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' of hydrogen and a hydrogenation catalyst both of which can be exbensive.
Also excessive hydrogenation can 'Ie‘ad to hydrocracking. Hydrocracking can
20 increase as one attempts to hydrogenate the olefins to increasingly lower '
' concentrations. Hydrocracking is generally undesirable as it'produces a lower
. molecular weight material \'Nhere'the' goal in oligomerization is to produce a
higher molecular weight material. Directionally it would generally be preferred
to increase, not decrease the average molecular weight of the material. Thus
25 using the hydl;ogenation method it is desired to hydrogenate the olefins as
deeply as possmle while mlnlmlzmg any hydrocrackmg or hydrodealkylation.
This is |nherently difficuit and tends to be a compromlse
Hydrocracking of a slightly branched hydrocarbon material can also lead
to less branching. Cracksng tend to be favored at the tertlary and secondary
30  centers. For example a branched hydrocarbon can crack at a secondary

center forming two more linear molecules which is also directionally
undesirable. '
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SUMMARY OF THE INVENTION
The present invention provides a process for making a fuel or lubricant
component by the oligomerization of olefins to make olefin oligomers of. desired
20  chain length .range followed by alkylation of the olefin ol'igomer with an..
isoparaffin to “cap” at least a portion of the double bonds of the olefin .
oligomers.
A particular embodiment of the present mventlon prowdes a process for maklng
a fuel or lubricant component comprising: ‘
25 passing a feed stream comprising one or more olefins to an ionic liquid
' oligomerization zone, at oligomerization conditions;
recovering an oligbmerized olefinic intermediate from said ionic liquid
oligomerization zone;
passing the oligomerized olefinic intermediate and an isoparaffin to a
30 ionic liquid alkylation zone comprising an acidic chloroaluminate ionic
liquid, at alkylation conditions; and . .
recovering an effluent from the ionic liduid alkylation zone
‘comprising an alkylated qligomeric product.
-
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ASTM D 271 Test net

that directly or indirectly works as a proton source is added to the reaction
_mixture. Although not wishing to be limited by theory, it is believed that theA

présence of a Brénsted acid such as HCI greatly enhances the activity and
acidity of the ionic liquid catalyst system.

20 Among other factors, the presént invention involves a surprising new
way of making a lubricant base oil or fuel blendstock that has reduced levels of
olefins without hydrogenatibn or with minimal hydrofinishing. The present
invention also increases the value of the resultant olefin oligomers by '
increasing the molecular weight of the oligdmer and increasing the branching

25 by incorporation of isoparaffin groups into the oligomers skeletons. These
properties can both add significant value to the product particularly when
starting with a highly linear hydrocarbon such as the preferred feeds to the
present invention (i.e. Fischer-Tropsch derived hydrocarbons). The present
invention is based on the use of an acidic chloroaluminate ionic liquid catalyst

30 to alkylate.an cligomerized olefin with an isoparaffin under relatively mild
conditions. Surprisingly, the alkylation optionally can occur under effectivefy
the same conditions as oligomerization. This surprising fmdmg that alkylation
and oligomerization reactions can occur using effectively the same ionic liquid
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1159 and ASTM D 271 0 are incorporated herein by
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The present invention also increases the value of the
resultant olefin oligomers by increasing the nolecul ar
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skel etons. These properties can both add significant
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alkylated oligomer stream that results has very desirable properties for use as a
fuel or lubricant b!endstock In particular the present invention providesa -
process for making a distillate fuel, lubricant, distillate fuel component {ubricant
component, or solvent having |mproved properties such as increased branched,
higher molecular weight, and lower Bromine Number.

' An advantage of the 2 step process (oligomerization followed by‘alkylation in
a separate zone) over a oné step a!kylation/éligomerization process is that the
two separate reaction zones can be tailored and optimized independently to
achieve the desired end products. Thus the conditions for oligomerization
zones can be different than the alkylation zone conditions. Also the ionic liquid
catalyst can be different in the different zones. For instance it may be
preferable to make the alkylation zone more acidic than the oligomerization
zone this may involve the use of an ent|rely different ionic liquid catalyst in the

two zones or can be achieved by addition of a Brénsted acid to the alkylation
zone.
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I naere neemdd ¥allsg in that they have low melting points, for example, from -100

20 degrees Cto 200 degree C. lonic liquids tend to be liquids over a very wide
temperature range, with some having a liquid range of up to 300 degrees C or

higher. lonic liquids are generally'non-Volatile, with effectively no vapor

1
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pressure. Mahy are air and water stable, and can be good solvents for a wide
variety of inorganic, organic, and polymeric materials. ’

25  The properties of ionic liquids can be tailored by varying the cation and anion
palnng lonic liquids and some of their commercial appllcatlons are described,
for example, in J. Chem. Tech. Biotechnol, 68:351-356 (1 997), J. Phys.
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.

30  Rev., 99:2071 2084 (1 999) the contents of which are hereby incorporated by
reference.
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Counter anions which have been used include chloroaluminate,
bromoaluminate, gallium chloride, tetrafluoroborate, tetréchloroborate'

20 ~ hexafluorophosphate, nitrate, trifluoromethane sulfonate, methylsulfonate p-
toluenesulfonate, hexafluoroantimonate, hexafluoroarsenate, '
tetrachloroaluminate, tetrabromoalummate, perchlorate, hydroxide anion,
copper dichloride anion, iron {richlorid'e anion, antimony h.exaﬂuoride, copper
dichloride anion, zinc trichloride anion, as well as various lanthanum,

25  potassium, lithium, nickel, bobalt, manganese, and other metal ions. The ionic
liquids used in the present.invention are preferably acidic haloaluminates and
preferably chloroaluminates.’ ' '

The form of the cation in the ionic liquid in the present invention can be selected .

30 .from the group consisting of pyridiniums, and imidazoliums. Cations that have
been found to be particularly useful in the process of the presént invenﬁon
include pyridinium-based cations. -
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20  The olefinic hydrocarbon can be a fairly pure olefinic hydrocarbon cut or can be a
mixture of hydrocarbons having different chainllengths thus a wide boiiing range.
. ‘The olefinic hydrocarbon can be terminal olefin (an alpha olefin) or can be
internal olefin (internal double bond). The olefinic hydrocarbon chain can be |
~ either straight chain or branched or a mlxture of both. The feedstocks useable in
25 the present invention can include unreactlve diluents such as normal paraﬁ" ns.

In one embodiment of the present invention the olefinic feed comprises a
mixture of mostly finear olefins from C» to about C3,. The olefins are mostly but
not entirely alpha olefins. ,

In another embodiment of the present invention the olefinic feed can comprise

30 - atleast 50 % of a single alpha olefin species.

In another embodiment of the present invention the olefinic feed can be
comprised of an NAO cut from a high purity Normal Alpha Olefin (NAO) procees
made by ethyl.ene.oligomerization. '
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used 1 n the present |nvent| on are erab acl
hal RF&$&MinygpEa. aﬁf‘d’"ﬁf‘éﬁ*se?%@‘gﬁ"@h!"@r%ﬁlthm“r'i“ﬁﬁt‘é@’ersrﬁfethe

10f origafraftiRe séldtioRN Lig’htéﬂ@o;ié?ﬁﬂf‘ fis 'cén‘a!Ltb ‘E‘we'lé‘sst A§cPERE JRY fmore
i nvention can be selected fromthe consi st i ng@h vapor

py VG 7h'e Ae [Rai fow gaseline pignd valve t‘P i nelajively
f ousrdsdupe o eMiR@Irds dflllbﬁT isyparaffing lcah @lsolte: Lﬁﬁ'deﬁiﬂSe pilesthte
t | Uum e y
P gattiohy” Wline8 Bubd & it Dondttind BaR B3 Uad aod may be
- t heaqyeotaged betauskef pedpedtsepanatint icostsi be uszbepaaaif ink feed stream
1 SC hi @E? QI‘SU %H@Inedll'ugms%dch %lé' n%?maﬁgeﬁ‘;ﬁﬁg e‘?hl's %th) ! é (%Ht ggw ngs

resent on are
C hI Dt r@au@ln@ H&t%t Oﬁmp@rqim@fl%qneé@rf na)flror@ ql¢aqmqilmmaﬁﬁhs :

I N G&endd e vill tdnidGo %Qﬁﬁéﬁctnb@ﬂﬁ@dt@ﬂw the %rocess of the present
al kyl - p_yrl di ni um chl oroal um nates. Stil

pr &MERH8B- i onic | i quids useful in the process of the
In an optional embodiment of the present invention the resultant alkylated

20  oligomer made in the present invention can be hydrogenated to further decrease
the concentration of olefins and thus the Bromine Number. After hydrogenation
the lubricant component or base oil has a Bromine Number of less than 0.8,
preferably less than 0.5, more preferably less than 0. 3 stlll more preferably less
than 0.2, - S

25 . In order to achieve a high degree of capping (alkylation) of the product an
excess of isoparaffin is used. The mole ratio of paraff n to olefin is generally at
least 1.1:1, preferably at least 5:1, more preferably at least 8: 1, still more
preferably atleast 10:1. Other techniques can be used to achieve the desired
high apparent paraffin to olefin mole ratio; such as use of a muitistage process’

30  with interstage addition of reactants. Such techniques known in the art can be
used to achieve very high appareht mole ratios of isoparaffin to olefin. This can
help to.avoid oligomerization of the olefin and achieve a high degree of capping

-8-



present invention are al kyl-pyridinium
chl oroal um nates having a single Iinear alkyl group of

wa 20a7/088@ar bon atons in | ength. One parti cul ar PCOMISE006/046944
liquid that has proven effective is 1-butyl-pyridinium
chloroalum nate. In a nore preferred enbodi nent of the
present invention 1-butyl-pyridniumchloroalumnate is
used in the presence of a Bronsted acid. Not to be
limted by theory, the Bronsted acid acts as a

pr. 3@:‘/}%” r\lvh%ﬂiq%?tr%yﬁtterﬁéﬁggﬁ &?‘%\ogf rgéc(?%ftrs ?sdtaagll\lgfl US Patent
pr di, 149,84 \Whichis hegpeiniirsorporatedihy @:Eetrbyceoln itsraitiredt | y
aid-in %l'@@ﬁéhfﬁl ch%efﬁ §9)r3ﬁl§p1%@5§4 é(fstﬁei)’(%teﬁ%v@ﬁ(tlon&nc!ude

al so be usSed as rons e acl | ace
aciatempertuecs ffom apQui @ tpre@@@%ﬁcbﬁeqrﬁ@s fr Breéaiably from about 10

5§ NBRHLAIM PMHgRiest BEmbRREIARRbY FBRASKRE 830 a8ARIIEES a
reactive olefinic hgdrocar bon. The reactive ol efinic

group pr &Nkviadien cpediiengior the rpeess ¢jithe geesent invention include a
ol | |gApeFAtdralof fBmM AL 1 §fo 86000 RYrddIeC préiraly #8m about 20

ct h | f hyd
pur@ obPu 130 oo PR AT FOBLAO 23 FPRS i 100pnd most
hyobr@féaaiﬁl’pfnemlmuoﬁgodia‘gfmsem chain lengths thus a

wi de boil i range. The.qglefinic b . .
or i nat™ SPEER ipaiBfid bBrafte o REBBERIE e Bbaff inventon
ol ehcind€:i nt er nal doubl e bond). The olefinic -

hydr ocar bon chain can be either straight chain or
branched or a m xture of both. The feedstocks useabl e

in the presefRedueadeani@hcesiionhydralwatiogihdrotinishing
diluents syc '

of the prese%tﬁérgg %%Qﬁgtgltgfldgcgdﬁggﬁggg%g?:gg%bswe
i xture of mhydogenatipsgequrenents from.C2 to about C30.
- The ol efing

n-another exbult aoso gRHe 899%#2222‘%@? SR S hBeation
ol efi ni ¢ f ee@nd akkyledppsiens '

» Improved branching cha'ractenstlcs of the product

s Increased overall molecular weight of the product ‘
20 ) Incofporatioh of low cost feed (isoparaffins) to increase liduid yield
of high valuie distillaté fuel or lubricant components
« Production of a distillate fuel component, base oil or lubricant
component having unigque, high value properties

25
EXAMPLES
Examgle 1: .
Preparation of Fresh 1- Butvl-pvrldmlum Chloroaluminate lonic Liquid

1-butyl-pyr|d|n|um chioroaluminate is a room temperature ionic liquid prepared
30 . by mixing neat 1-butyl-pyridinium chloride (a solid) with neat solid aluminum .
trichloride in an inert atmosphere. The syntheses of 1-butyl-pyridinium chloride
" and the corresponding 1- butyl.pyridinium chloroaluminate are described below.

Ina2-L Teﬂon lined autoclave, 400 gm (5.05 mol.) anhydrous pyridine (99. 9%
: -9-



at least 50 % of a single alpha olefin species. In
anot her enbodi nent of the present invention the
wohed7ins7f eed can be conprised of an NAO cut PCODMIS2006/046944
high purity Normal Al pha Aefin (NAO process nade by
et hyl ene ol igonerization.In an embodi nent of the
_present invention sone or- all of the olefinic feed to
the process of the present invention conprises
_thermally cracked hydrocarbons, preferably cracked

: \/\laburé'fpin%h%&f ﬁ‘drﬁ@ll&'m&i) %@fé%&@d(wftﬁ @8b@m (7 mol.) 1-chlorobutane
opsc FT) process for n
3§$ R& weé’%ﬁ%ﬁa treln B ﬁid(slan);t@eu neal MbpEsEs ??ﬁ'ﬁ%and let to

Patsentat ﬁamemnaéaaerhuclpsesMQ bp@fmgmd ATer €bblifdyoff the
jrel

I [ f,.th .
or COMTHEE Ao BnS TP tarabt fat oREgaErd desBegy
5| s eploraibfm and Tlaestermed| te st thresolftar @iuhd ottemi skl iCameentration of

| SIRE UGN miki 518050 A BRURRIANE R BEATHr (H 4t water

I soparaftrns are-al so useab
pr dsdnttorerpeyr exness Ebonda u@,-r@mzﬂetapwdura&)and the eherofdren

MRt ¥&FcSa B éch@ dréémfi” #lufitiBsionedraed leﬁiucHVQ@B@ﬁe by

I SO araffins tend | ess expensi ve
igsgiying f@eé’bﬁaﬁn%é@ldﬂ igohasiPne ang Pestipitating éhe Bure product

' 10t o thﬂwgh cbsutr@taﬁaaédmtmrgbf mamgr etﬁéleslsll!ér‘ﬁ') and ShAHESN@r
0 e used

i sopar.affins can als iLn t resent -
| BB AR et of BeSBH: Bvakoralpr@avs 25D s iaeih g id ohihe
useiésaedi praaycbas admﬁmra@e.ﬂwm@fswﬁe 1%Brf-Nlléllﬁldeia)ri‘df‘C?C -NMR were ideal
se The i soparaffins feed strea
o 38 B R 80 il hDerbi R 2h8HHE PRe o fip Sriop AL MRties was
carpbiserveddydtMBanahygis. by reduci ng the cost -of
lssepar ating isoparaffins fromclose boiling paraffins.

Nor nal araffins will tend to be unreactive diluents
in %ﬁétygpm%@gmdmlqrﬁelum@@t@mas prepaneiddy. slowlyamixing dried

Opt4-SIkH- ﬁmﬁh@ﬁl&ld@fanb% P&%@Iuﬂnlﬁ%ﬁgﬁﬁ@mé QKQCIa) according

resultant al kyl ated ol eint

i nVeg Pﬂl{owﬁ recade oggﬂ driayicRyridiniym &h'od'éér(@@@éfed as

described above) was dried under vacuum at 80°C for 48 hours to get rid qf

20  residual water (1-butyl-pyridinium chloride is hydroscopic and readily absorbs
water f'ro'm exposure to air). Five hundred grams (2.91 mol.) of the dried .
1-bufyl-pyridinium chloride were transferred to a 2-Liter beaker in a nitrogen . -
atmospheré in a glove box. Then, 777.4 gm (5.83 mol.) of an,hydrbus

: ' powdered AICI; (99.99% from Aldrich) were added in smali portions (while

25  stirring) to control the terﬁperature of the highly exothermic reaction. ‘Once all
the AICI; was added, the resulting amber-looking liquid was left to gént!y stir
overnight in the glove box. The liquid was then filtered to remove any
un-dissolved AICl;. The resulfing acidic 1-butyl-pyridinium chloroaluminate was
used as the catalyst for the Examples in the Present Application.

30 '

-10-



the concentration of olefins and thus the Brom ne
Nunmber. After hydrogenation the |ubricant conponent or
woase®/asdo7has a Brom ne Nunmber of |ess than 0. 8CT/US2006/046944
preferably less than 0.5, nore preferably |ess than
0.3, still nore preferably less than 0.2. In order to
achi eve a high degree of capping (al kylation) of the
product an excess of isoparaffin is used. The nole
ratio of paraffin to olefin is generally at | east
1.1:1, preferably at least 5:1, y¥e preferably @t
least 8: 1, still nore preferably at |east 10:%-.
Q her techniques can be used 49 achieve the d ired

hi gh appar e argéf e ol yple ratio; et as
use of arru|t| Wﬁ@%ﬁ%ﬁe@ltlon
of reactants.”Su u:ﬁg ﬁ) grlées nown i n the can be

used to achieve’ verylhlﬁﬁ apparent nole ratios of

i soparaffin to olefin. This can help to avoid
(Migxquﬂbzation of the olefin and achi eve a high

de f c%p al kyl ati on) when desired. Interstage
i nj ught in US Patent

55,149, 894 which is herein incorporated by reference in

f t he
or S ERtRaYon, B, SRR nobil plERRG | Bhians PldaBeravre done
of @Domr@mme@rbmmﬁe%ﬁedemms irCa 300efces@tblisive equipped
£ T SRR Wodflal e utoc B, BERIEES N AT S BTG EBb Yom of 1

f rom about I°tT0h
t hén@thmlctabstybanlmupanoalummeu o simadl | andeurd of HCI (0.35 gm)

10t e%’ mtdb8c td {r@%ﬁb&y‘a A o‘?erag%]g'nez%gcggﬁ 'h@f%vag heated to

prefgrably from about 20 t'o about 150 degrees
pr eﬁoe?'a‘%‘l ViGoRRHSaBHLIPY I # drabbien1ibe, Stﬁfmﬁ M@§t$’f0pped and the

pr &éﬁd&taﬁ?ﬂ Wad b@GIeEQiOWP\ tl)%oﬁﬁ&rn%‘iat@re 'aﬂd%'tme\fﬂet Be organic
potentl nefits of process o resent -
&tk GrooR s the outgud) s fafanted off ghd washed with 0.1
hyd((OlHr Takiorgary thyef ivak sBpaGited and dried over anhydrous MgSO,4. The
15 coloriess oily substance was analyzed by SIMDIST. The oligomeric product
has a Bromlne Number of 7.9. Table 1 below shows the SIMDIST ana!ys:s of
the ollgomenzatlon products.

Al'ksllations of the oligomers of 1-decene with isobutane in 1- butylpyridinium
20 chloroaluminate and in methyl-tributyl ammonium chloroalummate (TBMA) ionic
i liquids were done accordlng to the procedures described below In a 300 cc
autoclave fitted with an overhead ‘stirrer, 26 gm of the ohgomer and 102 gm of
isobutane were added to 21 gm of methyl-tributyl-ammonium chloroaluminate
. lonic liquid. To this mixture, 0.3 gm of HCI gas was added and the reaction
25 was heated to 50°C for 1 hr while stirring at >1000 rpm. Then the reaction was
stopped and the products were collected in a similar procedure as described
above for the oligomerization reaction. The collected products, colorless oil,
have a Bromine Number of 3.2. Table 1 shows the Simulated Distillation
(SIMDIST) analysis of the oligomer alkylation products.
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Lower operating cost due to reduced hydrogen and
ext ensi ve hydrogenation requirenents Potential use of
woOher7gas@7i oni ¢ |iquid catal yst for ol igoneri zatTws2@6d46944
al kyl ati on steps Inproved branching characteristics
of the product Increased overall nolecul ar weight of
the product |Incorporation of |ow cost feed
(isoparaffins) to increase liquid yield of high val ue
distillate fuel or lubricant conponents Production of
a distillate fuel conponent, base oil or [ubricant
co ne t havi uni que, high val ue properties

PRerERL oS BlKEimeTa: e TBPSRPASIFNG the same procedure
1- mm;zmbewabcwm|mm1%t9rpgadj|ummah@rdapurmmate Wdstused in place of

nium ¢ oal um.n

e B PSR Y i B iRl B, PR sk eatetvst system.
51- lkyatiquy of thenplignnodt ot bdtylp(yaldsmjm avei & prodadt 8ith iadbromine
al ymdpd 5 i ¢hl gfﬂa&‘ﬁtédbéguétf&%rc}at s“;?\%gmw Th?

synt heses of 1-butyl-pyridini umc or| e and
correspondi ng 1-butyl - pyri di Makimichl or oal um nat e are
descri bed below. In a 2-L Teflon-lined autoclave, 400
gm (505 nmol ) anhydrous pyridine (99. 99 e purchased
fromlAl drich) wdrtDeacesg [iltPees® efigqmersp| ) 1-Decene
. 1-chljorobut ane (Wigdmeey B PMnGhagsslif som A drig omers
The neéiy'l 'ﬁture was sealed and let to stif at 1

under ‘ﬂﬁ ni c |pressure pvePUNIRHIdINMM o cool?'ﬁgla&'ﬁm

t he aurmel(wes)ard VER i ng i tchlibP&alt@asdteon| M X WATBMA

dilutnnl and A odAl v g a2y hrnfnrrnan_rl t

“a thrle l?l@t\oe rEund3g8t om f | ask. éoncentrdti on of%Fhe
r~eactl’rfBP@5xture at 6ogduced pressiqie on a fotary 350

evVaporfiE g et apeter— 541
TBP@15 789 644 | 630
TBP@20 856 - 780 756
TBP@30 944 | 876 854

|TBP@40 | 1018 970 - 960
TBP@50 1053 1061 1050
TBP@60 1140 1114 . 1118
TBP@70 1192 1167 T 1173
TBP@80 | 1250 1213 1220
TBP@90 1311 | 1263 T 1268
TBP@95 1340 | 1287 1291
TBP@99.5 1371 - 1312 1315

10  Alkylation of 1-decene oligomers with isobufane results with produéts that have
' much reduced olefinicity. The alkylated oligdmers appear also to have
increased amounts of low boiling cuts by few percentage points. The increase
in the low boiling cuts is possibly due to branching introduced by alkylétion, and
perhaps to some cracking activities. It seems, nevertheless, that alkylation of
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bath) to renove excess chloride, un-reacted pyridine
and the chl orof orm sol vent gave a tan solid product.
weuoi7iorg@t i on of the product was done by di ssobPeTng2006046944

obtai ned solids in hot acetone and precipitating the

pure product through cooling and addition of diethyl
ether. Filtering and dryi ng under vacuum and heat on a
rotary evaporator gave 750 gm (88% yi el ds) of the

desired product as an off-white shinny solid. 1H NWR

gle]‘iﬁfe dﬂw’n hétﬂgmt id & Jltlaﬁegt?ssblfg%%errzatlonlalkylation or

1-butyl-pyridiniumc orl no presence o
i nﬁh@‘?'f‘?%@t'ﬁﬂ@"@b@érWeﬂk]ﬂ?t‘Wl%ﬂﬁ'&I Igagssto high quality lubricants or

1- Ryl plenid¥tdcRé.ni um chl or oal unmi nate was prepared by
slowmy mxing dried 1-butyl-pyridinium chloride and
anhydrous al um num chl oride (Al Cl3) accordi'ng to the

5f oldli@bhregz@trdmcefdwfms fohewdd bytaptylqphi cditlmé ur@cﬁhémf ink&mediates

{PERCAT foPraif B 0 g BEVE o dRGY LR AR, EREHHE or fuels.
1- 1Slefin oligomnets rexbibitcddont plgsica Iytbatisg ppoperiesd Aadintrpducing
gfga?ééb}gllﬁﬁrth% @fé‘oﬁﬁ?ﬁ%&g%@atﬁd%%mﬂh\ée PHFbg{r.SPe isoparaffins
chleohpoeeswdite ahemied! e prapgrties a)fzthr_:u fieal pragluets by seducing the

nit p I ,
10( d’lé:fgﬁ,ntyaof”@r% g\ﬁ]o@ﬁ-rgu%%o %?J(;IJ}?] cgémgcgﬂ %ﬂéﬂmthermally

Al dFW@r’F}a%PEOda'G@ed in snall port| ons (Whl le stirring)
to control the tenperature of the highly exothermc
rrerﬁ tion. .Once all the AICI was added, the resulting
ng liquid was left to gently stir overnight
i n Qlivporaexizatidnoos 1 ﬂeeehedmldnmasiquhlsrinfthemeemﬁdf iso-Butane
renove any un-dissolved AICl . The resulting acidic -
1- but yl = pyridi ni um chl oroal um nat e was used as.the :
_catQligpmerizetion hd Bdeteheswan tchmiePr egerit acidic 1-butyi- pyrldmlum

Apmhld‘raalb%e{t@}rﬁmeopgr%gbﬁc@ Bf"%é%aegxmoﬁhtgne The reaction was
done in the presence of HCl as a promoter. The procedure below descnbes in
geneéral, the process. To 42 gm of 1-butyl-pyridinium chloroalumlnate in a 300

20 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
reaction was exothermlc and the temperature qurckly jumped to 88 °C The
temperature in few mmutes went back down to 44 °c and was brought up to 50

25 °Cand the reactlon was wgorously stirred at about 1200 rpm for an hour at the

15

autogenrc pressure (~atmospheric pressure in thrs case). Then, the stirring
was stopped and the reactron was cooled to. room temperature The contents
were allowed to settie and the organlc layer (immiscible in the ionic Irqurd) was
decanted off and washed with 0.1N KOH aqueous solution. The colorless oil
30  was analyzed with simulated distillation and bromine analysis. The Bromine
Number was 2.6. The Bromlne Number is much less than that usually
observed for the 1 decene oligomerization in the absence of isobutane. The
Bromine Number for 1-decene oligomerization in the absence of iC4 is in the
-13-



Al kytation of 1-Decene A igoners digonerization of

1-decene and al kyl ati on of the oligoner were done
waceewridsang to the procedures described bel ow. PATAS3D6/046944

cc autocl ave equi pped with an overhead stirrer, 100 gm

of 1-decene was mxed in with 20 gm of 1-

nmet hyl -tri butyi amoni um chl oroal um nate. A snall

amount of HCI (0.35 gm was introduced to the mx as a

pronoter and the reaction mx was .heated to 500C with

Vi @Qfgﬁ#@f B5i7 g baged O tHe Hitalyd)@Bntabhme HntifdabdydBPnounts used
sto E\Baq'and t he reacti on was cool ed down to room

igPEeHEfiandeaEP et t | . The organic | ayer
(|nsoluble in the ionic Iirquid) was decanted off and

wa vith 0. K The _organic er was_ separ ate
and S SRR, i S S o o e ST & Ry, T-decene
5subfgeamesdzatios proalyEeth tiye JrvEbEE oThe4,thcg;aﬁﬁél@hgomenzatlon

P Bt AR R SR Y Sl R rode ot Fedei Altgomers witn

pr sdoesssiC4Al kyl ations of the oI i goners of 1-decene .
with isobutane .in 1-butyl pyrigi zlejm chl oroal um nat e
and in nmethyl-tributyl ammnl um chl oroal uni nate ( TBMA)
ionic liquids were done according to the procedures

desclipadrBe] OWs_Th aOiféBHné?r&atﬂMl O]C '@?{;@mbhia‘tn@rﬁ’ t Alky"i?ted 1-

over head stifrer, 26 g and_ 10p
i sobut ane we Qegﬁ'a‘:éc gemy%uin aﬁ of lgro ucts 091- deqcene oligomers

met hyl -t ri butyl - ammu nl%ﬁ?"t@rwltirﬁhl urlPesgoe/NpdQi c| | i qui d.
To this mxtyure, O. 3 gmnm%}@ gas was added and the

react—?ﬁ—m heated *&"“OC for—t—hr—whit-e—stifrri-ng—at-
>1000 rB'rWn hen the|reaction was |stopped and the

prodydigmber ¢ cbld edted i @.6 sim|ar prigedurelas 2.8

HIl 1 ) £ o bha -—al i Acorard + 1 1
descrtbed—above—for—the—oli gofret FHrat+on—+reacttoh—7F

col | ected products, colorless oil, have a Brom ne
Nunber of 3.2. Table 1 shows the Si mul at ed

D 5ItHeI éﬁ&'éﬂ&ve suggests that the chemlstry can be done by either alkylating
the ohgomeys in situ (where isoparaffins are introduced into the oligomerization

' reactor) or in a two step prdcess comprised of oligomerization of an olefin

15 followed by alkylation of the oilgomenc intermediates.. While both processes
yield products that are similar or close in properties, the two step process may

allow more room for product tqllorang by simply tanlonng and tuning each
reaction independently from the other. ' o

20 Examgle 4:

Ollgomerlzatlon of a Mlxture of Alpha Olef‘ ns in_the Presence of iso-
Butane

A 1:1:1 mixture of 1-hexene:1-octene:1-decene was oligomerised in the
25 presence of isobutane at the reaction conditions described earlier for
‘ oligomerization of 1-decene in the presence of isobutane (100 gm olefins, 20
gm IL catalyst, 0.25 gm HCI as éo—catglyst, 50°C, autogenic pressure, 1hr).
The products were separated from the !L catalyét, and the IL layer was rinéed

14



(SIMDI ST) anal ysis of the oligomer alkylation
products. Al kyl ati on of 1-decene oligoners was repeated
wa00Tg78doe sane procedure descri bed above, but PCT/US2006/046944

1- butyl pyri di ni um chl oroal um nate was used in place of

met hyl -tri butyl -amoni um chl oroal um nate as the ionic
liquid catal yst system Al kylation of the oligoner in
but yl pyri di nium gave a product with a brom ne index of
2.7. The Sinulated Distillation data is shown in Table

1. MmM@aaethwha&asoabc,%teh@\%ﬁ@%de&ea GOIRS SroliétB. The products
|soth ﬁﬁiresults wi th products that have nmuch reduced

ol & granenuash) peretregted) Wia et Ngfddap remayst @ny residual
ha\ﬁeCIgncTtw@eghmhs wete lconedied lanagdead svéyahi@tirous MgSO,.

- Cat SRR IS e 5 R oh IR RiTRL by = Weter bath at

5al kyladegrees adygrerthapligbmesiomeoduci ce mgccmst yeliowi eis. Table 3
It b%f‘o%m%ho@ th\ﬁt §ﬂ’lhﬁ§t§d 6!891 qt?hkmségsﬁln l Si BLE

olig pour point and cloud

ol |D@6ﬁ1§)‘at§a1f|tbﬁ/ﬁikﬂ@*ﬁatalgnnmrlcowrpgmrcnfzimel gefifiolrhictiwe in the
by prédercatds Mdbutdnear 'y I'eads to high quality

" lubricants or fuel blendstocks. A igonerization of
ol efins followed by al kyl ation of the oligoneric
intermediates with an isogabpfgin-is an alternative to
maki ng hi gh quali ty | ubricants or fuéls. Aefin

ol i goners exh] bit "good physj opfohidhsoéat i nNg
properties. A SIMDIST oduci ngciedfah,hw/io, t he
ol i goners by pTBRI(WT%) W th the appropriate
i soparaffins gTBR@®OS t he chemcalafgopertiles of the
final productgTBy @educi ng fhe ol edggicity pf the
ol i goners and] TREr@eé0 produci ng chegg cal Ty jand
thermal |y nor eTBP@h® products. Exzwple 3
diqonerizati phBBf@20Decenej in tongxi Liquids in the
Present of ispTBRt@8@ O igoperizat9sy of 1-decene was
carried out i pTBRi@#o 1-butlyl - pyri1dssi um '

TBP @50 1006 -

TBP @60 1157

TBP @70 - 1220

TBP. @80 1284

TBP @90 1332

TBP @95. 1357

TBP @99.5 1384

Physical ‘

Propertles

Y ' 140

ViIS@100 7.34 CST

VIS@40 42 CST

Pour Point -54 °C

Cloud Point <-52 °C

Bromine # 3.1

10
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chl oroalum nate in the presence of 10 nol e% of
i sobut ane. The reaction was done in the presence of
woélcho7assa@7 pr onot er. The procedure bel ow descri BET/USRIW6/046944
general, the process. To 42 gmof 1-butyl-pyridinium
chloroalum nate in a 300 cc autoclave fitted to an
overhead stirrer, 101 gm of 1-decene and 4.6 gm of
i sobut ane were added and the autocl ave was seal ed.
Then 0.4 gmof HClI was introduced and the stirring
. st @xhafple She reaction was heated to 50 0C- The
. a.nd the terrBer at
. U= 'j. A ' e <
bamﬂu%was brought up to 50 OC and the
reaction was vigorously stirred at about 1200 rpm for
an hour at the autogenic pressure (-atnospheri.c:
5pr édigamerirationhiof t-deedne Thaw, cartied seutr i rapidias 1-duGppgddinium
anénioRaiRRGH ﬁ’l"‘th@/apcr CORlCE &ﬂth%lE?W{éab%ﬁe Tﬁf‘e reaction

contents wer e al tO sett € organic la
(i MFSstansiia they P(?F@nicérﬁfd"(r"i @mamromwrde@@ﬁtaéxstbf Fhasdocedure

wa B8R Weé&hb@sl ifN dé%rﬁquo&%ut Tgh42 e &oh cH’u't§?%§rtdmnum

oi | was anal ed w th.sinulated distillatlion and

or GO ARl e 3%@3 BrigFlave illgrtie AD oxadepdestirghel 01 gm of 1-
10Br detéree Blariaes gins oﬂi&iﬂ;uteﬁ@swéféaéddidtﬁbn@Sh@'a'u}’ocﬂm&eﬁvﬁgdsealed

th cen i gonmer. zat i absence of
| oThER D A0SR S S ARSI ioef oo o ISade” 9heindh, started the
ol istjoimgr i Th¢ ireaction tshexathemmic earef the te;npmatdnercaﬁkg@ q‘.tfmped to

7. Snde9
7, S AR A6 b G R W v
TabPobQ drsadeieent i @pund @@°¢dmfﬁfbé\esremam<ﬂw' sft thet feagtion time.

151- d‘?}%@@@ctloﬂr\mﬁ&oﬁgiy%%ﬁ'félaélﬁd?ﬁ‘aﬁrh%gl"ﬁf Hel lﬁ% ic pressure.

presence of I C4 deCene ollgonerlzatlon ro

Wi tTﬁ'stﬁt'mr@twaarﬁtorm?é' Anely thet 1esRtipt v@scIelest to repra éﬁ@peratu.re-
ol IMperairerts ilereliBbdlfe setlléhe tRe organic tayer (immiscible in the

ionic liquid) was decanted off and washed with 0.1N KOH aqueous solution.
The recovered oils were characterized with simulated distiliation, bromine

20 analysis, viscosity, vi‘scosity’indicés, and pour and cloud points.
Table 4 below show the properties of the resulting oils of different 1-

decenelisobutane ratios. All the reactions were run for approximately 1 hr at 50
degrees C in the presence of 20 gm of ionic !iduid catalyst.
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Th
by

e data above suggests that the chem stry can be done
either alkylating the oligonmers in situ (where

woOgoeparedfi ns are i ntroduced into the ol i gonmer PEaNISBIV6/046944

re
ol
th
yi
pr
fo

actor) or in a tw step process conprised of

i gonerization of an olefin foll owed by al kyl ati on of
e oligoneric internedi ates. Wile both processes

el d products that are simlar or close in

operties, the two step process nmay all ow nore room
r product tailoring by sinphyetgiloring and tuning

each reaction independently fromthe other Fxanple 4:
O [ YBRE i 24t PoriCoTO-R | MO ife1 of Riopia=0 [ef FnFICkTPE hp C107iCs=9
Pr HPd7df| i so- Butane A 1:1 1 m xture| of
1-|Ifexene: 1-loct ene: 1-decene wa$ ol i gonerjsed in the 4
preEs t%@:‘sm SOyt ang—at e rgact g condttiggs— 331
dbor\rj darl-ier—forl ol nnn'reri Zz = pne in
thIP or sence of” I'sob tane%?100 am g? ef i ns 2(55%§m I L 611
cat@P@1° 0. 25 4 HCOl| as 453- caf al y&83 SOpC, ddfogen| c 775
priegu@zs 1hr) .61Zhe produaass wer e -gepar af ed fasem the 896
| Y ¥smt @ty st amdst tre [ttt tg@yer—|as Bg4|beu vtthrgggxane 986
whi caRized—oht arg%add\,u to-fhe rodug ks- The 1552
pr g P“aate Wt Ol\l

G2t 8%% enpve 'SHy rdsi do¥? Al u 3. 109he of gani'®9 ayefs 1105
wer ' 8Po@fd eclt ed 18%8d dr|i ed 1e88er anhythéous I\/gSO11o7 1148
COI’T[EE—T@V(&II on (1@55 a T|oT arys4Eval Ol‘a{@b at reouq:ga,o 1187
pr e wai-er—bathoHt O—tegreesr< “—"'e th, 1558
ol r| c-jpr n(:]Il{"f as_viscous vellow oilk. T3
bel % @Bbws| t hd?S mullat ed®Bi st ill | at?38n, Vi scé%?zt y, hnd 1278
poufBRs@Pnt @and *€%%ud |poi N#N0dat a of 128he a|-kyl deasd 1305
ol fTEr@ed.£ prodects qf tﬁ@aol effi i 2@l XTPT € HEra ne 1335
pr esence—of{+sobut anﬁ.~ tabt-e3fxanpte—s: —

10

15

" in the in Table 4,

. The da,fa showh in Table 4 clearly indicate that the amount of isobutane added
to the reaction does ihﬂuence the boiling range of the producéd oils. As shown
there are more in-the lower boiling cuts at higher
concentratlon of |sobutane in the reactlon This mdlcates that more alkylation is
When- more
isobutane is present_, 1-decene alkylation with iC4 to make Cq4 and decene
dimer alkylation to make Cas will ‘

taking part in the reaction when more isobutane is present.

be more prevalent than at lower

concentrations of isobutane. Therefore, the degree of branching and

oligomerization can be tailored by the choice of olefins, isoparaffins,
oleﬁn/isopérafﬁn rafibs, cohtact time and tﬁe'reaction conditions.- '
The alkylated oligorﬁérs will no longer take part in further oligomerization due to
“capping” off their olefinic sites, and the final ohgomenc chain will be shorter
perhaps than the normal oligomeric products but with more branching.
While the oligomerization pathway is the dominant mechanism, it is very clear
. that alkylation of 1-decene and its’ oligomers with isobutane.d'oes ta'ke part in
thé chemistyy. |
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A igonerization of 1-Decene in lonic Liquids in the

Presence of Varying iso-Butane Concentrations
wohgresdozat i on of 1-decene was carried out i nPaTIUSRMG6/046944

1- butyl - pyridi nium chl oroal um nate in the presence of

varyi ng nol e% of isobutane. The reaction was done in

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

procedure bel ow descri bes, in general, the process. To

42 gm of 1-butyl-pyridiniumchloroalumnate in a 300

cc aut ocl ave fitted to an overhead stirrer, 101 gntof

Td gene,_an . m of i soputane were added and t

o A e LR ) HOgRiigP dicheqgauctS obtained
mtframddtes:dacmrmdfhebreecactor and then, started the
stirring. The reaction is ex:gt_%g%-c andthe '
tenperature quickly junped t . The tenperature .

5dr opped down qU| ckly to the md 40s and was brought up

{q-50-C-act e e rEARH SO e EepE e of
tHe reacti ;tr;t H%%_ﬁq'ltlgqreac‘tl v ACeT gorously Stir 8/'0“

far albut [an hboth at |t hel&ut ogeni d4ﬁrespure1QIDhe 150

st s—sd ed—anc e ireagtizon—was ed—to -
R E@‘Eﬁowa >0 BYPEY, . o :
roonlt enperature. The czlr?toglnts vverbemal I )\Ned7t0 setfl e11 14

anthE’r@"r'@rganﬁé Arayer (i¥nTscipl £9.63the i 0ABS |1 gui dy0.21

wWas gRganted of fandjwastred writ 01N KO agyeous 55
sgl ution. [The recovered oils were chara¢terized wifh
si|nuPgindd |di st ati on, HDni ne anal ysi $, viscosity,

Vi[STeRGGY | ndices, and pour angd clhoud poimtSggiabdt E 4 5g
bel ow show the propenties of the resultiing oils of
diff f EP8Ht [1- d&%ene/ijsobt4ane fatios. All the

refactions were run fgr approxipately 1 hr_at 50

,d\_nraac C-ln—th of 20 amof ionic-liguid
J h

c UQR’EV‘?TabI e 4 The|data shown in Tabl ¢ 4 clearly
iﬁfdm:attmrt hat Bhe anpunt0.@d i spbutape added 3.8 the 6.1

A thnon hakl i A~ randn Af f'!na

Ml H=C | n
reClLaLIUII U CO |IIIIUCII\.¢C Lll\, DU T T g T artyg T O T TC

produced. oils. As.shown :
The ol1gomer|zat|on/alkylat|on run @ 1 decene/|C4 ratio of 5.5 was repeated

" several times at the same feed ratios and condntlons The V|SCOS|ty@1 00 in the -
' repeated samples ranged from 6. 9-11 2. The VI ranged from 156- 172. Al the
10 repeatéd samples contained low boiling cuts (below 775 degrees F) ranging ‘
. from 10%-15%. The low boiling cut appears to mfluence the VL.

The Bromine Numbers shown in Table 5 are much less than usually observed
for the 1-decene oligomerization in the absence of isobutane. The Bromine
15  Number for 1-decene oligomerization in the absence of iC4 is in the range of
7.5-7.9 based on the catalyst, contact time and catalyst amounts used in the
oligomerization reaction. Table 6 below compares the Bromine Number
analysis of 1-decene, simultaneous oligomerization and alkylation of 1-decene,
1-decede oligomerization only products, and the alkylated oligotners
20  (oligomerization followed By alkylation). By looking at these values, one can

see the role of the incorporation of isobutane on the olefinicity of the final
‘ products. o
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in the in Table 4, there are nore in the |ower boiling

cuts at higher concentration of isobutane in the
woeeriorgin7 Thi s indicates that nore ai kyl ati onPCE/US2006/046944

taking part in the reaction when nore isobutane is

present. \Wen nore isobutane is present, 1-decene

ai kylation with i C4 to make Cl4 and decene di ner

ai kylation to nake C2 will be nore preval ent than at

"l ower concentrations of isobutane. Therefore, the

degree of branch| ng and ol i ggmélszatl on can be

ta |nrnn| hyo_t chaotl e nf he |cnnnr aff ne

ol bf i NAIEDar b af fh r ap"%%me"mf Ofch -t NTHSCERE t hp Alkylated 1-
reacti on cond| Decerse | Thith &b kydiet edomgorgeﬂmm)nw Il @ecene

| onger take part in Libt hk?b rTqoll,/gorner_i zation duge to

“capping” of f|their pl'etihrd"Siies, and the fipaf'gomers with

ol gorrerl c chain wil| be sChc()rter per haps than.the iCy
no BT T C pT bducts—but—wit || rote—branch 6

~Wh I e tl\ﬁje %%i gomer i zati on pat hway| i s .t he domi nant
mechani sm it{ididery clb'e'hr(2t2hat ai kyl a?t.90n of 2.8
1- deceneand T ts ot Tgoners wthsobutane—does—take

part in the chem str fy Tabl e 5 bel ow conpares sone
phy&.fP’@HPe brBer dataofdhe eyl gied glicersedn peddysts andthet preducts of

r eaﬁé |sﬁﬁ§lté?feoT§Wllgonﬂeﬁi’éﬂoﬁ/aﬁkyulﬁ)n are very Gomparable. when higher
oneri zati on/ al %atlon run @ 1-decene/ | ?

55 §%€Rﬁ§"tfaé$5’é’§1°&?4% Hchyded; indie rractipe same feed ratios’
and conditions. The viscosity(c) 100 in the repeated
sanples ranged from6.9-1 1.2. The VI ranged from
156-172. Al the repeated sanpl es contai ned | ow
boiling cuts (below 775 degrees F) ranging from

10% 15% The | ow boiling cut appears to influence the
VI. The Brom ne Nunbers shown in Table 5 are nmuch | ess
t han usual ly observed for the 1-decene oligonerization
in the absence of isobutane. The Brom ne
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Nunber for 1-decene oligonerization in the absence of

iCis in the range of 7.5-7.9 based on the catalyst,
woani7acseot i ne and catal yst amounts used i n t hePCT/US2006/046944

ol i goneri zation reaction. Table 6 bel ow conpares the

Brom ne Nunber anal ysis of 1-decene, sinmultaneous

ol i goneri zati on and al kyl ati on of 1-decene, 1-decene

ol i gomeri zation only products, and the al kyl ated

ol igomers (oligonerization followed by al kylation). By

| oalthags elairhéere val ues, one can see the role of the

i ncorporation of isobutane on the olefinicity of the

final products. Table 6 Brom ne Nunber data of the

al ky| at Aobrobés@o‘nemamrgraom.ecmuamhm kempbagils tempfisih§ie

-simulta I zatlon/a k o0.ane
conpar agﬁgﬁﬁ%g fé‘%%[ﬁer &3 ﬁ'{‘?é’%‘?&ﬁs '?fﬂ’setf’@n ionic liquid
5i ncl uded‘iQQQOtlpeaonemt dw;ahenaat@hammédlonS' 1. A

Process réé&/egﬁ%bﬂ %Iié'or];l%J éiocgl?ijerp G RN SRTRT ggﬁj’lonlc liquid

conprising sin ream conprising on
nor e ol @hgmem@tlan Zpp@i ¢ |iquid ol.i gomerj zation zone

at ol i gpEBdihg Bld QRyorRNELY bRARic lﬁf%?fﬁ¥§"été‘9n@§n isoparaffin to a
oligonerized olefinic internediate from sal rﬁ)

i qui d STGHHA plkyerien zormeomprgag Ap ackkc em'pmﬁmmt@domc

100l ef i ni q]qu,a;armtm(ﬁaq.oag é,ﬁppar affin to a ionic
liquid al kyl ation ﬁf onpri sing an, acidic

chl or oaf tHAVREPS 2D GHIYE ﬁam.tae Iof¥C ligyid piiyladign zone comprising an
condi t i alkylatehdligoaesricasrogigstan ef fl uent fromthe ioni'c
l'iquid alkylation zone conprising an al kyl at ed

ol i'gonmeric product. 2. The process of claim1 wherein

t h&-t oniToe|progeisd Céblayhatwmremhe idnic tidped adqujlonmeaurther

158r nst ed c8fipfses a Bronisted acid.

3. The process of claim 1 wherein said alkylated ollgomerlc product is used
as a fuel or a fuel blendstock.

20 4. The process of claim 1 wherein said alkylated oligomeric product is used
as a lubricant base oil or a lubricant blendstock:

5. The process of claim 1 wherein the mole ratio of oligomerized olefinic

intermediate to isoparaffin is at least 0.5.
25 - '
6. The process of claim 1 wherein said alkylated ohgomenc product has a
Bromine Number of Iess than 2.7.
7. A process of claim 1 wherein the alkylated oligomeric product has a
30 TBP@50 of at Ieast 1000 degrees F by Simulated Dlstlllatlon and a

Bromine Number of less than 4
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3. The process of claim1 wherein said al kyl ated

ol igoneric product is used as a fuel or a fuel
wohermdssoeck. 4. The process of claim1l wherei nPERIUS2006/046944

al kyl ated ol i goneric product is used as a | ubricant

base oil or a lubricant blendstock. 5. The process of

claim1l wherein the nole ratio of oligonerized

olefinic internediate to isoparaffin is at least 0.5.

6. .-The process of claim1l wherein said alkyl ated

ol I@orrerrhe RoQb G cltih PwRERIA S8a Mikyhesd Qiﬁ%dneé?rﬁ: prealct has a
2. 7. A process, of claim 1l wherein the kyl at ed

ol i goneﬁremmed&%?efh%fée%\s FBP&0 of at |east 1000

degrees F by Simul ated Di stillation and a Brom ne

ess th Cess O
whetel n EROSRyT B b S GHEeISHRRsaE S RaBitkd from the group
Brom ne okslusnb’mg ofisbtagand hsmpefsrtarﬁa anba mixtwe senpiisitigdsobutane
1vvhere||p]t”$p araffin.i's selected fromthe group
consisting O ut ane, isopentane, and a m xture
conpr|5|ng |sobutane and i sopentane. 10. The process

ai Mk MHELRI & ddigy Alkglat et kl.gewlbsmer.egrmucr%

subJ ecte t drogenation to pro uce a lowole

| ubri carfiub tgihydrogenatipe tgpiedese adew efefipdyhricant base oil.
jovherein .said | ow ol efin lubricant base oil . has a

Brom ne Nunber of less than 0.2 by. ASTM D 1159, 12,

The br ockEPEress iR Hhwhersin F'*H@ Iows glpfigyyuigant base ol has a

conpri si BgmMENOMbEPbElees BB 2eMBTIMEs 19591 east one

al pha olefin. 13. The process of claim1 wherein the

feed stream conprising one or nore ol efins’ conpri ses

at ﬂéastTr@pméa 8baidinal sihegdie tred feled strleefn consrisingesne or more

15 - - "olefins comprises at Ieast one alpha olefin.

13. The brocess of claim 1 wherein the feed stream comprising-one or more

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

20. 14. The process of claim 1 whereln the feed stream comprlsmg one or more

olefins comprrses a mixture of alpha oleﬁns

15. The process of claim.1 wherein the alkylated oligomeric product is
subjected to hydrogenation to form a low olefin content élkylated
25 oligomer.

16 The procees of clajrn 15 wherein the low olefin content alkylated
oligomer has a Bromine Number of less than 0.2 as measured by ASTM
D 1159. |
. 30 . . .
' 17.  The process of claim 1 wherein the ionic liquid oligomerization zone
comprises an acid chioroaluminate ionic liquid catalyst.
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14. The process of claim1l wherein the feed stream

conprising one or nore olefins conprises a m xture of
walpitargdoef i ns. 15. The process of claim1l whePeTwskive/ 046944

al kyl ated ol i gonmeric product is subjected to

hydrogenation to forma | ow ol efin content al kyl ated

ol igoner. 16. The process of claim 15 wherein the |ow

ol efin content al kyl ated ol i gomer has a Brom ne Nunber

of less than 0.2 as nmeasured by ASTM D 1159. 17. The

pr agessTRE pfdcakbiche sinbrbinant Wn&lrddl&ﬁhgbmenzatlon zone and
ogoneri zatl on zone conprises an acid oroalu

oni o | PR daadaYoAs, comme e, B eat AR IUd Catalyst.

wherein the ionic lIiquid ogonerization zone and the

ioni.c I'iguid alk tion zone, G d
o ¢ rupteeat o et 1 g ErenaRg ot Bt hidf fftion zone and
5v\/ner ei ntherienicdiguid dikydatich airiegameprisedhe samedosic aqdndtdmlyst
ionic liquid al kylation zone conprise the sane ionic
liquid catal yst. 20. The process of claim 19 wherein
t h&0i. oniTbe Iprepgissl ohtleirh 40 \m\ermrtbeﬂth krprid akkm@mps &gne further

Brnsted c@r‘hbﬁses a Bronsted acid.
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