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25 using the hydrogenation method it is desired to hydrogenate the olefins as
thoroughly as possible while minimizing any hydrocracking or
hydrodealkylation. This is inherently difficult and tends to be a compromise.

Hydrocracking of a slightly branched hydrocarbon material can also lead

to less branching. Cracking tend to be favored at the tertiary and secondary

30 centers. For example a branched hydrocarbon can crack at a secondary
center forming two more lineéar molecules which is also directionally

undesirable.
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SUMVARY OF THE | NVENTI ON The present invention

provi des a process fQr ' ' r lubricant

conmponent by the ol .M@\ngﬁﬂ%m\ﬁ@m) to make

ol efi n ol Fr@y¥BEEHt invention provides a process for making a lubricant or

20 lubricant component by the oligomerization of olefins to make olefin oligomers
of desired chain length range and by alkylation of the olefin oligomer with an
isoparaffin to “cap” (alkylate) at least a portion of the remaining double bonds of
the olefin oligomers.

A particular embodiment of the present invention provides a process for

25  making a lubricant or lubricant component, comprising, oligomerizing a feed
comprising one or more olefins in an ionic liquid oligomerization zone, at
oligomerization conditions, to form an oligomer; alkylating said oligomer in the
presence of an isoparaffin, in an ionic liquid alkylation zone, at alkylation
conditions, to form an alkylated oligomeric product having a cloud point less

30 than - 50 degrees C, a Viscosity Index of at least 134, and a difference
between the T90 and T10 boiling points of at least 225 degrees F by Simulated
Distillation (SIMDIST). In a particular embodiment the oligomerization can
occur simultaneously with the alkylation (i.e. the oligomerization zone and the
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In a preferred embodiment of the present invention, HCI or a component
that directly or indirectly supplies proténs is added to the reaction mixture.
Althdugh not wishing to be limited by theory it is believed that the presence of a

25  Bronsted acid such as HCI greatly enhances the acidity and, thus, the activity
of the ionic liquid catalyst system.

Among other factors, the present invention involves a surprising new
way of making a lubricant base oil or lubricant blendstock that has reduced
levels of olefins without hydrogenation or with minimal hydrofinishing. The

30 present invention also increases the value of the resultant olefin oligomers by
increasing the molecular weight of the oligo’mer and increasing the branching
by incorporation of isoparaffin groups into the oligomers’ skeletons. These
properties can both add significant value to the product particul?::rly when
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or a lubricant conponent or base oil including a very
hi gh Vi scosi ty DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a novel process for the production
of lubricant or lubricant components by the acid catalyzed oligomerization of
25  olefins and alkylation with iSopéraf‘fins in onic liquid medium to form a product
having greatly reduced olefin content and improved quality. Amazingly, we
found that oligomerization of an olefin and alkylation of an olefin and/or its
oligomers with an isoparaffin can be performed together in a single reaction zone
or alternatively in two separate zones. The alkylated or partially alkylated
30  oligomer stream that results has very desirable properties for use as a lubricant
~ orlubricant blendstock. In particular the present invention provides a process for
making a lubricant, base oil, lubricant componenf, or solvent having improved
properties such as increased branched, higher molecular weight, and low
A
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As discussed above, the present invention produces a product having a very
low cloud point and a very high Viscosity Index (VI). Cloud Point can be
determined by ASTM D 2500. Viscosity Index can be determined by ASTM D
2270. ASTM test methods D 2500 and D D2270 are incorporated by reference
25 herein in their entirety.
in the present application, distillation data was generated for several of the
products by SIMDIST. Simulated Distillation (SIMDIST) involves the use of
ASTM D 6352 or ASTM D 2887 as appropriate. ASTM D 6352 and ASTM D
2887 are incorporated herein by reference in their entirety. Distillation data can
30 also be generated using ASTM D86 which is incorporated herein by reference

in its entirety.
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Condensed Matter, 5:(supp 34B):B99-B106 (1993); Chemical and Engineering

News, Mar. 30, 1998, 32-37; J. Mater. Chem., *:2627-2636 (1998); and Chem.

Rev., 99:2071-2084 (1999), the contents of which are hereby incorporated by
reference.

25 Many ionic liquids are amine-based. Among the most cdmmon jonic .
liqdids are those formed by reacting a nitrogen-containing heterocyclic ring |
(cyclic amines), preferably nitrogen-containing aromatic rings (aromatic
amines), with an alkylating agent (for example, an alkyl halide) to form a
quaternary ammonium salt, followed by ion exchange with Lewis acids or .

30 halide salts, or by anionic metathesis reactions with the appropriate anion
sources to introduce the desired counter anionic to form ionic liquids.
Examples of suitable heteroaromatic rings include pyridine and its derivatives,
imidazole and its derivatives, and pyrrole and its derivatives. These rings can
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20  from the group consisting of pyridinium-based and imidazolium-based cations.
Cations that have been found to be particularly useful in the process of the
present invention include pyridinium—based cations.

Preferred ionic liquids that can be used in the process of the present invention
include acidic chloroaluminate ionic liquids. Preferred ionic quUids used in the

25  present invention are acidic pyridinium chloroaluminates. More preferred ionic
liquids useful in the process of the present invention are alkyl-pyridinium
chloroaluminates. Still more preferred ionic liquids useful in the process of the
present invention are alkyl-pyridinium chioroaluminates having a single linear
alkyl group of 2 to 6 carbon atoms in length. One particular ionic liquid that has

30 proven effective is 1-butyl-pyridinium chloroaluminate.

In a more preferred embodiment of the present invention 1-butyl-pyridnium
chloroaluminate is used in the presence of a Brénsted acid. Not to be limited by
theory, the Bronsted acid acts as a promoter or co-catalyst. Examples of
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quat, rgge@;exg,tgge}grm goﬁ%p%f.omé%&\eﬁgs %Lbemneeawﬁarw,ereacnon

with Lew's a e sa , y anionic

met aTheslefinic kacedadrms dnttie a faislyanops epfiniabydregareen cut or can be a
? g :J Lﬁ&glﬁ% gf l}\ﬁ&%ﬂ%‘ﬁ@ E%Oﬁ% ﬁf%?%r\f anﬁxlﬁ’ {é@éﬁ\% AR LR Bofing range.
het eTbaolefirit hydrmaeﬂgm aamdiaidenip@rlrdleﬂhrﬂen gliptia iote§in) or can be

d Eviati .
e i LB S O TP oy con o
al ky bitttee diraigtit lehaiaroy brsglchdzmgﬂ amixtge affeoths The feedstocks useable in

[ b d )
o't ¢ bRt RelitRS Cad PR Bhr@elik s8R BieDBs hatfig) pagptine
a{s Ey: @rdmuremﬂladinemt ef tae @kﬂgnﬁﬂwéln?ﬁoa,ltkq blegmloiqml cmprises a
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oo eairB e sl fehr RN G fuaBtn G B leins g mgsty but
Pyr kdbﬂdnﬂamma dlefitszol i um based ionic liquids are
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B e Braefer mbediRaLR dte PRerridnatery i 2oy o0 San
nond@amhms@ A REES 0 Of atdghnalpha Blatin Sp@ié% fr equent I y
use

Eopal S NI X R R MUV
used chinplided @ R NACP&t fahahigh purity Normal Alpha Olefin (NAO) process
made by e{hylene oligomerization. '
In an embodiment of the present invention, some or all of the olefinic feed to
the process of the present invention comprises thermally cracked hydrocarbons,
25  preferably cracked wax, and more preferably cracked wax from a Fischer-
Tropsch (FT) process. A process for making olefins by cracking FT products is
disclosed in US Patent 6,497,812 which is incorporated herein by reference in its
entirety.
In the process of the present invention, another important feedstock is an
30 isoparaffin. The simplest isoparaffin is isobutane. Isopentanes, isohexanes,
isoheptanes, and other higher isoparaffins are also useable in the process of the
present invention. Economfcs and availability are the main drivers of the
isoparaffins selection. Lighter isoparaffins tend to be less expensive and more
-8-



bromoal um nate, galliumchloride, tetrafl uoroborate,
tetrachl oroborate, hexafl uorophosphate, nitrate,
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pot assiattagdd Helbaus® of Rediced seﬁ&%n&ocs@%@%@raﬂﬁi@%ed stream
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and pyeddicablide 6dat ers%?b%hﬁ ?sfogéraffm FroRf QoYY bbnfhgfgagé%ﬁns

inthe ionic liquid the " present invention c

sel eé{Oéfaalrna@ﬁlrtSH@" tpnd iy be dnrsiastiverdijuents pythe grasessrobias edesent
and ifved@#Q! | um based cations. Cations that have been
found to be partlcul arly useful in the process of the
present INAnpiipesh embedinst pithe draseotinteatenitheatswtast alkylated

Roef %Fé&ﬁbr'n‘i’i&e% h'eg}r‘éééﬁt D& a%acrén IkBg h&ﬁ@@eﬁﬁeé H)efurther decrease

process of ent ‘I nven
chl o ﬁhﬁa‘FQ@ﬁﬁ%ﬁi@@n plomefinsiang lilmtdssthe Brmrﬁlee Neithbien nAﬁberI hyqtugréaatlon

used b hentd o?@)%ﬁ%/btldil%ggé PRadd %rogrﬁb% Nﬁ'i'ng (Iaﬂé%lst

chl or oal um nat referred |

i n t REeferpby tass thah Qi’nencprem@‘enablynmrthamﬁwstﬂ% more preferably less
al kKyksgayg 4 di ni um chl or oal um nates. Still nore

preferre ‘ionic liquids useful in the process of the
pBbesent i n‘VKsrlﬂtioonommanIfklyﬂwe pyocess off thiepresent invention include a

hi | i near
g tgfe@%cgé}‘gon a? mha ﬂﬂ? @@PH%(& Eds G Cpu%x;abﬁyd‘mrﬁaboutzo
| i quictabobt 5thdegraesay, emrefpfﬁerfab?&rdn‘ﬁaﬂo%ﬁgd amutt Hddf),ﬂs{riﬁrﬁwost
hl ] | nore preferred enbodi nent o e
gregé'%?é W(/ﬂ@ﬁ‘%gﬁ" ?O@H?QIP i@n dni um chl oroal uni nate is
used in L@l@o@@uﬂﬂ@g@dnﬂ@;ﬁb?ﬁb@fbo@gé Sft?é\lﬁﬁesb@tlﬁ\%ntlon include
t he t he S cid acts
3h o b Setp PRttt i qiof Bt ERaE G edtapsicreteratty frameatout 10
Sul I torabout H0 deghdds, C, Infrore BRIFSRBI Mot atidut 0 €3 Qbm%bef
protic

As dyscussed elsewhere in the present application the ollgomerlzation and
the alkylation can occur separately (in separate optimized Zones) or can oceur
together. In the embodiment where the alkylation and oligomerization occur

25  together, optimum conditions for either reaction may have to be compromised.
However, surprisingly the conditions can be adjusted to achieve both substantial
oligomerization and alkylation and resulting in a valuable lubricant base oil or
blendstock.

In summary, the potential benefits of the process and composition of the
30  presentinvention include:

¢ Reduced cabital cost for hydrotreating/hydrofinishing
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acids or species that directly or indirectly aid in

supplying protons may al so be used as Bronsted acids
weroor7gsbace of Brdnsted acids. The Feeds |n tReT/US2006/046907

process of the present invention one of thedlnporLant

f eedst ocks ¢o ses reactive ol efinic hydrocarhbon

The ol efini ¢ ;[I%SSJSFJOW% go“é’é%?tr?e’forr%%%qefw drgperpancpxippgive

ol i goneri zat i mydnogemtnonmqusrew@n’g as thebal ky:c at i Ion

reaction. The | efinic hydrocarbon can be a fair

pure ol efini’c %}%\“6‘6&%’5 ScHAMeipnig 4avig satalyiet fQF @@@W'Zﬁtlon

hydr ocar bons Imwam@a%,{gt@f,gnt chain I engths thus a
wi_de boiling range. The ol efinic hydrocarbon can be

térmnal ol &fi Wpaoaeﬂ Bﬂaﬁﬁa%p!@amﬁpnsﬂcs otihelpeodust er nal
olefin (inter

hydr ocar bon cﬁlz(%r%%%g%b ?%cgla?%rggn g ebﬁo{,&iuﬁc or

branched orea lmnORmnat@ncdf Idmod:dst fe'éhe(lsf)p@dﬁhs))dkmcma%@ld yield
in the present, reactive

d
di | uents such gélaﬁgg&%ﬁ%@%f@?ﬁ@Hbrfcﬁlrj‘g?’%“@?ﬁ%l ment

of the presenﬂ’rd)dm&mof(a”basbhﬂ @'I@?Ibéht%ohgzﬁerﬁﬂﬁ‘ﬂﬁg 8Rigue,
m xture of rmtl i near olefins from to about
0. The ol ef i K’@H‘r%qﬁ"{ 8 but not entirely al pha
ol efins. In another enbodi ment of the present
invention, the olefinic feed can corrprl se at |east 50
% of a si ngI e al pha olefin %}5@&4 PLES | n anot her

enbodxample ©f the present invention, the olefinic feed
can e co rls of 1an NAO cut froma high purity

Nor meteRara Py presh 1-BNwl-pyridiniue Ghlaroaliminats lonie Liquid -
oki g@lﬁatyl-@?ﬁdlﬂnm dhlbr@dl'urﬁm@%% %ErBB %m@@l‘fé s %ﬁﬂ‘(ﬁlld prepared
i nveption, sone or all of ol efi ni eed

pr ocBY 89 perd 1&%‘@&1%“"!“#0’%’@% (@safid)ivédishadh eelideallipinum

cr ackrfiofyé fr%ﬁh&@@ﬁnos%@:fee ol é&nﬁ%@&é‘@ 1- %@r@ﬁ@gﬁm 'Sloride
preferably cracked wax from a Fi'scher-

pr oc@ds! eﬁoaﬁm@@gfbbutmr iglpiwn éhlpmlttwrl@temmgml’é@d below.

pr od 4 8-LiTeflon-lined autoclave, 400 gm (5.05 mol.) anhydrous pyridine (99.9%
20 pure purchased from Aldrich) were mixed With 650 gm (7 mol.) 1-chlorobutane
' (99.5% pure purchased from Aldrich). The neat mixture was sealed and let to
stir at 125°C under autogenic pressure over night. After cooling off the
autoclave and venting it, the reaction mix was diluted and dissolved in
chloroform and transferred to a three liter round bottom flask. Concentration of
25 the reaction mixture at reduced pressure on a rotary evaporator (in a hot water
bath) to remove excess chloride, un-reacted pyridine and the chloroform
solvent gave a tan solid product. Purification of the product was done by
dissolving the obtained solids in hot acetone and precipitating the pure product
through cooling and addition of diethy! ether. Filtering and drying under
30 vacuum and heat on a rotary evaporator gave 750 gm (88% vyields) of the.
desired product as an off-white shinny solid. 'H-NMR and 13‘C-NMR were ideal
for the desired 1-butyl-pyridinium chloride and no presence of impurities was

observed by NMR analysis.
-10-
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nmore preferably less than 0.2. Alkylation conditions
for the process of the present invention include a
tenperature of from about 15 to abBeut 200 degresasC,
preferably fromabout 20 to abHEta 150 degrees €, nore
preferably from about 25 to ab lt 100, and Tl

preferably fr| 5043d/o\150760|d‘e 2gquw Alct, A
. . =~ neat mixture, 125°C, % l

F
@autogenic pressure

Example 2 ,
Oligomerization of 1-Decene

20

One process for making high quality oils is by oligomerization of olefins
followed in a separate step by alkylation with an isoparaffin. Olefin oligomers
exhibit good physical lubricating properties. However, introducing short chain
branching in the oligomers enhances the properties of the final products.
25  Infroducing the branching can be done by alkylation of the oligomers With
isoparaffins. Alkylatlon of the oligomeric products is also a route to reducing
the olefinicity of the oligomers and, hence, produomg chemically and thermally

more stable oligomers. The process is exemplified by alkylation of 1-decene
oligomers (described below).
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A igonerization conditions for the process of the

present invention include a tenperature of from about
w@2a00/02850ut 150 degrees C, preferably from aboR€T/LIS200€046907

about 100 degrees C, nore preferably fromabout 0 to

about 50. As discussed el sewhere in the present
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| ubri-cant conponents Production of a base oil or

| ubri cant conponent having uni que, high val ue.

p§ opExdrmple EXAMPLES Exanpl e 1: :

Alkylations of 1-Decene Oligorhers
The oligomers of 1-decene made as described in example 2 were alkylated
with isobutane in 1-butylpyridinium chloroaluminate and in methyl-tributyl
ammonium chloroaluminate (TBMA) ionic liquids according to the procedures
20 described below. In a 300 cc autoclave fitted with an overhéad stirrer, 26 gm of
the oligomer and 102 gm of isobutane were added to 21 gm of methyl-tributyl-
ammonium chlordaluminate ionic liquid. To this mixture, 0.3 gm of HCI gas
was added and the reaction was heated to 50°C for 1 hr while stirring at >1000
rpm. Then the reaction was stopped and the produbts were collected in a
25  similar. procedure as described above for the oligomerization reaction. The '
collected products, colorless oils, have Bromine Number of 3.2. Table 1 shows
the SIMDIST analysis of the oligomer alkylation products. |

Alkylation of the oligomer was repeated using the same procedure described
30 above, but 1-butylpyridinium chloroaluminate was used in place of methyl-
tributyl-ammonium  chloroaluminate. Alkylation of the oligomer in
butylpyridinium gave a product with a bromine index of 2.7. The SIMDIST data
is shown in Table 1.
~12-
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Oligomerization of 1-Decene in lonic Liquids in the Presence of iso-

Butane

Oligomerization of 1-decene was carried out in acidic 1-butyl-pyridinium
chloroaluminate in the presence of 10 mole% of isobutane. The reaction was

10

general, the process. To 42 gm of 1-butyl-pyridinium chloroaluminate in a 300
cc autoclave fitted to an overhead stirrer, 101 gm of 1-decene and 4.6 gm of
isobutane were added and the autoclave was sealed. Then 0.4 gm of HCl was
introduced and the stirring started. The reaction was heated to 50 °C. The

-13-

done in the presence of HCI as a promoter. The procedure below describes, in
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20 ranges and olefinic contents as indicated by bromine numbers shown in Table
2.

Table 2 compares the Bromine Numbers of the starting 1-decene, 1-decene
oligomerization products in the presence of iC4, 1-decene oligomerization
25  products without iC4, and the alkylation products of 1-decene oligomers with

excess iCa.
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and in rret hyi -t ri butyl "anmoni um chl or oal um nate ( TBVA)

i onic | qubes actl¥ diing t 028he procedure9 descli bed 2.8
bel ow. T ma—300—ccatitoctave—ftted—wth—-an—-overhead
stirrer, 26 gmof the oligonmer and 102 gm of i sobutane

were added to 2 1 gm of rrethyl-tributyl anmoni um

o nene g GRLE audloian

e IOﬂI

At the cres

his m xture

rycg@nvgfsd%@)égltlﬁg alkylatlng
SOOthfeaﬂlgdxmbrs infsith @wisdre isdpaeais ard0REbduesd mT@EHé 6lﬁ8menza’clon

d
| ol 8 BB e e Heeliomgatanoban aipherdetn. In both
ol i gproeesszat ithe yielaed | podudibearold®et @ tREPd in the

M’é%@rtles
| B Nunb f 3.
cPonEMREn &) ORRE T Ao, hepee e Agvid oalkyited

po odditfomeridl giadts ottnobet MAd! hIBRE 'siNAS srt&Pea"f‘iHthus can be
using the.s ocedure descri bed above, but

1- bu ?R”BW?E@V@F (RYA0YF PEOGHSH nAtowvaNgs tirsbep stap pregsss ofith two

ﬁ]?t h%érial‘r?tblﬁéé/dtlon 2BTEY Wk (HcR AR I BpiRiRd iftdpehBLhRP provides

the oligoner in

0 greater chances for tailoring and tuning the conditions to make products with
particularly desired properties.

15

Example 5: .
Oligomerization of 1-Decene in lonic Liquids in the Presence of varying

iso-Butane Concentrations

20 Oligomerization of 1-decene was carried out in acidic 1-butyl-pyridinium
chloroaluminate in the presence of varying mole% of isobutane. The reaction
was done in the presence of HCI as a promoter (co-catalyst). The procedure
below describes, in general, the process. To 42 gm of 1-butyl-pyridinium

chloroaluminate in a 300 cc autoclave fitted to an overhead stirrer, 101 gm of 1-
25 decene and 4.6 gm of isobutane were added and the autoclave was sealed.
Then 0.2-0.5 gm of HCI was introduced into the reactor, and then, started the

stirring.  The reaction is exothermic and the temperature quickly jumped to

-15-



but yl pyri di nium gave a product with a brom ne index of
2.7. The SIMDI ST data is shown in Table 1. Table 1
waEz@morssoft A i goneri zati on of 1-Decene in | oni BC/US0E846907
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this case)
r eacﬂ?@:ﬁﬁ‘eﬂﬂ@%ﬁi@l retios. Al the meacmup:ewatemua forTat@r@XD"ﬁht%m Bhr at 50

Cower edéérle
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ggél‘ng 0?5

e tontc

lﬁhlée%w

REIOSP

I'ng- was

f el

washed with 0.1 N KOH aqueous sol ut| on.

eat e%%dfwgbbgg RE?H Eaélg%ulsosr%)lunon
éﬁ%tﬂﬁ*@?\fﬁr%d &8 were clarpelerizad avithusiokiateq higidtidny bromine

up to%g&g’%%g o&{drpeoﬁgag? :Nn

was Vi gorously sti rred at about 1200 rpm for an hour
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BB o, B
"g&ﬁfgfﬁﬁd of f and

The col orl ess

oi | was analyzed with simul agre%lﬁ?]%sti Ilation and

brom ne_analysis. The Brom n er was 2.6. The

Br ofime Nunt @10|/|§4melr CRYECEnaAnCf1at,=usPd, HCABET Ve ic,=9 |

for E 0‘5 bc” 4 ‘d"lmarl zatlon—1n-t he bsence of

i sop ? r@ Erogm nd NuRbBr flor 82decehe 329 331

ol i g'ﬁBEI‘@ﬂatl on 340 the abggnce [of 5gd 1S[ TN BHE TaNIE 517

of P=b-—+—9-Hased-gn the catalyst contact tine and

cat aF%@l@g(?n unt $40sed |i n #8% ol|i goRB#i zal | on74@act ijon. 775

The| BBM@20 6d Diggdi TT At Oggglata S7§'2|UW|| T 836 896
TBP @30 798 842 894 928 986
TBP @40 931 970 963 999 1054
TBP @50 1031 1041 1007 1059 1105
TBP @60 1098 1099 1067 1107 1148
TBP @70 1155 1154 1120 1154 1187
TBP @80 1206 1205 1176 1200 1228
TBP @90 1258 1260 1242 1252 1278
TBP @95 1284 1290 1281 1282 1305
TBP 1324 1335
@99.5 1311 - 1326 1313

15
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Table 3. The Sinmulated Distillation data in Tables 1

and 3 show that al kylations of the already nade
wa2aaoessed ol i goners with i sobutane and the si nBCT/EREO6646907

ol i goneri zati on/ al kyl ati on of 1-decene lead to fairly

oper A2 St A Sapie I Tudfle T Bt crcb e g to the
r angégacionl do¢einfliercedba beiitg raﬁq‘geldﬂ tHecprbadedeyoild! AE dMdWn in the

T g I8 00 o THERS 8 e S o o
ol i gtavbuiapatin dne peaxdiont STHI® indieates Gfa@ﬂﬁ@’eoélkyl%n is tﬁklng part

oy PR P BBt Tcesin s goheh b Boisscaigomers

i C4. Wabh alg&eﬁ'iseb@téh@ cORSBABaBoHE0RE ppeddn@in ﬁﬁ@%é&li‘%ﬂ‘z%héy When
can be donggﬁaﬁ?elt er alkylating the oligonmers in sit

(whef®'s £6 1§ H%esﬁPfemPWt plsyatisdacamesesur.nand 1-decene alkylatlon

ol i geMtRICZ RS inake (ﬁ@éﬁ@ﬁ)de@éné Bm‘?é?"b‘?l%ﬁéﬂo'nvtg rﬁén?eoo&%m be more
pha olefin. In processes,

ol i gomner on of an al
t he Weélﬁﬁagﬁ“ﬁflc?émeg CQPEGFHTG@QQS pﬁlS@htetiane prT bpefareethe dagree of
tibe Stdﬂildhlhénﬁwsol@bﬂn@@iﬁ‘ bhZad Y i Wéoat %ES?EE Cc)if olefins,

the desired al ated ol igoneric product can
in oﬁ@p@@ﬁ@ﬁe‘”g‘%’é‘ﬁofaﬁfaﬁmﬁ #ips, coniact mecshibeireastipy conditions.

adv amh@@ﬁ?ﬂ@{%dmh?@ﬁ@?s wilfAWe fer tatkaj}? iR ftﬁ{h%ﬁ oﬁéég%%&%tlon due to

with two Separate reacti on Zones where
opt i rA2PRIAY] ﬁ@é%@h@'@ﬁlﬁlp)ﬁlte@rm thesfingt eligamerichetreire svilf be shorter

tail r
o A B SR T g
e|ﬂ2%1@!ﬂqsamet§|zailorm@tbwey lsnthlaommlnantqmeccﬂmn(sm tithe very clear

Pr esﬁﬁ?ﬁ]eoélk))(&fdﬁ'd?gl SSBnBURANE oﬁa&%&@

in the chemistry.

|sogx]°'tane does take part

Table 4 below compares some physical properties of the products obtained
20  from the reactions of Table 3 }

Table 4
C107/iC4=0.8 | C107/iC4=1 C1O=/iC4=4 C107iC4=5.5 | C107/iC4=9
Vi 145 171 148 190 150

Vis@100 9.84 7.507 9.73 7.27 - 11.14
VIS@40 61.27 37.7 59.63 33.5 70.21.

Pour

Point -42 -42 44 -52
Cloud

Point -63 -64 -69 -28
‘Bromine

Number 3.1 0.79 22 3.8 6.1
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A igonerization of 1-decene was carried out in acidic
1-butyl -pyridiniumchloroalumnate in the presence of

wa a007iome§9410l €% of 1 sobutane. The reacti on was BONES1006/046907

the presence of HCl as a pronoter (co-catalyst). The

procedure bel ow describes, in_general, the process
42 g ligoperizationalkyiation i @ oRRsENalGn Al Pros Wa Tepeated

cc a@é\ﬁé@él@l%sfdt‘iﬁéeﬁrﬁé’fe%@ rANGY AHRecbnakiohs. €The il(@éo 00 in the
1- decene and 4.6 gm of isobutane were added

aut o&gPeaiedaRiesieBged frReYs 8-12-2. B @PgﬁltlffOWa§56 A72. Al the
I ntr acheaRd éaﬂﬁ;ﬂeé REntaRRA IO bo"ﬂﬁag Mt‘@(bel&k W?‘Ser?egtr&?s F) ranging

stirring. reaction i s exothérm c and

t Enp&Pat 15%1 é% clitieyoy iflied cvicapears t‘l’mfluﬁéﬁ‘?)tf\%\flur e

dropped down quickly to the md 40s and was brought up

to 50 0C and kept at around 500C for the renmi nder of

t he MbadrominethlurehersisboweitTabia 4rle Mugolessidiap usially edserved
for ahayt 1%(:'&?8' oh@émepfaélaptn‘mﬁ@'aﬁ é?'fc%séf%goutﬂee The Bromine
stirring was e Teacton was toolad 't

r oomNumbpefm:tudex:enertéugomatlmﬂos inhee absernoaenf iCo lasmtﬂhberange of

497 7 81304 bl AU SEAIATSEL PRl S B PRGN n the

sol ubligimeriFaton eeantiened Tables 5wbelewc bannaarteer thee&rovmmla Number
simul_ated distillation brom a it

ot scanrfss B dideber®. shRungBE A, ApoRPReosand aRiaiiy o tyaecene,
bel ow-deiteme t biigapmerizatidn esnlpf ptdsmjctsesehtil nige oklkglatdfd oligomers

di fferent decene/ i spbu ratLos. Al |l the

a0 BRtezat R Taihest B AT BToha: i Jroig atiiEsg, values, one can
degr aes the Irdsietdifetherlﬁscﬁpm@tlaﬁ o?Gsaptapie o@rthe digfigitityg of the final
cat alp%(qs@. Tabl e 3The data shown in Table 3 indicate

t hat Cl‘z§rmunt of isobutane added to the reaction

does influence the boiling rangge 8f the produced oils.

Assn\l\nlnf\ln Table -3 there are mre in the

| owe bM?"Ff'ﬁ'g ‘dut d-at @"@H@P“@S‘ﬁaent r kPEEN Alkylated 1-
i sobutane in theedceas]i @fh 10Mdks NADFdhRSiZEIGH | MOr Qecene

al kylation is tlaking part directly with 1-decene and .
1-detene dinerg rathen CaadOWRe%H hi gher ol i gomer Yidpreass with
hi gher isobutane concentragtgns ane present injthe g,
reaction zone. [\Wen

Bromine
Number 114 6.1, (2.2) 7.9 2.8

Example 6:

20 Oligomerization of a Mixture of Alpha Olefins in the Presence of iso-
Butane

A 1:1:1 mixture of 1-hekene:1—octene:1-decene was oligomerised in the
presence of isobutane at the reaction conditions described earlier for
25  oligomerization of 1-decene in the presence of isobutane (100 gm olefins, 20
gm IL catalyst, 0.25 gm HCI as co-catalyst, 50°C, autogenic pressure, 1hr).
The products were separated from the IL catalyst, and the IL layer was rinsed
with hexane, which was decanted off and added to the products. The products

- -18-



nore isobutane is present nore al kylation can occur,
and 1-decene alkylation wwth iC4 to make G 4 and

preval ent t
Ther ef or e,

can 3é theihesare g

han at
t he de

]

wda2aeoesses di mer al kyl ati on to make C24 wil |
| ower concentrations of
ree of branc

h tege diggiadew

o Oy ERect 19

bePODU82006/046907
sobut ane.

oneri zation
remove any residual

i sopacrf fTHeSorgahiefibydrs srparafiédted faaa idPied G@AtaARydrbusBIgSO,.
and the reaction conditions.

Wi | |C%emt5q%@ar op gKi@tary ey apgiatop At

due 179 {

final oI|

gonerlc chai n

tshe belvrahows thgoRieiulatesd DQisillatian. HiFCORM RN

The a I at ed

be shorter

¢ PERATEE
09 gaf thel a@ohwleﬂbqfrbduo@ a§|\}i:ﬁ3“®us ayambw I@ﬂs

%er haP pomt cloud point,

ol oner,s

?Iv%ﬁfler bath at
Table 6

4

br angjy %mlr}éhhurﬁbérh@até’ldf gl‘i’é@fkylé?éd @llboﬁféri'&V}ﬁde&s bhéhe olefinic

dom nant nechani sm

It

is very clear that the

al kyhixtuirein the plesgeeedidseitrne s ol i goners with

i sobut ane does take part

bel ow conpares sone physi cal
products obtained fromthe reactions of Table 3 Table
4The ol i gonerization/ al k gﬂglaon run @i-decene/iC 4

properties of

in the chemstry. Table 4

t he

ratio of 5.5 was repeated"several times at the sane
feed ratios_and conditions. The viscosity@O00 in the
repeat ed sanpl es ranged fropOBg@narsof2. Thé VI ranged
from 156- 17BIMBIST t he repeal €d,6artbed/ Eantlai ned | ow
boi | i ng cut|TBFo@YTM®), 775 deglees F) °Fangi ng |[from
10% 15% ThagBro@omi | i ng cul appea3®3 to inf|l uence the
VI. The BrqmiBpegiunbers shown in T4 e 4 arje nuch | ess
t han "usual l|yregbgapved for the 1-des@ne ol i gomeri zation
in the abseR@p @15 sobut ane| The Byzm ne Nunber for
1- decene olji dpzation Tnjthe abggnce of i CA is in
the range c%ﬁ%% 9 based ¢n the g&g al yst,| contact
time and CatE Fy<a:|.4odnuunf5 usedin 1t0|gg orirgonerization
reaction. Ty Oucu OW COMTPar €S 11@@ Bromme Nunber
anal ysi s ofi—& fre—st ot ancuuaﬁ(sl?l gonerj zati on and
al kyl ati on GI‘BI;L@ et 1290
TBP @80 1284
TBP @90 1332
TBP @95 1357
TBP @99.5 1384
Physical Properties:
\ 140
VIS@100 7.34 CST
VIS@40 42 CST
Pour Point -54 °C
Cloud Point <-52°C
, Bromine # 3.1
10
As shown in the data above, high quality oils with desirable lubricating
properties can be made by either simultaneous olefin oligomerization/alkylation,
or by oligomerization of the appropriate olefins followed by alkylation of the
oligomeric products. Regardless of the process, the oils produced in both
15 processes appear to be close in their boiling ranges, olefinicity and physical
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1-decene oligonerization only products, and the

al kyl ated oligoners (oligonerization foll owed by
wa@bdoylozgspon) . By | ooki ng at these val ues, one BENUSHE6/046907

the role of the incorporation of isobutane on the

ol efinicit e final products. Table 5 Exanple 6

a i qBH%Orer'tk%tﬁ”&h an"saoﬁ{hykfﬂCE?eé WECoRitIsaPeYreinis apghclond pomts

Pr es ®otreprotedsigad @Lﬁllam\ﬁth%p%réba]alé?d{c@ﬁﬁatﬁfns brancped paraffins
1- hexene: iwoctene decene was onerised

pr es&HRE %QB‘B&K%{MEIW pleéing aadtHeBrplgomerstngriew olefin
descrbhestrafsds er for ol igonerization of 1-decene in
tge presence of isobutane (100 gmolefins, 20 gmlIL
catalyst, 0.25 gmHCl as co-catal yst, 500C, autogenic
pressure, 1hr). The products were separated fromthe
IL catalyst, and the IL |ayer was rinsed with hexane,
whi ch was decanted of f and added to the products. The
product sand t he hexane wash were treated with 0.1 N
NaOH to renove any residual AICl3. The organic | ayers
were coll ected and dried over anhydrous MySO4.
Concentration (on a rotary evaporator at reduced
pressure, in a water bath at ~70 degrees C) gave the
ol i gonmeric product as viscous yellow oils. Table 6

bel ow shows. the Sinulated Distillation, viscosity, and
pour point, cloud point, and brom ne nunber data of -
the al kyl ated ol i goneric products of the olefinic

m xture in the presence of isobutane. Table 6 As shown
in the data above, high quality oils with desirable

| ubricating properties can be made by either

si mul t aneous ol efin ol igonerization/alkylation, or by .
ol i goneri zati on of the appropriate olefins foll owed by
al kyl ati on of the
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ol igonmeric products. Regardl ess of the process, the
oil's produced in both processes appear to be close in

wo b@i7/074504 | i ng ranges, olefinicity and PCT/US2006/046907
physi cal properties such as viscosity indices,
Vi SCOSi t| es,. pour points and cloud points. Both

pr oc&¥at iSeldmed 1%i s with appr eci abl e concentrati ons

of branched paraffins fornmed by capping (al kylating)
olefins and their oligoners and | ow ol efin

concdnt r abiPERFESIREMaKEE brieant ok lubicank cpmgerans, Gogpprising:

making a bl%\‘deﬁﬁlﬂé a%ed %bw o@m&%rgleﬂn%%l? io?fl@@qhwd

ollgorrer|2|ng one or nore ole
af ionic P'lgemeﬂmqng@ﬁ@,ratpawmanmﬂne comditions, to form an oligomer;

ol i gomeri 5Iﬁ‘§/lél?‘g; s%ﬂﬁ&“gﬁfn%?ﬁvth%%rés%%% Gpar?"sb?é]%ﬁlﬁ in an ionic

al kyl atin sence
i sopar af f|||0rl!chl alhyleimnu zone catlallgylation a:bhghtlens, tnforo raie allgfated

pr oduct  nOSPERAblROEEd b PERLE RO X6 oy HLREE £

a Vi scosi ‘t/5$C¢SrIth!)deQ§fOf atlebgdsy, addla deiieadem:edhetwwnetheé' 90 and
gt ween t Ql nt ast 225

JBorecs P By BhebEs ShatiGa B9 BRI H Rt

wherein the ionic liquid al kylation zone further

conpki ses t aci | ubricant c onen

baser20| l, Tﬁe &Sglgsgél 3‘3'”3%“}’%9158'” ?W'Cd'qude%%y??qﬁﬂr?one@d%her

degrees O;omprwlesa(&bms]ed acléex of at |east 134; a

di fference between the T90 and T10 boiling points of

at |l east 300 degrees F by SIMI ST, and a Brom ne

Nanber of Alllﬁmsarﬁtlmampen&t or bdse 3N &ohplsingant conmponent
or base oil scosity Index is

cl | t he Vi
at | east "flﬁlg dgom eﬁf’rtgh 3()&695?% 1 wherein the
mol e rat i @ViscosHyilGdBYRIT at RakSRrAraf fin

a difference between the T90 and T10 boiling points of at least 300
degrees F by SIMDIST; and
20 a Bromine Number of less than 0.2..

4. The lubricant component or base oil of claim 3 wherein the Viscosity
index is at least 145.

25 5. The process of claim 1 wherein the mole ratio of oligomer to isoparaffin
is at least 0.5.
6. The process of claim 1 wherein said alkylated oligomeric product has a

Bromine Number of less than 2.7.
30
7. A process of claim 1 wherein the alkylated oligomeric product has a
TBP@50 of at least 1000 degrees F by SIMDIST and a Bromine
Number of less than 4.
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is at least 0.5. 6. The process of claim1l wherein

said al kyl ated oligoneric product has a Brom ne Nunber
wWo@Roe%Es94 han 2.7. 7. A process of claim1l wheP€i/liS100&046907

al kyl ated ol i goneric product has a TBP@O of at | east

1000 degrees F by SIMDI ST and a Brom ne Nunber of |ess

than. 4.8. The process of claim1l wherein said

al kyg at e%@bro%eégeﬁma.wpw@aelmmd aiKReREidIgobIbErodaEt has a

| ess than 3. rocess of claiml wherein the

i sopar af Breming Nslglbéét)ialés‘# t8m3 he group consisting of

i sobut ane, isopentane, and a m xture conpri sing

i sobut ane and i sopentane. 10. The process of claim1l
viher®i n {The peickss eft@almol wheiel ihe ignpaerit isisglestag; Terp &p group

to hydr OQS@tfng%stBblﬁ’téﬂ th%e?\t%r%waﬁ’é & fhigtubeldyn s lsobutane

base oil alm 10 wherein sai

ol efin I@bdum‘)aamtalh&\se oil has a Brom ne Nunber of Iess
than 0.2 by ASTM D 1159. 12. The process of claiml
wherein the feed stream conprising one or nore ol efins
conpt0.seFhatpréceas bf daim tlvphesinthefalirylatadoligpheerisisedss is

claim1 wher e f
Bbre ol o PECED bR OErafoy |EbioBa SRIESLH ABIGHR pake ol
al pha ol efin species. 14. The process of claiml1
wher g] efeeds rea ri.sin '
comp? -0 T8 ARER LG 4 HITE 0t ef 53" Sl 1 IRELBoE bffFac o
of cl ai mBromireriniber lbelesk kiydned.2 by ASTAODEIBE. product is
subj ected to hydrogenation to forma |ow olefin
content al kylated oligoner. 16. The process of claim
15 Whngr eiThetgi6cdseof Elbigd it Wwheesin il feadi kydarh edmprising one or more

olefins comprises at least one alpha olefin.

13.  The process of claim 1 wherein the feed stream cpmprising one or more

olefins comprises at least 50 mole % of a single alpha olefin species.

20
14.  The process of claim 1 wherein the feed stream comprising one or more
olefins comprises a mixture of alpha olefins.
15.  The process of claim 1 wherein the alkylated oligomeric product is
25 subjected to hydrogenation to form a low olefin content alkylated

oligomer.

16. The proceés of claim 15 wherein the low olefin content alkylated
oligomer has a Bromine Number of less than 0.2 as measured by ASTM
30 D 1159.

17. The process of claim 1 wherein the ionic liquid oligomerization zone
comprises an acid chioroaluminate ionic liquid catalyst.
-22-



ol i goner has a Brom ne Nunber of less than 0.2 as

nmeasured by ASTM D 1159. 17. The process of claim1l
wok@re78394 he ionic |iquid oligonerization zonePCT/US2006/046907

conprises an acid chloroalumnate ionic liquid

catal yst. 18. The process of claim1l wherein the ionic

l'iquid oligomerization zone and the ionic |iquid

al kylgat i gRe pmssmrﬁwmsewaerélrﬁﬁermu nqummlrgomeqmambn zone and
cat al yst

i o olnedeiteisaBigRTaR A e Re A ATt Py ut edyst

al kyl ati on zone conprise the sane |on|c l[iquid
catal yst. 20. The fprocess of  c| ai

{ lei i etr'rz]gt'oino%nce and
15 qui% allkg PEACEEHOARIE %Wae&eﬁbth%?n'% ‘qwcﬁaf%m zal
ol i gorer krAbhieNq A BfkyREien Lhee SaHFisean@same ionic liquid catalyst.

20. The process of claim 1 wherein the ionic liquid alkylation zone and the

ionic liquid oligomerization zone are the same zone.
10
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