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FIELD OF THE INVENTION

[0002] The present invention generally relates to ionic liquid catalytic systems for
chemical conversions. More specifically, the invention relates to increased activity of ionic
liquid catalysts for increased monomer conversion in the manufacture of polyalphaolefin

products.



products. 2 BACKGROUND [ 0003] lonic liquid catalysts
may be used to catalyze a variety of chem cal
woeeistouniss, for exanple the oligomerizati on of pairuis2004/036188
olefins to produce pol yal phaojefns (PAO. A
pol yal phaol efmis a synthetic hydrocarbon |iquid that
is typically manufactured fromthe oligonerization of
to al pha ol efins. Pol yaBg{aeGBOWNDare used in various
i ndustries as lubricants in gear oils, greases, engine
[0@803]s, Tonheliquidtitelygehty benaebi &84197 QivhSety @fidhstaichloidsctions, for
ot her lubricant applications. lonic liquid catalysts

exipl 1R PERANEEAOE afhibeoBthi etoﬁgxﬁ(]igge pbeHaBle®ins (PAO). A

there is a need in the art for a to i ncrease
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[0004] In an enbodinent, a nethod is disclosed to _
lubirivente 48 @cathellsa grdasdst gngife ails, bt ©PHE gglsd trepsnaissien oils, and various
conprising enmulsifying the ionic liquid catalyst with
otlmn dulericanb epplidatjonsd clonjrohiquitl catdlpstanisedrbo girodree, PAO can be quite
met hod i s disclosed conprising introducing into a
co$tBACThePEFore) ARr@isDRIEH tHeeRtfor Atnathb e @l eREcRI M UctiQfty of an jonic
ionic liquid catalyst and controlling an anount of

liqgme@alialg‘{t,%? @&aﬂlﬁﬂe D Gl fHe! DERRE r%[gt)u‘?reﬁacja&‘iﬁirt] Qré(% still maintain the

esired conversion reaction of the noner .
PN odinenihi% cgtal zed reacti.on gxsten1is di scl osed
Lopr ST G  PERE TP U REFPINFEGS P62 PEEE e one or nore
l'iquid conponents_and ionic |iquid catalyst; a device

coupled to the r eV ARG OF ddt éNﬁﬂ%ﬁr ar to the

| i quid conponents and ionic liquid catalyst; and a o
(0@t r olnl ar embagimestt, tcometiwddie \disdosedr toathdiaase iHheghctvfiyaef an ionic
and configured to control the anmount of shear added to
liqaidc edtallystz@anprzagt emulsifgng the idmc Niqiid catalydnwetts bod or more liquid
reaction.3 BRI EF SUWARY OF THE DRAW NGS
components. In an embodiment, a method is disclosed comprising introducing into a
reaction zone a monomer feed and a reduced amount of ionic liquid catalyst and controlling
an amount of shear present in the reaction zone to maintain a desired conversion reaction of
the monomer. In an embodiment, a catalyzed reaction system is disclosed comprising a
reactor configured to receive one or more liquid components and ionic liquid catalyst; a
device coupled to the reactor for adding high shear to the liquid components and ionic liquid
catalyst; and a controller coupled to the device for adding high shear and configured to

control the amount of shear added to a catalyzed reaction zone to maintain a conversion

reaction.



[0005] FIG 1 is a process flow schematic of one
enbodi nent of the systemto add high shear m xing to
wanoismazisi| i qui d catal yzed reaction i ncor por at edTmiStduM36188
a process for manufacturing azpol yal phaol efin product.
DETAI LED DESCRI PTI ON [ 0006] The invention relates to a
system and or nethod to add high shear mxing to an
ionic liquid caBBRIEESEMMARY OF FRBE DRAY Yng the
ionic liquid catalyst wwth one or nore liquid
[0805lponEHG sl isa procase fisw schematit oforteyendfo ditent @ithe system to add high
liquid catal yst within a production process. The one

shesir %iag! fodbih oiie NRAAE Watalyzed Wektbrt R drpeYated! Witk a process for
may be emul sified nmay include one or nore reactants,

m%ﬁa&ﬁm{%gﬁolgﬂgﬁﬁ%@%w&@;s (if any), or both. In an

enbodi nment one nore |liquid conponents form a

conti nuous phase of , [ ionic liquid
catalyst forns a dig@@ﬁgﬂﬁgzggﬁﬁﬂgggﬁgfqthe enmul si on
nerally, the invention may be_applied to any o

[0P@%Ict i SR® Yo FPlaieReiost isteat ancher aiPeciPidd g pleear mixing to an
_liquid droplet can inpact reaction rate, conversion
lopisr agfelyzashreabtja foemnlsifyng preojveict liggidodatalipg with one or more

reaction product, or any conbi nation of these factors.
lioidh taaporegtsobsyigavasai thé ativityoof thel ibaidilidda @plagfst iwAthil@ production

manuf act ure of pol yal phaolef ns is a process that may
proRACThOBEe Of nivps Bq@ll bhpo8erdt® sl Fhch the i@ﬁii@'ﬂdu]‘?@ tmﬁ'é/rbe emulsified

an ol efin oligonerization reaction, the size o

m.39 chﬁld%iogl%\ir?gt rQRLRtanf2Bnb IEP%I %E)?cscﬁgg sORESs gfftz}t,r]lg/isoer both. In an
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ionic liguid droplet. can inpact, one or nore of thes :

engiiRpient, (S o 5 PRI S e BCER O BGRPPInAGS phase of an emulsion
invention also relates to a process to produce

anddhe, it Hed featadyst i asdisepntinpowsophase tafrthe smwdsiome Generally, the
feedstock with an ionic liquid catalyst; 2)

inegniios infiay brganiied itoniy rédcton dn edtic §hetsizeanf th) immiscible ionic liquid
recovering a pol yal phaol efin produ ct addition, the

dropleecini inpacteleadtRe bR, SoibieBi®s pertntBdeddHERyst activity, properties of the
pol yal phaol efi ns conprising: 1) contacting a nononer

redcBRH TrQhlet, Virt ﬁy%lﬁkﬁﬁie}tfbnl 6%’&'1'6& gﬂﬂd’i‘é.yg,ﬁént ing oxygen avs(]it an ionic

controlling an“ionic liquid catal yst opl et ~si

liqﬁedeglsﬁlfé\éﬁlf '(t:l{é?rlrl%b | t%rgltogrp%g%a?@agle?{ng (ilsu gtproc-:l_ehs(se tgﬁnnqu? Empact one or
more of these factors. In addition, in an olefin oligomerization reaction, the size of the ionic
liquid droplet can impact one or more of these factors. Another process in which the size of
the ionic liquid droplet can impact one or more of these factors is an alkylation reaction.

[0007] The invention also relates to a process to produce polyalphaolefins comprising:
1) contacting a monomer feedstock with an ionic liquid catalyst; 2) emulsifying the ionic
liquid catalyst; and 3) recovering a polyalphaolefin product. In addition, the invention
relates to a process to produce polyalphaolefins comprising: 1) contacting a monomer

feedstock with an ionic liquid catalyst; 2) controlling an ionic liquid catalyst droplet size;

and 3) recovering a polyalphaolefin product. The monomer feed, ionic liquid catalyst,



met hods of emulsifying the ionic Iiquid catalyst,
nmet hods of controlling the ionic |iquid catalyst
wdnosloarissi ze, the ionic liquid droplet size, aad/uUsStien36188
process paraneters are descrifed herein. In sone
enbodi nents of such a pol yal phaol ef m process, the
ionic liquid catalyst is contacted with oxygen. In
meshorlsr ofeprelgitivaattbe 1ehe ligeidi eatalysumgtheasisadfyemtiodling the ionic liquid
contacted with water. In yet other enbodinents, the
catabyst alrbplefusitec diealigrst liguidc drdpdett side, wahd @kgrg@rocasyd parameters are
wat er. The nononer feedstock, ionic |liquid catalyst,

dest#bRl hbdeiPf InOsoneesmBdtnetits WRkiRh a ;?dlsialgma&wﬁ BERES the ionic liquid
paraneters are described herein. [0008] The foll ow ng

ca%hés?!i?%gﬁﬁctgﬁim iolﬁ(égénqc Sthée o@ﬁk@{ts‘? ;@%@ﬁe@?@& catalyst is

nvention to t producti on

shoul.d .pe undefst ood that the scqope of the present .

cof o B Gl i bty 18 Tate Hiiie RRARRBl sagtacted with
a particul ar_enbodi nent described herein. Thus, the

oXiy gepedd; v erd eBherngreaan gt dpeddsiocheeignip diquigueatplysta gpantidy of exygen and/or
an al kylation reaction, an olefin polynerization

wateraand dher proceasnpahmtiors o deporibed katinon reaction, for
exanple. [0009] Fig. 1 depicts a system 100 to add

[0008)h sTearfodwingd discloate i grixherillyl Gehskst ainaltlye @ghplnesegion of the
1 for manufacturing a hydrogenated pol yal phaol ef m

inkRAGH tP ﬁﬁ:g;%?@lucti-gﬁeof@yﬁdﬁ MRy & OMRhOSREbAuARASHOA tﬁéa@ the scope of

and |iqui eactant feed stream 12 and 1onic |iqui

. r I I | zone W 1 hi_n .
o st Sy O el B il B P AR e SRl gbociment
art fqr contacting the reactants with the ionic |jquid.
doffiber Heesit « Fs (e Vb dﬁ&ﬂ@ﬁﬂyﬂe@ma&b%ﬁquaﬂy Spplied to an
suitable reactors include stirred tank reactors, which _
allydafiopaeastionesn ¢lefiapelymeszaiosreantionodt #malslie oigomesigation reaction,
tank reactor (CSTR). Alternatively, tubular or |oop
forexaotpt: s maybe enpl oyed and equi pped with suitable
means for enul sifying as described herein. A reaction

[0609] | UER. CaBHIElsS Y8eRNE0A6 ai® hiph!Bafin@An (O Hnsc ]‘i%u)éd catalyzed
be with ravmwfrom reactor via product Ii ng 16. [0010] 4

pr 3&s 1 & Haﬁﬁa&ﬂﬁh% leﬁ}dgocgei@ﬁ&@ ip@lytaﬁl)ﬁa(;ﬁ"i‘iﬁt dP%'b)Zﬁ%ﬁu&'?yThe system
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100 comprises a reactor 10, and liquid reactant feed stream 12 and ionic liquid catalyst
stream 14 are fed into a reaction zone within the reactor. The reactor 10 may be any means
known in the art for contacting the reactants with the ionic liquid under conditions described
herein. Examples of suitable reactors include stirred tank reactors, which may be either a
batch reactor or continuous stirred tank reactor (CSTR). Alternatively, tubular or loop
reactors maybe employed and equipped with suitable means for emulsifying as described
herein. A reaction effluent comprising one or more reaction products may be withdrawn
from reactor 10 via product line 16.

[0010] The reaction that occurs within the reaction zone may be an oligomerization

reaction. In an embodiment, the reaction zone of system 100 comprises an oligomerization



reaction. In an enbodi nent, the reaction zone of
system 100 conprises an oligonerization5 reaction in
woeeaistoaz1510 wherein reactant feed stream 12 CORPTIUS2®4/036188
al pha-ol ef n nononmer and product line 16 conprises a
pol yal phaol ef m (PAO) product.” Non-limting exanpl es of
sui tabl e al pha ol efin nononers include al pha ol efins
redeiion myrefctoo 1@ Wherithreactaniolvsd stedameth apimpekes Bphapol2fin monomer and
carbon atons, alternatively 8 to 16 carbon atons, and
préduce finat 1I6Véﬂnyprils@s taopdlfalpledolisding LADE prodfel 1]N5_1’f1ﬁm1tmg examples of
reactants and ionic liquid catalyst can be introduced

suit&& raﬁ}?a.l lSle'ﬁﬁt RohBRers eﬁl%fu'd@ Mg %léﬁrﬂs ﬁ%ﬁ@g aj €of 86%arbon atoms,

strea as shown in Fig. 1, or they ca i ntroduce

t as,a n1xed nent s
ot 7168 20 2aReRTE ettt g oS P RORER B pgmatively 10
ch_as nmononer, reaction products (e.g., PAO diner,
t°i#8m¥°néﬁﬁmoptlonally one or nore solvents. The
reactants and the ionic liquid catalyst are generally
[003Hki scTh¢ ecactantsdand smich lighidt catdlyssi oapl e goupdited separately into the
together, they would formtwo |ayers of material wth
redchion mone vike nparané féddestteams( by phoal lig Fibe 1¢at aheystin be introduced
settling on the bottom The amobunt of contact between

toddfiteer @ ach@mi-fedanfkngal alidysl oRipoReRe vABMABE Yeactidh 168k include the
In this scenario to nerely the |nterface bet ween t he

llqwi’(\Prh ch@YRE §uchT£%(ﬁfoﬂ{e? I%F%IOEIZ)?&C?&{S nPXOb (a rﬁcgru Etgsequ optionally

one or nore nmeans Slf thé

onent nd- i oni c uid, cata

ong SERTE ;7?13(8%? o308 Bisbizpls i S F%%Yautda%%g& arg rgsmralay immiscible
si ze, .thereby increasing a surface area of the ign

flugqsy s thaf; lg FY Boupd insiber Jhex wat dolormvioayars aémaéﬁmal with the
zone. [0012] As used herein, an emulsion is a

maie dpraesif dlre o (Eypndadlyith @taimbmuﬂidg onchp botdmg The anwmintof contact
liquid catal yst and one or nore |iquid conmponents.

befwach $hd yao@nts intl ketaprsowese HevevereBaliniigd an teig8t&iadib.to merely the
Typically, the ionic liquid catalyst is dispersed as

intehfFRR Bdtrwed iR tRBNLY ROt RS Shd RLFRA WY nfah&el éq:ﬂﬁ‘ﬂp@d with one or

conponents in the Teaction zone such as reacta
mc(erg é‘&ians {Qrﬂfﬂts)f{n {g%ﬁ‘g ﬁlggﬂt f%n%%lﬁgﬁts |dgfé) é?:u rat e%s’ft Generally,
em:ﬂlﬁ]sg%gqgsrn‘gucgg glg?(%]b(i lgcausld cal yst c!.roglet size, t{meregy 1ncresasmg a surface area of

the ionic liquid catalyst available for contact in the reaction zone.

[0012] As used herein, an emulsion is a dispersion of immiscible compounds
comprising an ionic liquid catalyst and one or more liquid components. Emulsifying is the
process for creating an emulsion. Typically, the ionic liquid catalyst is dispersed as droplets
in a continuous phase formed by the liquid compomnents in the reaction zone such as
reactants (e.g., monomer), reaction product (e.g., PAO, dimer, etc.), solvent (if present), or
combinations thereof. In an embodiment, the ionic liquid catalyst is dispersed as droplets in
a continuous phase comprising monomer and PAQO, alternatively comprising substantially

monomer and PAO, alternatively comprising substantially monomer. In an embodiment,



a conti nuous phase conprising nononer and PAQ

alternatively conprising substantially nononer and
woeAMs/atser nati vel y conpri sing substantial | y nBaomsea4/036188

I'n an enbodi ment, 6 enul sificagion may occur by adding

mechani cal energy to the ionic liquid catalyst with

the one or nore liquid conponents and can be provided,
enfusifiestiompnay otsyr hy gidink eschmigilregergFriothei iiniatiqed aglyst with the

descri bed herein, can occur either prior to a reaction
onzanrenorediquid cdn’ﬁp@e@fxrmidn@ﬁ Beepdviied e@ikxanipld)iby ligh shear mixing.

reaction zone, (e.g., in a reactor), external to a
Eth@8G{chi®dh 29 Q8scrib&d Qereld rbaﬁ Seoh C gt 193y hOap &3ckiBh %he (e.g, in a
to a reaction zone), of b y any co atlon t ereo
| nuls fy
b3 i, St e 1, G L {oRRo S, B o s
|nents t he enuIS|fy ng the iqnic liq
ZoB%t(ﬁ Bydt 2 8’6%‘3? wonoon geFg %ﬁéﬂ}oegpnén@rw apy C?Iﬁélnatlon thereof.

fonic liquid catalyst wth one or nore [iquid

[0®%b¥p onbhiasnh epbedizienisr therepudsifiing of the fienie gmusql f£ytakygt efcurs in the
the ionic liquid catalyst occurs in a circulation | oop

reggare dnathet embbdinreaticthe emutifying dfthe pnfcdiquaddasil§sy bogirs by adding
reactants and ionic liquid catalyst include, for

mékaniplle&netdy-toi theiotiXBifid sb@lysewithdnk Br hioh® 1jush cSlifétents. In yet
punp, an ultrasonic punp, a static nixer, or any

otiR ER{RBEN O, Uhe LIRS i?ym%"a;f% ﬁgfél lg][ Q} @ataﬁ J‘lnaa c1rculat10n loop

conbi ned reactant |on| |qU| yst |ne

t.or, and/ n rculation conn cte .
ex{eﬁ%‘é 18 8 Relcfibn P MLBHAS! REMsuSRR RIS o‘r‘?PkCahqmd catalyst
) ui_d catalyst further include gne or nDre m xers_or
m ?%.f?rzeéamg & Pr RAGSMEiCEHBSR S o thiine higk shegk e, a8 yitrasonic pump,
as the stirrer shown in Fig. 1. The stirrer could
a glefp rnKer, aor enatdontpiiatipel dlethese, whiwhoequldtloe ,plagedainy a combined
conbi nati on thereof h an enmbodi nent, the stirrer is a
reacompméntiquid catalgSTiRed liletoed reattbeasiidrtin @ tirpubMiod@Sop connected to a
sufficient shear to create a desired enul sion

redctd?e - MR for %lﬁ@lﬂgsﬁ@cﬂaﬂts%ﬁtlbﬁh@tliq%m With Iy seeHe® include one or
di sposed within the reactor, for exanple a combination

mcg% gﬂgeﬂs 3y Irﬁdf&li(}'d)%‘ﬁﬁe% dﬁﬁﬂ%%?cg g)ét? fh& gégcﬁ)ﬁﬁﬂ ? ot%e JSQ %‘er 11 shown

a stirrer I Spose
Cr ea es t eslr

in EEsi R Vit ool ipRatar e FEme it g a§%§%’9’“’6€ﬁrﬁr #i9g combination
heﬁgﬂfg OI%eacrjl énrrllbcc):cilrrngrlljtl ?ﬁel gurll*relr Oﬁpls ]éocxnggonreriaocft e? rCS:L"_[(‘)R v-g}qerem the stirrer
provides sufficient shear to\ create a desired emulsion. In lime-mixers may be used in
combination with mixers disposed within the reactor, for example a combination of an in-
line mixer disposed in circulation loop 107 and a stirrer 11 disposed in reactor 10.

[0014] In an embodiment, a high shear pump creates the desired emulsion, for example
an in-line high shear pump 105 disposed in circulation loop 107 of reactor 10. The pump
105 may be further coupled to a controller (not shown) and configured to control the

amount of shear applied to reactants and catalyst in a reaction zone to maintain a conversion

reaction of the reactants. In an alternative embodiment, a high shear pump is disposed in a



105 may be further coupled to a controller (not shown)
and configured to control the anobunt of shear applied
woaors@azisant s and catal yst in a reaction zone POT/US2004/036188
mai ntain a conversion reaction of the reactants. In an
alternative enbodi nent, a high shear punp is disposed
in. a7 conbined reactant/ionic liquid catal yst feed
cogbinedieagtpnt4enie Hagtd eatalyst fegdystrashieain porembbdénens, high shear pump
in-1ine shear punp nodel No. 600LSH avail able from
108ii$ sreiskine sHeatpungs molid\Wn G06LSH pvsikddd ot Sibbstsdn ¥atiines, having
at 3600 rpm and 400 gpm w th an average shear rate as

a tiy peededsdnr Hinkivar S0 B H3%BAPns @G tH an hferheshear rat ided
S“?&erson 600LSH sheafgpunp, t%% conpoﬁéntg osggjaeaSpKW1e

3 . [ er, stat or

o oY T35 006 s e an gt Sif b GRSt B p S BBt to be
rotating.inner rotor.. The. pu rovi des .i nt ense i

i Rl e dREtn, WP R R SO RVCPRY) S0t HElChaoss g groceed into a
are forced through a fine mesh screen (perforations in

CoppgroiaekvEerotaRg Nner Foirat Thegpunep arowidss intensschsdyadistsbear (intricate
exiting through a body discharge port. O her punps

migingy gl ithegmeiguipls are farcedhihginghtreine mexh sgresmypdrdorations in the stator)
enpl oyed in the process. Alternatively, an ultrasonic

thap isnfojatinigai a dbeh Vedocilyibetore bxitihg 12608 & bBEYEisehark Port. Other pumps
in-1ine Sonolator (tmmade by Sonic Corporation, could

prdl@diﬁg QeuilMech, ﬁi‘gih@ﬁeérhﬁx.iﬂ%irhé}nﬁe thngﬁyéﬂ?lgplr g%{:%g.é ?ltematively, an

[0015] High shear m xing (sonetines’re
' r endj ] m art within the

R PUER o o g i DS St e i S Pplagap made by
of chanpi sm ear mxing.ig sonetines referred to as

Sogicy %B%rﬁ{}?%|C°§@&8§§e¥1@ﬁ%\%d%§wﬁ- np Pighyshers isingy
$ushin .in parallel against another naterial surface

[0913] 5 tBighshearaniximg (semstonesorfarsd 4 asighohean tiending) is a term of art
enbodi ment, high shear is defined as having a shear

withat éheomidbgundiBeg, set isl ysed| 4sesuchtievahy I adroist o5BRcKEBEsm, shear
1, alternatively about 1000 sec 1, alternatively about

mikin@0s s@fictimesaefepfelad ay eltahoaRel tstr8RQAuS&L b3} the fluid viscosity pushing
alternatively about 10,000 sec 1, alternatively about

in PRaRAQ886t dhotidr WERERE s Olg%c% i ’ gegﬁgpgﬁeéﬁ)% .’loc:?lymotion. In an

al ternatively about 50, sec ternative

emggéﬁﬂ‘%eg L h?%l%ﬁilgcdeeilg%%\%glia%insghf Heal %t[ee o% Saa%%{ltc ﬁ%(ﬁa geecd‘, gl%ematively
= about 500 sec'l, alternatively = about 1000 sec'l, alternatively = about 5000 sec'l,
alternatively =about 9000 sec’, alternatively =about 10,000 sec™, alternatively =about
20,000 sec’, alternatively =about 35,000 sec’, alternatively =about 50,000 sec’, and
alternatively =about 100,000 sec’, where shear rate is calculated as set forth in the
examples.

[0016] In an embodiment, the droplets of jonic liquid catalyst can be larger than
colloidal size. Typically the ionic liquid catalyst droplet will have a distribution of sizes. It

has been discovered that the distribution of ionic liquid catalyst droplet sizes can impact the

reaction described herein. In particular, it has been discovered that the relative percentage



[0016] In an enbodi ment, the droplets of ionic liquid

catal yst can be |arger than colloidal size. Typically
woheosioemisc | i quid catal yst droplet will have aPCT/US2004/036188

di stribution of sizes. It hasgbeen discovered that the

di stribution of ionic liquid catal yst droplet sizes

gLan i mpact the reaction described herein. In
ofgapieilddidgatalyst drpplety ash thanses oauslda 0Aapictone inaliaméter as measured

percentage8 of ionic liquid catalyst droplets |ess
bit krapsnoitte@dight mioros@@ymiimpacisthe niodicaligidr catAszee asdetieds described

by transmtted |ight mcroscopy, inpact the ionic
hekéinuilt ag @hfbloylinesht,F @asbl KBS 6992EdnbBY niRIbE} Bf thd; iqui

enbodi nent , greaté? t han 65 ggfientﬁby nunbgrﬁﬁ?ﬁ?%gmndCMBBSt
dr?}Sl@’dsCaré le@é‘ﬂfén%?_teﬂhegstg 196 Qﬁ’ilcﬁwflﬁ iffi‘rdﬁanjle%&?’ ﬂl&?ﬁ%rg%ngsc%l%lents, greater

0o 100 mcrons i i anet er. n other enbo

ergcent .by. nynb f t ionic |iquid

o PEb e 19 BB LL 8 o o EAEeC disalits 18 Vthar o gual o 100
mcrans,.in diapeter; alternatively, greater than 85
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ionic liquid catalyst droplets are | ess than or equa
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nunber of the ionic liquid catalyst droplets are |ess
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feed and

. in a ers, such as shear .rat )
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i eve desired products and properties, for exanple a
[O(g%?) ha}\)efioﬁ"és gondatiqng;and wperabag pyrameters sishmp plecartrate, feed and catalyst

reaction may be controlled, for exanple the conversion
amgpnip pnd typesy etec miaynhe belswel tmadeteciesigd erodmns tad ipdgperties, for
one or nore process paraneter and establishing a

exanopit adlAQ baying hecreaiRiscodditya FuetibostiraBAE reabtién AW cotfrolled, for
shear applied to the reaction zone can be controlled

exathlB tie EANEISRIN! B raleH re8IRIWNbARG %ngdetélc)dn% 3r qtﬁklgrtcg"i%uﬁ}e or more

desired reaction conversion. Alternative

[ . Q- ' b .
P P Ry Sk B o BT I P R PR Erbatioeay, the amoun
ar_ ex lLe ner distrébution. In _yet anot her

f ||
of Sehr?%%%ﬁpﬁﬁgﬁf? {8y RECL0B RS 63 hegtrodlsd witha eentreider (not shown in Fig.

1) to maintain a desired reaction conversion. Alternatively, the amount of shear applied to
the reaction zone may be controlled to achieve a desired product distribution, for example
oligomer distribution. In yet another embodiment, the amount of shear applied to the
reaction zone may be controlled to achieve an optimum catalytic activity to achieve a
desired product distribution. The catalyzed reaction typically is an exothermic reaction and
the amount of shear may be controlled to maintain a desired reaction temperature.
Alternatively, the amount of shear may be controlled to maintain a desired reaction product

physical property, for example hydrogenated polyalphaolefin 100 °C kinematic viscosity.
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catal ytic activity to achieve a desired product
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exotherm c reaction and the agount of shear nmay be

controlled to maintain a desired reaction tenperature.

Alternatively, the anount of shear may be controll ed
Intsgmgegrphogimers,dtas iameynt emshean reqpired fiert a peryaiincddsired product can be

property, for exanple hydrogenated pol yal phaol ef n 100
de@rivined rhgtthe tempecasictof 18 teactimm@ne obdidekd bstwédheoolant and reactor

anount or shear required for a certain desired product
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reaction product increases, and vice-versa. In an

embriioeriniethe antduat afrshest iptostidled sush dlottho kdediosugluent comprises
that the reaction effluent conprises PAO having

PAD hpeint ipespetiesdas dedchibed Reredi. N e an embdiA®At thd BRount of shear is
amount of shear is controlled such that the reaction

cotdlledestch CHEP ihS $8acBAP diftddn: &
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viscosity.of a certain desired product. Additionally, _

Tegperafig Fﬁ%@f‘?ﬁé 12y %’ﬁ élsﬁf E}Bgléﬁf%é P% £ogbinef do ogfet dhegviscosity of a
ionic |iquid catal yst can be neasured or detected, and

cerf dgsitsd prodyet. spédirional]yiastadigmatieddy.dhe groplet wizehof the dispersed ionic

_increased shear providing decreased droplet size and

liquidoatalyst sen b¢ 0@a8ired nr deteced i niendmown odRREMt addlisted accordingly,
shear is controlled to maintain a desired reaction

withdnotedssd eliear bovidihg derbRed BRplet sizd8ndPROYESaCONVEr Si 0N
greater than 70 % alternatively greater than 75

[00R8] Centh. arPRAbBhIGP Ak %ﬂ%nﬁ bf %Lﬁag et t%ol%%%lrtaein a desired

The reaction conditions wthint reaction zone
T SR R TN ———
alte%at}vlgiey grgzgtgrn’;ﬁgn f7§ Ie)grcent, and alternatively greater than 80 %.

[0019] The reaction conditions within the reaction zone are maintained so as to provide
suitable reaction conditions for the oligomerization of the alphaolefin of the monomer feed
to give a desired polyalphaolefin product. The reaction pressure generally can be
maintained in the range of from below atmospheric upwardly to about 250 psig. Since the
reaction is not significantly pressure dependent, it is most economical to operate the reactor
at a low pressure, for example, from about atmospheric to about 50 psig and, alternatively,
from atmospheric to 25 psig. The reaction temperature is to be maintained during the

reaction so as to keep the reactants and catalyst in the liquid phase. Thus, generally, the



to give a desired polyal phaol efin product. The
reacti on pressure generally can be maintained in the
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psig. Since the reaction is ngt significantly pressure
dependent, it is nost econoni cal to operate the
actor at a |low pressure, for _exanple, from about
reagf 1D JPRRTTAIE GAnggaTony apat? (R do “ionb 20GTH, vényan embediment, the
at nospheric to 25 psig. The reaction tenperature is to
reqsEORNEGIAR R ERiSdU thegnghel fremothioon4&F asabiont kBT, tahé, alternatively,
reactants and catalyst in the |iquid phase. Thus,
froge f@Fabl1y0°K.hel0 reaction tenperature range is from
about 20 F to about 200 F. In an enbodi nent, the
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F to about 150 F, and, alternative rom
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volune to the volunetric introduction rate of the

mnepys fee g the iongrolipie eathlysidfeahdhatgsd ito oir dntrddpeied into the reaction
catal yst feed, charged to or introduced into the

zoneedafinicd by zorvectdef Thedtsidgnee tirma s inrunit¥ o€ tings | TRO e ctor MBlume and
isinunits of tinme. The reactor volunme and feed

feedrihtrattictibh eate bRt RcR iRt HeGBsiBARE thhEof B 'tgﬁ[‘ BPthte' H8nder feed and
the total of the nononmer feed and ionic liquid

10&@&@1&' shtafyeelled & LBOGNH d'lu%le {réglg{e Iﬁgvfaﬂﬂg ?c% %@%@b%&l&tes, but due to

about 300 "m nut es, but nee
[ i dence he reactjop.to.take
thftell GHE0E SLARI Rafehl e dor I TshER oo ik i to cconomic
ropriately in the range of from about )
Corﬁ?“ﬁaﬁ’&?%ng%reég}gg?e t%%)lsrﬁl?rﬁtaggmprlﬁtebwngh%mg(mftfrom Aleout 1 minute
residence tine is in the range of from about 2 m nutes
to ghguipHYLMITEEs. i pn eabodineent, dhe esrandevizhy js forthew&nge of from about 2
mnutes to 60 m nutes. [0021] The anount of oxygen,

minttes tambomtt 1 20fminates and, atterhatively feme B tmihitek e 60 @aahteON
zone may be controlled in previously referenced U. S.

00Raf entThARRAJUERbT S odR thd Ahb@Tt e Yy a08C
[ 21%604U801 (4081&g,§6(51)) filed goncﬁoéﬁ#’?g@ﬁ in dhe rqaction zone

mai‘lﬁg 8@&%1&%? St u fl}‘i %X%cc%/ ﬁtsg lpla{r?%? g@gﬁ%&lon%o.l oni ¢ (Attorney
docket number 210604US01 (4081-05601)), filed concurrently herewith and entitled
“Method and System to Contact an Ionic Liquid Catalyst with Oxygen to Improve a
Chemical Reaction,” which claims the benefit of and priority to U.S. Provisional Patent
Application No. 60/516,516, filed October 31, 2003 and entitled “Method and System to
Contact an Ionic Liquid Catalyst with Oxygen to Improve a Chemical Reaction” and U.S.
Patent Application No. 10/420,261, filed April 22, 2003, and entitled “Method for
Manufacturing High Viscosity Polyalphaolefins Using Ionic Liquid Catalysts™.

[0022] The catalyst concentration in the reaction zone may be used to control certain

desired physical properties of the polyalphaolefin product. In an embodiment, the weight



Chem cal Reaction,” which clains the benefit of and
priority to U S. Provisional Patent Application No.
weQhBh821516, filed October 31, 2003 and entit| edT/US2004/036188
"Met hod and Systemto CbntacHlan lonic Liquid Catal yst
with Oxygen to Inprove a Chenical Reaction” and U. S
Pat ent Application No. 10/420, 261, filed April 22,
pe208 of mmet kqtid chialyst bbhortdfioto thamedctiot norengaydbe from about 0.1 to
Vi scosity Pol yal phaol efins Using lonic Liquid
aboat 50 y& 126 basell Q2R wdiaht efah@lfacdto aRIeand:| dtdnitively B8 about 0.1 to
reacti on zone may be used to control certain desired

abB Y4 %%,ﬁgﬁﬁ%&ﬁgﬁ&ﬂ at%d?l% Oﬁodoya%BQPﬁP#vﬁ.ﬁ’/g[‘ a%ﬂﬂ‘é{{f%l?f déx&n about 0.1

an enbodi wel ght 11 percent of ionic liqu
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feed to the reactor, alternatively fromabout 0.1 to .
abgiytp “és‘Vwr.lJ Yermativelydem 9w 20 torabapivin Wo.% Ibamggipodiment, the
w.% alternatively fromabout 0.1 to about 5 wt. %
weiphtepatesnt ¢€ liqniq‘ tgwd astalpst Introgduedsoimto theveact@y zone is 1ess than about
alternatively fromabout 1.5 to about 2.5 wt. % and
7.amtteVinbdsed @pyn tireowtightoatt the feedt 1 thb@ekcto?. SInMin aRérmdte @nbodiment,
enbodi nent, the weight percent of ionic liquid
sheatpms109 Mby ‘Bg\'f\b? ted it @ h‘(ijé]\es}feﬁlaﬁké SMEFERRBok D0l ROTo about 60,000
t han about 7.5 . % based” upon the wei ght of fhe feed
-0 . r | . t i c .
s s id AR Khent B 3tk bR & ERRR R par ) R into the
20,000 to out, 60,000 s 1. In this enpodinent, th
refioBHon SR B B S 2R DFIeGl JorceP PR gt 2.5 w.
., nto the reaction zone can be reduced by about 20 ) i
7o 5 cetahist preggnt &y iegraction doeelp hogh? oBlute. 0 getgn equiiaalent viscosity
catal yst present in the reaction zone to about 2.0 w.
proguct.o get an equival ent viscosity product. [0023] In
t he manuf acture of polyal phaol efins, the nonomer
[00Z33dst Dc kiht hadanifcturd roddpelesiphadlefins) ethe eaohombr Zoe@stotk that is
the process conprises at | east one alpha olefin. In an

in@oRRAN MRBthe 1ASIIPAMRI REFD QRN BRS: atiaRe gn@QlPBBeoleﬁn. In an
wei ght of the nononmer feed, at |east about 50 wel ght

enﬁ)g)’rdﬁg%%t, @%Rﬁ%&%%g’e% FO’-@%‘%S\%%’P%%X g)llew.%/ﬂéeé ﬁx{eig!lﬁ? %ﬁgheargg%tomer feed, at
leaglggf | n?gp}eggh%ger%gbrit%%hg%%ﬁnsf Qteernneglrx]fgg? gt lfeaes?gbo%(t) 28} 78&,880, 90, 95, or
99 weight percent alpha olefins. In an embodiment, the monomer feed consists essentially
of alpha olefins, which should be understood to include commercially available alpha olefin
products. The alpha olefins and combinations thereof, which are also known as 1-olefins or
1-alkenes, suitable for use as the monomer feed of the process can have from 4 to 20 carbon
atoms and include, for example, 1-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, 1-
dodecene, 1-tetradecene and combinations thereof. In some embodiments, the monomer
feed comprises 1-decene. In other embodiments the monomer feed comprises 1-dodecene.

In other embodiments, the monomer feed consists essentially of 1-decene, 1-dodecene, or

mixture thereof. In an embodiment, the alpha olefins of the monomer feed have from 4 to



of al pha ol efins, which should be understood to
i ncl ude comercially avail abl e al pha ol efi n products.
wOoheosaupisa ol ef i ns and conbi nati ons thereof, whCThS2008/036188
al so known as -olefins or 1-al,kenes, suitable for use
as the nononmer feed of the process can have from4 to
20 carbon atons and include, for exanple, 1-butene,
201 cprbom eatens lorhmodness thewsef eslemativelycBom, 61to dédeabnr, atoms, and
1-tetradecene and conbi nations thereof. In sone
altematidel s abdub €0 rostenel 2 Eebeh stofier i ses 1-decene. In
ot her enbodi nents the nononer feed conprises

[0d24]0degrngeadidl Bfrheh: GMBRARAWERDS t}feh%amp DBhe fRBErally comprises
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poz,%aﬁ HEFpbb Sl Qo0 RTE" i, Y0850 8 BB Gl ns cam ve
xtures the eof alte nat i vel fro 6 to 18 carb
ACchiling 1 R REEsRIGSIoP B AP SfS 6B G¥nthgtic hydrocarbon
carbon atons. [0024] The reactor effluent w thdrawn
lignidsrmaréactusad fioanmeomecige Relyalphgolefrsiravs @somplex branched structure
pol yal phaol efins and the ionic liquid catalyst. A
withaan etefindfongpl.g.atphawkaboms dodrie bend thatl neyeabwatedi aigwhere along
to the present disclosure. Polyal phaolefins are
the ymbleetle C diy dioc0 Gadh@ivatibsl Ubye StheBBAthiget Ur @@ fUsed herein, the term
nononer s. Pol yal phaol ef i ns have a conpl ex branched
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moge t Pﬁff%f? aghtOéW rhas ey desined bpical propeitipgesndsfin  particular,
an al pha olefin, or a mxture of any one or nore
hayingrthe fesited drigl fvisapiityhpriopertiee el af whids aregtorsh§idlycddscribed below.
properties and, in particular, having the desired high
Thuis,sd&sipbWanﬂm@leﬁhé ean aincludé dihness) taiferd)Oteqaiiekd, Yhigher oligomers,
descri bed bel ow. Thus, the polyal phaol efi ns can

poly&@ér&}' der SNikBFeSof bhY HRE Sor hbie! ABROS of ThOR§IhaOble@i@MBSfained in the
pol ymers, or mxture of any one or nore thereof of the
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atoms.

[0025] The reactor effluent can further comprise a dimer of the alpha olefin in the
monomer feed and the unreacted monomer, if any. The polyalphaolefins can be separated
from the other components of the reactor effluent including the ionic liquid catalyst, and,
optionally, the unreacted monomer and dimers formed during the reaction of the monomer
feed. The separated polyalphaolefins may undergo subsequent processing or upgrading
such as hydrogenation to form a more stable polyalphaolefin product (referred to herein as a

hydrogenated polyalphaolefin product), for example useful as a base oil stock.



atons. [0025] The reactor effluent can further
conprise a diner of the alpha olefin in the nononer
wobeewd/andit he unreacted nononer, if any. The PCT/US2004/036188
pol yal phaol efi ns can be separated fromthe other
conponents of the react or ef# uent including the ionic
liquid catal , and, optionally, the unreacted
Hydsogsmated antyalp ﬁﬁiﬁ@n prodietd hever ¢lan-cardonsesatitated vofh lyde gen, which
nononer feed. The separated pol yal phaol ef i ns may
lendis decdlensthbse sabilitproabe amilergleor upgradi ng such as
hydr ogenation to forma nore stabl e pol yal phaol efin

[oo¥pducty 4 ehesdi@ent fhel'l%fd% n&ed %of%%@&l@ﬂﬁ‘&n@éﬁuct has a viscosity of
pol'yal phaol efin pr oduct’) or exanpl useful as a base

I
fm‘ﬁt Etfﬁft ol R ALaPEnERE. pol xa Qgﬁ%ﬁﬂm‘{rﬁg@%ﬁQOR’atha"leﬁn
£ el l ent thernal %abl|lt to the nmol ecul e. [ 0026
CE YO Aeicosityhef %rft‘?@té 2 i AP 119 45 KB BT (m Ppiis H@ti viscosity
has a viscosity of fromabout 2 to about 100 cSt @ 100
hy@ogenajed pelytlphaoléfacirsiltgt hayuie egesarsiy of dloyabipiuad? éé abrout 40 cSt
product having a viscosity of fromabout 2 to about 12
@A80°@ d:0Dhieh \AscBIEY HdrsESHaesl folydnHoRERNEbAEt having a viscosity of

polyalphaolefln product haV|ng a V|3003|ty of from

b 4 t h v ity .
el S R B0 S BB B e hOCRR Veign of o
Vi Scosity of fromabout 40 to about 100 cSt @ 100
hyqiegensdyRpLyaPRIclgd REriELIcH bRanfhe ramgeaoﬁﬁ@trb@éﬂﬁt W@ to about

pol yal phaol efi n product can be in the range of from
- 13200y altetrpOvely, Gbwwbouis000 abeilttl@r00as altemhativelyr foom abaut21 0 to about
200 to about 10,000, alternatively fromabout 210 to

8,000 ulterBai@ly fidhi ebaniatdsoeloyatiouo B EoouUn 36@r lethbabiditnts, the weight
3,000. In other enbodinents, the wei ght average

avéfﬁé@ﬁl'éle@ﬁlay\@'e%m o h?drhggta%%aﬁ%aﬁfélﬂﬁ%r@a@? k& by tbe range of

product can be in the range of Trom about 500 to about

ol S0, 503 95T 2t LASLARS P ALY 35908 000
PRI s Didjpgenat o0 polvel phecietin
[002:7(]deech:1e na% fe?rgt?oséltinggrlft, 021 rl?y)é;olégr?;e(} hgglglgll;hao-glgt?n product may be
manufactured from either a 1-decene or 1-dodecene feedstock or mixtures thereof. The
‘hydrogenated polyalphaolefin products from these feedstocks are especially sigmnificant in
that they have unique physical properties. Typical ranges for the various physical properties
of a hydrogenated polyalphaolefin product and the relevant test methods for deteramining the
physical properties are presented in the following Table 1.

Table 1

Hydrogenated PAO Product Physical Properties

Test Units Test Method Value
Kinematic Viscosity at 100°C cSt ASTM D445 Min 12.0
Max 35.0
Bromine Index mg/100 g| ASTM D2710 | Max 800
Volatility, Noack wt % CEC 140 T87 Max 2.0
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t he various physical properti of a hydrogenat ed
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On{ TSRS Val ue FIagh Point| C ASTM Do2 M ¥i3%ag 35
Fi -e—Point—C ASTM D92 M n 200 Pour lPoint C ASTM DY%n | 1.0
Vet pueipas MadecaiarVeighfeX Max 3.5 Mn 1.0 | gMin | 170
Average Ml ecular Wight Mn 170 Mix 18200 [0028]Maay | 18200
ionic liquid catalyst suitable to catal yze a desired
cheni cal reaction may be used. Exanples of ionic
[0028]ui d A@®h®ads lijhidnatagyst bailbibee fotdatdlpR o desirbEchanMedl tre&@ion may be
process are conpl exes of two conponents that form

us@MPRAMP1O 3 jdM1 kiRl dnhiitdnY RERbId RE u@@?fﬂﬂe ventive process are
conditions of the inventive process. Specifically, th

Lonl ¢ | i-qui t [,S e _conpl.ex resulting.fr .
co'tlrﬁ)(rl;é)(%% ﬁgﬁﬁg?ﬁ% og{a%gtt}ﬁéétfg{’xﬁ hcé)f%fpgglltlg%s d[hg?] are 11qL%d under the reaction

lLkyl -contai ni ng am ne hydraohaljde . . = . .
co%df’%ns oI the mventive process. )épeé)lgcaﬂy, %16 ionic liquid catalyst is the complex

- resulting from the combination of a metal halide and an alkyl-containing amine hydrohalide
salt. Such compositions are described in detail in U.S. Patent Nos. 5,731,101 and
6,395,948, the disclosure of each of which is incorporated herein by reference in its entirety.
It has been found that the use of such ionic liquid compositions provide for a
polyalphaolefin end-products having certain desirable and novel physical properties that
make them especially useful in various lubricant or lubricant additive applications. The use
of ionic liquid composition to produce polyalphaolefin end-product are described in U.S.
Patent 6,395,948 and U.S Patent Application 10/900221, filed Juﬁe 27,2004, the disclosure
of each of which is incorporated herein by reference in its entirety.

[0029] The metal halides that can be used to form the ionic liquid catal yst used in this
invention are those compounds which can form ionic liquid complexes that are in liquid
form at the reaction temperatures noted above when combined with an alkyl-containing
amine hydrohalide salt. Examples of suitable metal halides are covalently bonded metal
halides. Possible suitable metals which can be selected for use herein include those from
Groups IVB, VIII, IB, IIB, and IITIA of the Periodic Table of the Elements, CAS version.

More specifically, the metal of the metal halides can be selected from the group consisting
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metal of the netal halides ca rom:-t
ISt ] | U [ ] i i,fon, E£Opper
34 G050 Bl N 9L 4 e BBRE e 0 o
o B B e T R Sion v

selected fromthe group consisting of alum num halide,
at éqaRWneaﬁllgyh spbyHthetiageé cagedntain as My de thramalksl kupstituents. They are
gallium halide, titanium halide, alkyl titanium
distaigiridiegblernifrolu gestetnagr emfmoafumibdlshwhieh faet alll fipud e$ itiedl substituent
are alum num halide or alkyl alum num halide. In an
poeitioadiodBified thyehyabedibabiodss. | SE:@IENMBIidel 6thShindS having the
[0030] The al kyl -contal ni ng am ne hydrohalide salts

; ¢ Coni el Laui I

oeh B RAIENVRRI ok RS LRI LU SR bt an
'c? iqglude gn%P b
U 9% ¥opn giig & fpur carbon

S f wh
La
atoms) and X is halogen, for example chloride. If each of the three R groups is designated

ot ORI Bl TaRa T Ryhalrs

Ri, Ry and R3, respectively, the following possibilities exist in certain embodiments: each of
Ri-R;3 can be lower alkyl optionally interrupted with nitrogen or oxygen or substituted with
aryl; R; and R, can form a riné with Rj3 being as previously described for R;; R> and Rj can
either be hydrogen with R; being as previously described; or R}, R, and Rz can form a
bicyclic ring. In an embodiment, these groups are methyl or ethyl groups. In certain
embodiments, the di- and tri-alkyl species can be used. In other embodiments, one or two
of the R groups can be aryl. The alkyl groups, and aryl, if present, can be substituted with

other groups, such as a halogen. Phenyl and benzyl are representative examples of possible



al kyl is intended to cover straight and branched al kyl
groups having from1l to 9 carbon atons. Exanpl es of
wabboslo4zient ai ni ng am ne hydrohal i de sal ts usef BCT/iUS2004/036188
this invention have at |east @qne al kyl substituent and
can contain as many as three al kyl substituents. They
are di stinguishable from quaternary anmonium salts
arihgionphiw selastl Howevest sedhefurthe isabstitutiont mpyp sindésgmbly increase the
occupi ed by hydrocarbyl groups. Exanples include
visoripwofiits niedty i Thgrdfire, penenitodinsmiiha alkM Zoupd) efi®argl, if present, be
| east one of the "R' groups is alkyl, for exanple an

codtlpiiébd @ff darRm ﬁﬂehidfoﬁénggfgu?@ré%‘éﬁls%w SUERSh&X ’ABhE are  desired

| ower al kyl of from one our carbon atonms) and X is
r . ' f .t hepn e
ool o PRI B Bk s o RBe Bl e e Bese aon-
foll.owi n ossibj.lities exist in certain enbodi nents:
cog an%Pm%fﬁﬁém@ghéeo%htﬁ 6 YRyl optional Iy
Interrupted with nitrogen or oxygen or substituted
003 h aFylan gnbodunenn theratkd eomiginiie BoRE badnbalids salt are those
previ ously described for and R3 can either be hydrogen
cowipphndseivheye dw Rigewvipousd sithdebpdropedor ar alRyl, grRuymhaliggah to 4 carbon
forma bicyclic ring. In an enbodi nment, these groups
at@ng angtthy hydohstideyls ydaiges chlofideShn akim@BRPiHIENsStrimethy/lamine
the di- and tri-al kyl species can be used. In other
hy@rRamdidaents, one or two of the R groups can be aryl.
The al kyl groups, and aryl, if present, can be

sti e .groups,, such .as, a hal pgen
(Of210y 1 THE Bl Bt REiadh BB o R i Bl uBGPa as o caratyst for
ossj.bl el6 aryl groups to select. However, such
thg’ JERTE iﬁﬁﬂ?{ﬁ%ﬁ???l%-n ﬂ%yu%ﬁacfés% caHysh hscprigdiiugdymay be separated
viscosity of the nelt. Therefore, in an enbodi ment,
angl/jei regogied grasm e, reagitpragtiinentilty pedodnknowe te thepe slidad in the art.
of carbon and hydrogen groups, exclusively. Such short
Theseparsted prd/ destoetedionrureid ey bé escyclet as heasta catad@otisher alone
or the nost conductive nmelts. Mxtures of these
or ah kynBRatien Wiﬂﬁq‘réﬁﬁl_ynﬁeﬂt%féﬂ i 1ig@dSAtdlFst.C ¥ shife BSLE. the recycled
[0031] In an enbodi ment, the al kyl containing am ne

iotY qfq‘%ﬂ? lcbﬁ%ﬁosﬁﬁ#ﬁ n?%%/;bé hOSRi AR n? E;;l%mg[? Coft ﬁgtaglhﬁlide or amine

groups are either drogen or an a oup having 1
to,4.carhon atons, and the hydrohalide is hydrogen
hy%OP%ﬁ%’éﬁ'an exanpl e of which is trinethylam ne

[0033] The following description incorporates the inventive process disclosed into an
embodiment shown in Fig. 1 wherein is represented the production process 1 for
manufacturing a hydrogenated polyalphaolefin product. Monomer feed and the recycled
monomer and dimer, which is more fully described below, are introduced or charged to
reactor 10, hereinafter referred to as continuous stirred tank reaction or CSTR 10, by way of
feed line 12. Makeup ionic liquid catalyst and recycled ionic liquid catalyst feed, which is
more fully described below, are introduced or charged to CSTR 10 by way of catalyst feed
line 14. The monomer and ionic liquid catalyst feeds are introduced into the CSTR 10,

blended with stirrer 11, and circulated in circulation loop 107 around CSTR 10. Pump 105,



hydrochl ori de. [0032] The prepared ionic liquid may be
stored and subsequently used as a catal yst for the
woeeistouniss descri bed herein. Once used as a caPargsq04/036188
the ionic liquid nmay be sepaﬁgted and/ or recovered
fromthe reaction effluent by nethods known to those
skilled in the art. The separated and/or recovered
pldcediwithinglined 10/ yenmdsifies ylod énlo dmmiswblasfhede as dhe $lnids are pumped
either alone or in conbination with freshly prepared
thioogh and irétuing teat@ahliin. tolthe EITR t@SRSlinet 1. r'Bey&h&dr effluent from
ionic liquid conposition may be refortified with a
CLRNYI i i1 ABE Ry hath! B8 intPSdRHbASF eTfeORAitfiraf! from CSTR 10
[0033] The folloviung description incorporates the
' ' process di sclosed into an enbodi nent shown
ﬂnkﬁ%ﬁﬂ%%Y@ wherein is represented the production

cess, 1 for ufacturin hydr ogenat ed i
IO‘% yal ﬁh%a?aérorne P%muétnaswgngﬂ@rg#@‘gdl%aﬁewaheh%é9cweérsf phase
mononer and dimer, which is nore fully described o
seppaftony] 8 arldch provises seens forsrpprgdids the Yeaetor offlugnt into an ionic liquid
herei nafter referred to as continuous stirred tank
cafabatphasn 20 an€Cs HirdibOarbyn wapolyhlphadefil-caeaiidg padesd®d The separated
ionic liquid catalyst and recycled ionic liquid

iori@lighiisdatdl R GhadetiocB récScraLS Wil blirtesciddoRrhtfddOWith the makeup
are introduced or charged to TR 10 by way of

iorﬁ@tligiﬂﬂséat%lgﬁ gaaésjiﬁkem}o%gh-ﬁg‘% f@ﬂﬂnﬁéreﬁ'ﬂgs iég@g&:fgi’i%i @ESTR 10. The

cat yst eds are inttoduced 1nto t

| ended with stirrer 1 and circulated in circulati.or .
firfl oSS Pty e (e o] BrosB i o8 1683 5 seblal®, i it tiquia
Ijne_ép?, gnulsifies the two imm scible fluids as the
haying; didergpdensiiss dopwadadhosentkiles iy the afth eF @nenagind the, first phase
the CSTR 10 via line 107. The reactor effluent from
SCIESAR ey bs agiravilytseprsatos bya egnthfighleseparatooduct i on of the
feeds withdrawn from CSTR 10 through |ine 16. [0034]
[0035¢ r eThd polysiphddiein-comsaipag phdsel 2205485 Tildnil Phdsb s@pagitor 18 through
line to first phase separator which provides neans for

1in§ @Bab @ehdtBratibe vEQRACIOWhRh Jro@ts bR BN cdRftinglahfYEfaining ionic
cat al yst phase 20 and a hydrocar bon or

liqﬁﬁ’il Xﬂaﬂz@@%&éd Nwittf %@'p%ﬁﬂ%)}ﬂg%ﬁﬁ—c%g‘famﬂke pﬁgﬁameqrater so as to

deactivate the ionic liquid catalyst. The mixture of polyalphaolefin-containing phase, water
and deactivated ionic liquid catalyst passes from deactivation vessel 28 through line 30 to
second phase separator 32 which provides means for separating the waste water and catalyst
phases 34 and polyalphaolefin containing phase 36. The waste water phase passes from
second phase separator 32 by way of line 37.

[0036] The polyalphaolefin-containing phase 36 passes from second phase separator 32
through line 38 to water wash vessel 40 which provides means for contacting the
polyalphaolefin-containing phase 36 with fresh water. The fresh water is charged to or
introduced into water wash vessel 40 through line 42. The water and polyalphaolefin-

containing phases pass from water wash vessel 40 through line 44 to third phase separator



ionic liquid catal yst phase 20 is recycled by way of
line 24 and conbined with the nmakeup ionic liquid
woab@logsits1i passi ng through |line and thereby is PCT/US2004/036188
i ntroduced into CSTR 10. The i rst phase separator nay
be any phase separator able to separate two inm scible
l'iquid having different densities known to those
46swhuch prpviidestrgsng far sepasatingxhapiatertang tha padyalplemdefin-containing phase
separator nay be a gravity separator or a centrifuga
insehaedtigsrein[ B8 WatcFheasholeysdl ghanloed iwmatet phts 48 Bed phigsliphaolefin-
22 passes from phase separator through line 26 to
cofl@athé Pﬁés'e 3. VARSPAteri$haW0u8 RaPbOYIHEI8d AR RRrddREed into deactivation
contacting any remaining ionic li1quid catalyst m xed
' t lyal | efj n-cont ai,ni Wit h [ .
vl 25" AR IR, SRR PG AL Y BRGRUERE, Yy iR B wse in e
m xture of | yal phaol efi n-cont ai ni ng phase, water and
dﬁﬂéﬁ@??@g?ﬁﬁﬁﬁ%nic liquid catal yst passes from
deactivation vessel 28 through line 30 to second phase
[08¥ar af'be relyalphpelpiiprovtraes pheanSO0fnepses dpan dhird ghasgeseparator 46
wast e wat er and catal yst phases 34 and pol yal phaol efi n
thoogh dinaiSdgo phasesepbratidin ecweals§® wiatle proyides engas Sessdprating water
second phase separator 32 by way of line 37. [0036]
frobh ﬁleﬁﬂilyﬁbmwinﬁfdnﬂﬁrﬁﬁggﬁésBiSngdﬁ Rasfp3byIXRSE 88pdritIM to provide a
second phase separator 32 through |ine gé to water
S S 0 [ j 1| £ or t i ng .t
f1a8RS Wake S $€Lant Oatfhi £ hp(ﬂgiﬁﬁ%ﬁgﬁ'l 6n1\%\1'gt ﬁﬁ%r%e g‘%t/i\}\lgt al & water

pol yal phaol efi n- contal ase er.
fr.esh ter .is charged to or iptroduced into water
coﬁv%glﬁra{}%%se e4gla§hhpv ﬁeé hStll%l‘aJﬁlecai)Z pass, O%YV%?SI‘ gﬁ}aaratlon vessel 56 and
o| yal phaol ef.i ncont aj ni ng phases_pass fram wat er_ wash
re%éLﬁgetP CHYRHEHE JRSSEY %r%ﬂmu&%oh%?%oorﬁifég@tlg@ﬁaﬂlat%sagvater stream
46 which provides neans for separating the water and .
cap he disppsedi Qe viaste iwates oma biend 'h g lpshiead palphroteftuenadaining phase having
therein fromwater wash vessel 40 into a water phase

a 08 wntr pohscatrpti@opatenfront water Bgpapitias evebdl 56MRrongh dihe 60 and is
phase 48 can be recycled and introduced into

ch&l@8€ td YeplalMan URSREL2, ABPhibIN 09 RxAhPIe aR 2vhfBEBRY Separation vessel 62
provi ding the deactivation wash water for use in the

PO L LR s B pogH Ao Erortainng pipse heyigs o water
cogg]e%’?rgtiosne RS gtﬁ%t sét"rgam comprising monomer and, optionally, dimer, and a second
stream comprising a polyalphaolefin product. The first stream passes from separation
vessel 62 by way of line 63 and is recycled to line 12 wherein it is mixed with the monomer
feed and charged to CSTR 10.

[0038] The second stream passes from separation vessel 62 through line 64 to guard
vessel 66, which defines a zone containing guard bed material and provides means for
removing chlorine and other possible contaminants from the second stream pxior to
charging it to hydrogenation reactor 68. The effluent from guard vessel 66 passes through
line 70 to hydrogenation reactor 68. Hydrogenation reactor 68 provides means for reacting

the polyalphaolefin product in the second stream to provide a hydro genatedlpolyalphaoleﬁn



through Iine 54 to water separation vessel 56, which
provi des neans for separating water fromthe
weoabosaupisaol ef i n- cont ai ni ng phase 50, for exanpCe/usy004/036188
flash separation, to provide ;3 flash water stream and
a pol yal phaol efi n-cont ai ni ng phase having a | ow wat er
concentration. The flash water stream can pass from
proguckel whiph psubsantipbpersion 51 ereznathbonecayhpnetpubls bonds are saturated with
deactivation vessel 28 through line 58, or
hydtdget. nHy drogtryis ihteducbdbh wagto€tins V2 aaslisan) bed shicidosiel the second
of as waste water via line 37. The

strBgth YalboP R ehatind- enhal-Ring BRBSRNAM Reorfd Lt%ﬁ/rﬁ"ﬁﬁ@ 'hgdro genation

concentration passes from water separatlon vessel

rezt[)cgc[r%%g hTIII;]é Hgdrsgen%{ga aﬂ zﬁ&?aro a}Srng %g)%gs% 15, ?dsrggenatlon reactor

YEPER eV pora epar ati

essel ﬁ @rOV|des nmeans for separating the

68 DY WAY| HHESI7Ef i n- cont ai ni ng phase having a | ow wat er
concentration into a first stream conpri si nononmer

[0Q3%d, ophd reeanf disclpwreprinagsdy docysesorge A@mﬂgwwprw@ngment, but
a pol yal phaol efin product. The first stream passes

it $hoolh teapalestdodrthatabs etop D flilye prayend inviehtien BIlefineld by the claims and
recycled to line 12 wherein it is mxed with the

notOIRGRE tof £ partiR 0Mr GhevogRblerit Qletsridd 1ibreih 00B] exbieh1& €6 0AEl alternate

stream passes from separation vessel 62 through line

etrﬁﬂ)dfn%ng YR Haa(\,’t?(ﬁrsﬁne%ﬁs #1980 @%ﬁg?@s aft ﬁloﬁ%ﬁﬁ'oﬁ IiRYeactor 10

guard bed materi al and provi des ans fo renDV|

whegal‘n? !fe&cta t?igagc}n gfrea.m lf o%lsl}laﬁsl,es &ﬁ %orﬁ%% 1cnc8%§%%81§h % %Sl}gene, toluene,
e actor 6 The effluent from guard vessel passes
xy{oh &Hﬁﬁpht‘?ﬂ@le?@dt%oﬁl}% FERAh 30 FORPREAEE 8 y@é@ product.
drogenati on reactor 68 provides means for reacting
[0040¢ polnyeal guhwdima¢tinthg piglaionireactine e deradisadekerafis@lkylation. In
provi de a hydrogenat ed pol yal phaol efi n19 product of
anwinbolingens, ubs blkyldtoh rpatiohds alkfyldtioe of deln@ne cidr brample according to
doubl e bonds are saturated with hydrogen. Hydrogen is

thd MlefRAUSRD appari@y iRfthe INEted2SiattkOPdtéMeNd 05 @Qﬂ 882 X&flitled “Linear
with the second stream prior to charging the

Al%\génz@ﬁ&ﬁm (05 Q4G E&g g%ﬁ@%%ﬁé g&ﬁ@ ﬂdagﬁ "0 filed on October 20, 1998,

rogenati on reacto rogen

1n(1% %%8(5) B% & ane\gbc%gﬁlclﬁll ﬁasn?aaesfy T An h%goc?lglene tbenzene 1s alkylated to

form ethylbenzene, cumene, or linear alkylbenzenes (LAB). For example, benzene may be
combined, typically in molar excess, with a suitable alkylating reagent having from about 2
to 54 carbon atoms such as olefins, halogenated alkanes, or mixtures thereof. Non-limiting
examples of suitable halogenated alkanes include C4-Cy chloroparaffins, alternatively Cio-
Ci4 chloroparaffins. Non-limiting examples of suitable olefins include linear, unbranched
monoolefins and mixtures thereof having 4 to 20 carbon atoms, alternatively 20 to 24
carbon atoms, alternatively 8 to 16 carbon atoms, and alternatively 10 to 14 carbon atoms,
wherein the double bond may be positioned anywhere along the linear carbon chain. Non-

limiting examples of other suitable alkylating agents include olefin oligomers such as



[0039] The present disclosure primarily focuses on a

PAO production enbodi nent, but it should be understood
woheds/utis1 scope of the present invention i s dePCnad2dy/036188

the clainms and not limted toya particular embodi ment

descri bed herein. For exanple, in an alternate

enbodi nent, the reaction zone of system 100 conpri ses
prepylenekipiramien and anbydrogenatedr prapvalphraoldingh eiosicnliqud catatsts such as

feed stream conprises an aromati ¢ conmpound such as
thdzenizemnibed tinhoendstaik itremenayose wsad s batlgresuehdiktapidy ¢éactions.

stream conpri ses an al kyl ated product. [0040] In an

ogphodi MeatolIdWRsy atdayiial draRe RaeidOR 1€d fherely for th
[ g!riqedel - Croaftsﬁgal kylﬁati on.el n an en‘ggg?é?rent, e]treh}é or the purpose of

T N e

BRANELE Tt 9° dfBE S A% SRR 0l DB iR A, BF DecENE

I‘\Ir\_yl CITZT11C T UT 11 LAY A L o1 1T
Liquid', filed on October 20, 1998, incorporated by
[0042 or eRbe follovans examples caspmpleetly- 3, illusirate fisorffast af shear and high
benzene is al kylated to form ethyl benzene, cunene, or
sh¢drnemrsoadek pf Bha zehysisal( paBprticForf theanhf@nerb esazéone praduct and the
be conbined, typically in nolar excess, with a

pefidhia@dbenhlileBtor@rte® ao@p reddayh Rguftin@ Mk e codtihford%rocess for
carbon atons such as ol efins, hal ogenated al kanes, or

thdd XM EBatifies €Qlecehion- 1 i m ting exanpl es of suitable

hal ogenat ed al kanes i nclude 4- 20 chl oroparaffins,
er naj | vel - Cl4d chlorgoparaffins. .Non-limti

100433 75 Bh ¥feal 1o B 00 G mie SRR ol iRt vl ' B3 examples
unbr anched .nonool efns and m xtures thereof having 4 to

a5 Gated e 46 ,en@ﬁ eaPHai ﬂg?ijozﬁ.*/toa tip aDessy BBHed P i, dstance or
alternatively 8 to 16 carbon atons, and alternatively

gap fetyper dhaoiove arbnes. Threonst galloh pildoplbhterebuohadean inside diameter of
positi oned anywhere along the |inear carbon chain.

S-ibolrelsi filte regetex aaplegsippéd ofither 2 Stintlabddial alikylade iimgeller. A Tuthill
agents include olefin oligonmers such as20 propyl ene

geArghunTR6used twél DIBY IR deR#kd deRleiPd fARA0A &ilvBSon bR Ymodel 150L)

liquid catal ysts such as those described in nore
i. i . | ' .
e LEhin ey THS A AL 81 A, 206059, KYAL Oe specinc
I S B TR e TR i S T ARB 8] rector impetier

manner the scope of the invention.
shear rate calculation was based on:

a) Circumference of impeller = pi (2.5 in) = 7.854 in
b) Impeller tip speed = (660 rev/min)(7.854 in/rev)/12 in/ft = 432 ft/min
c) Shear rate = tip speed / gap = (432 ft/min)(12 in/ft)/60 sec/min)/1.25 in = 69

sec’!



EXAMPLES 1- 3: H GH SHEAR ADDED | N OLI GOVERI ZATI ON OF
- DECENE [ 0042] The foll ow ng exanpl es, exanples 1 - 3,
wohkbusaurziat e t he ef fect of shear and hi gh shear POWUS2098/036188

of the physical properties of {the ol igoner reaction

product and the percentage o rmnorrer converted in the
reaction resulting fromthe continuous process for the
ol i goneri zation of 1-decenelatl®®43] The shear rate

data for each piece of m xing equipnent used in the 3

exanpl es| Basndiesed| BpetdiephundaiEseal, dal @upaini orf Shear R ate,
velocityj or tip speed divided byihe dijstance or |gapgec!

RAELWEEN [he §WO sUffacggy The ongzgaltgn pil@gr piant gq
TndpERGE O had an ins|de dianmeter of 5- inches The

nnnnn H i+ A = | arda
Tultc e ¥ A qgt hi | geTgilDUpum; hoggéd t io OQCE nct] 9440

Um hmeterl ten-teethl gears. A Silverson mixer (nodal

SilverEn wak eqbiSpped| wi 134888 1. 5- i nEB0di arfet ef-00t or]. 44,960
Mirgbl e 2 bel ow conthins the specific inflormation

required to cal cul ate the basic shear rate. For
exanpl e, the reactor inpeller shear rate cal cul ation
was based on: a) Gircunfergpegief inpeller = pi (2.5
in) = 7.854 in b) Inpeller tip speed = (660

[0?%1 /'m TH Q%oﬁ%ﬁloggﬁ)fo%\égsj lzi(eg%ef \%v?s/ fe%iﬁ%t(%%e{t?iﬁ? fzté(%g é%ﬁﬂyhour along
AR5k i REED e a2 B 1 -t
stlée R%%%@aoggs %@%gg@ﬁg‘g}ﬂ% e%a]ﬁggd lmt eelxl:e?‘rrxal -grbllctl Pnltelrlnalcggglrmg coils. The
1-decene feed contained 31 to 61 ppm water. The reactor level was controlled to roughly
half of the volume, which gave residence times from 27 to 30 minutes. The reactor was
agitated with an internal stirrer operating at 432 ft/min tip speed. The reactor stirrer was set
at 660 rpm. The reaction section was controlled from 19 to 22 °C under a headspace of
21% oxygen (balance nitrogen) at a pressure of 30 psig. The reactor effluent was quenched
with water to deactivate the catalyst. The resulting product was distilled to a target
monomer plus dimer content of less than about 2 weight percent. Monomer conversion of
the water-quenched product was determined using gas chromatography. The percent
monomer conversion of the water-quenched product and the properties of the distilled
product from this example and of the following examples are presented in Table 3 below.
Example 2

[0045] The conditions for Example 1 were repeated with the exception of the reactor
agitation. In this example the reactor included a pump around loop with a Tuthill gear

pump model no. 9174S with a tip speed of 236 ft/min. As shown below in Table 3, the

increase in shear rate results in enhanced 1-decene conversion and viscosity.



Silverson 1.5 2880 1130 0.003 44,960 M xer Exanple 1
[0044] In a continuous process, 1l-decene was fed at a
woavws/0a2158000 grans/ hour al ong with a catal yst PEE@82004/036188
(1.65:1 nolar ratio A1C13: TMA,HC1)of 2.5 weight %into
a - gallon stirred-tank reactor. The reactor was
equi pped wth external and internal cooling coils. The
1-decene feed contai ned t oEsmmes wat er. The reactor
| evel was controlled to roughly half of the vol une,
[0046] ch Thy eondéisordefoc Extinples? fvemnnegeatédowdl theé extepBon dhehe addition
reactor was agitated with an internal stirrer

of OPBIA! bHtdr dixé3that twadl ukell iR BPGREhp Ad8nd 8868, OTheS high! Shear mixer
was set at 660 rpm The reaction section was

f ) % . .
RSB0 10 S Gy, RS s o 15
ef f wat er to

.The reactqr. l.u was d.wi :
cishagen ©f: din et df apybim B33P AL Thg nBRum dowa 2880 mm s 16
distilled to a target nononer plus diner content of _
gallenss peth ERIHB o uThe myiserghed gesauaret holpphishshedosmvesnsingtalled, which

of the water-quenched product was determ ned using gas
proshdeshat esjimzaidty sheThmtper wéorstatomgapesf £lo96lepesisent Sfatdrhgap is 0.003
wat er - quenched product and the properties of the
indhi. SAb sh&@win pelodut TAB1©B] tHai increxs@nBl sBeandiecofgat®@sults in enhanced 1-
foll owi ng exanpl es are presented in Table 3 bel ow

deERRNRINS ki dnOQfP ) isdb\gtyc Ordé tehgi?ﬁleflp listEX APHb1el VR Riditive to each

repeated with the exception the reactor agitation. -
, - ' anpl e the reactor included a punp around
Iﬁ%@%%uéﬁ?ﬁﬁé Tuthill gear punp nodel no. 9174S with a
tip speed of 236 ft/mn. As %ﬁo¥m bel ow i n Tabl e 3,
the increase in shear rate t2%fts in enhanced
1-decene conversion and viscosity. 2?2 Exanple 3 [0046

Exteple o idieatiRefiag | oFqEraa| ¢ Mowomsr r ¢ped®®BE wijt MOPGe | Viscosity
exceplion of the addition |oforversiogh | sNewmesityi xfiscosigt | Index
. was used in thelpunp around | oop. The he$th shearStmi xer (VD

1 1 Reactor stir 69% 274 228.4 155
(lowest) mechanism
2 2 Add gear 74% 29.2 220.5 172
pump
3 3 Add high | 78% 33.1 - 2344 187
(highest) shear mixer

EXAMPLES 4: CATALYST DROPLET SIZE FOR HIGH SHEAR
OLIGOMERIZATION
[0047] The following example describes how samples were acquired and analyzed to
determine catalyst droplet size as a function of shear. 678 grams of 1-decene and 13.5
grams of catalyst were added to a 1-gallon stirred-tank reactor. The reactor was maintained
at 16.9°C under a 15 psig nitrogen headspace. The reactor stirrer was set at 660 rpm. A
first sample was pulled 20 minutes after catalyst was added. The reactor contents were then
diverted through a pump-around loop, which included the gear pump described previously.

This shear regime was maintained for 30 minutes. The reactor temperature increased



(Silverson nodel 150L) was equi pped with a 1
hor sepower notor having a 1.5-inch dianmeter rotor. Tip
weoepest42151 2880 rpmis 130 ft/mn. The nom nal PCOWS2A104/036188
2880 rpmis 1.6 gallons per mnute. The m xer had a
square hol e high shear screen’installed, which
provi ded an estimated shear rate in rotor/stator gap
slightly i 966°perThedugh-Steat orixayans described @Bevineshy was igtoaneed into the
below in Table 3, the increase in shear rate again
pungsatbtusd ildope i addieon 1o titeTemél gedrviRing), B0 afchtes after initial catalyst
viscosity. The equipnent listed in Table 3 is additive

chhi@e€aBh t&ﬁ%ﬁtﬁf@in%m ke19 okl & Bcdpd I @Wlle@binﬁﬂmes after
Equi pnment nomer 100 C 40C Vi scosity nver si on

Vi ' Vi ] Index ¢St ¢St (VI) 1 1 Reactor
th%béﬁgéﬁ@a ?i%%i@%%df§5 (1 owest) nechanism 2 2 Add
r 74% 29.2 220.5 172 pu 3 3 Add high 78% 33. 1 .
094] 4 i‘s&rlszﬂrﬁtegihﬁglet) nUHRSHOPH, Wit gsdipLimdea. heyepkilissdroplet  size
DROPLET SI ZE FOR Hl GH SHEAR COLI GOVERI ZATI ON [ 0047] The
foHewingipwopnsxigh|shead eviitigh eathlydl dranistsefomethe leig ghear sdmple were
and anal yzed to determ ne catal yst droplet size as a
allbwed té settloto gledattonbaf3hesanpleofal beflee bniagantleddl with a pipette and
grans of catalyst were added to a -gallon stirred-tank

trah€REE@fo a Ehes SIRRCT OA fWASrdPRIoN iR HiSKl stdtfar dRnHEs8INE8K ware placed on
15 psig nitrogen headspace. The reactor stirrer was

a g°l§§s s‘?itleﬁ% ERVE slﬁlefsi\ﬁdeg% aﬁ_ﬁle&tﬁg?%ﬂﬂe! eﬁle amvgy{ogéetermine the

after catal yst was a react or contents wer

siztehce)P single droplets, not agglomerates. Table 4 below summarizes the frequency

percentage of droplets within a size range for the low shear and high shear samples.

Table 4
Droplet Size Range Frequency Percentage Low | Frequency Percentage High Shear
(microns) Shear Sample (stirrer ) Sample (stirrer + gear pump +
high-shear mixer)

0-40 10 19

41-60 29 50

61-80 5 25
81-100 14 6
101-150 24 0
151-200 19 0

[0049] The results show that 100% of the high shear sample was composed of droplets
equal to or smaller than 100 microns. By comparison, approximately 43% of the low shear
sample droplets were greater than 100 microns in length.

[0050] As shown by the examples, emulsifying can reduce the ionic liquid catalyst
droplet size, thereby increasing the surface area of the ionic liquid catalyst available for
contact in the reaction zone. The increased surface area of the ionic liquid catalyst irx the
emulsion may increase the catalyst’s activity by improving the conversion rate an.d/or

improving the viscosity index (VI) of a PAO product. Alternatively stated, emulsification




di verted through a punp-around | oop, which included
t he gear punp described previously. This shear regine
woasosrmazist ai ned for 30 minutes. The reactor teRpPEUARMABO36188
i ncreased23 slightly to 17.6G, The hi gh-shear nixer as
descri bed previously was introduced into the
:ﬁunp-around.lpop,_in addition to the Tuthill gear
ofheisnmisoibly ientcdsuid eatalyst and reactap(s)dmpsives HerugefulEhe of the catalyst
tenperature increased to 19.6C. A second sanple was
bypredheidg 2Be minountest edtilgst thixemby dle-rsheised ot xehieWag a certain product
turned on. [0048] Transmtted |ight m croscopy was

visteeidy i@, tH8eAné BRok! H sWithceldroP helilableZBr EQltAPMhBe la@ieved using
and hi gh shear mxing. Catalyst droplets fromthe | ow

anple were allowed to settle to the bottom of
1e§ﬁga§§ pl e vial before being collected with a pipettes

transferred to | ass slide. A f drops of the, i
OfPn <AL eifiirioR ot 1% ek e RUEgH desspecification and
slide. No cover slides were used on either sanple. The
dragimes wth the spsperFefFisace Remeialse refpeetiviell e The ophweing, figutes are not
aggl onerates. Table 4 bel ow sumrari zes the frequency
nepessvdptagelof Cettap fatiseswiithe mvantsezmay bangewinexap e atedvin scale or
shear and hi gh shear sanples. Table 4 Droplet Size

in Ramngehdtrsehietamizyfolarane Rbmag eleldly of comkansnal BRIEARIASE not be shown
H gh Shear (m crons) Shear Sanple (stirrer ) Sanple

in (el kst ToPBRLNPUAR donl]setkss heahe MXEh) dgs'cg%u%eoislgsusceptible to
41-60 29 50 61-80 5 25 81-100 14 6 101-15

err#l%élﬁg%ﬁse %frgdigfg%%f) feh%vl\g.llfg%r%%gés’l ée}}(?%vgfs irr]lgli\féo F\z/%nég:ls',o%%h%{rei}:lrﬁe described
in detail, specific embodiments of the present disclosure with the understanding that the
present disclosure is to be considered an exemplification of the principles of the invention,
and is not intended to limit the invention to that illustrated and described herein. It is to be
fully recognized that the different teachings of the embodiments discussed above may be
employed separately or in any suitable combination to produce desired results. Specifically,
the method and system of the present invention disclosed herein to add high shear mixing to
an ionic liquid ca‘palyzed reaction may be used with any suitable ionic liquid catalyzed
reaction wherein the reaction product contains a converted chemical reactant. In a desirable
embodiment, the method and system to add high shear mixing to an ionic liquid catalyzed
reaction of the present disclosure is for an oligomerization reaction for producing PAO from
monomer or mixtures thereof, in the presence of an ionic liquid based catalyst system and
the detailed description above is focused on this embodiment but with the understanding
that the present invention may have broader applications including such reactions as a

Friedel-Crafts alkylation. Although only a few embodiments of the present invention have

been described herein, it should be understood that the present disclosure may be embodied



equal to or smaller than 100 m crons. By conpari son,
approximately 43% of the | ow sliear sanple droplets
woenws/ogeisat er t han 100 microns in | ength. [ 0058CTAS2004/036188
shown by the exanples, emulsikying can reduce the
ionic liquid catal yst dropl et size, thereby increasing
the surface area of the ionic liquid catalyst
in aneay| dlrespeafic domsaeithduy depasting &ioni the spotieor thtecope of the present
i ncreased surface area of the ionic liquid catalyst i
didchguuA By eRariplys Inehkledsr folte: @alkkiedtasSilatiative yidmot restrictive,
i nproving the conversion rate artd/or inproving the

anl BE Aklo¥uleMd &t ¢ 1Rhitd BAReRIPHM %iverﬂlér@fn[‘ At ‘ﬁ%{)y be modified

stated, enulsification24 of the inmm'scible ionic
0. qui t n t.ant (s).. BRI .
willif s RL SN bR GGG ARG i BRI sk S spivatspes
catalyst that may be required for achieving a certain
product viscosity (i.e., the sane anpunt of surface
area avail able for contact can be achi eved using | ess
catal yst). [0051] In the description above, like parts
are marked t hroughout the specification and draw ngs
with the same reference nunerals, respectively. The
drawi ng figures are not necessarily to scale. Certain
features of the invention nmay be shown exaggerated in
scale or in somewhat schematic formand sone details
of conventional elenents may not be shown in the
interest of clarity and conci seness. The present
di scl osure is susceptible to enbodi nents of different
forms. There are shown in the drawi ngs, and herein are
described in detail, specific enbodi nents of the
present disclosure with the understanding that the
present disclosure is to be considered an
exenplification of the principles of the invention,
and is not intended to limt the invention to that
illustrated and described herein. It is to be fully
recogni zed that the different teachings of the
enbodi ments di scussed above may be enpl oyed separately
or in any suitable conbination to produce desired
results. Specifically, the nethod and system of the
present invention disclosed herein to add hi gh shear
mxing to an ionic liquid catal yzed reacti on may be
used with any suitable ionic liquid catalyzed
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reacti on wherein the reaction product contains a

converted chem cal reactant. In a desirable
wenhsdument , t he net hod and system to add hi ghPenaaro04/036188

mxing to an ionic liquid catg yzed reaction of the

present disclosure is for an oligonerization reaction

for produci ng PAO from nononer or m xtures thereof, in

the presence of an ionic |G based catal yst system

and the detail ed description above is focused on this
TRADMHKSHIISKIAIMER I[Bhe under st andi ng that the present

i nvention may have broader applications including such

reac i onsA agetholir ioe Gedredst ahdtvitg! by laat IR 1 BOLG st comprising

only a few enbodi nents of the present invention have

: [ herej jot oyl.d b St 0 ha .
o o e R o DB R B pesent in
cific fornms without departing fromthe spirit or

m%ﬁﬁngg%%e of the present disclosure. Any exanpl es

i ncluded are to be_considered as illustrative and not _

restrict iﬁ@, methad phelagn d oy eindhe smalsifying dseurs piieteld the reaction

to the details given herein, but may be nodified
zopg, twithin thegeantiopeond, exieenad ppthn dexdtion admes o yomgy vohbination thereof.

their full scope of equivalents.26 CLAIMS THAT VWH CH

| S GLAI MVHDel iSethdd of ofsith 0 dwhareinN®e eagdsiRbid \HdehrsOfn @Feed stream

ionic liquid catalyst conprising ermulsifying the ionic
cohpfibing i6:8¢ Bh¥idlcatylsharléheQr nfBRE Feaklaidi d Conponent s

present in a reaction zone. 2. The nethod of claim1l

wherein t 1yl s.prior.to the reaction

Fone wi R SR ARG AP Rl iR H eor

reagtion,zone,, O an omhi nation thereof. 3. The |

net Rod of 8|‘%?th‘?‘!1°€ﬁy~lé‘ﬁ%¥ AV RSN SRR PERIFIYIRG 0BG WIF A 3 Girclation loop

feed stream conprising ionic liquid catalyst and one
extsFnafin the reagemaens: 4. The nethod of claim 1 wherein

the emul sifying occurs in a reactor. 5. The nethod of

cl aibm 1 Whemsitind dfelamil shérgimihe emolsifginigceurs by adding mechanical

circulation | oop external to the reaction zone.
energy to the ionic liquid catalyst with one or more liquid components.

7. | The method of claim 6 wherein the emulsification is provided by shear
mixing.

8. The method of claim 7 wherein the shear mixing is at a high shear rate of
greater than or equal to about 200 sec™.

9. The method of claim 7 further comprising controlling an amount of shear to
maintain a desired reaction conversion.

10. The method of claim 9 wherein an amount of shear is controlled to maintain
a desired reaction temperature.

11. The method of claim 9 wherein the amount of shear is controlled to maintain

a desired reaction product physical property.
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6. The method of claim1l wherein the enulsifying
occurs by addi ng nechanical energy to the ionic liquid
woav@logsitsiwi t h one or nore |iquid conponents. PCT/TiS2004/036188
met hod of claim6 wherein th mul sification is
provi ded by shear m xing. 8. The nethod of claim?7
wherein the shear mxing is at a high shear rate of
gr eatZer tHamethoéqlialaimd whoein Qoolsgwmgred@es Bhaonic liquid catalyst
met hod of claim7 further conprising controlling an
drapietiBize Othesdb@ahcieasimBiandudiate argde st ee idréadigu catalyst available for
conversion. 10. The nmethod of claim9 wherein an

corfRUM thObeash§Pfonk. S controlled to maintain a desired
reaction tenperature. . The nmethod of claim9 wherein

t he u 0 hear nty ol 0 intain.a desired .
reach on DrouclPE s ELT MpeEiLbl B5E4E Wil ARtk ipn zone isan

f. claim1l wherein enmulsifying reduces an ionic liquid
algpumieactifon) et si ze, thereby increasing a surface

area of the ionic liquid catalyst available for _

contkt ihha methedaf clagm Fowberelg theTalisylgtionsercepn ds ailfriedel-Crafts

1 wherein the reaction within the reaction zone is an
allaylitydrat i on reaction. 14. The nethod of claim13

wherein the alkylation reaction is a Friedel-Crafts

al kylsati oThe Hftholihef BI04 Ohéredi Ahd bndher @hdtet RGui@NE mponents
or nore liquid conmponents conprise benzene, tol uene,

colIrRB BenRhe, WGREL I RIBRE or égphtﬂ_ gdrethod of claim1

erein theé reaction Withi'n the reaction zone is a
eeUR 20 3R Vi BSOS Gt o i o

polymerization reaction.

17.  The method of claim 1 wherein the reaction is an oligomerization reaction.

18.  The method of claim 17 wherein the one or more liquid components
comprise one or more monomers or mixtures thereof.

19.  The method of claim 17 wherein a weight percent of the ionic liquid catalyst
introduced present in the reaction zone is less than about 7.5 wt. %.

20.  The method of claim 17 wherein a weight percent of the ionic liquid catalyst
present in the reaction zone is reduced by greater than or equal to about 20 percent.

21.  The method of claim 18 wherein the monomer comprises alpha olefins
having from about 4 to about 20 carbon atoms or mixtures thereof.

22.  The method of claim 18 wherein the monomer comprises alpha olefins
having from about 10 to about 12 carbon atoms.

23.  The method of claim 17 further comprising controlling an amount of shear to

maintain a desired reaction conversion.
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18. The nethod of claim 17 wherein the one or nore
i quid conponents conprise one or nore nononers or
woisdsimzisit hereof . 19. The nethod of claim 17 ROEUS204/236188
wei ght percent of the ionic ly,quid catalyst introduced
present in the reaction zone'is |ess than about 7.5
w. % 20. The nethod of claim 17 wherein a wei ght
per c&nt  ofhet imethiod mifcclaiimg g3 dvberetial thetanpoums exftshear ishietermined by a
reaction zone is reduced by greater than or equal to
teidperdtur® 0f peredtibn z3de, bi@alyeipad pofyaphabeTimpes®ict) drombination
nmononer conpri ses al pha ol efins ﬁaving fromabout 4 to
thébgut 20 carbon atoms or mxtures thereof. 22. The
met hod of claim 18 wherein the nononer conprises al pha
ol efins having from about to about 12 carbon atons.
23. Zbhe rBtchmethofl af dam fldrfiitiber comprisgigngecovaringob Ipoiglphaolefin
an anount of shear to maintain a desired reaction
pré@RY BihOR vRBosd- of Figh ARIuh 26 Mo @i d8t 23 1vberei n the
anmount of shear 'is determ ned by a tenperature of the
reacti on zone, by analyzing a pol yal phaol efi n product,
or &6contihsamietwodt dfecleind 24 2Brthdheompiisog wtowdraigna bolyalphaolefin
further conprising recovering a pol yal phaol efin
prodiRE HSlind 2 VisB&sitd ofifeeshduy 1 Do amMsa@ts) 208@. about 12
cSt @100 C. 26. The nethod of claim?24 Turther
conpri sing recovering a pol yal phaol efi n product havi ng
a viX¥eosithg wethpdorh dbiou4 1farther gsbowrisig SLve@NE0d pClyalphaolefin
27. The nmethod of claim 24 further conprising
pré@RONAIN Y vizcidty\odifphasoat tntopisslitqaDoR8Y @ 0@C.
viscosity of from about 40 to about 100 cSt @100 C
28. The nethod of claim1 wherein a resultant emnul sion
conpBi sesthiegnethod p§alagm davhdreist a desiant emelgioal camprises ionic liquid
| ess than about 100 microns in dianmeter. 29. A nethod
catbyzpdioplengequal toaa lesk igini abbwt 180 radEbnOin doneted nMonomer
feed and a

29. A method comprising introducing into a reaction zone a monomer feed and a
reduced amount of ionic liquid catalyst and controlling an amount of shear present in the
reaction zone to maintain a desired conversion reaction of the monomer.

30. A method for oligomerizing a monomer into polyalphaolefins, comprising
emulsifying an ionic liquid catalyst with the monomer.

31.  The method of claim 30 wherein the ionic liquid catalyst and the monomer
are emulsified in a recirculation loop to a reactor-.

32. The method of claim 30 whereirn the ionic liquid catalyst and the monomer
are emulsified by a mixer disposed in a reactor.

33.  The method of claim 30 wherein a resultant emulsion comprises ionic liquid
catalyst droplets equal to or less than about 100 microns in diameter dispersed in the

monomer.



reduced anount of ionic liquid catal yst and

controlling an anobunt of shear present in the reaction
weaanes/unismai ntain a desired conversi on react i ORCOfUSR(08/036188

nmononer. 30. A nethod for oliggnerizing a nmononer into

pol yal phaol efins, conprising enulsifying an ionic

liquid catalyst with the nononer. 31. The met hod of

cl ai - 30 Aviesteothfemeligenedzing quindneraeraings polatphablefins, comprising

nmononer are enulsified in a recirculation loop to a
mpgscdnoionic3Ruididaeal et vinld thef mehanenudidenigh sheart he ionic

liquid catal yst and the nononer are enulsified by a

m xe3s. di SPeREHzédrActi8RSIHm cddpridilg: method of claim

30 wherein a resultant emnul sion conprises ionic liquid

cat g yatiof E@ﬁ;ﬁ}éﬁe?oqg@ei\;eoon%r r: rﬁ&t%hﬁ(ﬂ&@ c&%@?ﬁ%g %2{1 a1Aionic liquid

m crons I n | Sperse e'nono
t hod for oligomerizing a nmononer into
> C%ﬁaﬁﬁlphaolefns, conprising mxing an ionic liquid
catal yst with the nononmer under hi gh shear. 35. A
cat & /&6 qounlet ite the yeactan feb afding ihigh: shear teathediquid components and
configured to receive one or nore |iquid conponents
and theionorliquid cagaliyst; ead al yst; a devi ce coupled to the
reactor for adding high shear to the |iquid conponents

and & bentrodlet €oupledUuiotthe dbaky Sr;adaig Hgte sHehf Md &mfigured to control an
coupl ed to the device for adding high shear and

Confanthe6k hearcAREE b (1N RIPERpHend ﬁrth@g?l?ésjlticﬁllﬁg EASlyst in order

l'iquid conponents and the ionic liquid cataly

10 OVd%Bnh,tﬁﬁk%kﬁ%ggﬁ%ﬁgﬁ¥ﬁk§‘°” reaction. 36. The

systemof clal erern’the device for adding high
t e ur T SHEa O B VPCAP S Hev e TGt fhea i a pump.
claim 36 wherein the pu is coupled to a stati c,
i n-137ne The system of claim 36 wherein the pump is an ultrasonic pump.
38.  The system of claim 36 wherein the pump is coupled to a static, in-line
mixer.
15 39.  The system of claim 36 wherein the pump is in a combined catalyst and
chemical reactant feed line to the reactor.
40.  The system of claim 36 wherein the pump is in a circulation loop around the
reactor.
41.  The system of claim 36 wherein the pump provides an hydraulic shear as the
20  materials are forced through a screen that is rotatiné at a high velocity.
42.  The system of claim 35 wherein the reactor comprises a mixer disposed
therein. |

43.  The system of claim 42 wherein the mixer is the device for adding high

shear.



m xer. 39. The systemo f claim 36 wherein the punp is

in a conbined catal yst and chemi cal reactant feed |line
woaodsive21seact or. 40. The system of cl ai m 36 wWheCEiUus260he36188

punp is in a circulation |oop @round the reactor. 41.

The system of cl aim 36 wher ei 1° t he punp provides an

hydraulic shear as the materials are forced through a

scrddn t Wate isgstemt af | dgmatd3a whiegdin vibe amixtey . is42. rofdiiag impellor, a

systemo f claim 35 wherein the reactor conprises a

staidrk8tor Hrep9sRehtineiofithered3. The systemo f claim 42
wherein the mxer is the device for adding high

shegp. 30 44 S}Tﬁ]&ns fﬁ%ﬁt‘fﬂlo% Gl 4&1[6"\@5{‘1%{5101{ DECHbX Comprises an
is arotating i1 npellor, a stator/rotor, or any
.conbi.nat i th f. 45..  Th t f claim35

oGP ARoPY TR 4 BADFBRAF BN conpr i ses. an

ol i goneri zati on of nmononer to pol yal phaol efins.



