (greater than 70 35 wt %

boi ling at 900F and hi gher), 27 wt % boili rll)g from680 to 930F, and 6 W %
boiling at |A&lsef thh@nbbmpns,pﬁ@nbraaé@menb@ patiome cftechintthisrpblésation greierg80F

and hi qgceor el k'rQ er ntcégtt Rfrehyto% ?%gegex%r\}\%g 1fr{HQ iRelosllre 8% calcR and

ki nemat 1 C Vi SCOS eas

2012/ 082(348&1361'&611552&3011/ ﬁz&é&%pﬁé’a‘cﬁnﬁx pafehewas specifically adihdiveluefly Tdiomdbto
propyl ene and 23 wt%tpr opane. froma refinery was introduced into an
aut oc| BrdneBPRraicdibygeteramae |1 HystEstii um hept achl or oal unmi nate ionic liquid

sabout 15ryiol, 3,01 d&%ﬂgﬁ&dxpl?&s gk %1@&8(&&% %%hé*ﬁ] LEldon %c%ﬁﬁﬂ@@%&ed C10

ClZ ol efins) under c tions t produce o |gomér| zation o
pr opyI enade, idkalnd 1 amablevwas patsbowleited m tht iart td makb endudeabt awentiont. Mantyher e was

no decrea in the pressu of t us mxture. The oli atlon was
done. atmoGh t@naﬁgthﬁﬁée%(%ﬁ@?ra? B OB tideveaiAp Abeloset fr:h,ovegvcsﬁe ily ocour

a i gonmgp irAL 'sk?i'[le&)fn ﬂl@%rtp%%b!ﬂdﬁ{}g‘?y Ithe ﬁlk}@ntio%h € bd élﬂl'sf?uéc{hs 1Hﬁu<ﬁ’ih§%ﬁ@ﬁﬁctﬁ1fe the
Cl0 and Cl12 olefins resulted ina heavy oil with a boiling range of 410 to

1360F. andinscthaskvhatdall withs thy&@ﬁmé&teappart@dfctmsl binkeseothinyise mﬁ:olﬁfedatbel ons:

15 ((900F+) ,900-.1360F at 65 900F- 10-9 at 45 wt%yi el d.
Th 36906@}%3?1?38{ PSR4 ClEmig eFPﬁ%’ﬁif@ gﬁrso%be i é‘?%?m%%% g Etan {rsprdug
ki nematdognpéh &t @ infi¥tuf of cbinpdH&AtS ca be selected, is intended to include all possible sub-

generic combinations of the listed components and mixtures thereof.



40C, a VI of 81, a cloud point of less than -60C, and a pour point of -16C.
The 900F-fraction had a kinematic viscosity of 4.5 mR/s at 100C, a

Ki nemat i cwoizeosetsg of 25 mmR/s at 40C, a VI of 80, a clrowdspaiing4sof | ess
than -60C, and a pour point of -52C. 1hhe VI was 20 significantly inproved
by the presence of |onger chain al pha olefins during the oligonerization of
propyl ene. The kinematic viscosity of the 900F+ fraction nmaintained a

ki nenatliTdS\GlstB4EPy at 40C of 300 m®2/s or higher. Exanple 6: 25A mixture
of 77 %, : Q f refl i into
an aut ¢l BuoRkt Blh Al bt SR A e AR oRE LY o LB MRHEE | QU
and appr okoihag @bint ROs kiaB8OFC alJORR) ialagfreseacdef dnv @hid liquid vatsltyst gpldastioes by
pyrol ysis. The waste plastics al pha ol efins were conpri sed of various al pha
ol efins t A8 fal ina quif{éls o FoeRgT RopigeussTa bupod Topng AeStamAtey icesiB1Y

ol efins angye3: FAHALRPRGLE GRhEMBRI VisQRRPIRL 08 géatéﬁfléﬁ/ 148 SherclMhe one
reaction was run as 30 described In Exanple S.” "The m xture was allowed to
stir in thematedcfimevingthe boihieg ot shthad 827 a0 °F ncontpeisp gemsutleand¥0 t he

gaseous m xture (inpdicatian ear .conpl ete propyl ene consunption). The
oligoneri%ggﬁgﬁt%?gﬁﬁg Cﬁﬁkg%?36ﬁ8ﬁﬁ?%gﬁﬁ% boi ling range of 330- 1360 F.
The ol i gonerizati on product was hydrotreated and fractionated into two
fractions: 900F+ (482C+) at 49 wt%yield, and (QOOF}%‘410-900F at 51 wt%

yi el d. 2rh&hoporessfaf gtaimndn whaksimthg kincnréigatscesiyi a d 087¢ ip asatqche Hhmns/sat
100C, a kinematic viscosity of 1608 mR2/s at 40C, a VI of 90, a cloud point
of less than -60C, and a pour point of-2 C. The VI was significantly

i nprovey e phreRrgsbnad , oheripiha kodcafatiosisdesiiyvwed003C RysahySk sr Bighwast e

pl astics and the WD 2012/082182PCT/ US2011/ 044804 15 5 ki nematic viscosity
of the 900F+ fraction nmaintained a kinematic viscosity at 40C of greater

t han 30 ) tie € kiS4 OO I udi.; r
Steps that TP Bera S e e e e R A P CRERIE 0

st eps ar eonbigh@xhausti ve, and an enbodi nent can include 100t her el enents or
steps. For the purposes of this specification and appended cl ai ns, unless
otherwi se_indicated, all nunbers expressing quantities, percentages or

pr opor t3- oh8¢ PEpsEssof Iskim dy b ereipihe kalcasic yesesityrt HAEC spmeater thar | Y mRg/s
clainms, are to be understood as being nodified in all instances by the term
"about." Furthernore, all ranges disclosed herein are inclusive of the
endpoi . sTangroaes df cthépdnddantelin/the batx o bldsen. cldfiepremdessahanH®efCcal range with
a lower limt 15and an upper limt are disclosed, any nunber falling within
the range is also specifically disclaosed. . Any term abbreviation or
shor t hahd Theprogesicdsling. ungsisths stpuddortielcsndanri® hary meani ng used by a
person skilled in the art at the tinme the application is filed. The
singular forns "a," "an,"” and "the," include plural references unless

expr esd. y Taagrocasgdiclaiadl, wpeteimiht ddsc2éit lasanmur psinaksethan -10°CAl | of t he
publications, patents and patent applications cited in this application are
herein incorporated by reference in their entirety to the sane extent as if
the d'%ﬁ!?ﬁybﬁm&%cﬁ%&ﬁn%?qm¥kﬁpﬁkbﬁﬁﬂhlﬁ@%{@ammEéﬁ?nt application or patent
was specifically and individually indicated to be incorporated by reference
inits entirety. 25This witten description uses exanples to disclose the

I nventl "M The Bgolcgs%lor}%lagrtllel, %%E}ein at least 80 wt% of the base oil boils within a range from

482°C (900°F) to 815.6°C (1500°F).

11. The process of claim 1, wherein the one or more C5+ alpha olefins comprise less than 40

wt% of the total mixture of olefins fed to the reactor.

12. The process of claim 1, wherein the one or more olefins having the boiling point less than

82°C (180°F) comprise at least 60 wt% of the total mixture of olefins fed to the reactor.



node, and al so to enable any person skilled in the art to make and use the
i nvention. Many nodifications of the exenplary enbodi nents of the invention
di scl osedwvabowseisk]! readily occur to those skilled in Poe/sRA11/044804
Accordingly, the invention is to be construed as including all structure

and nethods that fall wthin the scope of the_ appended clains. Unless

ot her vi S 1BpBRLFE ,C|aﬂIHe1 2_363?@& haPreRr @Pf@a@q@fm&wﬁ thy @h@ﬁ% BoinklepePRal s or
other compomenidsr)fdofirihhciBad 7o gl off kel GATRROGHSIoAs (TS HeGeior _
conponents can be 'selected, 1s intended to include all possible sub-generic
conbi nati ons of the listed conponents and m xtures thereof WO

2012/ 082182PCT/ US2011/ 044804 16 1T,.I1S CLAIMED: 1. A process for producing
base of 1" %%RE?FF%%“%&E@% o SRS IENaCH ey onBisted e WADR sPa boi | 1 ng
point |l ess than 82C (180F) in a presence of an ionic liquid catal yst and

one or nore C5+ alpha olefins in a reactor to produce a base oil having a
ki nematliSe Th¢ gwesistof climlQeBicwsin the onprRy Moty olpfigghleavingritic howing powit logs thadex
(VI) grea 55: and wherein the one or nore qlefins having the

boi 11 g pbt it CR0dD g Eiom MG ra By MBaaft han 50 w ofof & total
m xture of olefins fed to the reactor. 2. The process of claim1, wherein
the ki neyrahé frotbSeAlain 12lwhdRAGHe Si8b 881 e lemis%@ 1dmids. 3. The process of
claim1l1, wherein the kinematic viscosity at 100C is 45 m®2/s or higher. 4.
The process of claim1, wherein the base oil has a kinematic viscosity at
40C of 1300hemicsssaxf chiimHér whéeinTthe vpraxyssdaxf(Vd) miandedst Mher ei n t he
kinematic viscosity at 40Cis greater than 1100 nmm2/s. 6. The process of
claim1, erein th base oil . has a cl oud egint Ie§§ than -20C. 7. The

pr ocess! fofl e PECRISE! Clparlepvhetentng 08a 8" F8FE T alphagisTiphsemprisEnesr meye
process opg¢l,#nnolefingherein the base oil has a pour point less than -10C
9. The process of claim8, wherein the base oil is not dewaxed. 10. The
process of claim1, wherein at |east 80 wt% of the base oil boils within a
range fi9oirhdBCe{sWPC@Rimtlo wliiiBLy{ckbdGfrpducisiboillingeatpi8ates 6900FF€) iaigrafer
wherein the 386 gr nnrﬁ Co+ al pha ol efins conprise less than 40 wt % of the
total mi xRVt 0fremthe oRgeifghe reactor. 12. The process of claim 1,
wherein the one or nore ol efins having the boiling point |ess than 82C
(180F) conprise at least 60 w% of the total m xture of olefins fed to the
r eact or20. TWOpEds?/cd8Rird APEhLitd8PME DhO AU B0Lk AY+ dpha Fleéinp nisaesak yfetiptlaion 12,

(1807) "copy e o BisGp st SRCeTier oo tinmay B TSF oG PER AL FEG to « he
reactor. gfchcHmBopNcAGRS®sRE, Bétaihtlid of WR§RLEIdS, daheytR) drgki®s dZ h&gidrs conpl et ed

in a single step. o
hydrocarbons, or combinations thereof.

21. The process of claim 1, wherein the oligomerizing is conducted in a fixed bed contactor

reactor.

22. The process of claim 1, wherein the oligomerizing is conducted in a static mixer loop

reactor.

23. A process to make base oil, comprising oligomerizing one or more olefins having a boiling
point less than 82°C (180°F) in a presence of an ionic liquid catalyst and a mixture of C5+
alpha olefins derived from waste plastic to produce a base oil having a kinematic viscosity at

40°C greater than 1100 mm?/s and a viscosity index (VI) greater than 55.

24. The process of claim 23, wherein the viscosity index (V1) is at least 80.



15. The process of claim1, wherein the one or nore ol efins having the
boiling point |ess than 82C (180F) conprise propylene, a butene, or a

m xt ure twenrenfosisz The process of claim1, wherein thePeTasesiiy4snndex
(M) is at least 80. 17. The process Bf claim 16, wherein the viscosity
index (VI) is at least 90. 18. The process of claim1, wherein the one or
nore C5+ al pha ol efins conprise one or nore C8+ al pha olefins. 19. The

pr oces i he proicpssof clgiiarldi wherey te yiseosityrindrrdVd) ot [piP0at 482C+ (900F+) is
greater than 70 wt% fromthe oligonerizing. 20. The process of claim1,
wher ei n, t gne.,or _nore Ch+ al pha olefins-are nmad et hyl en .

ol yrerits A Sh Sl eahiafecis i sfeudrt PEF Py IRGE sTuRe WS G giursror
wast e pl aglefigs cdrhpiGfRe propyps ahd PrOGEAsRL 5Bt AlN@svad Glonf Ahsty pREfi€and
catal ytic crackingpof heavi er hydracarbo or conbi nati ons ;ﬁereof. 21
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The pr oce®dcisim e Rpya ol hagtdiepatichascopitysimidr € 2renicrithanc bupmes and 2a fi xed

bed conta . s ﬁgﬂ rocess of claiml, wherein the
oIigonerigﬁﬁ%n&gﬁ%%gég% e l%ﬁPgPstatic m xer | oop reactor. 23. A process to

make base oil, conprising oligonerizing one or nore ol efins having a
boiling point [ess than 82C (180F) in a presence of an ionic liquid
catalyst and a m xture of C5+ al pha olefins derived fromwaste plastic to
produce a base oil having a kinematic viscosity at 40C greater than 1100
m2/s and a viscosity index (VI) greater than 55. 24. The process of claim
23, wherein the viscosity index (VI) is at least 80. WO

2012/ 082182PCT/ US2011/ 044804 18 25. The process of claim 23, wherein the
viscosity index (VI) is at least 90. 26. A base oil, conprising one or nore
oligonmers of a mxture of olefins, wherein the m xture of olefins conprises
propyl ene and one or nore C5+ olefins derived fromwaste plastic; and
wherein the base oil has a kinematic viscosity at 40C greater than 1100
m/s, and a viscosity index (VI) of at |east 70.



