5 PROCESS TO MAKE BASE O L BY COLI GOVERI ZI NG LOW BO LI NG OLEFI NS
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oligomerizing one or more olefing having a bothing point less than 82°C (180°F) in the

20 presence of an ionic liquid catalyst to produce a base oil having a kinematic viscosity at
40°C of greater than 1100 mm™/s |
This application provides a process for making a base oil, comprising:
oligomerizing one or more olefins having a boiling point less than 82°C (180°F) in the
presence of an ionic Higuid catalyst to produce a base oil having a kinematic viscosity at
25 40°C of 300 ram’/s or higher and a cloud point less than -20°C, wherein a wt% yield of
products boiling at 482°C+ (900°F+) is at least 65 wi% of the total vield of products
from the cligomerizing step.
This application also provides a process for making a base oil, comprising:
oligomerizing one or more olefing having a botling pomt less than 82°C (180°F) in the
30 presence of an ionic Hguid catalyst to produce a base oil having a kinematic viscosity at

40°C of greater than 1100 mm™/s and a cloud point less than -20°C.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG 1 is a diagram of one embodiment of a static mixer loop reactor.

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

Several different olefing have a botling point less than 82°C (180°F). Some

723

pecific examples are shown below.

] ?(“lﬂilmnfg Compound(Svnonyvim) | ?“Qﬂ}“gg‘
Compound {Svnonym) ALLENS Pomt. L
cthylene -103.7  cis-2-butene 3.7
propene (propylene) -47.6  Z-methylpropene -0.6
I-butene -6.1  l-pentene 30
trans-2-butene 8.9 3-methyleyclobutene 32
Z-methyl-1-butene 31 frans-2-pentene 35
cis-2-pentene 37 I-methyleyclobutene 37
Z-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
Z-methyl-1-pentene 61 I-hexene 53
2-ethyl-1-butene 64  cis-3-hexene 66
3-methyleyclopentene 65 Z2-methyl-2-pentene 57
trans-3-hexene 67  trans-2-hexene 63
3-methyl-trans-2-pentene 68 4.4 -dimethyl-1-pentene 72
cis-2-hexene 69 L-methylcyclopentene 76
3-methyl-cis-2-pentene 70 33-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-pentenc 81
2.3, 3-trimethyl- T -butene 79
10 In one erchodiment, the one or more olefins comprise predominantly or entirely

alpha olefins. In one embodiment, the one or more olefins comprise propylene, 1-
butene, or a mixture thereof. In another embodiment, the one or more olefing have a
botling point legss than 65 °C, less than 50 °C, less than 498 °C, less than 30 °C, less than
20 °C, less than 10 °C, or less than 0 °C. Sources of propylene, for exarople, are
15 deseribed in US Patent Apphication No. 12/538,738, filed on August 10, 2009,
onic 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 of the 1onic Hquid catalyst can comprise a Lewis Acid. The Lewis

2



1-butene -6,1 1-pentene 30 trans-2-butene 0.9 3-nethyl cycl obut ene

2-met hyl -1 -butene 31 trans-2-pentene 36 cis-2-pentene 37 1-nethyl cy

cl obut enewB®2oR/08e11lhy1- 2- but ene 39 cycl openten. e 44 3, 3- #CKaISk§11/0338581t ene 41
3-net hyl - 1. - pent ene

5 acid can be a metal halide compound selected from components such as Lewis Acidic
compounds of Group 13 metals, inchuding aluminem halides, alkyi aluminum halide,
gallturg 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

723

pecific examples include ZrCly, HICL, NbCls, TaCls, 5¢Ch, YU, and mixtures thereof

10 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. Inone
erbodiment the first component is aluminum halide or alkyl ahuminum halide. For
example, aluminum trichloride can be the first component of the acidic ionic liquid.

The second component making up the tonic liquid catalyst is an organic salt or

15 mixture of salts. These salts can be characterized by the general formula Q+A—, wherein
Q-+ 1s an ammonivm, phosphonium, or sulfonium cation and A~ is a negatively charged
ionsuchas CF, By, ClO4, NOy |, BFy, BCly, PFg, Sblg , AlCl , TaFs , CuCly
FeCls, HSO5 , RSO, SOCFs 7, alkyl-aryl sulfonate, and benzene sulfonate {e.g., 3-
sulfurtrioxyphenyi}. In one embodiment the second component 15 selected from those

20  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,
methylributylammonium halide, or substituted heterocyclic ammonium halide
compounds , such as hydrocarby! substituted pynidinium halide compounds for example
I-butylpyridinium bahide, benzyipyridinium bhalide, or hydrocarbyl substituted

25  imidazotium halides, such as for example, 1-ethyl-3-methyl-imidazobiom chloride.

In one ernbodiment the ionic Baquid catalyst is selected from the group consisting
of hydrocarbyl substituted pyridiniuvm chloroaluminate, hydrocarbyl substituted
fmidazolivm chloroalurainate, quaternary amine chlorealmminate, trialkyl argine
hydrogen chioride chloroaluminate, alkyl pyridine hydrogen chloride chloroalummate,

30 and mixtures thereof. For example, the ionic liquid catalyst can be an acidic
haloaluminate tonic higuid, such as an alkyl substituted pyridinium chloroaluminate or an
alkyl substituted imidazohum chloroalummate of the general formulas A and B,

respectively.
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In the formulas A and B: R, Ry, Ry, and Ry are H, methyl, ethyl, propyvl, butyl,
pentyl or hexyl group, X is a chloroaluminate. In one embodiment the X s AICL or
ALCY . In the formulas A and B, R, Ry, B, and Rsy may or may not be the same.  In one

10 embodiment the iomic hquid catalyst is N-butylpyridiniumn chloroaluminate.

In one embodiment tonic Bauid catalyst comprises a cation selected from the
group of an alkyl-pyridintum, an alkyl-imidazolinm, or a mixture thereof. In another
ernbodiment the ionic liquid catalyst can bave the general formula RR” RN H ALCY,
wherein N is a nitrogen containing group, and wherein RR” and R” are alkyl groups

15 countaining | to 12 carbons, and where RR” and R” may or may not be the same.

The presence of the first component can give the ionic Hguid catalyst a Franklin
or Lewis acidie character. In one embodiment the tonic Hquid catalyst includes strongly
Lewis acidic anions, such as ALCEH . ALCY, for example, is a strongly Lowis acidic
anion, while AICLs is not. In one embodiment, the greater the mole ratio of the first

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

Other exarples of compounds which can be used as the ionic liguid catalyst
include, 1-Butyl-3-methylimudazolium hexafluorophosphate [boim+}{PF6—,
Trihexyl{tetradecylphosphonium chioride [thidPh+][Ch, cormmercially available as
CYPHOS 1L 101™ (Hydrocarbon soluble (hexane, toluene) Tg—56° C), and 1-Ethyl-3-

25  methyhmidazoliom tetrachloroaluminate [emim+ ][ AICH—]. An tonic Hguid that can be
used as the second component i the ionic Haguid catalyst inchudes
Trihexyl{ietradecyDiphosphonivm chloride [thtdPh{Cl-1

In one erobodiment, a co-catalyst or promater is added to the ionic liquid catalyst.

Examples of co-catalysts or promoters are halide containing additives, such as alkyl
30 halides or hydrogen halides. Other co-catalysts or promoters are Bromsted acids. A

4



trans-2-h. exene 68 3-nethyl-trans-2-pentene 68 4,4,-dinethyl-1-pen.ten.e 72
ci s-2-hexene 69 1-nethy 1 cy clopentene 76 3-nethyl-cis-2-pentene 70

3, 3- di metw9l20i2/qsea15ene 78 2, 3-di net hyl- 2- but ene 73 PCT/US2011/053853

4, 4-di net hyl -ci s-2-pentene 80 4,4-dienthyl-trans-2-perite e 77 3, 4-di

met hyl -1 - pentene 81 2,3, 3-trinmethyl-1-butene

5 promoter 1s a substance that will accelerate the effect of a catalyst on areaction. A
Brensted acid is any substance that can donate an H+ ion to a base. Bronsted acids are
H+-ion or proton donors, Examples of Breosted acids are HCY, HBr, Hi, HF, sulfuric
acid, +NH,, CH2CG:H, and mixtures thereof,

The test methods used for boiling range distributions, mitial boiling points, and

10 upper boiling points of the one or more olefins and the base oils in this disclosure are
ASTM D 2887-06a and ASTM D 6352-04. The test method 13 referved 1o herein as
“SIMDIST”. The botling range distribution determination by distillation is simulated by
the use of gas chromatography. The boiling range distributions obtained by this test
raethod are essentially equivalent to those obtained by true boiling point {TBF)

18 distilation (see ASTM Test Method D 2892}, but are not equivalent to results fror low
efficiency distillations such as those obtained with ASTM Test Methods B 86 or D 1164

The base oil produced by the process has a high kinematic viscosity at 40°C. Htis
generally greater than 200 mun’/s at 40°C, and in cortain erobodiments is 300 mm'/s or
higher. In some cmbodiments the base oil has a kinematic viscosity at 40°C of 400

20 mm%/s or higher, 500 mm®/s or higher, 600 mm2/s or higher, 700 mm%s or higher, 800
rant/s or higher, or oven greater than 1100 mum™/s. in one embodiment, the base oil has
a kinematic viscosity at 40°C of greater than 1160 rom™/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 mam?/s to less than 5000 ram?/s, The

25  test method for determining kinematic viscosity at either 40°C or 100°C 1s ASTM D
445-09.

In one embodiment, the base oil has a viscosity index {VI} of 37 or higher, or
greater than 39. In other embodiments the VI of the base oil is greater than 40, greater
than 45, greater than 50, greater than 53, or greater than 60, In one embodiment the Vs

30 lessthan 120, or less than 100, The test method for determining VIis ASTM D 2270-04.

In one ercbodiment, the base oil has a low cloud point, generally less than 0°C,
and in certain embodiments the cloud point is less than -20°C, less than -30°C, less than -
40°C, less than -58°C, or less than -60°C, The test method for determining cloud point 1s
ASTM D5773 - 10 Standard Test Method for Cloud Point of Petroleum Products

35 (Constant Cooling Rate Method), or any other roethod that gives equivalent results,

In one embodiment, the mitial boiling point of the base oil is 650°F (343°C) or

less. In another embodiment the initial boiling point of the base oil is from 6506°F

5
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catal yst1¥s dwwdﬁ@%hW@hgaﬁ@ﬁQWmlgmmb%ﬂdﬁ%ioﬁmsdwms“ﬁvhés@ﬂﬁ%ﬂfsmtan be

char act eri zegh by, 116, 998! Al LOLIFA QAL o WNESSLIRR 1- s an ammoni um

phosphoni um or sulfoniumication and A---"I's a negatively charged ion such
as CL, Br. ClO4, ikﬁﬁaﬂmsﬁakm'BC@&wﬂwﬂﬁ@;@bﬁSHHmAlﬁnﬂhmﬂﬁaﬁBmSmﬂﬁoz FeCl13
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or more olefins to a halide containing additive of greater than 50, greater than 100, greater
25 than 200, greater than 300, or greater than 400. US Patent Publication No.
20100065476A 1 teaches how adjusting and maintaining a high molar ratio of olefin to
halide containing additive increases the production of C1G+ products,
The oligomerizing is conducted in any reactor that is suitable for the purpose of
oligomerizing the one or more olefins i the presence of an ionic liquid catalyst to make
30 the base o1l The oligomerizing can be conducted in a single step or in multiple steps.
Examples of reactors that can be used are continuously stirred tank reactors (CTSR),
nozzle reactors (including nozzle loop reactors}), tubular reactors (including continuous
tubular reactors), fixed bed reactors (including fixed bed contactor reactors), and loop
reactors (including static mixer loop reactors). Fixed bed contactor reactors are
35 described in Patent Application No. 12/824,893, filed June 28, 2010, One embodiment

of a fixed bed contactor reactor is shown mn FIG. 2.
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the one or nore olefins and the base oils in this disclosure are
in one embodiment, the process entails sphitting the one or more olefing into more
30 than one feed stream for feeding into a reactor comprising the tonic liquid catalyst at
different locations. One process for doing this is described in US Patent Publication
US20090171134,
In one erbodiment, the process employs a nozzle dispersion whereby the one or
more olefins and the tonic liquid catalyst are injected through at least one nozzle nto a
35 reactor to effect the oligomerizing step. In this embodiment, the at least one nozzle

provides intimate contact between the one or more olefins and the jonic hquid catalyst



ASTM D 2887-06a and ASTM D 6352-04. The test nethod is referred to herein
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t han 150 I oo O rotd 0 " .on nt the base

oi | has 30 Ki %élr}rlg plcg Vi s‘%% Fye ”Lglgiﬁ%igt?vrﬁg?n& refal% Ay ﬁﬂﬁr@%g%nfn n2/s to |l ess
t han 5000 rm’@/ivsedumhiam%ﬁesh Ormnhiogl iﬁmmdem%simwiﬁungfr%nnexmaitqutsi opfalyeiosi ty at

ei ther 40C o, ’leorggé ir‘cfhcp@-%\d 413&3 ngb \,On *oiicdl r}hgga%m@@ﬂgﬁ % EQ st base oi |
has a V|sc03|ty i ndex of hi'gher, reater t b n ot her
enbodi ment s tdadcy L@fm@h@L@h@EﬂQﬂ1awtﬁgﬁédbéﬁ—@hﬁmﬁm@l greater t han 45,
greater than 50, ,grea than Ha., Qe : di ment the
VI is 30l ess than'%%%%%%d esg&ﬁ %QEigiﬁﬁgg&i(H%Qoﬁ 3 d hgpﬁmggﬁgrnlnlng \
i's ASTM [P 22704 is in the reactpiw tihescdinvaghiorre bt this phibodyasge, 1b!|~r podyid: far how cl oud
poi nt, gener ally. | 858,402l QG ARG kN CRAL A l,oud poi nt
is less than -Zﬁcﬁgﬁéés.?hi ei%% 1%'d ﬁgillgngggj egéﬁkﬁgﬁh%%é%t or |ess
t han - 60C. Tﬁ@ﬁ@egﬁﬂﬁﬁﬁhsﬁimohﬂﬂepewnwmﬁﬁgsCmbuﬁmmelnt is ASTM D5773 10
Standard Test Method. far,.G.qud, Raint P@RIQJQ PrLoduct s.63 st ant
Cooling Rate thhogﬁ?rgﬁd%ﬁ ot her ﬁgﬂﬁmg d §¥%e§ E%ﬁ.%& gﬁfggesults

In one embodioene smelkeni @it Fdinichlaidvintge pbwntﬂrtbﬁ ik obBis @rasss cinsthB50F (3430
or | ess. 241 hethero sahadbapab khe,ldihialabelddng, ek ok %E" theRase oil is
r om e20f WM IS T AR TRk fpls gkl b ok, B 700F %“%1%? In one
enbodi ment, lebrediiyasie raivlick dgss aaummcm hg pzangecdfrofein 82 Ch [{@O0EF+) to

815, 6C-  (150QiF:)e ol R@thel,eubodi nents the boiling range is up to an upper
limt of 749 C 1380"F 760C- (1400F-), or 788C (1450"F-), It is

someti mes desi redﬂ?@f«‘ eméwém@nbr@azdﬁ ?éiﬁg@ﬂwfbtfb‘(ﬂfwﬁgw poR ptdsocaibor Freh t he base
oi | can be dén’%’iﬂnL%ﬁQw nflEQra% E@ﬁ@s%d%%% Jrayi 1&99 ﬂlu‘;J c‘% a@ﬂ% mK)' NemaLi ¢
viscosities, sonic of which are 10ni gher or | ower Ki nemati c
V|sc03|t95at*u@€ﬁ@PW¥M@“ba§@m®ﬂF?h4ﬁﬁ@ﬁéh%ﬁ%béf%ﬁhﬁhmﬁﬁﬁﬂBﬁééﬂb¢I has an

upper boili nﬁmpgnmmgf&@aﬁ atﬂh@@n %%%4:4:@55 Hodor reactor canltd 1QPRELERGMI MeNt
the ol i gonmerizing conditions include tenperatures between the nelting p0|nt

of the ioni clolaeil ktiamdpuiaiid p prubElonposin pont {@nperbur8): ity one

embodi ment, {h&, oL gIRLEZA PR EARALE LRSI Ak Mle R BPReLAT EE ff from
about -10"C to

some embodiments, a flow of the ionie lquid catalyst during an introducing of the ionic
30 liquid catalyst to a reactor and a flow of a feed stream comprising the one or more olefing
can be varied independently to optimize the process.
In one erobodiment a reactor used for the oligomenizing 1s operated adiabatically.
During an adiabatic process, any temperature changes are due to internal system
fluctuations, and there is no externally supplicd heating or cooling. Operating in this
35 mode can provide significant equipment savings and reductions in process complexity.
One way that teroperature n the reactor can be maintained in a suitable range is by
having a volatile hydrocarbon from a reaction zone in the reactor evaporate to cool the

8



15about 150C, such as from about O to about 100C, from about 10 to about
100C, from about O to about 50C, from about 40C to 60C, or at around 50C.

I n one ermvodnreAI8e215t he of i eromeri zi ng occurs in | ess thaeTASh@0S3I8SHNd i n
sonme enbodi ments can occur in less than 2 hours, or less than 1 hour, In
one enbodi nent the oligonerizing occurs between 0.1 m nutes and 60 m nutes,
between 10 m nutes and 45 20m nutes, or between 15 m nutes and 30 m nutes.

I n one enbodi nent, the oligonerizing conditions include an LHSV of the one
or nore obef fengorf Borhn@niea vdatiohydrecerpr0 [iBmitie Bactibr ome tvipora,to grolfieom 1 to
1.5, | R, QRELE ng%ﬂmﬁ}mm‘ao%a &g@{%&ﬁ Acﬂ%%ﬁﬂ%lé' 0&% dé Jpclude a mol ar
rati o of the one or re ole e cont ai ni ng Itive of greater
t han 50, greaﬁbniﬁhdmomﬁaﬂX@n@at@mOEthamv@ﬂ@migmeatemﬂmhaWRBGGP or greater
D 00 o wRaEALE Mo PUOL 6RO N0 AL OR0RSALRAL L EAGNER,AON: ALUSLI 1O
and mai ntainin ar ratio of ﬁ%alnln addi tive
i ncreases théS@ﬂ@@ﬁb@hbﬂ\EIwCﬁﬁ}3pﬂoﬂﬁ61§1049(*ﬂhﬂh@4@hwgﬁﬁbﬂhzlng is
conduct efy ! BN of SO, KAAb: 8 b SHELARLE Ol AEnPHLROR S ALoc Bl LODTT | 21 1O
the one or nore o presénce o i0 i'd cat afyst to make
30 the base 6Whﬁsmh%ﬂmﬁwg@h@ﬁ%@umg%@ammﬁé>Gondmwﬁe@dpﬁﬁah31mgk@t@&ep or in
mul tiple steps., | 85190 LBAGE OfabRak & HE HR8, A&, G0Nt f ous! y
stirred tank regE?%EE ?%%% * %%%gégafeac\bggz ?h% ug?ﬁ%‘ﬁ%§ﬁ1éﬂ?oop
reactors), ti&bkﬂa&ion&@ﬁ&h&&&a &ﬂ)ﬂ@i HELRGInEI0M d NUeUs! b abpsgasd ots) , fixed
bed reactors (including fixed bed contactor reactors), and | oop reactors

i ncl udi ng st atlit ke béibappors dict GrsiboursxedSiyediccomtEctaor ctisdaect ors are
35descri bed pw Li,cat E 12/ 884893, afi.bed June 28, 2010. One
enbodlneﬁﬁ o?’aE 5%3&1 3%onf%§10rk?%gb§51g.ghgﬁ%@% %n FIG 2, WO

2012/ 082215PCT/ USQO]lCld“@BS@S’B‘ B Statviodd fipkaiuctp b@blgféa& ErE9gend@s st atic m xer
placed in a |ogp 4 z‘éﬂh‘ffﬁn%&&i V?ind Al 'é«‘é)‘?}tb‘, b6 ﬁrfgasttl CflXer 1S
recrled to an inlet e static mixer. Static m xer reactors achi eve
agitation andnimdxnfngs @f: W@%ew&m pmdw%bieh@ﬁ BFBHS -4 T hes 4téﬁwéblwt%jzw d
catalyst by pumping,the RSO Irg OLELD NS, ARMGLDR LONIClikgusd gat al yst
through a static mxer in a The static m xer oop reactor behaves

ki neticakby wﬂ@hMIw%én&n@ﬁ@ﬁf&@rea@mﬂmk1@@&@@3 conversion rates increase,
the behavi or ofi,bOE.FRRELAL 1ENADAGS 4G {)&h@m SR drs: & sRl-uapd ow react or
wi th effluent recycf The 'shear m xer reactor i1s easil % in a
smal | vol uneolkagpott! b e camPEWE-H o 0@)}3@?%&% “onoam aEre e gvug el"te%& | n smal |

| aboratory ugids o A58 (qug@m@ i8] %gelasaen&ao@t&%@h@m@@l Dy:ichanging the
pressure drop over the static mxer. in one enmbodi ment, a single pass

t hrough the dratdidingegepopase 18 Vof ik bsent. to cavhiletre ‘v'riéarbtqmﬂwmbatu ve
conversi of of (1.06 QNE,sOfo, BOE BaQ18T ISk R BNE ST AL VBN L DL L BGYCl € of the
ef fl uent increases the héat capacity and enables nore efficient control of
an exot henn flpwhnottes ot ingspredi zi ng, One enbodi nent of a static nixer |oop
reactor is showy.i ﬁﬂﬂiﬂ@ﬁﬂslom&tlﬁw PER GRSkl (scigmi}ﬂﬂ‘@b&sivgﬁs%m conti nuous,

or batch. By continuous is
process, a refinery process, derived from a thermal cracking of heavier hydrocarbons, or

derived from a pyrolysis of a polymer. In one embodiment, the alpha olefins are

30 produced by the conversion of tertiary alcohols over a zeolite catalyst. One process to do
this 1s described i US Patent No. 5,157,192, In one embodiment the alpha olefins are
derived from the pyrolysis of a4 waste plastic, such as polyethylene. Processes for the
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

35 taught in US Patent Nos. 6,774,272 and 6,822,126, In one embodiment, the alpha olefins
are cut from a high purity Normal Alpha Olefin (NAQ) process made by cthyicne



20meant a process that operates (or is intended to operate) w thout
interruption or cessation. For exanple a continuous process would be one
wher e t hewpeact®et1s (such as the one or nore ol efins or PCRAIS2@NI083853 qui d
catalyst) are continually introduced into one or nore reactors and the base
oil is continually withdrawn. By sem -continuous is neant a systemt hat
operates (or is intended to operate) with periodic interruption. For
exanpl e a 25seni -conti nuous process to produce a base oil would be one
where thedr eaiégteaintisﬁiam eVaphighntiah Hiyomiimiiﬁ@d@bedr Chtaldnelcdns wobe reactors
and the base C R er hdr.awn... rocess is
one that is ;hi% kg‘g}j}]\ %’qlau%%dsi‘%vgfﬂ?emxnhégcll a¥1 M\%fuq é”ﬁ&nggz&%%ecp

process entails skibtsioigat tresghe 2oy %Mrvéioml&&étvrn@ngm‘smmf@@@lgh han one
feed stream Fr id 1 quid catal yst
at different ia?agalt ?«gfhﬂ%i&;ﬂn wﬂ’ga&&? ihgﬁ)[@ 1§th utslnigfdgpgac ijl([a?d in US

Pat ent Publ |r;atapmieu5@0®9ﬁlwc1@8mcd mn for ir‘uliitmwﬁe:* emfmm Femtplestofie process

enpl oys no e the ionic

| i qui d cg? al égct Q%%'e |§(ﬁe\cot%gtam§r6§k¥ﬁ1% Wi?gg”é% OJI:{P 1%’0&”%2% “Pﬂto g“BSr eact or
to effect thecwi TOQ*O}B'EWI\ZSI yigpostiep pphmt:’m whentiodiyinent styrtivecs@ts, ddadta one

nozzl e provi ! | s and the
ionic liqui diﬁgagjé%&t‘vtnﬁk%%g%p@? Oégg%%gﬁ%% }US%E{Q% 5@?3]@%&%? %? eLgJégat er product
and ol i goner i aghsbnenele hQredproressakurbydgpdignchpisonblidesetisbed in US
Patent Publ i gatiien, WS2009016675 (s, bhoons, ubodL ek, @, Lagshi onfc |1 quid
catal yst is conti nuously e reactor a passivated ionic liquid
catal yst1%s dmi%dnawm”u@md‘cgmmstlvy’ﬁﬁ’om {thleﬂmréao’emmvwe«wmm@ IF$qui d

catal yst carf,bepassi. vﬁthng - a Ofg gxanmpl e, by lowering its acidity. This
10can happen, for exa %y conpl exi ng with conjunct polynmers that form
as a byproduct dﬂmh@@@ﬁ@%ﬂ‘q@@ﬁe&%z@ﬁ@OAWYWﬂHVWGQQLWaamﬁlcﬁg fresh ionic
liquid catal ysf, a&f D8y d&@@e@ %v&'?& s%L@J t){SR AGEANILY 1u8é‘§%n{)ezx&9{%§ ol led. The
passivated ionic lig caag can be reg Eherated in In part, and
recycl ed bacwhit’ubutﬁﬁﬁ biﬁééﬁit\@rht ¢ prsopié t@m@d@‘ Emthed ddehanasndiienioae f i xed bed
cont act opg | Sw!’ﬁ%ﬁg’c H‘&&%Cé 'Q)Q‘hwrolm &wkpprgrrgﬁ‘(?c@toﬁh};(ﬁg shedl iﬁtﬂlic&xﬂ,eﬁ gactor with a

sol id support. Is enb , i S possi .e for the §verage resi dence
tinme for theaddénptmr bpufad cwméﬁ,y@tr PPt ddreespeactbrvoporddisivel EP ezseist t han t he
average 1 esi denged [iMRLAL LASONE, QLolBRIRLEbLAS: LNANe haRekor in
one enbodi nent, the ionic liquid catalyst and }t he dne or’ nore ol efins do
not form an Biviirsinedifierodenylechni g foapihzantidy eorpkion b ierbodi nubitoref t he
process cartg H!Lk!«,%i %Q@@» Eﬁ?xgiﬁ Q%o@at}%%gcnsﬁgx%ﬁ@it ';QHmQE ‘xtigﬁed 'dQ.;Q:HQ&lelS QUI d

cat al yst fromt e base’oil is signifrcantly | ess difficult; requiring | ess
equi prentd  hafimgared dckdep roossyceonpiseingiyidey Bejdiles m@imésgoimm or

conbi nat i Onsar&ihﬁg lﬁs%f in some embodiments, the total amount of additives in the finished

Tabricant will be approximately 0.1 to about 30 weight percent of the finished lubricant.
The use of additives in formulating finished lubricants is well documented inthe
hiteratare and well known to those of skill n the art.

30 Exampies of finished lubricants are: sugar milling fubricants, gear oils,
transmission fluids, chain odls, greases, hydraulic fluids, metalworking fluids, aluminum
rolling oils, and engine oils (including two-stroke and four-stroke engine oils). The base
oil can be used for gear oils used in heavily loaded, low speed gears where boundary
labrication conditions ofien prevail, such as in worm gears. In one embodiment, the base

35 oilis blended with one or more other base oils to make a base o1l blend having an
improved property selected from the group consisting of increased bearing film strength,
redoced scuffing wear, reduced oil consumption, and combinations thereof. One method

10



In one enbodinent, there is a difference between a flow of a hydrocarbon
feed conprising the one or nore olefins and a flow of the ionic liquid

cat al yst wote12z8emnact or. 251 n one enbodi ment, for exanplPe€T/ush@1/0ai85d of t he
fl ow of the hydrocarbon feed to the flow of the ionic liquid catalyst into
a fixed bed contactor reactor can be fromabout 10:1 to about 1000:1; from
about 50:1 to about 300:1; or fromabout 100:1 to about 200:1, by vol une,
when the one or nore ol efins constitute 20-25 wt % of the hydrocarbon feed,
in sone eﬁboﬂﬁnemﬂépsmuﬁ$@®b@ﬁm;ﬁbﬁﬁmnﬁbihhqm$ﬂﬁé§ﬁﬁvyﬁ%"ﬂﬂ)%mgmam

i ntroduci ng h I, O fl ow of a

f eed streanlggh%%gg&g K&ﬁ “£gﬁmipﬁggﬂg%?£¥Lﬂ”%ﬂdﬁﬁg% vé??g | hdependent | y
to optim ze Bhek prtods One method fdrmeaneing nidodilventinavmeactobS Ul 1 or t he

0L 00er Y 21 N s PRGLALPRAALARRLL EBlating BUSLOE, 21 AdBRAL L ORI RoBSS, any

t enperature cha to 1nterna %yste 7 uct ua and“there is
no externallyhsupﬁﬁnéﬂ<haavﬁhgﬂewm@@mh&ngimﬁbéhannm@umnhvﬁﬁ§4Q5nﬁde can
provi de g} ani {i ANk QIUNRIRAL (S BYLNGS, BRELLRANRLL OR%ul BT QGRS cOMP! exity.
One way enperature 1n reactor c be mai ntai e °a suitable
range i s by hﬁmdnrg%a‘;ﬁ/bﬂ!ﬁamcr‘rﬁx ﬁvmﬁbwf‘lédhhﬁqi owif el m@d@t?f (mdlzr@(féﬂﬁi f the
reactor evapgra 8&%? cool the WO 2012/ 082215PCT/ US2011/ 053853 5react or. By
havi ng a vol at| ydrocarbon fromthe reacti on zone evaporate to cool the
react or the tenpéhabemeeilicen tieberidadtoriticannhéiiebntal ingdvidéstthitn 10C, within
5C, or withi %1@%{ Q’w Jﬂg R eGl grgg@@tre 'lﬁ"’ll\cli%ldq‘ti’!l 1'; St HMW Q&%RQ% dﬁ[{' the
reaction zone I n the reactor porates to cool the reactor’ and the reactor
i s maint & nedithit. a tenperature from25 to 100C, such as 30 to 70C, 35 to
50C, 35 to 40C, or about 40 to 50C. This 10 neans of cooling the reactor
can be highly scal able, and can be used on any reactor size froma small
mcro-unit reactor in a research | aBXAMPiESY eactor in a pilot plant, and up
to a full size reactor in a large refinery operation. Exanples of volatile

hydr ocar bonsg{#qm t.he reaction zone that can provide cooling include C6
normal al kal I es |soparaff|ns and olefins having a boilin p0|nt | ess

than aboff{ 15CASPEerPf & WakgPEecapd 2By hy PORaS frEpt KEMSY “Bt §je

n-but ane, i sphit:aN®clal SQRULENE- AN Mokt h&S:chehRefard 16m@ﬂ@m@m{d| ment, a
w % yield of products boiling at 482C+ 900F+ i.S greater than 25 W % of a

total yield of B‘P‘&fﬁéf‘?“?‘r“é‘ﬁﬁ"?%’"‘%“u ‘ﬁéihé)f“i‘?% ’Hb SR SRR S IHI ment s,
the wt % yi el g ®f aopfcRdbIGt:S 1A L dsRG dad 482G (-Q98< bhhe k&edk nliaast TBS W % at
| east 45 mﬂ@b at | east 50 W% at |east 65 w% greater th 70 wt % or at

| east 75 wt %5HEEBETAIPHIE dNF #1768 %F B SHITIRF Fo i HE SBTTYEHer F2I Ny st ep.

I n one epbodiznBRbeizidde eihbg@@ﬁ%@zmmgmvﬁc ﬂ@nepmmmadpms@ﬂ@ﬁcaoi »@ne or nore
al pha ol efins, such as one or C5+, one or nore C6+,

one or nore EEEIGIICEHES HFLOW @ 6&1@1 Sa“it b‘F?a 6]%?%”?1’&”%@%%%%8“61‘ t he
CA+, Co+, C6#00G8/s Q80°C, hcl@d‘d@hﬁf&a@lﬂ@hﬁii-B@(C&ﬁiclﬁlﬁzf@ﬁﬁ%fﬁm Mtheof the base
oil. For exa |l e the VI gn be increased y fSat east at | east 10, or
at |east 15.P1"RPEBRESERTSUEICHERES, OEREOYD (POl ﬁé%&&"@a‘fawm PERENEMGEd poi nt

i s not increasaditsvery hifheinahphaibeli ns: waty 40p@ ofiiemua@ny source, such as
froma F&@Cher-Tropsch process, a refinery process, derived froma thernma
cracki ng-'of heavi er hydrocarbons, or derived froma pyrolysis of a polyner.
I n one enbodigmil2:t he al pha olefins are

A mixture of 77 wi% propylene and 23 wit% propane from a refinery was introduced
nto an autoclave containing 1-butylpyridinium heptachlorealuminate ionic hiquid and
about 10 mol% of C10 and C12 alpha clefins (approximately 20 wi% combined C10 and

35  C1Z olefing) under conditions to produce oligomerization of the propylene. The mixture
was allowed to stiv in the autoclave until there was no decrease in the pressure of the

gascous roixture. The ohigomerization was done at zere °C and the temperature rise was

11



30produced by the conversion of tertiary al cohols over a zeolite catal yst.
One process to do this is described in US Patent No, 5,157,192. in one

enbodi mrernwotbe/@kala ol efins are derived fromthe pyrol psiraised11asigast e

pl astic, such as polyethylene. Processes for the thermal cracking of

Fi scher-Tropsch derived waxy feeds to produce olefins are taught in US

Pat ent Nos. 6,497,812 and 6, 703, 535. Processes for the pyrolysis of waste
plastic are 35taught in US Patent Nos. 6,774,272 and 6, 822,126. In one

enbodi nen?, uh@o&ﬂﬂhau@kef(ﬁgmaneﬂumnﬁﬂfwnmahh¢ghupumthym%bﬂhal Al pha
Aefin (NAO ,pr }5,) 2/ PCT/ US2 3853

5ol i goner | za ilgéu%g %%hc@%%nﬁ& QE/M %Qs%ltgd\/@a%% 09%31%%}%0% %\% 93‘%1?%

ol efins can b@ﬂﬁroﬁmdeﬂwusrmqtaéwﬁdﬁﬁwmdWEﬁ@gMGiHEMWyheﬁ@nshéWﬁPQXommh

t echnol ogy, L€, , 0 G US QS y..application

where a bri g&g}rlgg?é)%{(gggr 7% t‘ﬁldd ﬁ;[‘gﬁm\?? gé)és)lbéﬂ ?@Jk) u}l ?ql u%‘r(?jga{nt can be
used. The ba&aiwnh¢bnmn@@muse@%ﬂﬁ@muemaﬁpiéOOEodme@1@memonexorﬁhﬁre

t hi ckenegs used. in,for 4N 2l cltSe s, 9., 10thickeners are
polylsobE yI%%%éaﬂﬁ%ghggéﬁiéhgkgﬁaglmg%ng by gg%*%ﬂgvgwiﬁbt ll:!r(ﬁbbers

ol ef i n copol yreil8 k- dayiraried dicemeatpolisprmey of 4 pmi fyrmélﬁf“\fa@ri\ydeatdesvhmsﬁ‘v

styrene- est ef sy apd bl ol YLRERSIrRAGR,, RraMRles,al Wiihah. mol ecul ar

wei ght conpl ex esters th can Be used {hi ckeners are the products

trademar ked ByCClodYaw mrmgmnamibotnaﬂm @L@ ths u@hxiasoiWX'im Ubetalphgaipiingd 851,

1929, 2040, 2046, 3955, :and. 3986y W c i-8,. 186Gl osure, an
"ultra high %?scééﬁ?g&giég ésgggwgnenﬁf?%ebgggg§??@h)ekmeen aﬁggt 150 and
1,000 mP¥s oill shiighierd tind0@ec vErosThe 434S el B0 Ime4rrrbebil ended with one or
nore additives to make a finished lubricant. The additives used will depend

on the type of finished |lubricant. Additives which can be blended wth the
base oil, toﬁﬁmeﬁﬁﬂe a finished |ubricant, include t hose 20whi ch are

i nt ended to 'npég\s& @%% I-ORBI L e5:40h V,tf Gl BASRRGd HRLLEADL g Jy P A

additives inclu for e, pouf point ressants ant

addi ti ves. Eiﬂfdag@mt@ *Wétfewg@m_ps ~belt|yk)p@@iglaﬁit?gpmqﬂnipcéwmdam@h 'iwsfcosu ty

i ndex | ph OV&l Ry go\éhiﬁ&%ﬁb Li%%ﬁi%(hﬁ{)ﬁahonroli ﬁltelp }R%d]{gc'tﬁ&fbcdq hﬁ' fi er S,

anti f oam ng agents COI’I’ S on |1 tors rus tors swel
agents, enul Bidfiyas descrigst! ¢1 By Patge s icatiprybyribet t38 dtge ovetane n&st?%ﬁl 0.

deact i vat or sy, 2596l 0y AGRRLS, it AGKINESS AISNHIACLAEGLISR G, UNG Ci des,

fluid-loss additi'ves, col orants, ana . In some e odlnents t he
t ot al anDuntLﬁﬁVQGUWPﬂV@S3K%th@dbﬂkﬁpgh@@ﬂbbbmm%ﬁﬂmwﬁWJOhémgﬁbrOX|nately
0,1 to about a3l x%b gﬁ;b()@&'fig' Qﬂﬁp QJU.H'E‘ Qﬁmt J%(m@§be§iidlgl‘@rc'r G{z}l;lt)() WIJQ@ Hp € of

additives in formulatin.g finished lubricants is well docunented in the
| i teratufe arhvewby Teabwnl ied coivse roptosienpieding dglﬁiéoarthc f3eER@Ehpl es of

finished | ubgi.cant 8. 8neSMIRL ki sﬂgaajeﬂgxﬁit%at%ﬁmat&@ @as mial.‘{%tica}ly

controlied by evaporation of the butane. OUne advantage of the fixed bed contactor
reactor was that the flow of the tonic Hquid was independent of the flow of the other
reactants m the reactor. Oligomerization of the propylene and dodecene m the jonic

30 liguid produced a heavy oil having a kinematic viscosity at 100°C of 24 mm?¥s and a VI
of §7. The heavy oil was hydrotreated and fractionated into three fractions, 65 wi%
boiling at 930°F and higher, 27 wi% boiling from 680 to 930°F, and 7 wi% boiling at
less than 680°F. The propertics of the fraction boiling at 930°F and higher were:
kinematic viscosity at 100°C of 87 mum’/s, VI of 78, kinematic viscosity at 40°C of at

35 feast 1614 nun'/s, and cloud point foss than -60°C. By including the dodecene in the

reactor, the V1 of the fraction boiling at 930°F and higher was increased by at Teast 15,
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transm ssion fluids, chain oils, greases, hydraulic fluids, metalworking
fluids, alumnumrolling oils, and engine oils (including -two-stroke and
four - st r oo 2eregisesoi | s), The base oil can be used for @€aUSR11H53888d in
heavily | oaded, | ow speed gears where boundary |ubrication conditions often
prevail, such as in wormgears. |In one enbodinent, the base 350il is

bl ended with one or nore other base oils to inake a base oil bl end having
an i nproved property selected fromthe group consisting of increased
bearing f%| nEsiméngit h, reduced scuffing wear, reduced oil consunption, and
conmbi nations th t.h P 3853 Sfor
measuri ng |ncre§ég “wegﬁgﬁﬂg¥ifﬁ¥é#f%%g%ﬁé|s %%%'S}éTﬁ%%éégg% ﬁ95(2010)

St andar d TestanivBthdbkdfconiadasastar dgmﬁédrm F?!c@pécr”t {eguoiy Fhuyldyildibricant s

wear 15 the Rettriet g5 G 90 L TR Rt LR P B G T g the
Scuf fing Loaﬂﬂﬁé@ac iTbyclgfon@iitasof Wzﬁovﬁ sumnsmmdwomyim i@‘i‘eﬂmtizhod for
reasur | gy T eguaRO1 . ATRITRLEN < ST.DO 0o 10 S A0dAr g Test

Met hods uatl on ngi ne I's™i'n 1 e-- | i nder
Di esel Engi neiml“m Pf breldureo (@umﬂ(‘)tmﬁ@d*l-‘}ﬁ@bfﬂ@éﬁ f@ﬁrt) alaimmlcrmnﬁ’ﬁ@@eblur e (0,04

% Fuel Sul f u{vil{r un\ €”~1OJ ﬂ gleﬁgaglgn ﬁf’ 1%?%{1}191'!6%% 9}% %@Q.Td%d} cy\fmtup 1#8Hg

enul sifier sot It pro eni ng an ylng roperties
toafinis he;zioiimbq% p bany off haing askimyatit viadosyy B89 ded 2 Buwk tshendl ¢ VI EAMPLES

Exarrpl e 1. ?QAM%‘YX&H&Q inrozl%at% J?d%‘&%a% ?maﬂga %1?1(‘1%{ o P rwquu%nﬁm% om a

ref|nery was | ntroduced rnto an aut oc1ave cont al ni ng i but y pyr |n|um
hept achl &% oaf Uil matlestico i ot Teibqiling romde? LcBAT, tidnst’t boiprod lsethan

ol i gonmeri zat 55% Oﬁhetd‘&;eﬁfe(?BM&;?P%;JQS}&Q K54 ay\@‘swﬁér I\/\Q}Qﬁq\m Radd ir in the

aut ocl ave unti | ih the res§ure “of e g seous

m xture. Thevielorigore i Lat PO movasY dons, ¢ tikziem@tw Goand atﬁéﬁ@éﬁﬁ@f%hture ri se
was control | ed.by cooling. 250 i gonerization of the propylene in the ionic
l'iquid pr oduced 55-60 wt % heavy oils having a kinematic viscosity of 65
ml-12/s at 100C, a kinematic viscosity of greater than 3100 m2/s at 40C,
a cloud pgi ng, Qf il £ss than -60C, and a pour point of -1-4C. The pour point
was not related to-wax formation in the oil at | ow t enperature, but rather
was due to its /éféﬁyuihleéﬁ”/'iz“/m@@wim@ wmi%%:Bs%pwmmﬁ@nhe@ﬁwbw» hadluaed V1 of

40, 30 Exarrpin% aru %idgaflq57l7b1¥\§3 91915&99( he u@]ﬂ%ﬂ% ?r%m\fg %19 K}@g@rﬁﬁi froma

refinery was Intro uced into an autocl ave containing 1 yridinium
hept achl or oatheni Watd”d While alpheel s dr: ebougly Z@W%L%%ﬁ@déil@ |AdI 12 al pha

ol efins ( app&%&g%&i@! é’on&gowt%ﬁ&g&gioﬂggn&gﬁa%gthe propylene. The mixiure was

25  allowed to stir in the autoclave until there was no decrease in the pressure of the gaseous
mixture. The oligomerization was done at zero °C and the temperature rise was
controlied by cooling. Oligomerization of the propylene in the ionic hiquid in the
presence of the C10 and C12 olefins resulted 1o a heavy oil with a boiling range of 410 to
1360°F. This heavy oil was hydrotreated and fractionated into two fractions: (900°F+}

30 900-13607F at 65 wi% yield, and (900°F-} 410-900°F at 45 wi yield. The 900°F+
fraction bad a kinematic viscosity of 36 mm?/s at 100°C, a kinematic viscosity of 711
mm’/s at 40°C, a Viof &1, a cloud point of less than -60°C, and a pour point of -16°C,
The 900°F- fraction had a kinematic viscosity of 4.5 mm “/s at 100°C, a kinematic
viscosity of 25 mmt’/s at 40°C, a VI of 80, a cloud point of less than -60°C, and a pour

35 pomtof -52°C. The VI was significantly improved by the presence of longer chain aipha
olefins during the oligomerization of propylene. The kinematic viscosity of the S00°F+
vaction still maintained a kinematic viscosity at 40°C of 300 mm”/s or higher.
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35C12 ol efins) under conditions to produce oligonerization of the

propyl ene. The m xture was allowed to stir in the autoclave until there was
no decr ea®o 20re/8bA5pr essure of the gaseous m xture. ThePOTiUuyeMa0538483 i on was
done at zero C and the tenperature rise was WO 2012/ 082215PCT/ US2011/ 053853
5controlled by cooling. Aigornerization of the propylene in the ionic
liquid in the presence of the C10 and Cl2 olefins resulted in a heavy oi
with a boiling range of 410 to 1360F. This heavy oil was hydrotreated and
fractionated into two fractions: (900F) 900-1360F at 61 wt%yield, and
(900F-) 410- gggg %% 49 wt % vyield. The 900F+ fraction had a kinematic

vi scosity of /s at 100C, a kinematic viscosity of 1010 10m2l s at
40C, a VI of 78pigueloidwpoprbyiofe d0é83 witharmpa®llag) » afidcta wpouropoit of

-14C. The 90 o] Ls ] g 100C, a
ki nemati ¢ V|%c6?f%%8%% gﬁﬂﬁﬂa giﬁfqg%%ﬁﬂgiwﬁgﬁ%d §QLMJO ﬁﬁéggﬁit of |less
t han - 60C, aﬂ@ﬂanpnﬂy3®0thf@ﬁMJWS@G@ﬂ$h@ﬁﬁmwvmspbﬁgﬂbfpmahmhyTwnproved by
the presgnce chain. al, r zation of

pr opyl oncy o 54 Aacl s G ol BB Sl ARG o B PHER £

mai nt ai ned abd«‘iimemla‘é 4I- %%isim@!ﬂfat%ﬁo&owﬁm&@@ 3ntfiRdrgrogics inghier . Exanpl e 3:
A mixture of N b rea@) . Mas. 4 nfr.oduced into a
fixed bed coﬁ?%%?%%frg%%?%r&gongérh?ﬂg/iphu y€93$§gyﬁ?h'? 4Nk

hept achl or oakrirnatelicond t sii gukadut@Bvumdétheomdint dongst o Horodsee of

ol i goneri zat j,on, Lenes The, e d. Cant al , kgactor is

descri bed |nhugyggg%ﬂ?“%ﬁ%ﬁ%cggﬁoﬁgnﬁﬁbhé gi?@a“ﬁ?@&%%&?glg June 28, 2010.
The pl!gb@erﬂzaﬁ%oamwmsﬂdﬁﬁ@m1ﬁaawgnn@kémévgpmaﬁd%ﬁﬂtH@ﬁfblmenng

condi tions: %Ejﬂgfmln g}{d&f wa{ 19@()1'{@1%19&1 “?ﬁd@mgt% tcé-&'g t%»q ;‘paaéﬁg ho %he enpty
cont act or reaéi mol ar rati o of 0, tenperature about
40- 45C, and @ﬁ‘ékewﬁﬁhaﬁwgﬂdwm@@@DéT}hﬂiﬁgﬁomﬁenswamkiﬂhegwrked bed

contact or 1 eaghf nlEAULLEM, 0. R8! bl Taoblxed.bedicantacterqiad no

i nternal heat-transfer sur%ace and 't enper at ure was adi abat i cal |y
control | ed bymévaprat it GhooI0, Mﬁeucb@ﬁira@eie~mréi -Adamdgwuofoitve-Xiked bed
cont act o I eag! of y Was, taks LRg LW 0f o LRE i 006, Libanidnas, Ladgpegndent of
t he f|OM/Of t he ot%@ nreacfvangg In tﬁ pirea%f’o?llp [ bgoﬁe?ﬁzagk%ngo t he
propyl ene anef ‘dodedete Wi hecgni Gogolvicd e dOpFodaced sall heaiyocdizl having a
i nemati c vi §6081i¥i@hsd 90G-Ohr ks a2l Apd. a VI of 87 The heavy oil vas
hydrotreated and fractionated ifnto three fractions, 65 wt % boiling at 930F
and higher, 27 wt% boiling from680 to 930F, and 7 wt% boiling at |ess than
680F. The propefl.igs, ‘Qism%n%ﬂf m%wm&aw hl Ak é?%@&%lq lighekg ver e:

ki nematic viscosity at 78, kinematic viscosity at
40C of aks 351(‘@5\‘3%1@1@%&% @ﬁguchaqh@%éh@uﬁtm@iwﬂr‘égytftham a60C. By

i ncl udi ng t hg,dedecens mvfhd%%%e{ @éﬁ&&rm s\ M th@(gw&é!;(k L*tﬁ&%a@&!&%' ing at

930F and hi gher was 1 ncreased by at |eas
and appended claims, unless Oﬁl\,rWlSC indicated, all numbers L‘(‘p"t SSl 1 qwanums

percentages or proportions, and other numerical values used in the specification and
claims, are to be understood as being roodified in all jnstances by the termo "sbout.”
30 Furthermore, all ranges disclosed herein are inclusive of the endpoints and are
independently combinable. Whenever a numerical range with a lower imit and an upper
Hmit are disclosed, any number falling within the range 1s also specifically disclosed.
Any term, abbreviation or shorthand not defined is understood to have the
ordinary meaning used by a person skilled in the art at the time the application is filed.
35 The singular forms "a,” “an,” and “the,” include plural references unless expressly and

unequivocally Hmited to one instance.
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A m xture of propylene, n-butane, and 19 wt % 1-octene was introduced into
the sanme fixed bed contactor reactor described in Exanple 3 contai ning

1- but yl pywoabraseaiiept achl oroal um nate ionic |iquid, un@®€T/USNMdi0sis8dhs t o
produce ol igomerization of the propylene. The oligonerization was done in a
single step under the following 10 conditions: olefin Li-1SV of 1to 1.5
(cal cul ated based on the enpty contactor reactor), olefin/Il-Cl nolar ratio
about 500, tenperature about 40-45C, and greater than 90 W% ol efin

conver si oh. Ciigaﬁtmmhambbnm9¢xbh@wpm@pymEmaﬁamdmtwgﬁinémﬂmn@Mﬁmlthe ionic
| i quid produged. VY0l havi, Y 0; 100C of 29
m/ s and %TQE%Hgg%ﬁﬁ$ S LX QQ ?ﬂ ﬁc%ﬁﬁ% %%%fz taq?jitflractlonated
into three fdi&dw@m cw@?ﬂfhw%abmbﬁwwgn, Iatciﬁipgufiﬂandmlﬂmgh?w};ca Pizalpt % boi | i ng
from680 to nek, 9% 1 ; . 8Q he properties of
the fraction b Qﬁfnak%xﬁﬂ%%b%Qﬁk %%xﬁa“iﬁégikqgﬂqﬁhﬁf?%TV|SCOS|ty at 100C
of 69 mn2ls, VI Rﬁsﬁmﬁenéﬁm1mnnewanQHMV§stﬂvyf@nnﬁ@CmDﬁxaﬂrkéast 2336. 20
Exanmpl @ 96 oo Ml ih & abiYZnsy\%%?oQ SORYd §08 Angnas: %ﬁ‘ﬂ%&'&?&@&e f,rom a
refinery was i'ntroduced |n ‘0 an -aut ocl ave contalnlng pyri di'ni um
heptachloroawhnymaﬁéVﬁmmwﬁﬂirqunﬁmaﬁdhabmqﬂ%mﬁbhneﬂmoné$@@@ﬁdkeéﬂﬁk

(appr oxi MRt elysif % £OURI AL G0, And. S0l BF inslilndes. gandidions Lo
produce ollgonerlzatlon of e propyl ene. “FHe m Xt ure was allowed to stir
in the autocmdw@ngmﬁFhumhemén%éwdm@adébwé@sémhﬂ¢®hémpﬁﬂgsﬁﬁ@k®ﬁ~the gaseous
m Xt ure. TheUgll %b%?«{r%k £ Jéi@% WRSAANE 2L oZ8L O el %%ﬂ%&t@ﬁ?ﬂlﬁ@&% ature rise
was control |l ed by cooling. |goner|zat|§ of the pfopylene in the ionic
liquid |hSth@mpme@@héemoﬁmﬁwQHcmo&ah@mﬁﬁﬁxmb@$whs@Wésmp@@d&pmﬂa heavy oi
with a boilip s hydretreated and
fractlonatedngﬁSéqgghgg$§%%¥gﬁg%§? 581193%31% %%Oﬁmg? E%%fA)yield, and
(900" F-) 410-9a0Fergtand Brivitds \ewbd. The 900F fraction had a kinematic
viscosity of 36 mm2ls at 100C, a kinematic viscosity of 711 mmR2/s at 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 m2/s at 100C, a kinematic
viscosity of 25 mmR2/s at 40C, a Vi of 80. a cloud point of |ess than --60C,
and a pour 35point of -52C. The VI was significantly inproved by the
presence of |onger chain al pha olefins during the oligonerization of

propyl ene. The ki nematic viscosity of the 900F+ fraction still maintained a
ki nematic viscosity at 40C of 300 rran2/s or higher. 5 Exanple 6: A

m xture of 77 wt % propyl ene and 23 wt % propane froma refinery was

i ntroduced into an autoclave containing 1-butylpyridiniurn

hept achl oroal um nate ionic liquid and approxi mately 30 wt % of al pha ol efins
derived fromwaste plastics by pyrolysis. The 10waste plastics al pha

ol efins were conprised of various al pha olefins that fell in the boiling
range of 140-310F (nostly C5-C10 ol efins and 3A% aromatics (nostly
napht hal ene or derivatives). The reaction was ran as described in Exanple
5. The m xture was allowed to stir in the autoclave until there was no
decrease in the pressure of the gaseous m xture (indication of near

conpl ete propyl ene consunption). The 150l igomnerization produced an ol i goner
in the boiling range of 330- 1360 'F. The oligornerization product was
hydrotreated and fractionated into two fractions: 900T+ (482C+) at 49 wt %
yield, and (900"F-) 410-900F at 51 wt% yield. The 900F+ fraction had a

Ki nematic viscosity of 70.6 nanR/s at 100C, a kinematic viscosity of 1608
mR/s at 40C, a VI of 90, a cloud point of |less than -60C, and a pour point
of -2 '"C. 20The Vi was significantly inproved by the presence of al pha

ol efins derived by pyrolysis
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of waste plastics and the kinematic viscosity of the 900F+ fraction stil

mai ntai ned a kinematic viscosity at 40C of greater than 300 mm2/s. The term
"conpri siwg@20reeseasi ncl udi ng the el enents or steps that paTAS2alens53sss ed
25following that term but any such elenents or steps are not exhaustive,
and an enbodi nent can include other elenents or steps. For the purposes of
this specification and appended cl ai ns, unless otherw se indicated, al
nunbers expressing quantities, percentages or proportions, and other

nuneri cal3val ues used in the specification and clains, are to be understood
as bei ng nodifisdd-AiNEdk:| i nstances by the term ' about." 30Furthernore, al
ranges di sclosed herein are inclusive of the endpoints and are

i ndependent |y conbi nabl e. Whenever a nunerical range with a lower limt and
an upper |init arfepdgiseloosed)gahysenimeprifiad: olipgromethione ¢rheorr dnge i s al so
specifically dis edy o . 0.0/ :sho nd not
defined is underg%gﬁdgb(ﬂ$ﬁ§?m a %Tg§%g§%§pph§§kq£]§SEd&B§QE£%B$son skilled
in the at® at theatiyneo pleduapip! fasatii loning s kiticet: vi®5Tivert 4¥°Agudagr thorns "a, "
"an," and "the," |,p¢ %Mde plural references unless expressly and
uneqU|vocaIIy Ilnlte one instance. WD 2012/082215PCT/ US2011/ 053853
SAIl of the publications, patents and patent applications cited in this
application are HeE@NesAEDH POk AhEaNBYC s e ena s mpmaciecpsianit i 98¢y  t o t he
same extent as ifsgthe’ diselosure of each individual publication, patent
application or patent was specifically and individually indicated to be

i ncorporated_by reference.in its entlrety This witten d crl t|on - uses
exanpl es to o scl'GEEFHE °f AYBnt PO TR G £ HECEHHE F‘ﬁg %nd also to
enabl e any personhgkisl led in the art to make and use the |nvent|on. Many
nodi fications of the exenplary enbodinents of the invention di scl osed above
W l l readl l y OCCUIr”i() HOCC\S of%a l‘ﬂ1 W 1 11'1 COhO mgﬁzma IS cem 1 C q y"l {Cge I nventl on
is to be construed dimn TF G UEPTFe né%% d1 tH&E FRI1 within
t he scope of the appended clalns Unl ess othermnse speC|f|ed t he
recitation of a g%mmgk®$OéﬂeﬁehF@wWﬁmM%mﬂﬁw@L@%“@mhéd015hééWb@meﬂms from
whi ch an individygl,.conponent or m xture of conponents can be selected, is
intended to inclu e al | possi bl e sub-generic conbinations of the |isted
conponent s and m xtures thereof 5 |T IS CLAI MED:

The process of claim 3, wherein the kinematic viscosity at 40°C is greater than

20 1500 mmY/s.

7. The process of claim 1, wherein the base oi has a clond point less than -20°C.

o

The process of claim 7, wherein the cloud point is less than -40°C.

g. The process of claim 8, wherein the cloud point is less than -50°C.

14. The process of claim 1, wherein the base oil comprises a boiling range of from
25 482°C+ (S00°F+) to 815.6°C- (15060°F).

i1 The process of claim 1, wherein the base oil has an upper boiling point greater

than 735°C (1355°F).

12. The process of claim 1, wherein the ionic hquid catalyst has a general formula
RRRVNH ALCIT, wherein N is a nitrogen containing group, and wherein RR”
30 and R” are alkyl groups contaming 1 to 12 carbons, and where RR’ and R” may
or may not be identical
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1, A process for making a base oil, conprising: oligonerizing one or nore

ol efins having a boiling point | ess than 82C (180F) in a presence of an
ionic |iogupaos2atial yst to produce the base oil havi ng ®CHEiusema0siss3
viscosity at 40C greater than 1100 mR/s The process of claim1, wherein

t he base oil has a kinematic viscosity at 100C of 50 mm2/s or higher. 3. The
process of claim1, wherein the base oil has a viscosity index (V greater
15t han 39. 4, The process of claim1 wherein the oligoneriziii2 is conpleted
in a singbe &t ep.ThEpriTive opriooels shokinghatgrisriavpgr eddudtiien kifmehetdi ¢
viscosity at 40C js 1200 in 2 il s or higher. 6. The process of claim5
wherein the kinematic viscosity at 40C is greater than 201500 rianRls. 7.
The process of claim1, wherein the base oil has a cloud point |ess than
-20C. 8, The ptoceldis pisress phsiniinl. whersithe disemetidtds pordntod i§ pedsmbRan - 40C.
9. The process ofi,gl@idm8, Wwherein the cloud point is Iess than -50C 10.
The process of claim1, wherein the base oil conprises a boiling range of
front 25482"C 1- (900T+) to 815.6C- . (1500"F). 11. The process of. claiml1,
wherein the base Wﬁﬁ%% Oéﬁmalplpéfmsﬁi(-%ﬁi HG °p Wto}%ﬂf%ga*’é: PHEH EPEE (1355" F)
12, The pr@cess ofiegkai 8L, (1 WI€T Qinprbh@ob 0k Cl-bitehdl 6 acakalyisdredtas a gener al
formul a RR R'NH Al 7C17-, wherein Nis a nitrogen containing group,
and wherein and R' are al kyl groups.containing 1 to 12 carbons, and
there R ant R Ry ke fhy hor Deeraancyedr o ls el R e o ot i m 1,
wherei n the ol i gap¥rigiing idast ontucbedaliyividofprxdacks lfed teosiicaetdting eact or .

step.
17. The process of claim 1, wherein the ohigomerizing is done in a presence of one or
15 more alpha olefins.
I8. The process of claim 17, wherein the one or more alpha olefing are derived from

a pyrolysis of a waste plastic.

19. The process of claim 1, wherein the base o1l is blended with one or more other
base oils to make a base oil blend baving an improved property selected from the
20 group congisting of increased bearing film strength, reduced scuffing wear,

redhiced o1l consumption, and combinations thereof.

26, The process of claim 1, wherein the base o1l 13 blended with one or more

additives to make a finished tubricant.

21, & process for making a base o1, comprising: oligomerizing one ot more olefing
25 having a boiling point less than 82°C (180°F) in a presence of an ionic Hguid
catalyst to produce the base oif having a kinematic viscosity at 40°C of 300
/s or higher and a cloud point less than -20°C, wherein a wt% yield of
products boiling at 482°C+ (900°F+) 1s at least 65 wit% of a total yield of

products from: the oligomerizing step.

30 22, The process of claim 21, wherein the oligomerizing is conducted in a fixed bed

¢ontactor reactor,
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14. The process of claim1 wherein the oligoneriziner is conducted in a
static mxer loop reactor. 15. The process of claim1l, wherein the one or
nor e ol efwo01228221§ t he boiling point 10l ess than 82C ( PBUIUSRO1COAISES Se
propyl ene, 1-butene, or a m xture thereof 16. The process of claim1,
wherein a wt% yield of products boiling at 482"C+ (900"F) is at |east 50
wt% of a total yield of products fromthe oligonerizing step. 1 7.The
process of claim1, wherein the ohgonierizing is done in a presence of one
or 15norebal pha dlhebimsss ol BainiTHewprog éssiligfmalzaizn Giduoider esimidthigerone or
nore al pha olefiqﬁxﬁg Merived froma pyrolysis of a waste plastic. 19. The
process of claiml., mﬁeTein the base oil is blended with one or nore other
base oils to_nmake a base oil blend having an inproved property sel ected
from t he 20g¥bup ‘BRSSO Aglivg = bite PBasBE Has Pl I AT ST Matyt Helitseduced
scuffing wear, regdugedsQiihe SRASUIDLL O C (ARMrcoIRINaLE Ong ithefigef . 20. The
process of claim1, wherein the base oil is blended wth one or nore

addi tives to make*@'yFithpeHed haiyrd Shlivpine2 kinemalr gresy o 81 CrraRi*Al§" a base

oi |, conprising: @l 90MRL’Z A0 ARG R IR 801286 ns 25having a boiling point
| ess than 82C (180F) in a presence of an ionic liquid catalyst to produce
the base oil having a kinematic viscosity at 40C of 300 nm®2,"'s or higher
and a cloud poinb I ess than -20C, wherein a W% vyield of products boiling
at 4823C+ (900'F+) is at least 65 ww% of a total yield of products fromthe
ol i goneri zing step. 3022. The process of claim 21, wherein the oligonerizing
is conducted in a fixed bed contactor reactor. 523.The process of claim
21, wherein the oligonierizing is conducted in a static m xer |oop reactor.
A process for meking a base oil, conprising: oligornerizing one or nore

ol efins having a boiling point |less than 82C (180F) in a presence of an
ionic liquid catalyst to produce the base oil having a kinematic viscosity
at 40C of greater than 1100 rnn2/s and a cl oud point |ess than -20C.
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