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r eadfrpin ‘siniten iseltoindhatiheyhaive dou §8iing pomitsiferyexamiples from -100
hundred grams (2.91 nol.) of thesdried.

1-butyl - pyr|d|n|un1chlor|de mere transferred to a
2-Liter beaker in a nitrogen atnosphere in _a glove

box. Then, 777.4 gm (5.83 nol.) of anhydr ous "powdered
Al C13 (99.9996fron1Aldrich) were added in smal

portions (while stirring) to control the tenperature

of the highly exotherm c reaction. Once all 25 the
Al O a was added, the resulting anmber-1looking liquid
was left to gently stir overnight in the glove box.

R 2Profugt ppving greatly



WD 2007/ 078595PCT/ US2006/ 046908 ri CH3 N, cr 2 Equiv.
AICIS Exanpl e 2 A iqonerization of 1-Decene in lonic

Wogo §s i n the Present of iso-Butane 5 PCT/US2006/046908
|gomsr| zation of 1-decene was carried out 1 n acidi

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

10 mieg%s'@‘toimommm. lﬂwﬁ:ﬁmﬂttsﬁenmto/\th!lqiMme atvieey wide
presence HCl as..a propot.er. .Th roc I
Hesdiaative Hrger g sdhe FRVE 5 508 B GG D' @rees c or
1- batghler. phohicdiguids me:@érmr@w non-valsite lvﬂthéef%fhlelgﬂn@capor

1 BRI e o g PR AR B e sebfprf for 2 vice

gut qatigty of mrigaﬁﬁnab@dchbﬁﬂprrﬁeﬂHh@fterHG was .
i ntroduced and the stirring started. The reacti on was
heated to 50 C. The reaction was exotherm c and the

t enmree propeRticdWr wza/hqbum BedtahSre€b ém@mgemeeammam anion

in few mnputes went back dovvnto 44 nd vva? br ou

up PEHG. E"Cd'ﬂéuﬂf andesamesel hein comeersial GPplc '9“%€"erq9é&”bed :
at  ahtbmbitOth J. mﬁehprreeﬁ Eﬂ@térchﬁél sztlssﬁgs@g@@vw Phys

Br essure (- at nosp heric preSsure I n thi case

he ConpenseddVaties. %f%tppé"&BaBaQﬁé’Gr(&%%ﬁ)q Gheriss amcﬁrweemg
RNeW&! N@F@@f P08, %2-31ih§ IRafr &¥ie \'\Bészﬁhbﬂmﬂégép and Chem.

settle and 't ani c | ayer (|rTmSC| he T onic
i gty 9@/@’3@7@6@%%‘@?%%9 apitenls s winiohiare herebxincopporated by
aquEé;f §€I ution. The colorless oil 20 was anal yzed
simulated distillation and brom ne analysis. The
Brom ne Nunber was 2.6. The Bronmine Nunber is'nuch

A0 il Gl SHRELVAFoh g i AR o s are
Br offiase fowneddy reecting-aleitrepen- od:rintgiumrhez@tocmC ring (gyslic
e preeeph el Sor ARG BomdyS s ok aE@g ) with
25i an tahqlahhg ggenir(foz akarmopley amalkybinallde) toform a quatemary .
ammonium salt and performing ion exchange or other suitable reactions with
20 various Lewis acids or their conjugate bases to form ijonic lqu|dS. Examples of
suitable heteroarométic rian include pyridine and its derivatives, imidazole and
its derivaﬁves and pyrrble and its derivatives. These rings can be alkylated
w:th varying alkylatlng agents to mcorporate a broad range of alkyl groups on
the nltrogen including stra;ght branched or cyclic Cy2p alkyl group, but 2
25  preferably Cy.qz alkyl groups since alkyl groups 1arger than G4-C42 may produce
undesirable solid producis rather than ionic liquids. Pyridinium and
imidazolium-based ionic Itqu;ds are perhaps the most commonly used ionic
liquids. Other amine-based jonic liquids including cyclic and non-cyclic
quaternary ammonium salts are frequently used. Phosphonium and .
30 sulphcn‘ium-based- ionic liquids have also been used.

Counter anions which have beén used include chioroaluminate,
bromoaluminate, gallium chloride, tetrafluoroborate, tetrachloroborate,
-5-



Table 1 conpares the Brom ne Nunbers of the starting
1-decene, 1-decene oligonerization products in the

i C4, 1-decene ol igomerization _
wo %%%%595PCT1U820061046908 products wit h%”?%i?,““"’“m
and the al kyl ati on products of 1-decene oligoners

VVI t he%fﬁ@ﬁﬁ)hb%atér itt=fe, krifirembiand sul@red) encthylsulfonate, p-
aIkIat|onof h 10 nol %

(gj]rrerl zation- fl] l%ecene W
e heRRflUsrostivenatss hexafing i 4
¢l kYétﬁcﬁﬁrohlurﬁﬁﬁét@n%t@b#oﬁﬁiéﬁ!rﬁmﬁeoﬂéﬂ&ﬁlo?ﬂt@’q@ﬂr&% hién,

copper dichloride anion, iron trichloride anion, antimony hexaﬂuonde copper

5 dichloride anion, zinc trichloride anion, as well as various Ianthanum
potassium, lithium, nickel, cobalt, manganese, and other metal ions. The jonic
liquids used inthe present invention are preferably acidic haloaluminates and
preferably chloroaluminates.

10 The form of the cation in the-ionic liquid in the present invention can be selected
from the group consisting of pyn'dinibms, and imidazoliums. Cations that have
been found to be barticulérly useful in the pl;ooess of the present invention
include pyridiniums.- '

15 Preferred ionic liquids that can be used in the process of the present invention
~ Include acidic chloroaluminate ionic liquids. Prefetred ionic liquids used in the’
b_resent invention a‘re‘acidic pyridinium chloroaluminates. More preferred ionic
liquids useful in the process of the present invention are alkyl-pyridinium .
chlorealuminates. Still more preferred ionic liquids useful in the procéss of the
20 preseht invention are’ alkyl-'pyﬁdir}ium chlcrdaluminates havihg'a single linear
alkyl group of 1 t0'6 carbon atoms in length. One: partlcuiar ionic hqwd that has
proven effective is 1-butyl-pyridinium, chioroaluminate. )

In a more preferred emibodiment of the present in\_/enﬁor! 1-buty!—pyridni_um

25  chloroaluminate is used in the preéenoe of Bronsted acid. Not to be limited by
theory, the Brénsted acid acts as a promoter or co-catalyst. Examples of
Bronsted acids are Sulfuric, HCl, HBr, HF, Phosphoric, H, etc. Other strong
acids that are profon donors dan also be suitable Bronsted acids.

30 The Feeds
In the process of the present invention one of the important feedstocks
comprises an olefinic hydrocarbon. The olefinic group provides the reactive site
for the oligomerization reaction as well as the alkylation reaction. The olefinic
-6-



The data above suggests that the in situ
ol i goneri zation/al kyl ati on (where isoparaffins are

W()Etﬁ%%bgtwd into the oligomerization reactor)pdfpeiolfieons

h I ow ol efin concentration. The data in
Tabl el comapres the olefinicity of the 10 products _
f r ohydracasberucar hepafairhi pae btefinialhivgiioadrbon cpira e bs awnikture of -

' my he duct b d f
P Y ABTR EnB At hiF RS a S el i e
st eplefi mabydrocarborEml?ﬂ feriinal dlﬁ“rﬂgn@tpmrolerm? oocandfe iaternal
h n e, Presence o
Bt B ezl GElpe R " T SichilG BRUBETBER aifn S5 thaither
fias sindigigchainios Béiniched drea mmemactaf Ths ﬁéﬁd&s@ﬁﬁs @deablédn the
: tio .congdi t.i ons d d earlier for

ol | SR IBBReNCaBt gl GRS e Fudt i TRl parafin.

| s o b umatme eﬁ'ﬂ:?ﬁmﬁiﬁt of mtelpf@sentmv@moh Lthé dlefhitFéad &m’r’&.saﬁla
Cco-ca aut.ogeni C re. Ssure

The ‘8819&?‘9 &@%‘é’ﬁfg}%’f ﬁ'?qlﬁ 30 | 'I?aql%ﬁny"ﬁe 2&9#?@1}/ but

t hendtlentiryedlphwsiefiisnsed W|th hexane, which was .
decant ed @ff and added to the products. The products

16ng tlanalbenembogimgnielthe presantdoveniieo, the alRinigterd can
I eNBotAprRat RSl sb/a) of%%ufyl&alﬁha bafin 9;5&%& ¢ layers vere

coll ected and dri ed over dr ous

Conc eft@nghpampenimant ofiifg preé%tweatlm ﬂ@a olefnicifeed can be
Pr e&diihred bf‘aﬁN)ﬂ@tﬁﬁ frBﬁ‘ltfbhlgﬁ guﬁtg ﬁ%ﬁﬂéﬁﬁﬁhﬂ)_ﬁg@@ﬁxgy Brocess

ol i gonmeric product as Visc
bel B2 Ay alYiepe ofigamarizatien. Di sti | | ation, viscosity,

5’"” d pRYhL eﬂﬂoﬂﬁn de l‘f\le?ﬁ’%jenpﬂ\/&#ﬂoﬂ%ﬁleq;r &t %?th@ldﬁ%ﬁhgztfggd to

onmeric produ tso m Xt
pr e%érﬁ’é@e@ﬁ of the brasanignveniibh eoRpssasithagmalBerackddhydrocarbons,

ai %@ébﬁ‘y &Ec@dl\ﬁa}c fdre ﬁ‘érferxgly c%kgd VB P 4 Flggﬁ%rﬁ?gpsdh
(Fl') prooess A process for making olefins by crackmg FT products is disclosed
 inUS Patent 6,497,812 which is incorporated herein by reference in its ‘entirety.
20 [h the process of the présent invention, ancther important feedstock is an -
isoparaffin.’ The simplest isoparaffin is isobutane. - Isopentanes, isohexanes,
isoheptanes, and other highef isoparaffins are also useébl,e in the process of the
present in\fention. Economics and availability are the main drivers of the
isoparaifins selegﬁor‘i. Lighter isoparaffins tend to be les's"; expensive and more
25 a\'/aiiable' due o their low gasoline blend value (due to their relativeiy High vapor
pressure). Mixtures of {igﬁt isoparaffins can also be uséd in the present |
invention. Miktures such as C4-Cs isoparaffins can be used and may be
advantaged because of reduced separation costs. The isoparaffins feed stream
may also contain diluents such as normal paraffins. This canbea cost savings
30 by reducing the cost of separating isoparaffins from close bofling paraffins.
Normal paraffins will tend to be unreactive diluents in the process of the present
mventron
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5 1384 PhyS| cal Properties:

In an optional embodiment of the present invention the resultant alkyiated
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, stii! more preferably Iess
than 0.2. _ ‘

- Oligomerization/Alkylation conditions for the process of the present
invention include a temperature of from about 0 fo about 200 degrees C,
preferably from about 0 to about 150 degrees G, more preferably from about Oh-to
about 100, and most preferabiy from 20 to 70 degrees C. '

n summary, the potential beneﬁfs of the process of the present invention
include: o

* Reduced capital cost for hydrotreétinglhydroﬁhishing

. . Lower operating cost due to reduced hydrogen and extensive
hydrogenatlon requirements ' ‘

e Use of the same ionic fiquid catalyst system for oligomerization and
alkylation in one step process

. lmproVed branching characteri'stics of fhe prodiuct

. Encreased overall molecular welght of the product

» Incorporation of low cost feed (|soparafﬁns) to increase. hqu;d yleld
of high value distillate fuel or fubricant components

EXAMPLES

Example 1
Preparation of Fresh 1-Butyl-pyridinium Chloroaluminate lonic Liquid

1-butyl_—pyridinium chloroa[umiriate is & room température ionic liquid prepared
by mixing neat 1-butyl-pyridinium ch!'oride‘ (a solid) with neat solid aluminum
trichloride in an inert _atmospheré. The syntheses of 1-butyl-pyridinium chloride

_ and the corresponding 1-butyl-pyridinium chloroaluminate are described below.

In a 2-L Tefion-lined autoclave, 400 gm (5.05 mol.) anhydrous pyridine (99.9%

pure purchased from Aldrich) were mixed with 650 gm (7 mol.) 1-chiorobutane
-8 : .



VI 140 VI S@O00 7.34 CST VIS@0 42 CST Pour Point -54C
Cloud Point <-52 CBromne # 3.1 Exanple 4:

WO goiﬁgﬂﬁ%i zation of 1-Decene in lonic Liqui dSP(i:'ﬂggfbﬁaM@os

resence of Varying iso-Butane Concentrations
A igonerization of 1-decene was carried out in acidic

1- bbb Pk iplicRisE FHIMQNERINYITHEAEAL infixtuiewss st andfet to -
varyi ng mol €% of isobutane. The re_ag{')l%rwas. dooan in
t hestisAEERRTEAINGET FYEPIRNIC RIESFRAVET NIBRG ATRT SPOING) ot thge

Pr ogR6kEvR SR veifERahe Pesctioh ig#as dillited bhe dissolved in
To 42 gm of 1-butyl-pyridinium chloro

| um nat e, | .
300chigroterm of aesferred e fhyea fteh TN om ke ?3,0'“‘:%%'?_”3’“0" of -
gm pf ﬁéai'cﬁ&l@ g@ﬁ&r@'ﬁ rédlitet pPedilrdddn hfﬁ%’lﬁg{ A ol rgines Hedwater

and the aut ave was seal ed. Then 0. ; gm%n(i)f E)Cl
-washathkto semevsdencsss chipdde. enceasted piading sRd the cieregpm

the Stitti _ : C o ! Deors b

t oricliont it (aRByd BREMCE PPlrinc B GhEbfodebeudnBone by

dr oiipseivintpiive cytinsd solids in hes agetnacdteriRieing tsuRiFe product
up - s ; AR

of FouB ottt & W ot F‘S‘%“@%%““V?Qﬁ*rousﬁ
16t i vacedmfand heabon aaotahoeraparatorgave oo gem(&8% vields) pethe

The,stirrin S_S : 1 R SNTROWER i
{ o IGURP Pl BTGP RRE spBY shRE HEREIR s RENGEWE idoal
set for theadedirbd &-botygrpwmidiniiayehlorderaridys pricsenas af rapurdfiasevas,
[iquid S ant ed. of f- and washed with 0. 1N KCOH
aqgé&%"eﬁyﬁﬁ%ﬁnag’ - recovered oils were
characterized -with sinmulated distillation, bronine 20
anal ysi s, vi.scosi viscosity indic n ‘
11 ot pplokoaink et ek plgtAre By sBup it i
t hejiba@umdnﬁumidmﬁaé st fahaydrots dlundeyre chibiide PAICEh according
ratios.

the reactigns, were run for X] e
1o tae rollwina ot F1% Abobieedime i aRedhpRle %
i onjgschibadbsbveivak isibd un¥¥P vacuum at 80°C for 48 hours to get rid of
2007/ 078595PCT/ US2006/,046908 _'I_'gbl % 3 S| RW ST ., TBR..
( Wr%sgdupl water (1-butyl-pyridinium chloride 1s hydroscopic and readily absarbs
20 - water from exposure to air).-' Five hundred grams (2.91 mol.) of the dried
" 1-butyl-pyridinium chloride were transferred to a 2-Liter beaker in a nitrogen
atiosphere in a glove box. Then, 777.4 gm (5.83 mol.) of anhydrous
powdered AICl; (99.99% from Aldrich) were added in small portions (while
stirring) to control.the temperature of the highly exothermic reaction. Once all
25  the AICl; was added, the resulting amber-loaking liquid was left to gently stir
overnight in the glove box. The liquid was then filtered to remove any
un-dissolved AlCl3. The resulting acidic 1-butyl-pyridinium chloroaluminate was

used as the catalyst for the Examples in the Present Application.
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l = Hac/‘\,/\cl _ | L ZEquiv. AlCl,
~~ neat mixture, 125°C, S~ ’ @

{@antogenic pressure

Example 2 _ 7
' Oligomerization of 1-Decene in lonic Liguids in the Present of iso-Butane

Oligomérizaﬁdn of 1-decene was carried out in acidic 1-butyl-pyridinium
chforoaiumi_nate'in the presence of 10 mole% of isobutan_é. The reaction was
done in the presence of HCl as a promoter. The prbcedure below describes, in
general, the process.  To 42 gm of 1-butyl-pyridinium chloroaluminate in a 300

ccc autoclave fitted to an overhead stirrer, 101 gm of 1-decene and 4.6 gm of.

isobutané were' added and the autoclave was sealed. | Then 0.4 gm of HCl was
mtrcduced and the stsmng started. The reaction was heated to 50 °C. The
reaction was exothermic and the ternperature quickly jumped to 88 °C. The
temperature in few minutes went back down 1o 44 °C and was brought up to 50
°C and the reaction was vigorously stirred at about 1200 rpm for an hour at the
autoge,nir_;_' pressure (—-atmbspheric?pres‘sure in this case). Then, the stirring
was stop'ped and the reaction 'was cooled to room teniperatur'e. The contents
Were allowed to settle and the organic laye'r'(immiscible in the ionic liquid) was
decanted off and washed W|th 0.1N KOH aqueous solution. The colorless oil

was analyzed with simulated disiillation and bromine analysis. The Bromine
.Number was 26. The Bromine Number fs much less than that usually

observed for the 1-decene oligome'ﬁzatiorj in the absence of isobutane. The
Bromine Number for 1-decene oligomerization in the absencé of iCq4 is in the
range of 7.5-7.9 based on the catalyst contact fime and catalyst amounts used
in the ohgomenzatlon reaction. '

Table 1 compares the Bromine Numbers of the starting 1-decene, 1-decene
oligomerization products in the ,bresence of iC4, 1-decene oligomerization

-10-
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- products without iC4, and the alkylation products of 1-decene oligomers with

excess iCq.
Table 1
Material 1-- Oligomerization- | Oligomeérization | Alkylated 1-
' Decene | alkylationof 1- Products of 1- | decene oligomers
B Décene‘with 10 Decene/No iC,
_ mol% ICs

Bromine .
Number | 114 | 26 7.9 2.8

The data above suggests thét the in situ oligomerization/alkylation (where
isoparaffins are intrb_duced into the oligomerization reactor) leéds to oils with
low olefin concentration. The data in Table? comapres the olefinicity of the
products from in siu oligomerization/alkylation products‘With pure oligomers
and with the products obtamed from alky!atmg the ohgomers with isobutane in a
seoond step reaction.

N Examgle 3

thomerlzatlon of a Mlxture of Alp_h Oleﬁns m the Presence of iso-
Butane :

A 11‘! m:xture of 1-hexene 1-octene: 1-decene ‘was ollgomensed in the
presence of isobutane at the reactlon condltlons described earher for
ohgornenzathn of 1-decene in the presence of isobutane (100 gm olefins, 20

gm IL catalyst, 0.25 gm HCI as co-catalyst, 750°C, autogenic pressure, 1hr).

The products were separafed from the I catalyst, and-the I layer was rinsed
with heXar_le, which was decanted off and added to the products. The products
and the hexane wash were treated with 0,1N NaOH to remove any residual
AlCl;. The otganic layers were collected and dried over anhydrous MgSO;.

- Concentration {on a rotary evaperator at reduced pressuré, in a water bath at

~70 degrees C) gave the oligomen'd prbduct as viscous yellow o_ils. Table 2

below shows the Simulated Distillation, viscosity, and pour point and cloud

11



1148 TBP @O0 1155 1154 1120 1154 1187 TBP (c)80 1206
1205 1176 1200 1228 TBP @0 1258 1260 1242 1252 1278

wo 20T ofRBes 1284 1290 1281 1282 1305 TBP @9.5 popys2006/046908

. poi-nt data of the alkylated oligomeric products of the olefinic mixture in the

presence of isohutane.

Table2
Oligomers of
SIMDIST Ce,Cs™,Cro” W/ iCy
| TBP (WT%), ' °F
[TBP @05 313
TBP@5 450
TBP @10. 509
TBP @15 734
TBP @20 - 831
[TBP @30 953
TBP @40 1033
TBP @50 1096
TBP @60 - 1157
TBP @70 1220
TBF @80 - 1284
TBP @90 | - 1332
TBP@% 1357
TBP @99.5 1384
Physical
Properties:
i 140
VIS@100 7.34CST
VIS@40 42687
Pour Point - <54°C
Cloud Point <-52 °C
Bromine # 31

. -12-




1311 1326 1324 1313 1335 The data shown in
Table 3 clearly indicate that the ampunt of isobutane
wo 3 the reaction does influence the boi%'
0 aﬂ@&sg}o the produced oils. As shown 5 in Ta (}"igﬂ%z’(l()ﬁ/m@os
there are nore hydrocarbons in the |lower boiling cuts
at IIH__xg_@Ieénncentratl on of isobutane in the reaction.
- Thi ndi :
the S loteioia L LA o]
.mreso-antasmdwt@taeagnt 1- decene al kyl atl on with
I C4 to make Cu and decene di nmer al kyl ation to make
C24 will be nore prevalent than at | ower. 10

sONCHgbmetizaioa 6f 1gsenbanas Jdifediditein tbidicd dgneg-mfidinium
br anc l@? and oI| orrerizatlgn can b tallore b Jnﬂe .

chotRIgresfUynate; IR dhe prespace, pt Yatking SqleYe pf; is f e reaction
rat i@8.donent & pﬁésaﬁceam-mhss bgR6MbRA (@@whawe@nsrhemﬁcedure

al kyl ated ol jgoners will no |onger take part

f ur PREW éewsﬁermzeera%ﬂs toR PreESec apPi ‘H?gﬂ"bf)f 1%@v‘rPfodlnlum
ol efchlﬁkdéllﬁhlh% in @%Otd&%ufddﬂﬂe el 48R blérhebdbtitret 101 gmof 1-

be shorter. perhaps than the.normal oligoneric
1r oaa@etre anu:i 4@ ] %s@t@%wm%gdd%am%thﬁneuioclave was sealed.

ol i g‘ﬂ@ﬁ@%@%‘@ﬁ P RICT YR | rﬁoclfhﬁﬁd GABIHR PhaciBrCHad e, s’c&trted the
is very ear” that the a ation of 1-decene and
ol i glmivgs Ve reactiomnis &P‘i@fhéﬂ'@@ awwep@mpaﬁuwh@wckly Jumped to

Chegas oo D AIATS AEST BTN USRR0R HORRPATEAE v brought

bel ow Conpar es properties
pr odpdﬂsﬁ&a‘fﬁ and &ept abanouné 508G der thesrentairrien|oé e Tr%aﬂtl@n time.

1% %8 QE%OQ M%S vigorously stirred for about an hour at the autogenic pressure.

The stirring was stopped, and the reactlon was cooled to room temperature

‘The contents were alltJWed o settle and the organic layer (lmmisclble in the

ionic liquid) was decanted off and washed with 0.1N KOH aqueous solution.

The recovered oils were charactenzed with Simu!ated distiliation, bromine
20 ana}ySIS viscosity, v15003:ty mdices and pour and cloud points.

Table 3 below show. the properties of the reeulti_ng oils of different 1-

depenelisobutane rétios. All the reactions were run for approximately 1 hr at 50
dégrees C in _the‘ presence of 20 gm of onic liquid catalyst:

13-



a (Pi C4=1 C10/1C4=4 C107i C4=5.5 0107i H4=.9 VI 145
171 148 190 150 Vis@OO 9.84 7.507 9.73 7.27 11.14

wo WoS@ARe61. 27 37.7 59.63 33.5 70.21 Pour Poi nferfidanndiuceos
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15

_ : ‘ Table 3 - _
SIMDIST | C107iC4=0.8 | C1g/iC4=1 |- Cio/iC4=4 | GC1oiC4=55 | C1g/iC4=9
TBP (WT%), | - -

- .

TBP @05 o1 | BT | 82 | 3® 331

TBP @5 340 362 539 605 GRS

TBP @10 5 453 663 746 775
TBP @20 | 612 ges | 792 8% 596

TBP @20 798 82 894 828 586

TBP @40 537 T 963 996 1054
TBP @50 1031 1041 007 7059 1905
TBP @60 7068 1089 1067 1107 1148

TBP @70 1155 1154 1120 1154 1187
TBF @80 1206 1205 1176 1200 | 1228
TBP @80 1258 1260 1242 —Tsa | 128
TBP. @95 1284 1290 1281 1282 1305
TBP @995 731 1326 | . 1324 1313 1335

The data shown in Table 3 ciearly indicate that the amount of isobutane added
to the- reaction does influence the boiling range of the produced ofls. As shown

in Table 3, there are more hydr@barbo,ns inuthe' lower boiling cuts at higher

concentration of isobutane in the reaction. This indicates that more alkylation-is
taking' part in the reaction when more isbbutane is present. When more
iéobﬁtahe is present, 1-decene alkylation with iC4 fo make Cis and ’decené
din"ier alkyiaﬁon to make Cg ‘will be more ' prevalent than at lower
con_centfatic)ns of isobutane. _Thérefore,' the degree of bfanphing‘ and
oligomerization can be tailored by ‘the choice of olefins, isoparaffins,
6leﬁnlfsopafafﬁn ratios, contact time and the reaction conditions.

The alkylated oligomers will no longer take part'in further oligomerizations due
to “cépping” off their olefinic sites, and the final oligomeric chain will be shorter
perhaps than the normal cligomeric products but with more branching.

While the oligomerization pathway is the .dominant. mechanism, if is very clear
that the alkylation of 1-decene and its oligomers with isobutane does take part
in the chemistry.
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Table 4 below compares some physical properties of the products obtained

from the reactions of Table 3

Table 4
“TGI07iC,=0.8 | C10fiC=1 | C107iCs=4 | C10/iC4=55 | C10°/IC4=0 | .

Vi | 145 i | 148 190 | . 150
Vis@100|  9.84 7507 9.73 757 114
ViS@40 | 61.27 577 5963 | 335 | 70.21
Pour ' . -44 _ 52
Point 42 42 o

Cloud | . ) 69 -28
Point |  -63 64 ‘
Bromine | : o _ .
Number 3.1 079 2.2 3.8 6.1

© The oligomerizatiori/alkylation run @ {-decenefiC; ratio of 5.5 was repeated

several fimes at the same feed ratios and condltions The v1$cos;ty@1 00 i in the
repeated samples ranged from 6.9-11 2. The VI ranged from 156-172 All the
repeated samples contained low bo:img cuis (below 775 degrees F) ranglng A
from 10%-15%. The low boiling cut appears tq_ influence the V1.

The Bromlne Numbers shown ln Tab!e 4 are much less: than usual!y observed
for the 1-decene oltgomenzation in the absence of lsobutane The Brormne
Number for 1-decene oligomerization in the absence of iCy is in the range of

_7.5-_?.9 based on the catal_yst,'contact time and catalyst amounts used in -the

oligomerization reaction.

As shown above, concurrent alkylation and oligomerization leads to oligomeric
products with desirable ‘Bromine Number, VI, viscosities, and pour and cloud
points.v

5.
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repeated sanples ranged from6.9-11.2. The VI ranged
from 156-172. ni the 10 repeated sanpl es contai ned

| ow boiling cuts (below 775 degrees F) ranging from

10% 15% The | ow boiling cut appears to influence the

woMbe7,0hkes Broni ne Numbers shown in Table 4 ar@°HEA06046908

| ess than usually observed for the 1-decene

ol i goner i z?ti%g. in the absence of isobutane. The .

Br om’ W&t WFHEr for 1-decene oligomerization in the
absence of iC4 is in the range of 7.5-7.9 based on

the catal ¥st.. :SONLAS] alddifard Atk €ahBbMEHE oRIBHENS coiBBhent,
in the 6f|goner|zat| n reaction. As shown above,
concur cemprigihkyl ati on and ol i gonerization leads to

Ol i gONBL et P LARESaM: t AlkASRinT @RY eoligbeitingioNumbar common
VI, viScosities, and pour and cl oud 20points.

: P, _
CT/ US208RcEp0AGeDY 8oNestiDo 9 ASPBIOEPRAY o' Ot AT igne and
is: 1 4 BreFeTdmpREngBdrensr andit Sikdgaraffires, fudedrein an olefin to

conmponent or_ |l ubricant conponent, conprising: s
per f or IFCRGAEDTBR rain 'n§F%§$@WB ﬁé%ﬁﬁar'?%?ﬁ’eg'é réllefaf" LPPonth
in a cepmmst 2omPAGHE Gih zohie kilomahinzidte nignia Euikdnat is a

conpri sing one, ar e ol efins and e - :
conpr i §TWZV]'BH‘@"B'I’mprOéO?Q%'Bgﬁng iengf%saﬁﬁwcreer(gi@ntor'?Sted acid to
ol efit N fdren hﬁ@ﬁﬁéﬁd{ d;l':@onvatie oprchbbhaLTg h@r?n':mﬁdwt mber of less
reactign zone is at |eas .5, wi a catalys
conprigﬁﬁﬁfan acidic chloroalumnate ionic liquid

that is a 1-butyl-pyridiniumchloroalumnate in the
presence of a Br ted acid to. &yl db&ekt n

ol i g%ngﬁfaoor?ﬁﬁéﬁl?gfgrzﬁgjiV%érgln@%b#ngkgét%%@%@ of Tesg 0@
t han 4Brémingéhunbeocékss dfancd.ai m 1 wherei n sai d

al kyl ated ohgoneric product has a Brom ne Nunber of

| ess than 3. 3. The process of claim1
wher®i mheaireteas lof tlaitve d whiereo said iabylatagdiigemprc predyct is used
15as a _fue] dstock. 4. The process of
claim £° \Rﬁuel% a?uél B%lng%lkg{

erel n sai ated oligoneric product is

used as a lubricant base oil or a | ubricant

bl endstock. or - Qf: ' j a6k used
al ky‘lg‘aﬁgg pé?(;l%a%;r-{s]oﬁal'@ 18‘&@ ulg_% faﬁgisl,@gd%d}%%ﬁﬁ'g% ur?‘ger of

| ess t lam I2hizantd@se ohope bbdeant PlspdsaRs ng a fuel or

| ubricant, conprising: - passing a m xture conprising
one or nore olefins and an isoparaffin, wherein the

m xt&ir @hegsocesani slaimtl whereint srid glkgaise qfigeraeny wpfyd has a

to the_éréﬂ}’]@rl\ﬂfrrﬁtﬁ;'ﬂor’lfeth-hgnQ.rT.gr eater, to an :
agonerization and al kyl afi on zone, which is a common
reacti on- zone, conprising an acidic chloroal un nate

25 1 @ni ColLaulics hhatg %%e@or]mlgﬁgaﬁi, coprigiigni um

chl ofoal umnate, at ol igonerization and alkylation .
condi t iPGRSING BoMbdHIR GATRISI| %A B19 Y OIREPS @nPrhroparamn,

havi ng \gheFBR @O nitfiudt hdsea $iold Biodsighe eae Gr biyorSIddBhSTo the
and a Brom ne Nunber of | ess

than 4. . 1.
The pr otwBeiT obba #h ealer 81 ERETBFYISREIC, Ak yijeh zone.
and al kyli@d isancaamen 384dibtr Rene, comprisisg anacBiiedderediuminate
acid. 8., The process of clajm6 rej €. oyt
" sopar i i el i PuE PEREE 2 qiaemszaton
i sobut amg,alkysape Bbaditinns andoren an alkylated otigrprdrisiprepiuct having a
i sobut I sopent.ane : 1. i fhb
of ol ai B Rh et RS Heaen G Y SIMRISTndY g Refoer

i s Ssulyfesstédinto hydrogenation to produce a | ow
ol efin [ubricant base oil.

7. The process of claim 6 wherein the oligomerization and alkylation zone

further comprises a Bronsted acid.
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10. The process of claim9 wherein said |ow olefin

| ubri cant base oil has a Bronine Nunmber of |ess than
0.2 by ASTM D 1159. 11. The process of claim6
wherein the mxture conprising one or nore olefins
conprises at | east one al pha olefin. 1012. The

process claim.1

ol ef %nsTrl?oWB??%ég é{mwsévgg e Bﬁl% e?%ng sg@g‘ﬁ% ﬁlﬂ%me group
al pha %@%]sﬂh@@hmt&@neltsopéﬁh@’tqaﬂ%@géixb*fe @cpramrﬁ:irmsobutane
wher ei n rtgp 1 tngre conprising olefins consists of a

m xt ur e? %[iﬂ ol ef i ns. 14. The

process of claim 1l wherein the alkylated oligomeric

P Od:én 'Elgaitp%c%%g bj ¢ tla“?rﬂ éowltf@fglﬁ ot@:@ nQHIé%Qd tdﬁg&rﬁérﬂﬂ %rdd@\ﬁf is

ol ef ed ol process of

cl ai m lgubjdueodd hycurn@enabwn ol ms@qiuq:e @é@W elﬁfm blbk@ﬁnéP%S& oll.

ol i goner has a Brom ne Nunber of less than 0.2 as
measured by ASTM D1159. 16. A process for neking a

| ubr i10aTHe pooessr disilainy: 9 poefedT asid dpve piel ubgpRNt base oil has a

2l oyl ot I Ak QPR STHEAES BPaSTM® pron [ eact i on

zone by Contact stream conpri sing one or nore
i soparaffins and haV| ng a nole ratio of an olefin to

the qnenor pFE%e?s o? %Bﬁ'ﬁ%f %Ql%lrpﬁheomﬁd&élﬁﬁ\%ﬂélﬁg omet & more

an acidic ironrc I'tquid catalyst but yl

pyri di nelefinsciemprised aiisaskene al@Piefingr onst ed aci d:

wherein the lubricant has a viscosity(c)100 from6.9

to 11.2. . 17. The process of claim 16,

wher gi2nThéprobessrdf ciaim 1 hebemeindha MXfUTR £EMANISHY ¢lplls comprises

25145 t o 19050 fB1e N aRMGRAAShelspedrs 6, wherein
the | ubr| cant m pour@pmgnt of -SEZC of | ess.
13. The process of claim 11 wherein the mixture comprising olefins consists

of a mixture of alpha olefins.

14. The process of claim 11 wherein the alkylated oligomeric product is
: subjec-ted 1o hydrogenation to form a low olefin content alkylated oligomer.

15. The process of claim 14 wherein the low olefin content alkylated oligomer
has a Bromine Number of less than 0.2 as measured by ASTM D1159.

16. A process for making a lubricant, comprising: performing Co'n'cu-rrent
alkylation and oligomefization in a common reaction zone by contacting a
stream comprising one or more isoparaffins and having a mole ratio of an
olefin to the one or more isoparaffins of 0.5 or greater with an acidic ionic
liquid catalyst, ;chat is 1-butyl pyridinium chloroaluminate, and a Bronsted

acid; wherein the lubricant has a viscosity@100 from 6.9 to 11.2.

17. The process of claim 16, wherein the lubricant additionally has a VI from
145 10 190.

18. The process of claim 16, wherein the lubricant has a pour point of -42°C

of less.
17



