WD 03/070670 PCT/ US03/04838 1 1 HI GH VI SCOSI TY POLYALPHACOLEFI NS 2 PREPARED
WTH IONI C LI QUI D CATALYST 3 FIELD OF THE I NVENTION This is a Division of
Appl i cat iwo iSle7060@/ 588, 103, filed May 31, 2000, now al | owedT/USA3/d4388 pr esent
i nvention relates to the preparation of high viscosity 5 pol yal phaol efins
prepared using an ionic liquid catalyst. 6 BACKGROUND OF THE | NVENTI ON 7

Al phaol efins may be oligonerized to prepare synthetic lubricating oil base
8 stocks which have desirable |lubricating properties such as a | ow pour
point 9 and a high viscosity index (VI). However, very high viscosity

pol yal phaol efins, 10 such as disclosed in U S. Patent 4,827,064, are

expensive,to nanufacture ' | | 0l Lzation processes.
U S. Pateht 5, 304, 615 teaﬁ@ngcﬁ@ﬁléémkﬂab%mlﬁutene usi ng an
ionic |ioguid catalyst. Epwggng\gmg IONICPRAEREARYS8§0875. 8 descri bes
a process for oligonerizing al phaolefins, 14 such as decene, using an ionic
| iquid catal yst to produce pol yal phaolefins 15 having a viscosity up to
about 20 gentistokes (cSt) at 19@5DW?E£;WENYI%N16 t he process taught
in this application has not be for 17 making very
hlb gh V|2 Zcog i Thishi®s Bivisibn of Apphgquohlwd PB&EB 203 rfsled dMayrd , 2060, Qow?llpyve 18f
above t ARG, the use o
i m dazol |{ﬁm 'lg{/e“ g%%ﬂ’r‘]%eor &%Q%%ééﬁﬂe%pﬁpné}gggégghﬁgﬁn\gggﬁ in the ionic
l'i quid i n5adgidyaiphaclefihsipiepaned Bsingadn imioliqdIcetalysthal i de. Ternary
conpositions with ammoni um halides are 22 described in WD 95/21872 as
bei ng useful for olefinic oligonerization.

6 BACKGRQUND OF THE INVENTION

7  Alphaolefins may be oligomerized to prepare synthetic lubricating oil base

8 stocks which have desirable Iubricating properties such as a low pour point

9 and a high viscosity index (V1). However, very high viscosity polyalphaolefins,
10 such as disclosed in U.S. Patent 4,827,064, are expensive to manufacture
11 using conventional oligomerization processes. U.S. Patent 5,304,615 teaches
12 the oligomerization of butene using an ionic liquid catalyst. European Patent
13  Application 97300875.8 describes a process for oligomerizing alphaolefins,
14  such as decene, using an ionic liquid catalyst to produce polyalphaolefins
15 having a viscosity up to about 20 centistokes (cSt) at 100°C. Unfortunately,
16  the process taught in this application has not been shown to be suitable for
17 making very high viscosity material, i.e., polyalphaolefins having a viscosity
18 above 22 cSt at 100°C.

19  Additionally, the prior art teaches the use of imidazolium, pyridinium, or

20  phosphorium as one component in the ionic liquid in addition to aluminum
21 halide or gallium halide. Ternary compositions with ammonium halides are
22 described in WO 95/21872 as being useful for olefinic oligomerization.

23  Applicants have found that it is possible to readily make polyalphaolefins
24 having very high viscosity using an ionic liquid catalyst by carrying out the
25 oligomerization reaction in the absence of organic solvents which have
26  hitherto been used as a diluent for the feed. Accordingly, Applicants have



23 Applicants have found that it is possible to readily make

pol yal phaol efins 24 having very high viscosity using an ionic liquid

cat al yst W9 0s@rasye ng out the 25 oligonerization reacti onPCh/ush&o@bsence of
organi ¢ sol vents which have 26 hitherto been used as a diluent for the
feed. Accordingly, Applicants have WD 03/070670 PCT/US03/04838 2 1 been
abl e to nmake pol yal phaol efins fromfeeds conprised primarily of olefins, 2
such as decene and dodecene, having viscosities in excess of 22 ¢St and 3
even in excess of 30 cSt. Pol yal phaol efins nade using the process of the 4
present invention also have been shown to display excellent viscosity index
5 (V1) val UeBeoh ARIPRUARE IR IpIe ROIATBEDY BbRiorisk s rindrig of ofbfike, used
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not necessarily excl udi ng ot her naned elenents. T r e Lsts 9
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meani ng tohe Ogivakiesnlod palt points, nd lowdNeagk valatildy ¥aliess with the
exception of only mnor traces of inpurities. 13 SUMVARY OF THE | NVENTI ON

14 The present invention is directed to a process for producing a very high
15 vi scoss t y Asalseal iphthisl dibclnsynepthewordminomprisgst onteurpphiging” isaatended

isting 16 ially of at | . | fi '
about - 14 Car arragon cnstatenotanareeelp Rl SRTEIREet he AinRE bRt
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ol igonerization catalyst under preselected 19 ol icsgorreri zation copditions
for a suf®i ciesaentiallyeoft or cansistingi essentiallaphimtitendss tmean the exclusion

10  of other elements of any essential significance to the combination. The
11 phrase "consisting of" is intended as a transition meaning the exclusion of all

12 but the recited elements with the exception of only minor traces of impurities.

13 SUMMARY OF THE INVENTION

14  The present invention is directed to a process for producing a very high

15  viscosity polyalphaolefin product comprising contacting a feed consisting

16  essentially of at least one alphaolefin having from 4 to about 14 carbon atom
17  with an effective oligomerizing amount of an acidic ionic liquid oligomerization
18  catalyst, maintaining said feed and oligomerization catalyst under preselected
19  oligomerization conditions for a sufficient time to oligomerize the alphaolefin to
20 the polyalphaolefin product, and recovering the high viscosity polyalphaolefin
21 product. As noted above, it has been found that very high viscosity products
22  may be obtained using the process of the present invention by carrying out
23 the oligomerization reaction in the absence of organic diluent. Using the

24  process of the invention, polyalphaolefins having viscosities in excess of

25 22 ¢St and even in excess of 30 ¢St may be readily prepared. Especially

26 preferred in preparing the polyalphaolefin product are feeds comprising

27 decene or dodecene.



20 the pol yal phaol efin product, and recovering the high viscosity

pol yal phaol efin 21 product. As noted above, it has been found that very
hi gh vi scweimsg7@roducts 22 nmay be obtai ned using the pro®e3aSos/0438%
present invention by carrying out 23 8he oligonerization reaction in the
absence of organic diluent. Using the 24 process of the invention,

pol yal phaol efi ns having viscosities in excess of 25 22 ¢St and even in
excess of 30 cSt may be readily prepared. Especially 26 preferred in
preparing the pol yal phaol efin product are feeds conprising 27 decene or
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11 imidazolium halide, hydrocarbyi substituted pyridinium halide, alkylene
12  substituted pyridinium dihalide, or hydrocarbyl substituted phosphonium
13  halide. Particularly preferred as the second component are alkyl substituted
14 ammonium halides, such as trimethylamine hydrochloride or alkyl substituted
15 imidizolium halides, such as 1-ethyl-3-methyl-imidazolium chloride. The mole
16  ratio of the two components will usually fall within the range of from about 1:1
17  to about 5:1 of said first component to said second component, and more

18 preferably the mole ratio will be in the range of from about 1:1 to about 2:1.

19  The use of a binary catalyst composition consisting essentially of

20 trimethylamine hydrochloride and aluminum trichloride is particularly

21  advantageous for carrying out the process of the present invention due to the
22 ease of preparation, the ready commercial availability of the components, and
23  the relatively low cost.

24  The amount of catalyst present to promote the oligomerization of the

25 alphaolefin should be not less than an effective oligomerizing amount, that is
26  to say, the minimum amount of the catalyst necessary to olgomerize the

27  alphaolefin to the desired product. This may vary to some degree depending
28 on the composition of the catalyst, the ratio of the two components of the

29 catalyst to one another, the feed, the oligome.rzation conditions chosen, and

30 the like. However, a determination of the effective catalytic amount should be



16 ratio of the two conmponents will usually fall within the range of from
about 1:1 17 to about 5:1 of said first conmponent to said second
conponentwoan@7osoe € 18 preferably the nole ratio will be ipaTiUSe3/namage of
fromabout 1:1 to about 2:1. 19 The wse of a binary catal yst conposition
consisting essentially of 20 trinethylam ne hydrochloride and al um num
trichloride is particularly 21 advantageous for carrying out the process of
the present invention due to the 22 ease of preparation, the ready
comercial availability of the conponents, and 23 the relatively |ow cost.
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10 DETAILED DESCRIPTION OF THE INVENTION

11 As noted above, it is essential that the oligomerization reaction be conducted
12 in the absence of any organic diluent. In carrying out the process of the

13 present invention, the alphaolefin feed may be added to the catalytic mixture
14  or the catalyst may be added to the alphaolefin feed. In either case, the feed
15 and the product formed during the oligomerization will form a separate phase
16  from the ionic liquid which allows the two phases to be readily separated. In
17  order to facilitate mixing of the catalyst and the feed, it is desirable to either
18  stir the oligomerization mixture or bubble the alphaolefin feed through the

19  ionic liquid catalyst. Following completion of the oligomerization reaction, the
20  mixing should be halted, and the product and residual feed should be allowed
21  to form a distinct layer apart from the catalyst phase. In previous processes,
22 the feed and product phase usually also contained an organic diluent, such as
23 hexane. Applicants have discovered the presence of the organic diluent of
24  the previous processes interferes with the oligomerization reaction and

25  prevents the formation of the desired very high viscosity polyalphaolefin

26  product.

27  The feed will consist essentially of one or more alphaolefins having from 4 to

28 about 14 carbon atoms in the molecule, generally from about 8 to about



9 a dinmer content of less than 2 weight percent. 10 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON 11 As noted above, it is essential that the oligonerization
reacti on we sondact ed 12 in the absence of any organi c diPlcadarsn3/o4sas
carrying out the process of the 13 pré&sent invention, the al phaolefin feed
may be added to the catalytic mxture 14 or the catal yst may be added to
the al phaolefin feed. In either case, the feed 15 and the product forned
during the oligonerization will forma separate phase 16 fromthe ionic
liquid which allows the two phases to be readily separated. In 17 order to
facilitate m xing of the catalyst and the feed, it is desirable to either
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10  The acidic ionic liquid oligomerization catalyst is comprised of two

11 components which form a complex. The first component of the catalyst which
12 will usually comprise a compound selected from the group consisting of

13 aluminum halide, alkyl aluminum halide, gallium halide, and alkyl gallium

14 halide. Especially preferred for the first component are aluminum halide or
15  alkyl aluminum halide. Aluminum trichoride has been used successfully as
16  the first component for preparing the oligomerization catalyst used in

17  practicing the present invention.

18  The second component making up the catalyst is an ionic liquid which is

19  primarily salt or mixture of salts which melts below room temperature. lonic
20 liquids may be characterized by the general formula Q" A", wherein Q" is

21 quaternary ammonium, quaternary phosphonium, or quaternary sulfonium,
22  and A" is a negatively charged ion such as CI', Br, OCls, NO3, BF4, BCls,
23  PF¢, SbFg, AICI4, ArFe, TaFg, CuCly, FeCls,, SO3sCF3’, SO3C7H7, and

24  3-sulfurtrioxyphenyl. Preferred for use as the second component are those
25 quaternary ammonium halides containing one or more alkyl moieties having
26  from 1 to about 9 carbon atoms, such as, for example, trimethylamine

27  hydrochloride, or hydrocarbyl substituted imidazolium halides, such as, for

28 example, 1-ethyl-3-methyl-imidazolium chloride.



4 above and as further illustrated in the exanples below, it has been found
that 5 the presence of an organic diluent interferes with the

ol i goner iweatmomereacti on 6 and prevents the formati on of PCh@Sd®eissed very
hi gh viscosity pol yal phaolefin 7 product. This differs fromthe prior
processes which included an organic 8 diluent, such as hexane or heptane,
as part of the organic phase of the 9 reaction mxture. 10 The acidic
ionic liquid oligonerization catalyst is conprised of two 11 conponents
which forma conplex. The first conponent of the catalyst which 12 wll
usual |y conprise a conpound selected fromthe group consisting of 13
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chiori de10 oligomerization reaction is somewhat exothermic and it may be desirable to

11 control the reaction temperature with an aqueous quench. Preferably, the
12  temperature of the reaction mixture will be maintained below about 50°C and

13 most preferably will be maintained below about 30°C.

14  Following completion of the oligomerization reaction, the organic layer

15  containing the alphaolefin product and residual olefin feed is separated from
16  the ionic liquid phase. The unreacted olefin and dimers may be removed from
17  the product by conventional means, such as by distillation, and recycled back
18  for further conversion. Likewise, the acidic ionic liquid catalyst that remains
19  after recovery of the organic phase may be recycled to the oligomerization

20 zone.

21  Following recovery of the polyalphaolefin product, it is generally desirable to
22  hydrogenate the unsaturated double bonds which remain in the product

23  mixture. This is readily accomplished by conventional means well known to
24  those skilled in the art. The hydrogenation of the unsaturated bonds is usually
25 carried out with hydrogen in the presence of a hydrogenation catalyst such as,
26 for example, catalyst containing nickel, palladium, platinum, cobalt or the like.

27 The present invention may be further illustrated by the following example
28  which is not intended to be a limitation on the process.



WO 03/ 070670 PCT/US03/04838 6 1 The presence of the first conponent should
give the ionic liquid a Lewis (or 2 Franklin) acidic character. Generally,
t he greatwo wheosnwl e ratio of the first 3 conponent to theCcTAsos0483s
conponent, the greater the acidity of 7the ionic liquid 4 m xture. Wen
alumnumtrichloride and trinmethyl am ne hydrochoride are 5 used as the
first and second conponents, respectively, of the acidic ionic 6 liquid

ol i goneri zation catalyst, they preferably will be present in a nole ratio
of 7 fromabout 1:1 to about 2:1. 8 The oligonerization reaction takes

pl ace over a wide tenperature range, but 9 preferably is carried out at
about anbi ent tenperature or slightl I M Jhe 10 oligonerization
reactionlis sonmewhat exothernic and =& desirable to 11 control the
reaction tenperature with an aqueous quench. Preferably, the 12
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t he al phaol efin product and residual olefin feed I's separated from 16 the
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ol i gonerizat zone: ow ng recovery of the polyal phaol efin
product, 7t bas@enblal IThedesictiabmastalowzd toyatpoged forel hioar andatas at ed
doubl e bonds which renain in the groducﬁt Z&iﬁi xéirl]re. '(Ij'hits is readily
acconpl i shedaygneled with asgousPatessiin nYidhexide J he product was water

9 washed and hydrogenated using a nickel catalyst. The residual monomer and

10  dimer were removed by distillation. The distilled oligomer was found to

11 display the following properties:

12 100°C Kinematic Viscosity ~ 31.6 cSt
13 40°C Kinematic Viscosity 283 cSt
14 Viscosity Index 162

15 Pour Point -39°C
16 Noack Volatility 1.68%
17 EXAMPLE 2

18  The general procedure was the same as in Example 1, above, except for the
19  addition of 185 grams of heptane diluent which was mixed with 400 grams of
20 decene. Catalyst was prepared in a 2 to 1 molar ratio of aluminum trichloride
21  to trimethylamine hydrochloride and 40.1 grams were added to the reaction in
22 adropwise manner. The initial reaction temperature was -6°C. The product
23 was water washed and hydrogenated using a nickel catalyst. The residual
24 monomer and dimer were removed by distillation to less than 1%. The

25 distilled oligomer was found to display the following properties:

26 100°C Kinematic Viscosity 15.0 cSt
27 40°C Kinematic Viscosity 109 cSt



24 those skilled in the art. The hydrogenation of the unsaturated bonds is
usually 25 carried out with hydrogen in the presence of a hydrogenation
cat al yst woab/oasm70 26 for exanple, catal yst containing ni ekalgsopadsdadi um
pl ati num cobalt or the like. 27 The8present invention may be further
illustrated by the foll ow ng exanple 28 which is not intended to be a
limtation on the process. WO 03/070670 PCT/ US03/04838 7 1 EXAMPLE 1 2 A
catal yst m xture was prepared using a 2 to 1 ratio of alum numtrichloride
to 3 trinmethylam ne hydrochloride. The catalyst (39.2 g) was placed in a1l
liter 4 round bottom flask to which 401.2 g of 1-decene was added dropw se.
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19 addition of 185 grans of heptane diluent which was m xed with 400 grans
of 20 decene. Catalyst was prepared in a 2 to 1 nolar ratio of alum num
trichloriweo3®disve® trinethyl am ne hydrochloride and 40.1 gcarssosyessas added
to the reaction in 22 a dropw se manfer. The initial reaction tenperature
was -6C. The product 23 was water washed and hydrogenated using a nickel
catal yst. The residual 24 nononer and diner were renoved by distillation
toless than 1 % The 25 distilled oligomer was found to display the
followi ng properties: 26 100C Kinematic Viscosity 15.0 ¢St 27 40C

Ki nematic Viscosity 109 cSt WO 03/070670 PCT/US03/04838 8 1 Viscosity

| ndex 14% 2 Wﬂ? MESIS It shoul d be noted that the kinematic

vi scosity of e 0 |goner o# ‘Exanple 2 4 was significantly less at both
100C and 40C than that for the oligomer of 5 Exanple 1. The viscosity index

of the pr dut of 4 838 9
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catal yst ‘under preselecte |goner|zat|on c i trfons or a sufficient
time to @ i gonerigminthiming said feed and oligomerization catalyst under preselected

7 oligomerization conditions for a sufficient time to oligomerize the
8 alphaolefin to the polyalphaolefin product, and recovering the high
9 viscosity polyalphaolefin product.
10 2. The process of claim 1 wherein the feed comprises 1-decene.
11 3. The process of claim 1 wherein the feed comprises 1-dodecene.
12 4. The process of claim 1 wherein the acidic ionic oligomerization catalyst
13 comprises a first component and a second component, said first
14 component comprising a compound selected from the group consisting
16 of aluminum halide, alkyl aluminum halide, gallium halide, and alkyl
16 gallium halide, and said second component is an ionic liquid
17 comprising a liquid salt containing quaternary ammonium, quaternary
18 phosporium, or quaternary sulfonium.
19 5. The process of claim 4 wherein said first component is aluminum
20 halide or alkyl aluminum halide.
21 6. The process of claim 5 wherein said first component is aluminum
22 trichloride.
23 7. The process of claim 4 wherein said second component is selected
24 from one or more of hydrocarbyl substituted ammonium halide,

25 hydrocarbyl substituted imidazolium halide, hydrocarbyl substituted



8 al phaol efin to the pol yal phaol efin product, and recovering the high 9

vi scosity pol yal phaol efin product. 10 2. The process of claim1l wherein the
feed conpwols®7b7@decene. 11 3. The process of claim1l whecegiusoy/ms3g eed
conprises 1-dodecene. 12 4. The proce®s of claim 1l wherein the acidic ionic
ol i goneri zation catalyst 13 conprises a first conponent and a second
conponent, said first 14 conponent conprising a conpound selected fromthe
group consisting 15 of alum num halide, al kyl alum num halide, gallium
hal i de, and al kyl 16 gallium halide, and said second conponent is an ionic
liquid 17 conprising a liquid salt containing quaternary anmoni um

quat er nar 18 phospqrium, ar. quat | L 9. .:4he process of
claim4 wherein sQyﬁgﬂlwgthag'gﬁp‘%ﬁ%‘%ﬁg%&gﬁ@%dgEw&bﬁgﬁ?%@%Ppal kyl

al um numfal i de. Zldfocalbf subetrsed phospteorium hidlideei n said first conponent
is alumnum 22 trichloride. 23 7. The process of claim4 wherein said
second conponent is selected 24 fromone or nore of hydrocar byl
substitutged gmonityg ;St?cbg@of 2RirfONRERIPHe Setsid Eathpené i idazphlkym hal i de,
hydrocar byl substituted WO 03/070670 PCT/US03/04838 10 1 pyridinium

hal i de, a#kyl ene substiiuted athmgniua hglide epmainingoneer @fﬁﬁgﬂd@@lﬁyes

substi tUtﬁg phospirf,%r\]/inugn%é&%u gﬁagﬁ‘gg? F%@gggétg&%gs of claim?7 wherein the

second cornponent anmoni um hal i de cont ai ni ng one
or nore alkyl noieties 5 having from1l to about 9 carbon atons.

6 9. The process of claim 8 wherein the second component comprises at

7 least trimethyl amine hydrochloride.

10. The process of claim 7 wherein the second component is an alkyl
substituted imidazolium halide.

10 11. The process of claim 10 wherein the second component comprises at

11 least 1-ethyl-3-methyl-imidazolium chloride.

12 12. The process of claim 4 wherein the ratio of first component to the
13 second component of the cligomerization catalyst is within the range of
14 from about 1:1 to about 5:1.

15 13. The process of claim 5 wherein the ratio of the first component to the

16 second component is within the range of from about 1:1 to about 2:1.

17 14. The process of claim 1 including the additional step of hydrogenating

18 the unsaturated double bonds present in the polyalphaolefin product.

19 15. The process of claim 1 wherein the dimer in the product is reduced to
20 less than 2 weight percent.

21 16. A polyalphaolefin product having a viscosity of not less than

22 22 centistokes at 100°C made using the process of claim 1.



6 9. The process of claim8 wherein the second conponent conprises at 7
| east trinethyl am ne hydrochloride. 8 10. The process of claim7 wherein
t he secorwomsmpement is an al kyl 9 substituted i m dazol i ecThebs/os38 10 11.
The process of claim 10 wherein the sdcond conponent conprises at 11 |east
1l-ethyl -3-nmethyl -i m dazoliumchloride. 12 12. The process of claim4
wherein the ratio of first conponent to the 13 second conponent of the
ol igonerization catalyst is within the range of 14 from about 1:1 to about
5:1. 15 13. The process of claim5 wherein the ratio of the first conponent
to the 16 second corrponent Is within the range of fromabout 1:1 to about
2:1. 17, ,14. _The oce 9{@1 step of
hydrogen?ﬂtl ﬂa 1%%@@5&5&3@@6 é’\gb/ é’gfgﬁgs&%?\‘eggﬂtb rE’én t he
pol yal phgol ef i n mpgemtistokelatlfpoeChe process of claim 1 wherein the diner
in the product is reduced to 20 less than 2 weight percent. 21 16. A
pol yal phaol efin product having a viscosity of not |less than 22 22
centi stokes 1%;@9% BédRtdins ESPHH70670
PCT/ US03 0481 8 1111 %’E%B Zﬁ?’@?@%%ﬁ?gbhﬂ ng a viscosity of not
| ess thas 2 30 cﬂémlghtqjeeeeratofﬁﬂnalc 3 18. The product of claim 17 wherein
the product contains less than 4 2 weight percent of dinmer. 5 19. A
process for producing a very high viscosity polyal phaol efin fg‘kOdUCt

€

whi ch i sschar@ct eniprecedsyfon pvoducory & yeof high Viscasity 2olyedphacieiyk product
6 whiéh is characterized by a viscosity of at least 22 centistokes at
7 100°C, said process comprising contacting a feed consisting
8 essentially of at least one alphaolefin having from 4 to about 14 carbon
9 a-tem?with an effective oligomerizing amount of a acidic binary ionic
10 quJi:j oligomerization catalyst having a first component consisting of an
11 aluminum halide or an alky! aluminum halide and a second component
12 | consisting of a quaternary ammonium selected from selected from a
13 quaternary ammonium halide containing one or more alkyl moieties
14 having from 1 to about 9 carbon atoms or a hydrocarbyl substituted
15 imidazolium halide; maintaining said feed and oligomerization catalyst
16 under preselected oligomerization conditions for a sufficient time to
17 oligomerize the alphaolefin to the polyalphaolefin product; and
18 recovering the high viscosity polyalphaolefin product.

19 20. The process of claim 19 wherein the acidic binary ionic liquid
20 oligomerization catalyst comprises a first component of aluminum

21 trichloride and a second component of trimethylamine hydrochloride.

22 21. The process of claim 19 wherein the acidic binary ionic liquid

23 oligomerization catalyst comprises a first component of aluminum
24 trichloride and a second component of 1-ethyl-3-methyl-imidazolium
25 chloride.



7 100C, said process conprising contacting a feed consisting 8 essentially
of at |east one al phaolefin having from4 to about 14 carbon 9 atomwth
an ef f ectwoa3obisgoneri zi ng amount of a acidic binary ioni ecTsos/ousssl

ol i goneri zation catal yst having a fir®t conmponent consisting of an 11

al um num hal i de or an al kyl al um num halide and a second conponent 12
consisting of a quaternary ammoni um sel ected from selected froma 13

guat ernary anmoni um hal i de contai ning one or nore al kyl noieties 14 having
from1l to about 9 carbon atons or a hydrocarbyl substituted 15 im dazolium
hal i de; mai ntaining said feed and ol igonerization catalyst 16 under
presel ecy ed ig j I (44 i f fuhet e tsticléf
oligoner?ze e gﬂﬁ%géﬁékgﬁcﬁg%?h%kﬁg?gg gﬁ§§F§{$ﬂégfggﬁit; and %8
recovering the higomingsasitigrigetoytiepsexoingf camporentds withth He range ofr ocess

of claim 19 wherein the acidic ginary ionic liquid 20 oligonerization

catal yst 3conpri sf§omg 3Th°t“§t111c%% nent of al uminum 21 trichlioride and a
second conponent of trinethylam ne hydrochloride. 22 21. The process of
claim19 wherein the acidic binary ionic liquid 23 oligonerization catal yst
conprises a first conmponent of alum num 24 trichloride and a second
conponent of 1-ethyl-3-nethyl-imdazolium 25 chloride. WO 03/070670

PCT/ US03/ 04838 12 1 22. The process according to clainms 20 or 21 wherein
the mole ratio of 2 alumnumtrichloride to the second conponent is within
the range of 3 fromabout 1:1 and 2:1. WD 03/070670 PCT/ US03/ 04838



13 1 23. A high viscosity pol yal phaol efin conposition conprising a product
resulting 2 fromthe oligonerization under oligonerization conditions of a
feed st ocwoasnt@rni ng at | east 3 1-decene or 1-dodecene iPaTiUuses/prsesence of
an oligonerization catalyst conprising an ionic 4 liquid conprising a
first conponent and a second conponent wherein said first conmponent is 5 a
conpound sel ected fromthe group consisting of alum num halide, alkyl

al umi num halide, 6 galliumhalide, and al kyl gallium halide and wherein

sai d gsecond cPONERishiiscoatyssolRebhhsieh cdmpdiRiod OHPrisiAg & ipsddubCreQlting
guat ernary anmoni um quaternary phosporium and tertiary 8 sulforium and

wher ebn $3i0nPEREeli-R% WAdM HERREA MtibMIcAURRAS o] fed@stblk @WntadBlCat 160524, A
hi gh vi scosity pol yal phaol efi n conposition of claim23 wherein said 10

produgt Rag & d rf?déog?cgﬂé W{he%esl:&%softah%gngagm cRAYLSERBprididg 89 jorft Ni gh

vi scosity polyal ph fin conposition of claim23 whérein said 12 product

ool yal phagl o i EimE Sof tpoithahd Fhec O Cmeer ncfe bl STARMERLS 2 pour

poi nt sof _a'cgﬁlg?lkn*aas@ma@ggn%@? g&mp %o&‘éﬁﬁ%ék glgglg;h@{hﬁfak,ymﬁaﬁmim Ralide,

conposSi tion clarm In sai as a viscosity of not

| ess t6h ar a ]ﬁr&lﬁ’?ﬁkdﬁat&n&a Qg\g'éal]ﬁnmzl%iidéa‘arw Whdan szﬁﬁ g&%l‘uz %(?ﬂpor[llérﬁ i ?e(atﬂ'd?fg 9 under

react i’on &2 I ons conprising an alpha o avi ng four
SR R T S T
proceds. ST ABK THToEEdR SBTRGF SO ret 2 ia BEl Ui num hal i de to
LR I GO AT TR ERE T R ALY
> 1. 10 product has a dimer content of less than 2 weight percent.

11 25. A high viscosity polyalphaolefin composition of claim 23 wherein said

12 product has a viscosity of at least 30 ct at 100°C.

13 26. A high viscosity polyalphaolefin composition of claim 23 wherein said

14  product has a pour point of less than -30°C.

15 27. A high viscosity polyalphaolefin composition of claim 23 wherein said

16  product has a viscosity of not less than 22 cst at 100°C.

17 28. A process comprising:

18 contacting under reaction conditions a feed comprising an alpha olefin having four

19 carbon atoms with an acidic ionic liquid oligomerization catalyst formed by combining

20  aluminum halide and trimethylamine hydrochloride to thereby form a reaction product

21 comprising a polyalphaolefin product.

22 29. A process as defined in claim 28 wherein the mole ratio of aluminum halide to

23 trimethylamine hydrochloride combined to form said acidic ionic liquid oligomerization

24  catalyst is within the range of from about 1:1 to about 5:1.



WO 03/ 070670 PCT/US03/04838 14 1 30. A process as defined in claim?29
wherein the contacting step is conducted in 2 the absence of an organic

di l uent. 8033/070&7pr ocess as defined in claim30 wherein tRETANS/04388 Nng St ep
is carried out at a 4 tenperature beldow about 50C. 5 32. A process for
produci ng a pol yal phaol efin product, said process conprises: 6 mXxing an

al pha olefin feed conprising at | east 1-decene or 1l-dodecene with an 7
effective oligomerizing anobunt of an acidic ionic liquid oligonerization

catal yst conpgg Si ngprfied ag'déﬁﬁedcif?mﬁﬂgﬁtw}@ﬂ:% fhe TERAAFL GRS BE M &S €i
said first conponen? I's a conpound 9 selected fron1t§e group consi sting of

alu”‘Qu”hﬂ%b%gﬁaﬁgﬁ§%%mﬁhﬂﬁhﬂu”‘hal'de gallium 10 halide, and al kyl

gal I'i um hal'l rein said second conponent is selected fromthe 11

grOUPg‘CO“S' sting of Pﬂ}a&%gg Hg%%dmm mheqaﬂh%rc'a%&& g@gpeméﬂ o2

tertiary sul fonium uce a reaction pro risin

ponaIphgo“&%%ﬂ?béow%gmngoqfocess as recited in claim 32, further
conpr|3| @1 m'ng an-organi c phase conpr|5|ng sai d reaction product

d h
ol gofer | 2at | $h et &Y gstssef°r%°%‘ﬁ‘“g%“ el d Rl BELE g R B ¢ ur ¢ her
conprising: 17.se ara

f d
colrrpr |6S| ng unP‘é’é{B hﬁh%{e&ﬂ gﬁeﬁrc%a?nglfg ag?e I ?de englo;r)rhlz qoro u 1‘ih
|_ph fi d t f |
P oneds adefine R Bometi i siamast v g oo g e s Etiag ol sl °§8’Fi’8§‘“%g sai o

proceds &5CFRE OligYmeTTRg ap
pol yal ph%OfliresI Icgm}?orngr?tugr}d a second component wherein said first component is a compound
9 selected from the group consisting of aluminum halide, alkyl aluminum halide, gallium
10  halide, and alkyl gallium halide and wherein said second component is selected from the
11  group consisting of quaternary ammonium, quaternary phosporium, and tertiary sulfonium to
12 produce a reaction product comprising polyalphaolefin.
13 33. A process as recited in claim 32, further comprising:
14 forming an organic phase comprising said reaction product and an ionic liquid phase
15  comprising said acidic ionic liquid oligomerization catalyst.
16 34, A process as recited in claim 33, further comprising:
17 separating said organic phase into a first product comprising unreacted alpha olefin or
18  dimmer of alpha olefin and a polyalphaolefin product comprising oligouess of alpha olefin.

19 35. A process as recited in claim 34, further comprising:

20 hydrogenating said polyalphaolefin product.



