WD 2009/ 148685PCT/ US2009/ 038014 POUR PO NT DEPRESSANT FOR HYDROCARBON
COVPCSI TI ONS CROSS REFERENCE TO RELATED APPLI CATI ON 5[ 0001] Thi s
application clains the benefit of prior U S application Serial no.

12/ 133,927 fMOSHEE 5, 2008 and European appl i cati on RSGAEZYYESE 41 i | ed
August 19, 2008, both of which are hereby incorporated by reference inits
entirety. FIELD OF THE I NVENTION [0002] The present invention relates in
general to lubricant and fuel conpositions, and 10 nore particularly to a
cl ass of poly-a-olefins that are capable of Iowering the turbidity and pour
poi nt of |ow viscosity hydroca ! mai nt ai ni ng the
overall viscosity of the base %?%6%m3§§$wND OF THE | NVENTI ON
[ 0003] Si nce the advent of the autonobife, there nas been a need to inprove

lubricating 1TRAISSREFPRENCHESRELAFEDUIPLEGL TN aut onpbi | e engines is the
| ow tenperature behavior of the Tubricant. Autonobile original 12{}@ Errent

manuf act ur er’s d““&ﬁl\/s"ﬁh‘*aarpéhcéfdiﬁcfé’ff?féﬁe REnELH of per e arplisition PRaA! non PFy al |

refined m ner alfilddubie £ a00% andV\BX@ﬁaMAf[ithUﬁlﬁ%lGI&ﬁSB&1lddl Zeuatlo] owst esper at ur es
and prevent the | ubricant f ol rom.f L owng. mﬂbcn?e S an expectation that

noder n, hi gh- per formance Tubricant's wTi ia‘(. n a desirable viscosity and
pr event wear uww@ﬁ_ﬂ_ﬂﬁ oper at i ng conditions. This is especially

chal | engi ng whegaoijhe GRMeH Ik BRSHiBY ?ela@&llﬁjogn%ral L0 RREALCHS Bhpdstdlhs, SHCH as
i n Canada and nort hern ﬁ;rts of the Pour point depressants (or "PPDs")

are typi cal 0 y FoEPsU MR Gkt ‘Pfé"){‘yr"o\’/lFfBLF thag,g¢ F‘&’é‘ﬂ? ef ]i"YieIH’éI“EF ekl apd
Common P. PDs ap&ur paised 1anviRodity agdrydatbe Sasa frdekh, UVRE akiasinidgovewell vikddeise . PPDs
can be expensi v%%d ha 1\(/e%drel(atl vely poor stability given their

functionality. P Chan |%‘eneeds in the marketplace, 25 selection of the

"right" pour p&W@E been nore inportant than it is

t oday. Equi pﬁeﬂkoﬂanuii%hw.ﬂﬁsﬂ% AN MREHLE 1S @l&ﬂi@&ﬂd Rgq LUREEGanhSealihat
del i ver greater efficiency and greater dur abi [ At the sane tine, new

speci ficati éns(“FSor")‘eh@*i “Fré Hawaﬂawrwr et ~I&jb1fi"“*daﬁf %"‘b‘l"a&‘é‘“f"oddﬁér" ¥ithi ts on
| owt enper at ur E,;biﬁdaui dmmmmbﬁucrrtnhar cqubdAas@e r@hhfGhat eDrane {fx’rOtﬂﬁﬂ nualxd;m the

Changing, with ydrost reatqgg API nd |11
oils. 20 [ 0002{ n am marx aifzgymd nu}{u%] Ul mu,,ntt fe ﬁ'\cl o dn u a[?hﬁa. e% ?ns ar e

di scl osed in USmSe“de@ 61138““%{@0@)7#4!34@@8]& WAD Zﬁﬂ?ﬁﬂlwwﬁéﬁwﬂmkﬁ@@wl@70691,

and WO 2004/ 03359Rur ML us QIR x9§ i1 oh h@eﬁ@a gQ msyhuaoan Nave.d JBr gued.pour
points relative to the base stock, there is still a need -for a | ubricant

that has hi?§hel’ pe¥ias ARG ant" & cieviall hrigreisoriie e Sqgytions are cold for long

2009/ 148685PCTpdr ;3&2;@@9.( @&8@«14 L[i@;Qﬁ@ﬁ;domﬁtlnm} baﬁ oStk wad. i s aﬂr axmabvﬁwmﬁ (soder n
];Tg.gle ??gﬁqozl();i/gﬁg Oﬁxae:l piw v d\rd Egjlus"it Iellf : ﬁlt fg oW ol'}?ub*’icmm m cocii! W (aa }mf ?‘ummon }efla_% can be
l i quids ("GTIL"je b@@hmnl«bgy» eles ifnrlci)imvm:atl %W\br tﬁwmeﬂ?%@dﬂ 11»@1\@‘»1( @I )
technol ogy. ExanmlfS,of sesheho dénstlhs.:l#%t@nii‘?&e'@aﬁ;@ﬁnh% found woneuh. 811, 683,
UsS 7, 344,631 and U35547"7 9 quallt d|5|°TIatefuesare|n
demand to pt \ﬂ%ite““i“r‘rfﬁ*‘&’)vti;fl‘t %Ur*’ot‘i‘bi ‘%*i*te“a1 UBY e ten PRTEBIAN g0 §idoday.
flowability at rdqu»memematuag ayd ﬁx@ﬂd&&ﬂnk&ﬂm@s&wﬂ&h Jhkf&;»@ﬁp{&\f@ﬂ?&ﬁ&ﬁan
enhance the Ovctenziajz ifsiy mfwmw OBE[ abslfm“ TEY ﬁ@agg\ bLT’Elfb LT3 H)* mer(]: I?! TV i

pol y-a- ol ef i ns" proguced TRt hi's T nvant T'6n " Can’pr ovi de s TeH efRa éﬁént

[ 0006] What is ‘n*aevaeadmd% aughowenitc os tovPPBpdaw i ri‘gidntrrprkwm mtabi bty agnd can

be used as 10%88%!&1@42nu%wﬂmmﬁh QUGN M b@@%%te%t@@ﬂﬁwﬁsi?@ﬁf akly ,
gas-to-liquids ("GW rlved “base stocks, n base stocks. Such is

[
provi ded hé} e.lﬁ‘g%u ARy FEECTHECTRVERT) OR( “[b’é%)?’f)bé‘s‘é‘f‘l Hedlijchsgnag VS
enbodi nent is (avbyéqir @@@D@Iﬁnm&enﬁlo ﬁi)‘f uielmomd Mrfmw&m m@mﬁn@wmw
enbodi nent s, I‘SI{§I ng, f 001, 0 WM % at |east one polkyﬂa ol efin,
by 15 wei ght - |éﬁ‘dw“”t‘” h“ o ’1 8 éi“”“ é"“‘ ‘f“‘”“arfef 11 "REVIRY " Kvi w
within the r angeﬂ‘@fh‘ﬂrﬁ@mimlwmmsﬁeehigﬁt{xahdnaawxmﬁebmkammwght di stribution
within the range of from1.0 to 4.5; and a base stock having a Kvim bel ow
20.0 cSt; wherein the at | east one poly-a-olefin is present in an anount
sufficient to | ower the pour point of the hydrocarbon blend by at |east 5C
relative to the pour point of the base stock. In certain enbodinents, the
base stock is a | ube base 20stock or fuel base stock. [0008] Al so descri bed
herein in one aspect is a nmethod of form ng a hydrocarbon blend, a fuel or
| ubricant in particular enbodi ments, conprising: (a) reacting a catalyst
conposition and a feed containing at |least two sets of a-olefins, wherein
the first set of a-olefins is selected fromC4 to O3 a-ol eflns and t he
second set of a-olefins is selected from Cl4 or |arger



25 a-olefins and formng at | east one poly-a-olefin having a Kvim of at

| east 10.0 cSt; and (b) conmbining the at | east one poly-a-olefin with a
base stock or_ fuel base stock having a Kvl() value of less than 20.0 cSt to
form the hydr 8OO end. [0009] Descri bed in anot her FFEERP/&38% et hod
of form ng a hydrocarbon blend, a fuel or lubricant in particular

enbodi nents, conprising: (a) reacti ng a catal yst conposition and an 30
a-ol efin feed having a nunber average carbon nunber of at |east 8 carbon
atons to format |east one pon a-olefin having a Kv") of at least 10.0
cSt; and (b) c pin I ock
haV| ng a Kvm vﬁfmg ofgh(tgls?lgI f at Og t?)f%p@?&%% M?l%orﬁéog !)r{g rC %g}ggrh%qﬁt%g‘f%nd WO
2009/ 148685 PCT/T@ssée@etecfe%@anm nme 10D Threyentigngl etf@k‘degeﬁmrtgtnlw*er easnten and

nunerical rangess eua@hp@e@*m%&mo@@a nlae cegrﬁalbneﬂtn% tltitu@thet )dt@&g&bg@t lve
el ement s and n;‘l:_ﬂrrerlca r escr i_nments of

n
i nvention(s): FofEHEro! 4 ’y‘%ﬂ térf“ﬁlmf?érqectﬁtlﬁl If‘rHSt 68’f1 6z§h Ié?’ ergh3 e [Eﬁa
combi ned W tsh apy7,F@Owelightu qeaityCdiltillbi: Midls 0f i fe@ashwepreli@nmpioyedpddEfhil ED
DESCRI PTI ON OF | 11TIALL f Vi .SCO descri bed
herein, unless h;sgggéyf i eggg ﬂ?elfag% QE)WLLE ﬁ'é %0{3 %mﬁ%%%l %:d{“‘/clt'scecr)nsl?b Tes {l%n
centi st okes (" erStw\)emﬁlea@wre@Ce&eevmlh@aotlme ASTIVIID4aE ippOE el Abgnopy.sdlsi ty

i ndex (" VI Y vehuesmrnepltme@ut ad me&et@tn%vtd@ SRR IMafRA4Q. [00121As used
her ei n, |ubl‘lﬁ e ers to a liquid substance that can be introduced

10 bet ween two (@ rmre Hrovicrg etfrit%ee* S BRI A SPRIVE RGP Pt pon
bet ween t helonoviPng isAlrifCaces « trdtQh m&iseﬁhﬂd espentlly obhe-ighighrécantsriveShage

material conprisin . / of,.at. | east one poly-a-olefin, by
wei ght of the fu%?%gtg{rlqmgdﬁﬁjf havi r{fa” i't{”‘“(”d TR n the range of from10 to

5000 cSt, and wwwdr ocar bon base stock having a Kvim

bel ow 20.0 cSt ooiﬂg [t%irb@(pat QrQnen%Hler?t' it Iaq%rocartbncetnhaa T EIPagRNES are
| ubri cants. 4 her ei n subst ance t hat

E%‘BAS used "fuel "
evol ves ener gyp U BB YRR fl":‘é‘} 0. P%l 8tlp BW’ Of ?‘f Ifaﬁreonﬁﬁ’%lgé‘rﬂ‘eﬁn by
descri pti ons hyéigacathbbkndrat erltal @e p@yefo&ﬁiahzlvymgtdhoé‘@wtthtatheaxr@e b feput O at
{)ﬁgmehte)gglerngf’]'ltj{o SOR(E)iEﬁ fagd %m%le::le{l ewﬂé%lt &letl uttlon wﬂhm qu-n%t [Q% ﬁ_‘o 3 V(?I Sez? E?g\)//\lt %! 2 f
at | east one p@htysf%metmgna Ky belet gho C%If Whehfen ﬂl@letl leaqtamdp(hyarmmgn & pll(escmt within
the range of fgpmoli eﬁf@m@tgqplo@@tthe étﬁﬁ\q)o%gé‘ftthé t?@ Eatlﬂ)’ﬂ%leﬁd’ Qﬁat‘ibfast%t{,etlela%se

ro

stock having a Kvl oo bel ow 2 carbon conpositions'

certai n enbodi Heht %OuéP‘emf‘iﬁéheé”*elWli4ﬁ%@”ﬁ“éé]a‘ Hupegfspthe fase b*ﬁ%‘%“é‘tltﬂit?kbml s used
to describeoa hytofarbbenttt ui d that does not cont al n the at | east one
polyaolefln ri and t he i
Corponent - by (e e e 8 o 208 TR m S MR 8 1 ocie
i ncl udes 25 thlel aildripdnt atrertitwle] enbodimeriye coramigiagirfel reetites catabhi eimpbstia

continuum and ggmni ?é&d»'&@ltdgﬂcmwolt ga tgvor@t's &¢ ‘dlo?e%ns()fwhgleﬁath@'ﬁmt hans Gl e | over
b0|I|ngfract|ons ﬁtﬁjsua fromGo t are used as djistillate fuel or

"fuel base st o¥lstd Kimyfel Cl.*fd’t Pl a‘tdrﬂé%*tefoéh got 8? RV “FIS“rtedi fifst ¢ ¢ AntrsHase
st ocks. | n2®nea- elﬁﬁl@dthR)Iﬂ’ﬁmg hthéh%tbc&ﬁ eolstcméﬁn(hmﬁg £ we'l™ oflaubist a;(amtSthrnd (ptt)her )

has a VI of at com%}:at;sntg the, a?le%si?‘ otie poiy a- P(latsn m:tlh2ato %e st«?c'?c%f_r Ele(baqe{Tptgg 1avm0

certain enbodi nen 'ow =1 or -10 or
-15C. In certa‘fahleeﬁlbﬁdlahré@t@ SSttm@Hb@se‘/dgtcmb% hlglda Goup L, 11 or GTL base
stock. in cert@yid enprdipRn §1voth'%1rbepebﬁ$§rr§ﬁ19cp& f&%ﬂ@ h%lgca%h H@mpti fde?&s t han

10 or 20 or 30 cSt, .and. in other enbodiments, greater 0.1 or or 3
cSt. WO 2009/lilzt%éf'ﬂjé‘l‘}ctﬂg“z@é@f“@@%fﬁmf‘tt@%](%“rt‘“t‘tgrh"ﬁahﬁ C&‘%%Eh‘b‘P‘eéndcft’

hydr ocar boso baséefst foakiavig®hb niIRs eveBbOCKSH nuGbdr bakl1@st dcatbuh blo@att Brnt ncl ude
APl G oup | @nho u and .G o

st ocks and hygaBgﬁﬁﬁdhgggﬁugd?$%lds P@W@%doﬁygtg XE% ng$%gPatﬁ% lﬁcess or
Gas-t o- Li qui d rotyesrelelin pitioe dss. st@k 0896] Gde- Toalhé qlilesisthiyad®0 sSrotokfsmt thel ude
base stocks angi@t.hasenPi | s derived fromone or many possible types of GIL
processes. The GIL process generally refers to a chem cal conversion of
natural gas, nostly nethane, into synthesis gas (mainly CO and hydrogen).
Alternatively, solid coal can also be converted into synthesis gas of

mai nly CO and hydrogen. The synthesis gas is then converted into nostly

| i near paraffins by Fishcher-Tropsch process. 10 The linear paraffins have
wi de nol ecul ar size distributions. The high nol ecul ar wei ght |inear
paraffinic fraction of C75 and higher can be isolated by distillation or
fractionation and then subjected to hydro-isonerization by different

catal ysts into lubricant base stocks. This GIL base stock has Kvmof 3 to
20 or 30 cSt in certain enbodinents. The GIL base stocks and/ or base oi

may be used as such or |n conblnatlon mnth other hydrodemexed or 15

o o T | o, o o,



[ 0018] Anot her exanpl e of a GIL base stock is also characterized as
conprising a mxture of branched paraffins, characterized in that the

| ubricant base oil contains at |least 30 90% of a m xture of branched
paraffins, wh8PHW &8P branched paraffins are paraffi n@P4EHY40% ar bon
chain length of C70 to C40, a nol ecul ar wei ght of 280 to 562, a boiling
range of 343C to 566C, and wherein said branched paraffins contain up to
four al kyl branches and wherein the free carbon index of said branched
paraffins is at |east 3. The GIL base stocks, WD 2009/148685PC

T/ US2009/ 03801 t [ a
descrl bed in rri? eﬁllget{z}lg mej%?gr@g)%gﬁn% e 5‘%”%@‘??%% m\a%e{sg‘%gﬂ]fﬁn E? uel
"base stock" capmpeeds with elahptserinibe e’rﬁﬁnéﬁﬂ anddpwnqricyl gieegef e ldessiibes preueh as a

di esel fuel, avnsddimsfitale 1n‘Kﬁﬁ&§s@nf@nhef W8 et nunjeBlal fih@!of aﬁ'%@ﬁlklﬂgarpbe! etc.
are those boiling in the range of

General ly, sui t abl.e

120 to 5%00 (A@‘?‘M%ﬂ%d‘)y ‘W%&‘B“Bﬁit“ﬂ“r‘? e RCE P inge 150 to 400C in

anot her enbodi BETAILED DESCRENONIONEHRENVENYION | speci fication calls for a
10 % distillat '[(Wi]ldpmz&]l ﬂﬂ(a I:yibgthﬁ t&@%gpg&& %1@% S m‘lfr’gd lethaz&gg@g@ gher

than 272C and % poil nt of at Feast

343C, al t houghkigemgic spreesitics elatcim@ﬁgkegéicstheleeee%awng asARINGD#S 1867C. I n
certain enmbodi rert*s). hieatdhig u%l svas ealuela}e mRAE@fccddil BN TRI pYI76.9i N
distillate, foLoiﬁarrple as . oil, na a, etg. ar‘llgcaéked distill ates,
for exanple, ciY yti't e li‘eéc“’staolfﬁ”c“r‘ B dsbhgud yhuenenBet ep Bafieiictor a
di esel fuellObasevshoek oi mak udedg aurficaiandimvwict s fevplaif fitictiol b3B&n aldmavi®0 %

distiliation POl DAL ML R AL ALEHRN (e ORI M B g0 A0F o Pidif3, These

distillate fue ase stoc can be ma from conven 1 P
refining pr oceS%"ééea%Pmtﬂ?éw elafin. bewpaliet e biiicegagndthgving q&v&l Wl(h@ tb91an$or

“coal -to-1iqui foxoﬁn @-EBS()OOTcgtCKHaQ{ @Qy@ne[t\cf)ggﬁﬁlyﬁi%cdﬂ&%@aﬂe{oﬁé Rwina Kv'” below
"pol y-a-ol efin odi nent . a aving a Kvmw thin the

Qpe ,GO
range of from i(bd‘ggl’ Qﬁ ydl“’f?f O SPGB ‘ggﬁ%ﬁ)‘m&’é’tmmfﬁl bgE8y mer  pr oduced
by reactindsa Matil ysts wahijxoshta gnelstdny aufsead todt eaeledse:ﬁelgy DN oc@oBed The
bl ends describ reln .l £ ribed
herein. As use ]gﬁg?legdﬁpon n%eg’qgfl%eqaﬁﬁ%8%}&"21%81 Xllﬂg“a(?b g e{ably%m tﬁaqa made
up of two diff kfuishat lﬁ@h@ﬂwlafd’er #xved“uqy,mewd it ancgidladtrie leyndies qnhgzeeln @r@ur or

nore di fferent .RQMRRAMERE - fgﬁ’rﬂs‘d“te#ﬂﬂ'c&rﬁpns;[ Beomaloal wSb m&m%a&ﬂomow
one or J,n.co

conprise any k i nati on

catal yzing t heqﬁ%‘molayu‘ﬁ ’6P|fntg€f ‘%Ho"l ‘381“%‘1‘%"&? f Wﬁwg]gé?“ig?l"frﬁ?ﬁblr?é? §000ﬁ§)tna‘1dl mting
exanpl es onO whit déestasre ticedf| fed -thiat t@k datiad y tvS? bebw ame oSxi dee lgg@chrbon

catal ysts, Jﬁm‘ 4 nf]&m qlleéelnn]]gleb coendi.natqon 25 catalysts, and netal | ocene
cat al yst s, Wi tional activator such as an al unoxane or

non- coor di nat i B8t 4hni dn ufcé hglcm bihakoystdsist tuecddo dpsorihgddiydropambog diuidgthay does

enbodi nents, the C(ﬁﬁan{ fast %ncpﬁﬂl))la-@l'cﬁll @ébblﬂ)cﬂ BelB, ogliGe gncuéﬁ%@n@ntqghf@l yst
conposi tion conprisin | ocene and an activator. [00211The method of

form ng the atP'1"é&s mg‘ﬂlémptﬁ’lV)?luﬁleoqf(gF|fﬁdlé%0%e°15&c?lle6%6‘ Pase tios” inglydes

conpl enent af y thsgiedhs.fud m @bd tangt mespestwhidhhiea admulneﬁsﬁndmelxmm (}foagaﬂllcefi nis
produced by r i 0 havi.ng a
certain nunberexﬁ%g_%/cgllggg%l%gf’@hlyé ﬁ%@&&b&h ﬁﬂé%ndméeélfsgg (ﬂttﬁ fltlusee(al.st one
poly--olefin i% dm’fl’éi’dfué'é]dom)i'ue? bae sioglg: b}g'@aﬂballl%tlacemmswwmx Iyliricent Give or
nore ol ef i ns sekeCtigdnd hm®BUWR, ESbSe gsckqlo@fmen%bllsalafemfda{egthasseﬁm bei pgse WO

2009/ 148685PCT/ S2009/ 03 14 olefins within the r 1ge of to C13

a-ol efins, and PHBY & é‘efnoﬂlé‘i g’oﬁ‘f}‘él?t NECGPBE ‘? ‘PW& thBPabéq‘ﬂ%{‘l hat g C14
a- ol ef i ns. 3d n ppetpoanaidwerd @spect,5°d. e cmmhﬁﬂo@ﬁwrﬁﬂhd‘mmﬁch& adlrodpg@ Sl one
pol y-aol efin I i a 1 s ibd I nd .second
aspects. [002%?@%5?3g?ﬁg]{)r}g%%ggec?m&@gm n‘ttb & tO odné%bol aﬁ'gogleftl?arnlq?
produced by reaéterdgcd dnglreélleaiﬂyleﬁm@efﬁ@ﬂeietihmp herd oaﬁcfa—ol efin feed having
a nunber average carbon nunber of at |east 8 carbon atons, and at |east 9
carbon atons in another enbodi ment, and at |east 10 car bon atoms in anot her
enbodi mrent and at | east 11 carbon atons in yet another enbodi nent, and at
least 11.5 in yet another enbodiment. Ln yet another enbodinent, the
a-olefin feed has an nunber average carbon nunber within the range of from
8 to 15 carbon atons, and from10 10 to 15 carbon atons in another

enbodi nent, and from 10.5 to 14.5 carbon atonms in anot her enbodi nent, and
from10 to 14 carbon atons in yet another enbodi nent. The "feed" may be
conti nuous or batch-w se, neaning that a constant supply of the a-ol efins
can be provided to the conponents being reacted or a single anmount is added
to the conponents being reacted until the reaction is stopped, or another
fresh "bat ch" of feed IS |ntroduced 15[0023] I n certal n enbodl rrents the

Y Y 1
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essenti al | y of two or nore olefins selected from 1-butene, 1-pentene,

1- hexene, 1-heptene, 1- 30 octene, 1l-nonene, 1-decene, 1l-tindecene,

1- dodecene, 1-tridecene, 1-tetradecene, 1- pentadecene, 1 hexadecene,

1- hept adeceneVOP*8f¢%¥ecene, 1-nonadecene, 1-eicosene, FCTASHAYESEEne,
1-docosene, 1-tricosene, 1-tetracosene in yet another enbodi nent. The
a-olefin feed consists essentially of 1-hexene, 1-octene, 1-decene,

1- dodecene, 1l-tetradeeene, 1- WD 2009/ 148685PCT/ US2009/ 038014 hexadecene
and 1-octadecene in yet another enbodinent. In certain enbodinents,

ethyl ene i's sulihant | Qi MndRSRMh, LY M E08 87 Be lhdk [ @ebse A0dy gtmtt@tte and
propyl ene are substanti all sent fromt he cul ar
enbodi ment . By "&easstinehds AP Groahk Srup 1L Grvae 1. §1?r'éahtGlp‘§>thaitGlprlteVbltamll ene
or ethyl ene/pr @ﬂawb @REnyafoBarBRhceRls EBRN terivil BIY Fid@teGb AR Bod-Q\68 GalR-tifif

5l evel of 1.5 Wt af the feed. [0026] 1 n another aspect, the at |east one
poly-a-olefin i & o mresgs by contacting a catal yst conposition with an
a-olefin feed $Wi@dct ethsfTodriquidaubass ebeks d cluael@keeq‘mchsanchSht@qa‘mtssttnvstetror@foneo -
olefins is at o]

a-olefins in oneﬁéﬁﬁggﬁ’#&%‘fe@@w@%}% alng l e §°%|L bn& gﬁ%ty Héf?‘mé‘) P’%?Snt and
C6 to Cl2 a- ol &fiveigion pf sagpal g3 Hazﬁtyt‘h@rdner‘rﬁ@diﬂﬂﬁﬁt gasg ein(paC @ @lﬂtll}@h(ael@t efins

in yet another Aﬁéﬂ&@ﬂblﬁﬁ@ﬁd co&l@arpﬁ@ b8 BhoeH-aamns ﬁyntﬂéelqlgmgnafﬂﬂ@@a&fh&@oéeﬁ
sel ected from efln one |s selected in

anot her enbodi er'i“'ty n ﬁ&aqolhg'ff“ T%e‘%$@t°§eq“ ‘??6‘ IFPHJm¥P%@*1§B%Jh@“C§Ié¥OCFﬁ yet
anot her enb6di Fmﬂtnear[p@@tﬁﬂi lame €@¢ thaliedulae sioditdtands., Thehéehfidigtilasatighofinear

a-ol efins conpgj r % 0% of
the total a-ol Eé éll% %é‘ g@e % elograr%\réglsgl tcti %;dl 1&8011 0&8Ct85at1§9??dnﬂslml n one
embodi nent , anﬁ*bﬁﬁﬁrd t9rbédrer~omerzetwbetdrf%1%Catatysf@:mo 'abr@h@fbiah,fﬂoplﬁ dhistHer

enbodi ment, or baAOYedNRs /'O £100f0 drhe c%n%@r‘ta@ﬂ-@n&dﬁﬂeﬁtﬁ' e GAL YL sepQt her
enbodi nent can?nglr% sed The bal ance oé the f is selected fromthe second

set of Cl4 or Pse 0l a¥ PRSI B RSP 0% C&%&Wﬁéﬂ hgothey thyfiadesgaxesinen, o
30% or 40% of htdrgsomertded featmlyfoae eblconeviee ubt bie Glok. Oronk am@ﬁfmeﬁf)&re@mfl ns;
and the feed ¢ 0% f n. an ther
enbodi ment . [ o%%{ ﬁl?]l%?léd;l%il?Qn&e%ﬁ ed 1?1&%1&%3&% aOVIhof %{#?&S(é 1(96 a%!i ?t 1%%?12? in adtot%
conpri si ng t hectbRdimsatt §n @Ftalaﬁm@tdeﬁﬁiﬂhstht §Tb Pt atpekeds ¢ pouh aied vaintbamaege

aver age car bonofiab®y orQbceh -1£as10°8 ¢RF GON 1B %@ato&@@ld@h@fﬂ@&%r to %Yo@ﬁc%ge
car bon nunber n ato 25

0
nurber averaget???gts‘ﬁf‘)F‘tt %uﬁ%] F%‘B'fl U7 ’5‘&%31185%&%6@ H%Sn%‘ 175 %t Oiér?éf her
enbodi ment 20 ana Vé©20081a$280 K0. Geaallpony abobmse stotk ylaiveafiah be IGTepaeeis oede, and
at |least 10.2 &Qﬂ?ﬂﬂb%&%r&%qcl B‘ed%?% .anot her enbodi nent, and at |east 10.5
carbon atons in anot Iment, and at |east 11 carbon atons in yet
anot her enbodi r?t afge atantpé‘aefta TTL Sageartesris &0 ANITiRIng erraffiniotydiocarbon

enbodi nent. | rbobﬁﬁ&neﬁ’tm(ﬂ{ heth %ﬁb&l@htn@tmmncﬁth@ A nRh&fed tﬁ@%&%o@@f Hétﬁ)her
aver age carbo in t he range of fromg Eo 15 carbon at ons,

and from 10 t Qlytlag%laEBt?H hét’tbd X 9 “BhoERb e sropigty mEREIchingds Mepsicd 6Y Bt 0 14. 5
car bon at of% imrcan@k heércceridpockitint carlongwhiciome Ir sronddcagdndrenoat s ah N yet
anot her enbodi /

first describe gltém e%t{)\ggéj ?{é%élg?%%cﬂt{eapia%%?%s@?@]&g [SO? dgdaf%r%§ &Ht t he

et hyl ene, or ei‘ﬁ;fl“éﬁem%ﬂb‘é veppaidi hgméhob*s(tcah@fl carnpgmtabgaewhoﬂer omthe feed in

certain enbodip®st s, Aﬁ«ﬂﬁjst tRenfieeda MAY. £0NSba! iseRseMbhd it &f cdnlph&RY a
a- oleflns i n other olefin feed as descri bed herein

nt
is "reacted" WM< @ar e@ﬁf“%&h%%???‘ﬁﬂ‘t3“t§eﬁHPﬁwat”?éﬁgtmﬁhétk%‘
pol y- a- ol efd n.90%he a rgvture O adnakey phraffiosypastih sanbraiciedi@fat e dre PRt @hnhad mg mean a
catal yst precuyr 0 a su I / act qator air.
Waen t he terngigggéﬁﬁé%%@ﬁhBQé%k%C %@“%ﬁlﬁwgﬁ Oz%@?l%% Bm a | bef or e
activation, i t34?h€a‘ﬁ§6& ﬁeﬁndn\aeﬁn\ratl eunhad edrafEns cemleeattaﬂoyrsetﬂsyl br@getsrved Wi th
an activator amgcinaRtA@R@AbdYindeR of AiBGiNAL RS HGheAS3 areda! dayd @ckm num
compound). When it is used to describe such a pair after 10 activation, it
means the activated catal yst and the activator or other charge baIancrng
noi ety. Furthernore, this activated "catalyst conposition” may optionally
conprise the co-activator and/or other charge bal anci ng nnlety I n any
case, at |east one or nore poly-a-olefins is "produced" (or "formed") from
the reaction. [0031]1n one enbodi nent, the catal yst conposition conprises a
met al | ocene and an 15 activator to forma catal yst conposition.
Met al | ocene cat al yst conpounds include half (one cycl opentadi enyl bound to
a nmetal center) and full (two cycl opentadi enyls bound to a netal center)
sandwi ch conmpounds havi ng one or nore cycl opentadi enyl |igands or |igands
i sol obal to cycl opentadi enyl ( Cp ) bonded to at Ieast one netal atom and

b g, . .



WO 2009/ 148685PCT/ US2009/ 038014 100331l n one enbodi nent, the netal |l ocene
cat al yst conpounds are unbridged bis- cycl opentadi enyl netall ocene
conmpounds represented by formula (1): LALBMMN, wherein each LA and LB are
bound to the W4t er M and each Qis bound to the HBtEF R er, n
being O or an integer from1l to 4, and is 1 or 2 in another enbodlnent, and
is 2 in yet another 5enbodi nent. [0034]In formula (1), the netal atom"M
is selected fromthe group consisting of Goups 3 through 10 atons in a one
enbodi ment; and sel ected fromthe group consisting of Goups 4, 5 and 6
atons in a nor Lt di e Jo I t r

particul ar e nbglcli(Pﬁl rhetd qﬁr &g@@&ﬁ\h q?enﬁlﬁncﬁlﬂg uld%‘i O%E:eegéécr!ﬁgd Iﬁﬂm&ﬁd&@iﬂ% ttglo bei ng
any partlculareﬂ@@*@%@ﬁ%@?@W6§tate in the present invention. The Cp

i g?nldl( s) for m[@twll eaﬁfe N €GN @IF C@h b@fb’ﬂgxa%kghetrﬂ@dlmﬁtﬁitate@ﬁe?H}lsMJaH)?sLaor m t he
"met al | ocene c u S.ar I n r e
| eavi ng gr oups ﬁj Vdat‘gﬁg‘ ngf‘%ﬂe'ﬁfs “el%glnﬁbtgag e?tﬁlgtoﬁ fs:'ﬁ‘éef/a Ié’rbé‘ta??gf“%‘i ghly

susceptiblesto b&a bsdikb tattiosaoll lng fir tactangorof rmacotamﬂ@s(As{T@OBH]éG)hﬂaodermmg@L E3
groups of formylg, %2«)1503 @4689%& Sl%ggsemb&%@&t ag Gy&l rﬁﬁkgﬁl&'nﬁ%l‘éséespe&%cali&ga”ds

and heterocyclic a ues gplca
sel ected from tHe f(grdol@& o diotildgtian painy n@fn gy dap gbong2364-, P@Oaﬁ ot nogvighenhine

particularly, bthecaton® o% pah: oPRKE&siumthad (;pmgnegamd@w e 33%6&&&%25@ t he
group consi sti hor ous,

n f carbo ni trogen, silico
ger mani um bor 6&?“‘%??&0‘5 ‘Efﬁ{‘]%gt?n{ > A aéB‘r%BF‘h%;i? Corfd Cf‘“ﬁé’r ‘mmﬁéhi%ﬁ“ﬂo Elgra
makes up aUOIeae&nﬁ@%&mfMhhgnMHm@mnﬁnben@h @Wennnmmeeﬂamﬁmeuhﬂﬁhymﬂ$he Cp
ligand(s) 20 are.sel.esls e S N f nd
Uheubst 1 ut ed g‘)ygf ﬁlgle %E@Qs c;!)mfocpaﬁgg e?é? ?94" %&f‘i Sﬁcglsff? cgéép%{nél%&&%cka
cyclopentad|enymmd%GnmPan%ﬂ%@p@%aﬁﬁﬁéémﬁﬂ éhﬂmn@1mdekEV@ﬁb6@niadienyI,

I ndﬁn?/l fljuor @:rglyd: é@eqks@%herwctsmg_@b@ e$hesgfiﬁ§ttlﬂ§{fueﬁ‘@ﬁe Ltbila;tcam& xlﬁmmtnes f’f
suc i gands include cycl opent adi enyl, cycl opent aphenant hr eng enyl ,
benzi ndenyl , F‘iﬁ‘éﬂ?“&ﬁ%ﬁ%@“&i@{’)‘aPi%f‘&%#’f%?f?eéHi]/ﬁ’?y g%‘?@%‘g‘g‘i E{%t paydhuid” (GTS
cyclopentadycladbae&emem 2ephenahioney.ndenyl , 3, 4- benzofluorenyl

9- phenyi fl uore t phthyl en 0 renyl

i ndeno[ 1, 2- 9]aﬁmﬁye ]ﬁﬁf%% %%O|n en‘:-r\({wi ?HPgn é%% ‘%%{%g§$39% W%‘enated
versions t her ebf' cemgnhemm£oeﬁqnﬂ%@ﬂanywﬂb@ﬁ@@hyn9MN§UBepnm0mednve¢@hons

thereof (as depciidafda bamamp&elpgemwm%éav&a oAl nEL RO CHE IbleGdsREFIbRANS
t her eof . [0036%Independe LB may be ung bstituted or

substituted wi tHHC8E aégﬁ%P‘i‘Fa&Og’o%OlﬁﬁA @&B%E‘I?Gflﬂ‘élﬁ]t’ 6P BEPSTR™ NG t i ng
exanpl es oR0subsbi linietto @howpsndde unof twdeiftereet wenoner drifadanity be cgf atipde

sel ected from hal ogen di: d JRianehe . hkyl C1
e o0 or 030 {}f& ng érr gﬁ%sé R&?g co ﬁ% eJIl fae%%rd af?}[/s ’ﬁbe QLm}%{ c&é{p% % @a

t her eof Non- | |mmilnganefxlanm efsmmuneﬂa)kylonmr & meyub@t |Cmélnt0§ cmdiynw ﬁi‘@e
methyl, et hyl, ,peeml of Q\I’éﬁn\ ﬁV)\Q 81@@9%4&@855%@T41H§%QQ%&3§0&%H%%&|

hexyl , cycl opentyl hexy], benz or phenyl r oups, and the |ike,
|nclud|ng al | %ﬁé? aﬁéﬁﬁﬁ?@ cprgpe @xid P@if fystsa V% Wd@W§ﬁﬁP8ﬁ?W“mand t he
| i ke. Al s025 at calaf@s;tand \m@tle)cgfe@atplSsts bam wéttl jaid Greiatial Ebtgmmu;p‘sh ds An glembdahdor

enbodi ment s, al5- gc”ingqo ta:? on S co&rﬁ&%&i & (Q?[th nxglfod{n?ems the; 9 le%q at ons
sel ected from Car nr trog e osp or ous, I'con,’ germani um

5al um num  bor @8 Ply-tzlefip nﬂcﬂlnhrtvfidcmmg he%tem NGOG AT A Wjallgﬁte@:p@ a® of
formula (1) argqsmpoanionic |abile Iigands bound to Nl Depending on the

oxi dation state of the netal, the value for nis such t hat
formula (1) abl@¥%ly eaﬁ%%‘h?‘%“ ftOH‘é‘Eﬁ P18t e &1 8‘3%ﬁé’1eé“étc%ﬂ ?Fs‘f“?f AbBUNE, or a
posi tivel y3echangetdmesapasmds. Exarfpltespeaf theedVdasngongmolypsoléfck peetudel wer i ne
atoms, chlori n@ac%% OB Q{ (9) os?txo:}iowq{h aq%le%p (Eeeh ggv ng & c%g't &ngre%%egalk%thons

al koxy groups, hy d’ 3 groups, al k

[0038] I n one erbbdi rfrlemecoqdneveﬁe@ahtl lmemep@walleﬁsth m@h@@@md@cw atchelyst
invention i ncly@dgostdiRsen Qfic HohdbRALL MO S LA *RGr bBRAr endfiddeadinko each
ot her by a bridging group, "A". These bridged conpounds are referred to as
bri dged netal | ocene catal yst conpounds and can 15 be represented by fornul a
(2): LA(A) LBMn wherein each LA and LB_.are bound to the netal M and each Q
is bound to the netal center, n being 0 or an integer froml to 4, 1 or 2
in certain enbodinents, and 2 in yet another enbodi nent; the groups LA, LB,
Mand Q are as defined in (1); and the divalent bridging group "A" is bound
to both LA and LB through at |east one bond or divalent noiety to each.

20[ 0039] Non-limting exanples of bridging group "A" fromfornmula (2)

i ncl ude dival ent bridgi ng groups containing at | east one Goup 13 to 16
atom such as but not limted to at | east one of a carbon, oxygen,

n|trogen 5|I|con boron gernanlun1and t|n atomor a conblnatlon thereof

. _,J__.,;__,_‘._ .



30 (R1)2CGe(R )N, and -(R),CG(R )P-, where R is independently, a radical
group which is hydride hydr ocar byl , substituted hydrocarbyl, halocarbyl,
substituted hal ocarb hydr ocar byl - substi t ut ed organonetaIIO|

hal ocar byl - suB@?@?ﬁ%éﬁ’organonetalI0|d VO 20091148685PEF5E¥HBEY838014
di substituted boron, disubstituted G oup 15 atom substituted G oup 16
atom or halogen; or two or nore R may be joined to forma ring or ring
system and Qis as described above. 100401lt is contenplated that the

nmet al | ocene catal yst conponents descri bed above include their structural or
optical or enanidpiBienl SARREE, & AGEMR, Thithtlehy sgegnmnbaeam% aBHr e
enanti omer in one enbodi nmen as used herein si ng ridged,
asynnetrlcalIye@&b@ﬁh{%?@ﬂ“n@té#P%@@h@P%Efﬁmvﬁpdébﬁﬁ%ﬁ%ﬁ?MH%VWWgPéYﬁacenlc

and/ or neso lscumﬁcm%eaesaﬂiedbyat&)ellbfndmgﬂﬁ&ﬁltswﬁl@wa@ndla@;aax two different

bri dged, netall ne catal yst co nen s. The ' | |.ocene tal yst

corrpgnent " usefl ﬁ 'ﬁﬁ“ 15?108% é??fgpﬁ%élh S P 8‘(95‘?%? i's Bl'og‘fﬂ‘?‘? 36 rﬁi’fvnﬁ’ﬁﬁ on of

any "enbodi rﬁentcéitalwes@mmbm dneé ned-nigfirf foed lexianphuebeavyrageGabombinbat dfenicaf LA,

LB, M Q A an% cabg{ 9&95 and([jd(t)q)eﬂgt:b QI%OYF ﬁglﬂx M%Lotﬁ;eq) @B?@ﬁr{a&np Qszﬁ %e%gtl 1'6%3-%\1” ern
rent he cat

conprises a netal |l ocene and an activator in one e yst
conposi ti on Ry tomh &1 anefler smeqdispsa and weleast | aprbepsatores if proMRp ticherledimante and A~ used

herein, the tenm:"1asti Yahiher bdbod@fchinad y&tQndigr &awodmp@um%larn f&sarrfm pation

of conpounds, orted or _unsupport.ed, whi ch. ca ate a single-site

15 cat al yst coﬁlﬁgl%ﬁﬁve 4ge girbon gp W@&ﬂ’@éaﬂg@ ﬁ)ﬁlgto CEf PLH e 4B Shat i on
conpounds, @tcu3wcsuommamqmymmh@ahbmgmaﬂcmmﬁ@muossmetﬁesmmmmmmnmamamﬁaly;t
conponent . Typ'e&ﬁ“dl e’nt %J?j'fﬁ) 1%‘{ éyce:iﬁooﬂ ngsalgz taf?&l§ o(afmeﬁtte E|t l €avl ng

group (Qgroup int or mu structures ove cen ‘er of
the catal yst cé%ﬁ@f?éml bdtvlh@seafcam%@at@dﬁwﬂ@wv@y @ﬁ‘thw@lefbxség@mprw%m| on

are thus acti V&fé%&nﬁ(ﬂw kg Qbaekdl br chxlngd'TﬁﬁduZﬁt haBd w&h@@n@u&m aeihi wakQr s-
Enbodi nent s of tﬂ activ tors |n§ Eq@/%e s acid S gch as cyclic or

ol i gonmeric pol Y 3@#%@3?5?‘@? 01 RS AR P 6@8”@51W€ non- coor di nati ng
mUvaSWmem ®MWmeWWWMMWmm@mmmmmmmMMﬁM@mmmuic
activators"), Abmahly Uﬁ)quecrons?sglqp %i’”& t% h@)E A& Y %ru;(tul%s QEe%orfal ln%ﬁ)@iiﬂj ocene
catal yst conponent to a Dcené cation that 1s active with respect to
ol ef i n pol ymer PEeEmSA, o Sfcdvia21ve cempiiet @fcﬁ;lt@ﬁww olgfins jrd pjxgus rﬁhenq@é @cope of

this inventi Onceti‘t@mléﬁlﬁoduﬁéﬂtss sl Qﬁ)uﬁUQﬂ'\ev&ﬂn@ﬂx& ARBALOA(€,. 9 can allWAL' ;ﬁesen@bd' fied
al unoxane (e.g

Kk num c S as activators,
and/ or ionizin ma@ 10% ‘%é”ﬁ@ﬁf?ﬁ%”ﬁ?tFkﬂ@&?“@ggﬁﬁﬁngP?lﬁﬂh? ™ HPoni um
t et r aki s( pent atdnsisimgpkremniglly bOCoO @ndlodafingaid migpes fthaxof, opaging kthabmvenor
netal |l oid precur -k Q. , id a Jdes ed herein.
MAO and otﬁer H“%P& uﬁ?ﬁ%ﬁ%1¥§%§mggﬁfeg$%$?q§§%m%g%qmﬁﬁoiﬁgﬁﬁk?he art.
| oni zi ng acti v@f’%ﬁ‘d s at ectvpaptherlandadimirs thhe-okfip fepddrompipcpet laass b aplelibswi t h or

bound to a suppREtd fi6h thesoiptodssias bat ) @rt,y\hronﬁﬁmdqa&tallcy%e@prmfar}@dat
(e.qg., netallocene%@or separate _fromthe cag

al yst
2009/ 148685PCTI 8360 9/ B3 8514 P 48T X altplPed JF HUEER AN fig f‘to‘FﬁS‘z%g ng° &eﬁt‘i‘ vat or s
i ncl ude G @ap ﬂam$nmwsubsmM&@M@ﬁmeﬁﬁ@@Uﬁﬂ&mﬂmMHMmmmwmuhnwnmﬁ@nhﬁm@@ﬁ|tuted
bor on, teIIurlMg&O@ﬁﬁthgg&Lg@kﬂkygk%ggr&gg;ﬁn1conpounds and m xtures
thereof The three substituen grou s are each independently selected from
al kyl' s, al kenylP@3I hallbegsiain sibp ﬂ$wvﬁ@ﬁaakﬁwm§dCﬁrykgﬂwaWWYhéﬁW@ésﬂw@Ikoxy
and 5 hal i desgleflnf setaRd @R g?ﬁ@tcon\tshﬁ? $, eECYLOWESs. AR oLiBRERdsnLlY
sel ected from hal ogen, nono or ¢ éﬁ#ﬁ&lnc|udln hal osubsti t ut ed)

aryl's, aIkyIs‘*ﬁﬁH‘éPV@ﬁffmﬁ%ﬁﬁ Wﬂ?ek“?ﬁ F &3P - hapighenlsr

enbodi ment 30 t hetehdir €@ognupdecatce Bekb@medlﬁmmﬁmalkemyhmgrOUﬁ@dhawlng lto
20 carbon at oty lggx%eta&ehqwle@gie&nsolga EALDON,ALONG, JLAOKK. OF.0uPS
having 1 to 2 carbon atons and roups aV|ﬁ K] carbon’at ons

(i ncl udi ng sub$tdigosaned-depgiens) L-trigesene, &@“@@Wﬁ¢ﬁa@ﬁ@ﬁbﬂﬁﬁ@ﬂ@@ﬁt'ﬂﬁayéﬂmanother
enmbodi nent, t hgedt fh88s g&@iﬁ@% af enseheatdnd romeak Kylisiehayi N@udicte@e, 4-car bon
groups, phenyl napht hyl m xtures thereof. In yet another enbodi nent,
the three groups are selected from highly hal ogenated al kyls having 1 to 4
carbon groups, highly hal ogenated phenyls, and highly hal ogenated naphthyls
and m xtures thereof By "highly hal ogenated,” it is nmeant that at |east 50%
of the hydrogens are replaced 15 by a hal ogen group sel ected from
fluorine, chlorine and brom ne. In yet another enbodi nent, the neutral
stoichionetric activator is a tri-substituted G oup 13 conpound conpri si ng
hi ghly fluorided aryl groups, the groups being highly fluorided phenyl and
hi ghly fluorided naphthyl groups. [0044]1n anot her enbodi nent, the neutral
tri-substituted Group 13 conpounds are boron 20 conpounds such as a
trisperfluorophenyl boron, trisperfluoronaphthyl boron, tris(3,5-



WO 2009/ 148685PCT/ US2009/ 038014 t hel i ke;

di al kyl ammoni unsal t ssuchasdi (i sopropyl ) anmoni um
tetra(pentafluoro&henéb)boron dlcyclohexylannonlun1tetra phenéﬁéboron and
the like; tri 2O Pe&Poni umsalts (trityl salts) such a4 fYSpRER ¢ar boni um
tetra(phenyl)boron and triphenyl carboni umtetra(pentafl uorophenyl)boron;
and triaryl phosphoniumsalts such as 5 triphenyl phosphoni um
tetra(phenyCboron, triphenyl phosphoniumtetra(pentafl uorophenyl)- boron,
tri(nmethyl phenyl) phosphoni umtetra(phenyl)boron,

tri(di nethyl ph e \Y a ei r

al uri num equi é%ﬁ%ﬁﬁ%% R e S L T i S

i oni ¢ acti vat ors jugstingd f$ﬁﬁbh%%ﬂﬁﬁl@ﬁmﬁ@ﬂoﬂﬂﬁﬁébatvﬂvﬁﬁwknq%eﬁ@ﬁ&ﬁ@@tene is

usual 'y wi thin b0 fFodNgeo- @%tlrlﬁe@nhgal%c@@em@mne\ﬁ/t By Quisfialll BosERNGB2Qf from
0.5:1to 2:1in certﬂﬁg odlne a NCA or an i activator is
t )ﬁet I

used, a co-act i"V&t' & obg.ﬁgggwp aWﬁP%?“WﬁPVﬁY§¥“¥ﬂ@‘?3‘38%%vator
(mhen presemt)kﬁdcﬂtﬁaﬁhoﬁﬁmﬁais in the range of 1000:1 to 10:1 in one
enbodi nent, an n 0 1lin
yet anot her en‘g0 Ogl rrent dgoé%gd%géqTaa %Eségﬁef%gba H%f{mgﬁém%%g Cgﬁ%’m} }&d?y(gf I n one
enbodi ment, a §@HW@H@EW“h§1&P§@1ﬁ@é@ﬂW@d§QQVEhg@baﬁ%o@%baﬂVSﬁmlgp@fgon The

scavenger can Befthg 53R &@rsp%redofaﬁae tot&%n@ﬁ%‘le@ﬁ@ i@t ©f 1o @ aa&é@ﬁL ibm num
conmpound in one enpbodinent. [0 Wen an al unoxane suc

met hyl al umi nox SHEYRRD) 58 Cu?s%a‘e P RROBRE eyt Br and t%éO r?ﬂﬂ %Plefingtip o cof
activator tio netodlel eobotmens wsiugl Iy GM tehilafing e yeanageheoferbodiménd 5G00nel

bet ween 1000: 1 Ll r.fr 1 or
50 1 to 11 or “IDIBRT: AR SERRRHAERE o AT TR wh Sl SR, -
(or "reaction' }eI%@ﬂmﬁthQrﬁ@b@dﬁ?@F yad ondiolivp aiselpatd f@ﬁldhet fyeong s firefei #nofhered

t akes pl ace by.ahyingyi t abl e neans known in the art suitable for formng

pol yol ef i ns. e t|n ant is chem cal reaction that may
occur as by coﬁ@?ﬂa o) ﬂ%ﬁdﬁ@nﬁF Qggﬁﬁﬁvﬁgﬁ%fBT“W@HWPgiﬂéﬁﬁh%“ﬁﬁoghenical
bonds bet weén ﬂmeuﬁmmpﬁnﬁﬁﬂgoﬁmﬂbmmedkﬁQEmMMhho@ﬂﬁn&hﬂﬁhﬁﬂ%td@lbhﬁﬁm
particular invent . Qn.is C nation of
nonomer units ?lg)l;i)!:églit‘lbogw% L%?]g’%l% A(?Fgﬂﬁle © %ﬁ”geo%tfgl %ég%g%d%%%

reacti on may t akeonplonaercad thy Galp cho vwls’@lbrlea@tan@thel|emb@shrb@w et beeed: oThe and in

certain enbodi peatsotfe fJe@ascgcleagd hak 8% RERAGGeti I cqu SOR b O 8R 64 A
exanpl es of which jnclud EFgas phase react urry reactors, solution

reactors, the FBIOGIMPHG! %%?dﬁ3ﬂﬁy”6@“W?8ﬁaﬁ%@§§ﬁpémmﬁﬁ%f%?g”OVm@ﬁ 30
present, a?2dil wenfinsmayd bie Gsédohhats may thancdoede i be lagnoneets tihedmsabives.
[0049]The cond&&%ggﬁmpresent during the reaction are such to produce at

| east one poly-a- efin as described herein. The reaction takes place at a
tenperature w 0AI%h t He ceaimganbodimenty hel@ixet o-pipfin fpe@ompyising G0, two ety 20¢- or
200C in cert ai femERoiRAtShavE MR8 avd L HBRAGUMOR of AKES 8 Mbn atoms and

2009/ 148685PCT/ US2009/ 038014 pl ace at a pressure of greater than Oor 1.1
or 1.2 or 1.4 MBEFHhHEERT EH" éH‘B‘E)edl Faré‘rﬁaé‘ 7 SR Bt e‘se“B’P C. ‘N)éé to 2.0
or 3.0 MPaz2fn mmmaahamgmhbdnﬂﬁm&&fmihalpohymakmzaiﬁﬂﬂmﬁ&&ﬁ%b@ﬂmﬁ&mmaualIy
exother m C ! Rl IPT b TRLALD RGOSR 200 & 81 P4 Sl STRELAL ULE, @
heat renoval neans Is enplo in certarn e di ment aPcan be
conducted 5 u%@ﬁg<Wﬁﬁym%ﬁdmﬂWé%ﬁb@§CM@@@ﬁmaynd@UmWHﬁe@@“@m@%@h%ﬂﬂ@ﬁ

cool ant thr ough @r&)yb@mg RS}l EndhiRE chiRRGIRH and BY 1c5€ €05 RGLAN Lonk:0Rly8hnbBEd
streans, by cool gﬁa portion of reactor contentcg%/C|rculat|ng t he content

t hrough a ext e?n?*i’ﬁ?‘ Yol T Kg BYXT ERpolgrens ReghBr AT oH® 81 MHTHEE BVCHES RS,
100501 I n o@r tainberenthddherangesyf ffohe vat ahpat ateaneentdald on sicarbbmatbheinr ange
o 0 8 n 1 e DR AME a BLAUD SCLIEs CANRANAL PEL A AN At £ by el O
ol efin feed. [@0%krﬁwoﬁé@@&mmﬁémﬁbmﬁm@ﬁmgptthe polynerlzatlon reactlon is
conducted in the presence of hydrogen. The anount of hydrogen feed can
range from5 or 10 or 20 ppmin the reactor systemto 1000 or 4000 or 5000
or 10,000 ppmin one enbodi nent, an exenplary value being within the range
of 10 to 1000 ppm In another embodiment, the amount of hydrogen is 15
controlled by the partial pressure of hydrogen in the reactor system In
this case, 5 or 10 psi of hydrogen to 200 or 300 psi hydrogen is suitable,
an exenplary value being within the range of 10 to 100 psi. 100521in
certain enbodinents an inert solvent is added to the reactor systemto
facilitate the mxing of reactor conponents and downstream filtrati on and
operation. The reaction



20 time can range from5 mnutes to 50 hours in one enbodi nent, depending
on the anount of catal yst used, the desirable conversion, etc. Usually, a
reaction time_or residence tinme of 10 mnutes to 25 hours is used, and

bet ween 20 ni NABYHYS0 hours in another enbodi ment. TH&ETESRAPASHI4
conponents can be deactivated and/or renoved by any conventional neans such
as by aqueous and/or al cohol wash with optional mxing with dilute aqueous
acid or base and 25 then separating the organic conponent fromthe aqueous
wash. This wash is repeated several tinmes until the catal yst conponents are
renoved. Alte vel ) or di met hod
described in &b3080§ogggﬁﬁfgt?%%@%ﬁ%ﬁgagﬁkéﬁﬂpeﬁ mggﬁﬁﬁggaga(ﬂm%hﬁieast
one pol y- a- oIeﬁﬁﬁcﬁ?@dﬂb@ﬁWWﬁmﬁﬁé“pP%wéyﬂyHa§“ﬁﬂgﬁwﬁﬁﬁnﬁﬁ@mﬁﬁmbéwmmﬁ hi gh

degree of un-sahuihéfebOna cbiﬁmss&benhﬂly%ﬁme@anﬂ@ﬂbmmhm{bsa&n@ﬂq at 30 least one
move . the u saturatlon This can be

pol y-a-ol efin be ated to.r
acconpl i shed bj‘ﬂﬁpxedH %Bﬁ?ﬁﬁhﬂﬁ?”ﬁga?ﬁbénéFFB Witk gg{plysy Gopmpgpition to

kl\llydr ogﬁ nat i én Lleﬁ@mnglemame polyrm@etinh e @gleg:at}aiygmorﬁmm:ysi @e,ﬁnégﬂ/utel‘eufgs S Oor ][ ed

i - on- Ki esei gu e A xanpl es
can be found i ngtd f 8%% Ji/ﬁ%t%thF alr. 2% e?bngtn;ee ﬁ@é?{@ﬁ?ﬁ? ur g]g?noﬁleltglq eft in
the at | east on&tahsl guzpoglieaf jin uselgQ5lesipe sgch @n%béﬁﬂénP§%@@petﬂ@MHé§tr|bed

herein, the pr QﬁHéﬁ\tatlecatE@@Qfar%d&myttI?@og@tﬁéra)l'lbﬁsin a@Mto@- 2R, %f)t'i(ﬂalw lalcofaﬁﬁzh'tbrt in
y-a-alefin that neets desired_ 5

the formation of at

criteria as de§¥fh B Ht‘ﬁﬁﬁy@ﬁlﬁmughﬁm}%‘f“é) t Bafn btn‘é U - dﬁ“CBPeef‘ich % i Gt
enbodi nent slo Thusmmnntmem{aemx@ﬂhnﬂmwanh$mehh@mhkenmscnam:mmmnﬁgﬁama

pol y-a-ol efin e d I3, rlse at
P oast one. sucht naryies BBl b1 SR TnEL b ShD cpBithe BRESARNRT 26
can derive fr oﬁfid&ﬁybt@’oﬂlﬁtgérbéﬂﬂmé@oﬁw n@oﬁﬂbyasarf? lqggi ang or PO By A-olefins IS

poly-a-ol efin eanuba” k§9&ﬁ%§dfﬁﬁﬂﬂh§£ﬁmprOdUCt m xture resulting fromthe
[ be conmbined with additives and/ or base stocks

10 reaction, mﬂ)gﬂ cq :

to forma I ubr{®@Ht. Pﬁm%FW@P”¥WB§&ﬁH8'f%“mWﬁ€“WéQE?Tﬁh o oeeRe Pel Wi rect |y
conbi ned wilsh mmem@nmdmmmcaMynhamﬁemmtnmaMkﬁhecaﬁyheﬂammnhemp@éMﬁﬁbmﬂefin

i n one enbodi I l.e e of from 10
to 5000 cSt. nﬁm‘)ﬁ‘%"%d%’é}gt%!’%ﬁéo Lk ’IQtaP BYED S VDO Ll O EABAS, Bk 2T
or 3000 or 350¢1EH sPUHEh ecrmmwé) hmn“@@@@ oSt cyFlppesedienil hgaodshre Hgaadbendibaent s.

15 Further, thg @Eloﬁe‘ﬂﬁ&%n&@ e pPOloYdea- thaﬁfeh@ ol@shef JﬁUrn Lantd dnRiof nfoheickvafgge of
from10 or 15 or % § to 500 or 00 or 1500 ﬁ 0 or. 2500 or 4000 or
3000 or 5000 c&PUA ﬁb%&" Bt e@hﬂ@d‘? PR, AMFeaBte 06? BB hHIOReMIE S t he at
| east one pol yt-ha«@d:a(ﬂéd Tolasna g\ﬂ)meﬁlfy gre@Bdcedes.t Migne@00eca0ing 220p' O’E)fe125@¢nyand
\émnitjgijrn:agfsr an ncP he te%ﬁ F%‘%bqg%c%d ftJO 1 da S%t?l%b%tc cgt?.ﬁ?gmggohi cp 9) f01 np a qutallqcengzﬁr | ar
20me|ght/nunbe%m%W@WH@éﬂﬁbké&ﬂ%@ﬁ”@kﬁ@hplmwﬁowﬂmwf) of the at | east one

pol y-a-ol efin jog32aM t h1hé1 Cﬁéeﬁgaﬁ(ﬁnfgg oOferafily ABrdieRedOby Jme2 oPknok: Bonfilg ysenRl 4. 0
or 4.5 as determined b Per meat i on Chr onmat ogr a t he measur ement

havi ng a typ|d§Fm3%$hF§€deF“$a @pﬁhﬁ?ﬁmquﬁgﬁi ﬁ@sﬁtﬁP@é§Fw8ﬁ%0‘a

pol y- a- ol ek n @mm&mmmsmesﬁemmhahmMsp& hmp&@kmﬁmm& @mwﬂm-&ﬁmb@dGﬁ&umﬁ C24
a-ol efi n-deri V& quh&ﬁ dl pgrf?t ri%)gtg}ns agh ‘sel c:ced Obl’le{h 0 1}2%01@%0 of car %n at

| east one 25 po y-a-olefirn consi st s ’essenti a of i exene-derived units,
1- oct ene- der i vidgighoeghiotxgen. slicqpeidive lipenrhioxpad berpi %ﬂsi alummmmeewem@ém thedofuni t s,

1-t et r adecene-idekdineeenidlintest, The HEXALRCGLARALH VRS rddp mm 12 of the Periodic
anot her enbodi ment, e at | east one

1- oct adecene- Y units

pol y- a- olef|ndg%h§$gF§“@§§bﬂFF‘¥Wbm8?‘39318 ?W“fﬂ%€§”8P@FWn§“§@P@8t%d from
t he group @Dnsmﬁbmm@ngﬁe&ah&mamefﬂeﬁmwednqﬁdmsppimﬂﬁmﬁnewdﬁ@nmedmunpts
1-decene-deri V% 1015”3}6 tmd]lo g\q%ee?a Qe%tel %ralb\ég: OHl@Il tiinou soglgtg dgl%cerggmtde“ ved
units, 1- hexad cene- erlve uni s and 1-oct adécene- ﬂerlved nrts. o>
100571The at l®&dpownie thsgltyaddesrigddbglovs present in (or added to) t he

hydr ocar bon base stock in an anount to | ower the pour point of the blend by
at least 5 or 10 or 15Crelative to WD 2009/148685PCT/ US2009/ 038014 t he
pour point of the base stock in one enbodinent. In certain enbodinents, the
at | east one poly-a-olefinis present (n the blend from0.001 or 0.01 to 5
or 7 or 10 wt % poly-a-olefin, by weight of the base stock. The base stock
conprises within the range of from99.999 to 40 or 50 or 60 or 70 W % of
the blend in certain enbodiments, or in a range as described herein. 5The
remai nder of the lubricant or fuel may be nade up of additives, sonme of
which are listed herein. [0058] Thus, in one aspect is provided a |ubricant
conprising a poly-a-olefin having a Kv" mwithin the range of from 10 to
1000 or 3000 cSt (or as otherw se described herein) and a nol ecul ar wei ght
dlstrlbutlon mnthln t he range of fron11 0 to 4 5 (or as othermnse descri bed

~ o o o, NN N e



[0060] I n certain enbodi nents, the at |east one poly-a-olefin consists
essentially of two or nore C6 to C24 a-olefin-derived units. Also, in
certain enbodi ments, ethylene-derived 20 units are substantlallg absent
fromthe at | W9AMAKEBSol y-a-ol efin, and et hyl ene- and SFEW?"@%@ Hérived
units are substantially absent in yet anot her enbodi nent, "substantially
absent” neaning that if those groups are present in the polyner chai n, they
are present to no greater than 0.5 or 1 or 1.5 wt% of the polynmner.

[ 0061] The lubricant can also include any one or nore additives as is common
inthe art. 2 o] i h bri es. Ong:Q re

addi tives, ? tﬁg(g 68%?€§mvsmée%mncmg:?§ﬂ%fc%ﬁﬁmmi meé%%sfstgb

oxi dation i nhl bYOﬂQPFréddleaﬂtm%@%lioebamcmpomds perssentdsby @etuéﬁr @}enlt K3 M@@r\rf@mnon

inhibitors, rusf 'Lﬁ Qﬁ(pﬁqa%&untm@ttlﬁl métia@@&ttelr Y/Iataﬂftﬁeh @rktﬂour\f@t@rthe@&@ﬁ%éltel gxtrene
pressure addl ti ve antl -sej zure non-ol efi n_based pour e§O| nt

depressants, nghQ)%hdFlméergEr fragy ]steés‘"tnf])lf* ll%aéxanr’%%%t@em \?P%‘é%é‘ﬂt B8 fiers,
fluid-Ioss addbmumeﬁmtseal 30 conpatlblllty agents frlctlon nDdlfiers
lubricity agen anti agent clr-omophoric agent s par

demul si fiers, 0%3 SI fmerls 1ag(llgghef 1geetﬂ a%dm t 1n cReac.:PegnfOén, ﬂgémuf) COIlbl pn

t acki ness agenﬂ@mp%bmbwénﬂsdmmﬂddbh@ﬂ@smﬂh@reeﬁekqmmﬂmnﬂwOHMPmmMMmgof

2009/ 148685PCT 1452009 H3%01¢hs LR QG &lmer spRaticneia is 200r APl £hiR- based

pour point depr essants are substanti al absent, neani ng that they are
present, if at pagjiqular prgbodimeat. ¢ g petpl 9&‘% B"Ftaltoﬁ‘e‘e LK F‘E“é‘?titto bERE A I@‘sw‘dtl

non- pol on ebi nebasiedstRPhsthé pedeutdevepny ate XCba@z&tﬂ(s) etrhyt learaeenelcngrﬁlmetnart e
copol yner, and_f di

conprTses t o PAMRARLE Son NS b heaREnfBRRGrER N cophilfy” SHSIC AR o
depressants." d{©063tdnntha fearinegroenodid hethe Cattlhecmpwrelasthabfrher fpehql-h&htvl efins

descri bed herehnxﬁﬁnngg§uug%nu§ggnwﬁk@n@&per hydrocarbon fluids to inprove
the pour points or |ow tenperature erties of these f]lujds.

Exanpl es of thé4¥!hydiocartbh srroen*dsf f?‘H‘(‘:‘IO adbargiCor eprdat welf gepysloalligican

i ncl ude j etisf Uﬁéaﬁds adli eaebcyfsrueinsroguandhhe@tlgmgs @plballySDlﬁlﬁilsé hOme Xdaell @Smof
Ejggcs:rel gleZt : lnl ZLB‘J@ 7101%%)11%5 1Qg otaétour{ga rl}? to lkvl {qus aa(? mgm 11111?u1a1l]y,[}e(i aglt-ns tFl)d ﬁélgczl% as
conventi onal pét Colliguws ruef\@lrr@dflomﬂheseult crnpisfing @écqabtmdmewnfm@mlt flabor,

manuf act uring Qx[f@rcﬁﬁﬁphogﬁmtg%}nﬁnﬁﬁal)(gto@m%mlgtfm WRKYonbARADGNRTSr whbeme waxy
component s degrade t he | ow tenperature flowability and pour points of the

fluids. Wien ac®Rppmak %Haawtd*foﬁf‘) 7t Héheging members- Fyen fafaryd*‘acu 1éftt*€h§P figgnditided to

t he fuels, 20 hedré @Mbc'teﬂl’ﬂilﬂf ﬂJEUg,I‘(Qtp cbﬁmlﬂﬁg;)ﬁﬁﬁdbbt&&ed asl m&sﬁiﬁt&dcﬁ}bp@ﬁdknjﬂm nts

or Ot her et e, RSouse  SLanL Leantln Jhe. agRunt. ofpRolvaolellns in
to 0.5 W% (eqqyplvmnemnyt ondr@yl pfpmremd aBOOOerpyRtured ﬁu@mdnanlmntmgeh@nr ¢snifshed

distillate fuelpiedustinmy 09(96})tc§th(ﬂcn £ tt?ao@qr%ltﬁa\r@rregmg@@@t SehAMabidi ng
detergents, lubricrty inprovers, ion inprovers, cetane inprovers,

ot her col d- fIomwﬁﬁﬁroveP%mW“@ﬁP%WW&eraBﬁ*PF?aVﬁﬁ@over§mO%WBHHMB Cppe,

i nprovers. 24 n ;ard:dmmmmjanylthebefnuﬂtuoﬂmy Cphaflirapp R OpticBbat anRtphth@ényf uel s or
conponents der m r enewa ces as . hi o- ncl udi ng
fatty acid al k’)yﬁedq)e erusore(nél 111%) hfi E%Zafttlﬁrene " %K nylndenyle ¢ gfn?p%enoﬁl&)_lesnyﬁ etc),

gl ycerol s, nDHUd@EW@@¢V@E@ht@mmfﬁﬁﬁGGﬂiFheﬂmﬁemémyhnweﬂpwﬂyﬂ@owhe@ﬁns

produced in trrhstctcrtgetnt rn@re dt@v&mvdea At LIRUSioROGRRN act eri stics. First,
in certain enbodi nents copntain,at |east 10% or 20% or 30% or 35%

or nore C14 |ilA®4t a“tﬂrpérteﬁ%e%rt%d apthilt $nay S BIHDSIHEH T oRbytiRed gwith &

pol y- a- ol efo nswmbleeausebues‘tmtemegmpmghbnqmnﬁ@rtatxarﬁmebtdﬂetbﬁﬂmlent grn@at{ 1&1@& efin,
have rel ati vel p0|n Iefln
havi ng a pour %%I ‘?Ol‘ae S Se?eftteclivpt)m 1ﬁooe1ls| Y hav et dnfhnwgbo?lﬁ esd %“échler t han
-15 or -10 or ¢l Csun%».o peCyaaC@I @éuppismphvikényl, @Wdlwbglpulpwl@@bl(lfllt@Sshbtann - 30
20C) have goodydQiitidQithpider rdﬁ’&lsﬁr!&yl R l@rl%énts' t@%mlu]h ﬁl@tﬁho&ﬁyl t h6pyeldyed
described herein may provide a poly-a-olefin wt excel | ent pour poi nt
and | ow tenperature properties and still provide excel | ent pour point
depressant properties. WO 2009/ 148685§>CT/ US2009/ 038014 [00651In certain
enbodi ments the pour point depressant effect or |owtenperature viscometric
i mprovi ng effect can be optim zed by ensuring that the smaller ol efins
selected fromC4 to C13 linear a-olefin and the larger ol efins sel ected
fromgreater than Cl4 |inear a- olefin are randonmy distributed in the at

| east one poly-a-olefin without significant clustering 5 of smaller
olefins or the larger olefins. In other words, the at |east one
poly-a-olefin is preferably a random poly-a-olefin, w thout any significant
bI ocky segrrent( s) |n the poI ymer structure A s| ngl e- s| te cat aI yst system

. o, o, o,



nol ecul ar sieve and 10 grans of de-oxygenate catal yst (a reduced copper
catalyst) for at |east two days inside a glove box. The nol ecul ar sieve and
de- oxygenate catal yst were then 20 renoved by filtration. The treated

i ndi vi dual a-&@é??%%&@kre t hen conbined to give the desitd0S&¢#HYdsi ti on.
Simlarly, this purification can be carried out by punping a stream of the
a-olefins, either alone or pre-m xed, through a bed of activated 13X

nol ecul ar sieve alone, or through a bed of activated 13X nol ecul ar sieve
foll owed by a bed of de-oxygenate catalyst, prior to entering the reactor.

25[ 00681The pouyy. .poi nt:s .clho in f end - ed, by a
Her zog pour poiLf)relr'E_tJ;.1 ( h%gﬁﬁﬂgg%l? rl’ackl/ %8&9 ld%eﬁzy&&@g%l%\k@&t %}rd %@%Qggﬁ%% :
Pol y- a- ol ef i n dheHtiyvesisstopspeply pentydutyl. GOB9bbeaniic dkg. Alsprpt SpdfyoR gioxsur e
cont ai ni ng 18. 4% l4ilexaNeoupd2n 3%k QBbERGts, 4k 16%0dln d8EeNBag BB %having

1- dodecene, 10.4% l-ﬁet ra\dweqenef 6. 4% 1- hexadecene and 4% 1- 30 oct adecene
was used as fedd™ i %at%”@ﬂfﬁ]fj‘g?dt [OGH2 08 LR XY S RIPPP et Foo SomBpiRs
produced from aluttypimcalron dr meatbiratiol tedréal pl ant ( ALPHA- OLEFI NS APPLI CATI ONS
BOOK Ch. 3 (ed. R. : ¢ ) . kker. 1.1 Yor k,
1989)). Thirty "%"g@). gttgﬁr%k‘g B B S 7%%%@?‘%%‘%%&55”8?%‘?# bl

sol ution cont aiDspaigingon thy owfativr jtite obihe yprtal Beiveugdor W0, 1 or 2 such that formula

2009/ 148685PCT/ YSAORHP38R 4 ficlirBAhctRBEnD Al Qf colipbti@NG WBEQveRadged i nto a

reactor. A catalyst solution Eont_ai ning 11 of toluene, 0.0133 gram

r.ang I
TIB A stock soFUticsi: &:3p'ro8 F?‘g“figa%fﬂ‘i‘f’hé‘tcﬁxq? JRPTipF Biogs(TPRAYES SNy )
zi rconi um dioc hkomk d@l ipdiet @abh)agheetl Adhs, atkdxy0grbeb® 8nattyy! Bobbsdeth@ tehybaaad | Ni um
tetra(pentallu orate (cocatalyst "B") was added to the 5 reactor
wWith stirring \%ﬁ%ﬁg&{%%%?al ning the tenperature at 30C. After about 19
hours of stirriM38l t He opeaweriigantyhs makiksenschtpye dompurdd @f the omenypn whlodet 3
i sopropanol, f elolowaskmg (Washidg i trh aRbREed 3@ Gacloth®f byl BrRRML Yk h ydroXi de
sol ution and vvaFer... The isol ated rganl c layer was distilled at about
160C/ 1 mi | | it of FSYAHlgeRomer e ‘ﬁgﬂ Gtopydridg Alogeghta BN R ISYE 1% t he
desi red polly- abolepbicmed byatnuin2): The)t otql, widreh ehebf.” pdlly a@-bolndfid the wasl 85%
The 10recovere -a~0] ef i operties. S ri 10 Tabl :
10070] Exanpl e 3 A8 HF QM Bl RE e B B e R S S 4 hitng 70%
meso- and 30% peiieiapmbodientst byl Zin vyt doptaqrtcabodihgidirtes sieken )L "z Mraod ) aus
di chl oride (C) @& MSeLaddtnd MCaisd BRAKALAD <Al QOLIAEX M 18 Bd LBIRdubREL: T O
Exanpl e 1, except reaction was carri ed out at 60C. 15[ 00721Exanpl e 4.
Simlar to Exaﬁ%lt%“e ondegr dHENt PRIEL ' 815 was carried out at 60C. [0073]
Exanpl e 5. 26n @A} n NvnXimiting el iof bidgind 3rdip grafemdbrmliteaet iedtele dalett gr ans
1- decene and 50O, 4 qr - 5. ch [ nt t.om flask
and heated to J0ETERMERT iR RERRPMEEGES B30 Ao S of BTG, ARILATL 075 34
gram 10 wt % meletsaloumok arrerbpvagy gennnitredeneniécos.obar garmagom gindint ddruene and
3.7 mg of rac-condthaflinREddy | ickyidbinstbliglehi@ el KRRl Ladd Ganh8mm, diighl or i de
(© was added slowmy to the olefin m xture whil'e mai ntaini ng const ant
tenperature. THETEIEMAM WS “CoHPIHIBAME riead MHotiien 2eRLT BHFSMEE 64P%ph
showed t hats 9486wliethimsicviar @noomear Tedbridthe gr@actA” amywis auencheditioy

addi ti on of abg m, . nol.. fall o b I ng, with 120 m
of 5% sodi um h%g& 8)\%21 éietlé%?gl%a?g%w%%" \f}\fg%"é?b%ﬁ dr[}é\:@?@f g% lg?ﬁgnéﬁw%%%ﬁgbyéf was
distilled at abtang 180Q TA25M [bpt weieseptae LYmi267, fbi=hou®:3@Sermove any
light ends. ThenlsiRniccank,@0paRHIce),8Le SWITRRHZRL I DRI R)L-— RN=
[0074] Exanple 6 is a qonpar ative exanple. An jdentical reaction was carried
out as Exanpl eRB eYé%B? Nr)“ur e R BtEcEne wal ed&dVas f*ég{d)?swﬁ*?g‘polvdecene
properti es3@ar eRouREN-Zzedd HFARTakR{RPL., wBOE ROESjdENaNpkies: ddi&l denpnrbitk at ed

t hat one can duce, | i.cant e stack f wi de Viscosi r.a s.wWth
superi or Vi scgl{ ?ltld)}é i %130)%&{,}% Vi “u,b Q%@W}E@f‘%gﬁan}l Og%b \r{ ps(%?bﬁltugeﬁf rh(%%gd\%)yée range
of mi xed a- ol efydivgarbyl-aubgiteied f r otgprE8e@iad.t o @Bc@nSsubTeed ubpigemmetaliridperti es
are simlar to those made from pure 1-decene. WO
20091148685PCT1US20091038014 [ 0076] Exanple 7. An olefin m xture containing
7.1% 1- hexene, 9.5% 1-octene, 11.9% 1-decene, 14.3% 1-dodecene, 16.7%
1-tetradecene, 19.1% 1- hexadecene and 21.4% 1- octadecene was used as feed.
Thirty (30) grans of this feed was charged into a reactor at 31C. A

catal yst solution containing 0.195 grans of 10 wt% MAO in tol uene, 9.7
grans of 5 toluene and 0.308 ng of catalyst A was added to the reactor.
After 3 days, the reaction was worked up in the simlar manner as previous
exanpl e. The poly-a-olefin properties are listed in Table 1. [0077] Exanpl e
8. Simlar to Exanple 1, except the feed conposition was described in
Exanple 7.



10[ 0078] Exanple 9. Simlar to Exanple 7, except that catal yst C was used.

[ 0079] Exanpl e 10. Si mlar to Exanple 1, except the feed conposition was as
described in Exa 7 and the catal yst conposition was catal yst C

[ 0080] Exanpl e VP2 9‘3?‘%“1 ar to Exanple 7, except the reactpcaﬂjs?‘éﬁ‘?f’é?léture was
60C. [0081] Exanple 12. Simlar to Exarrpl e 7, except the netall ocene used
was racem c- 15et hyl enebi s(1-i ndenyl) zi rconi um di chl oride (catal yst D).

Pol y-a-ol efin and base stock bl end experinments [0082] Exanple 13. A

hydr opr ocessed | ubri cant base stock A was prepared according to US

6, 420, 618 or T

[0083] Bl end 4 SRR DY d A Rl ég"%hp &0 \%H%%Eeg%g ot B o EB0L etz o 0
base 20st ock Av¢ ¢iendsi Ry haigingd fodhm allmsplefalgéwi@lm UG0S v deecoibidapoveHowever ,

the pour point ¥R degnieasfshpiafedha LBCk@IcdBCataly Q08BN diedRoed M0 20 Wt %
of Exanple 1 was hlended with ba?]a? stock A, the blend has 100C vi scosHy of

27.92 cSt. HoweVaHe ek & SHTH op Op BB H G YRGS vRFemig detueh GEETE) Rerfd 1

When 0.1 wt % ofpuExatpioger waschbehdetnwi Fihase atockreh, 4 hegh) endoc25has
ot ook A Howevar ™ FREE bR bRt il B TRi eaRhR fil mi®

[ 0086] Bl ends 1?bom@n8doe_s.9wt 2@elf LﬂOtlhhlélife die e Svp adifient wéd@énmetpl@mnepmaﬂw
dePLeE sant tef f E&ﬁ omgg8f7)rleg‘ime{]all&enelseagalﬁ{ co%@o?é%%u@/@fulsﬁaﬁ@ﬂ)r@sle& 1\4\%%1&' i d q
Wi ase stoc end was en e
with base stoc E"‘W“‘% B SOBPIRAAD P4 sanKy sinptdingeny o dessibed \}Qﬁ‘le‘gﬁ fersexgmply. api ght 1y
hi gher t hanot heomstisariti o1g* idse, @to0ak Rerodjawever , the pour poi nt was

the sams pour Burdr s Sl iORPRLR, SO 3568 wabtut Ak ElstBo) Batiora
[ 0089] Bl end ZSactW@nn onelemppdingrft. Exconaialvet coPparition ke clods WUPmﬂbla\seelaI%@ck A,
the bl end has Kwwnahf tR.-:k2 4Slsed M Rhd SrmPAkivadl Ghtdn¥a B @N8Y Lbhdnnd be

starting base stqck A wever, the pour point was decreased from-15C to
-45C. Linear OP¥PtigHe %Wr rr%‘ﬂ‘foéted 8] Gﬁgﬂ]oﬁ@ed" NP LPFNEG NS SNt | near
a- ol efin (lisneadtalgt @ngpbund)c.&n métalloeSiesVGidup diifhfdet@int coutibesn awpsage eear bon
' Tabi e 3. sk Pl ik @i R BRFORBEERE M AR s el O °
subsequent pol harebstragion h“e*s lesst o lengyingnatoan {Dgrewrein ditferimyly/staigtgieeshove) from

[ 0091] Gener al me %ﬁmﬁt@lsofh@rwa% Mon‘?bo@én?f"fh@ e BEHosents BXARPl&R: i#lnkif 31
All reaction geratl ons inval ving netal |l ocene cat al ést system were

carried out unﬂéfhu 1YY é?lwaé?“r‘r’begﬁﬁ%’?”@e‘tzﬁtw@)&‘é‘r‘%ﬂ‘é agtivatopy, “ll?ﬁ‘i“g"t"lﬁ*‘r%f‘bﬁh any
ot her cat algst acp@dtcﬁ“@l‘lﬁ:luda' Q.edis 200s Blichr 8agkii0nr vEmsetic péh@(hgmmylemmmhmed
ol efin Feed wa " "
triisobutyl al u(?]{(]l(%ll‘}% (??Qﬁdlée&n)on 9({01(9 1kap a[cp\{a.%lsﬂ(n%%/gi y@pegﬁate‘?’yz OHIZIQ%) m/a?ors
st ock sol uti onor’ gomlgwlqﬁfg: agfivatosy’ absagy other compound that can comelt a neutral metallocene
rac-di met hyl si dayhyi %6@%5@%5%&%@%@%%&{ Rl WMALCRLAr kdgec( Gat@dppst 15
A) and O. 8012 Rﬁl met hyl ani | i ni um tetra(pentafl uorophenyl)borate

(acti vat or HEAiQt ur e was heated to reaction tenperature at 70C. After
15 hours ofzs rela(mq on Mdoe gprtanBrnfit iaettiiv at edpabitnd maemalsmaddedvﬂ &ids heh
reacti on m xtu, nd. sti.rred f hal f..an. ho he [ oduct was t hen
filtered to r e{bmckl/%otx 6 (I§61 dn[l’hnclaol%gLé antc tr Ir}fi’a?]tem\f}/-és ?l.‘qu‘ﬁ‘“%“““ft“ 100C
under house vauoPHgf aabetmatozo andWllOle@a iﬁh‘@tqrﬁeériedﬁlﬁél OIW&EIC)f sweh hasr trighi-st i | | ed

at greater thagylamAOnifth {ellil&(ﬂent@ﬂﬂgro'bﬁ&g)tfogfn dMWOthUErﬁpufT\Qﬁ)pﬁé?@! Hdh
viscous liquid was. then collected, and the viscosity properties for Kv40,

kvi and pour pBiHPH n%%%‘ﬁ?‘ér‘f‘éﬁ‘f“vt%?&“@ shig elocgRen AT THRECOG §od pibs ASTM

D445, at 40, dKniimni- sabémtlmdﬁeermtvmcmms GOt hiy. E)tllzﬂl@%)vatm he wideownlihe

{ﬁSléL;?rpf‘ég ;E“;%TE!JE I liderglalxgee;l;?&:%dﬁud w1{hhe ?)éri‘&ic 0. anpl port el eF % f:tgsZoc}Agon WRT{ ﬁl@ar ed as
catalyst cor;nponent (e g., metallocene) or separate ﬁom the catalyst component.

m of
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25 tenperature was mai ntained at 35C for Feed-1 to -6. The product
properties are sumarized in Table 5. Generally, the poly-a-olefins in
Tabl e 5 possess hi gher viscosities than poly-aolefins in Table 4.

[ 0093] Sanpl es™ PH‘?%&Y@’G were prepared in sinilar mannerP@ESEYMEs 32 to
37, except different catalysts and reaction tenperatures were used to
produce poly-a-olefin of different 30 tacticity and viscosity. Exanples 38
and 40 had | ow degree of any stereo-regularity, and were nostly atactic

pol ymer. Exanple 39 had hi gh degree of syndiotactic stereo-regul arity.

Their properti Yer eg r t t S
d|phenylmethylﬁ?joene(c3/1%::9#15)mgndttagé{ind11 TI% il ﬁ%ygﬁif@gggcgﬁ%hnﬁﬁé%f%??ugiandthe
WO 2009/148685P@W#U@2099W@$8@a¢1g@MyWEthzatﬁ%mgmme%émm@rheandn%wwemnb|n|ng

catal yst D and cagduid! ed BixiRest @E00ct TR m@etash%ﬁtuelﬁmm lafel aal iniQRRALEr oduct
Exanpl es 26t0é0 of different amounts from W% to %werethen

t
bl ended with 6¥&eddm plsds lepdk heb%?nab)muterhakgt APt ﬁalhéﬂ% HegY gihour

poi nt of - 355 24i@es. Thenckindotimpauite thed g]buppﬁleﬁﬂéﬁehc&ﬁthﬁlﬁﬁcdﬁUﬁﬂﬂ&[dOZredlohm Tabl e
7. In this Tabl 0 soci ated w th
colums A thr oOﬁﬁulkla%mp&%hdgbgﬂébu&ymﬁrgyl tk ls ‘Ij %lglxco%%}m délfi en tul?frrt)unts
of the Exanpl eéheQ-‘ef {rpangterseappdiment; the ’@'PEGIOHEFSO*FG seheetpdpiran alkdrgl Hpupn daving26,
contai ni ng O. O%M%tﬁmhﬁyl%ﬁ)upollaYmQIQJﬁ)fdalrﬂ)oﬁ Boﬁ”}l@@xy@%p@hapﬂb'ﬁ g nt of
- 39C. The blend E-26 containing O anpl e 26 y-a-olefin in GIL6
has a pour 10 [BPYIEE 2063 "reluﬁéhﬁlnéﬁdo Ef) %“‘3”08ét‘it“ap?ﬁhﬁ‘@lge“br“wd/é“éﬂ“ @f‘arrpl e
33 pol y- a- oloef combimti€sklthehas Iayptmumhqmmbtdu@efm tplkzece dih@s Bicasiektdd-fm alky
containing 0.1 % | 6 I L pour

-21C. [00951Th3mdl§t PASTPLEGHOBHY e FLhiyd 2‘*3%%"2‘%@8%’[ BOYE fRhd!

i nvention: Theeheadinent, the thgerigeonpsaare paggesd é@p‘bbghlhh?tMFatquaﬂaﬂSf Heingrl tprﬂ

det erm ni ng \/\h@c{rmror@u eh@[l@dl‘dﬁtwe%ataﬁglﬁnﬁf agphlélﬁﬁf?;loola@ve% n@&t‘ﬂ{ylsp&gh HixtdresPP" )
depr essant eff o EBé( unber average

eds of
car bon number s at 131 fﬂéﬁn%‘ "0 g %ewtet%?ﬂ/oﬁfﬁts efpEst U EPEAP es
26-29, 32-35 ahyd a38aldgan) crtEL@O&Ve&tﬂolfWraﬂOdnetf:l phlsrend eandi trbmihe e ds pcft amsmérage
31, 36 and 57) PR ok Bt UMt bl RIRRLY Ll FERRER
have excel |l ent C@@S@“S‘tla‘&kﬂwlémstlb@sps hp etoudibpige lvghlaﬂ@w@mheﬂyawd@mhb/
poi nts. When th@)yldairlﬁp@%@@g@dj in add| t| ve quanti ties, 0.025 wt%to 1 w%
they show very Iittl nDSt sui tabI e as bl end stocks,
when used in | P48 qlamtf ‘Wn(ba@ﬁ‘a'rti ‘96 ber“%%tt“é?“bttﬁ‘a?‘fl Groyl Phcompeupiisecb it h
ot herf base 2|9t ockipoundhenchused frispettiuglplaniiuittron, S¥eporflubrbghitiy! lioli’(ety tris(3,5- ]
significantly ring the
pour 25poi nt s. h@hﬁu%%%% h&p}gtelpyggmg dltxstg(glgie%/lmeﬁfngﬁtgl %}i}él@fggfmnvﬁtdo W&
2007/ 145924, akehx\reoewd 0FoB0dIon F@O9BHPend canbiladdns thereof, apd deir viumowmi t y
range (or nol eguh@kntsi ze) are highly effective PPDs, as long as they are
made fromfeeds wth nunber average carbgn nunber greater than 10.
Exanpl es 26 toﬂ%lpoll@maat‘éﬁ a1 HRItRG GEAMRiFm 0 fonifgiopigng activadprs ipgfudptrigiyi-e 40 i s
19.5 30 c35. shheiyutdr e afinglily efdtectiute as PhBsyladmxaiiph este@Zpidfydadn,39 have
hi gh viscositigs, roth are hi fective as
PPDs. This w dtg3 Y %’% %%? i t%tleéll%%?yé)§§a\/al Ila(lfz)lbmy gam%]ﬂﬁm IS ve?’il ¢ @fé’?‘r‘) dble in
providing for nmmattwlanmtltuém betrn-plyDFobore anfsimethy b omentijpre steira(o-fobyDiersinr abl e
to use PPDs t OuibiRiM&hidnhe Q&Hﬁelﬂ%u@?@pm‘nﬁm%ﬁ 'nﬁfp%ﬁlalﬂﬁlommp tetla(o p-
20091148685PCT1US 0091 38014 t bl end viscosity. In this case,
viscosity PPD SWRFRRPARN notto“?”ncr e U BPERE R, scd%‘lat‘?mrdém‘ﬁ%yélthe%ylﬁ)ib?‘a‘bl e.
Sonetines, 30t tisutdashenab e t@aapnﬁﬂtaam&ﬂtymecnbmmﬁdx Vi S8 lainyhowdiinl e tetta
significantly eelhe n our ) a high
vi scosity pol y(ga%(f)l g}?ﬁh I%SBBOH Px? blbyl)%mmo nurgw @%}Oeﬂ%%rflboaﬁgn%oll& efl n
with atactic, didlpfl aenligunyr sdyndicht aet NeN-dimsthplanild e e ate@hey gbodn| Eﬁ\t ective
as PPDs when t&awtaafhammgagthtr@m&aem Wi B AYRNBARIRRRRARPAMTPESS: A
greater than 10 Exarrp es 38 and 40 are rich in atactic stereo sequence.
Exanple 39 is rich in syndiotactic sequence. Exanples 26 to 29 and 32 to 35
are rich in isotactic stereo-sequence. They are all effective as PPDs.
101001001 Exanples 41 to 44. Exanpl es 41 and 42 are blends of GIL6 with
pol y-a-ol efin Exanpl e 33 and Exanple 34 respectively. The bl ends
properties, including high tenperature visconetrics and the | ow tenperature
vi sconetrics pour points, Brookfield Viscosity at -30C and -40C, are
summari zed in Table 8. Table 8 also include the properties of pure GIL6
(Exanpl e 42) and bl end property of GIL6 with a conmon conmercial pour point
depressant 15 Acryloi dTM 156 (nmethyl nethacrylate copol ymer, Rohm & Haas)
(Exarrpl e 43) As these data shovved that bI ends cont a| n| ng an add| t| ve

a v a .Y o PN o " o " o ~NT= N



25 base stock. H gh viscosity GIL base stock, produced by nethods and

havi ng conpositions as described in US 7,241,375 and US 7,132,042, often
have a hazy appearance, as indicated by a high turbidity nunber of 1.99 at
0C, as neasurgg’zﬁgf’“é“?hr bidity meter (WAR Mdel 800 Tur BiGdi{Syo0nBisey

avai l able from VAR International). Wen a very small anount of polya-olefin
Exanpl es 27 to 37 was added to the GIL sanple, the turbidity decreased to
below 30 1.0, as shown by the blends in Table 9. These data denonstrate

t hat poly-a-olefin nade from nunber average carbon nunbers of greater than

10 carbons are  ysefuy  to,reduce rhidity,of high viscasity L base stock.
1001021 Thus, iﬂﬁe cew{eai ndlgﬁgodidﬁé&n?@q he%%tﬁrbfl&lgty “of '(taﬁlé&%(i% %H(I:néorn'uénn
bl ends, a | ubr it¢@mwentgluofopishylibaron gigyddherylammopiyivo tirpelieny Hboron | ands the hidks; 0. 90

or 0.95 or 1. 0Qar@ndrpvhitii Biest N8y T ML sRh af It 128 0Rhm Ge®RhnbR1HPord0 . 1. 00
i n other enbodi o ik bh 85PC ﬁgﬁ%og/ 838m01§1 ‘?pabrﬁca)g I%eed-l to

. P .
-6 orenaration “}’rﬁQf}yz‘?rﬁ’%‘&ny\gﬁr%gpg@%%‘gg%%g%l?%;’r‘iloﬁ;n%“dF‘B@?ﬂl phosphoniury salts| Jufp 2y
a-ol ef i n Wt % wtSphevyYthuwp Benwin®/aewh(pRdn Ofbodn 3 RipHendighak fhoBiOm 1Bu@@nthBubdhd§41 C8
6.31 9.52 13. 7%01%1?,'tg(glethylphenyl) phosphonium tetra(phenyl)boron, tri(dimethylphenyl)phosphonium
tetra(phenyl)boron and the like, and their aluminum equivalents.
[0046] When a non-coordinating anion (“NCA™) or an ionic activator is used, the molar
ratio of the activator to metallocene is usually within the range of 10:1 to 1:10, and within the
10 range of from 0.5:1 to 2:1 in certain embodiments. When a NCA or an ionic activator is
used, a co-activator may also be used. The molar ratio of the co-activator (when present) to
metallocene is in the range of 1000:1 to 10:1 in one embodiment, and 500:1 to 20:1 in
another embodiment, and 200:1 to 20:1 in yet another embodiment, and 150:1 to 20:1 in yet
another embodiment. In one embodiment, a scavenger is also used to scavenge any catalyst
15 poison. The scavenger can be the same compound as the co-activator, an alkyl aluminum
compound in one embodiment.
0047} When an alumoxane such as methylaluminoxane (MAQ) is used as the activator,
the molar ratio of activator to metallocene is usually within the range of 5:1 to 5000:1,
between 1000:1 to 500:1 in certain embodiments, or from 500:1 or 300:1 or 50:1 to 1:1 or
20 20:1 or 100:1 in other embodiments.
[0048] The “reacting” (or “reaction”) between the catalyst composition and the ¢-olefin
feed takes place by any suitable means known in the art suitable for forming polyolefins. By
“reacting”, what is meant is a chemical reaction that may occur as by combination and/or
replacement and/or rearrangement of chemical bonds between the components combined
25  with one another; in the particular invention, the reaction is that of a catalyzed combination of
monomer units repeatedly to form a polymer. In certain embodiments, the reaction may take
place as a batch wise reaction in a batch reactor, and in certain embodiments the reacting
takes place in a continuous reactor, examples of which include gas phase reactors, slurry
reactors, solution reactors, the later two of which may be high pressure reactors. When
30 present, a diluent may be used that may include the monomers themselves.
[0049] The conditions present during the reaction are such to produce at least one poly-a-
olefin as described herein. The reaction takes place at a temperature within the range of from

10 or 20 to 80, or 100, or 120, or 200°C in certain embodiments. Further, the reaction takes

13



19.12 22.34 C 0O 10.31 11.92 15.13 17.76 19.20 21.62 C12 14.31 14.32 15.13
15.84 16.16 16.81 Cl14 18.23 16.64 14.57 12.88 12.00 10.41 Cl6 22.30 19.04

14.89 11.44 9.60 6.41 C18 26.22 21.44 15.61 10. 96
WO 2009/148685 PCT/US2009/038014

place at a pressure of greater than 1.0 or 1.1 or 1.2 or 1.4 MPa in certain embodiments, and
between 0.8 or 1.0 MPa to 2.0 or 3.0 MPa in certain embodiments. The polymerization
reaction is usually exothermic. In order to maintain a constant and/or stable temperature, a
heat removal means is employed in certain embodiments. Heat removal can be conducted
5 using many know methods, such as cooling by circulation coolant through a tube inside the
reactor, by feeding pre-cooled feed streams, by cooling a portion of reactor content by
circulating the content through a external cooling system, or a combination of these methods.
[0050] In certain embodiments, the catalyst concentration is in the range of 0.0l or 0.5
microgram of metallocene compound per gram of olefin feed to 20 or 50 or 100 or 1000
10 microgram of metallocene compound per gram of olefin feed.
[0051] In certain embodiments, the polymerization reaction is conducted in the presence
of hydrogen. The amount of hydrogen feed can range from 5 or 10 or 20 ppm in the reactor
system to 1000 or 4000 or 5000 or 10,000 ppm in one embodiment, an exemplary value being
within the range of 10 to 1000 ppm. In another embodiment, the amount of hydrogen is
15  controlled by the partial pressure of hydrogen in the reactor system. In this case, 5 or 10 psi
of hydrogen to 200 or 300 psi hydrogen is suitable, an exemplary value being within the
range of 10 to 100 psi.
10052] In certain embodiments an inert solvent is added to the reactor system to facilitate
the mixing of reactor components and downstream filtration and operation. The reaction
20 time can range from 5 minutes to 50 hours in one embodiment, depending on the amount of
catalyst used, the desirable conversion, etc. Usually, a reaction time or residence time of 10
minutes to 25 hours is used, and between 20 minutes to 10 hours in another embodiment.
The catalyst components can be deactivated and/or removed by any conventional means such
as by aqueous and/or alcohol wash with optional mixing with dilute aqueous acid or base and
25 then separating the organic component from the aqueous wash. This wash is repeated several
times until the catalyst components are removed. Alternatively, the catalyst can be removed
according to the method described in WO 2008010862 Al,
[0053] In certain embodiments, the at least one poly-a-olefin produced in the process has
high bromine number or high degree of un-saturation. If so, in certain embodiments the at
30  least one poly-u-olefin can be hydrogenated to remove the unsaturation. This can be
accomplished by fixed-bed continuous hydrogenation, or by slurry hydrogenation using many

common hydrogenation catalysts, such as supported Ni-on-Kieseiguhr catalyst. Other
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8.37 4.00 Total 100.00 100.00 100.00 100.00 100.00 100.00 Av. Carbon Nunber
13.24 12.00 10.93 10.19 9.83 9.27 Table 4. Pro erties of the ol -a-olefin

made at 70C Exanpl e Av. Carbon nunmber Feed KV 100(r., cS VI PP, 26 13.24 1
80.84 193 3 2WORYNI/148685 PCT/US2009/038014

examples can be found in WO 2008010862 Al. Alternately, this unsaturation is left in the at
least one poly-a-olefin.

[0054] In all embodiments/aspects described herein, the product of reacting the catalyst
and o-olefin will result in the formation of at least one poly-a-olefin that meets the desired

criteria as described herein, and more than one poly-c-olefin in other embodiments. Thus, in

w

certain embodiments, the blends may comprise a poly-a-olefin that does not meet the desired

criteria, but does comprise at least one such poly-o-olefin. Any additional poly-a-olefin in

the blends can derive from any source and be formed by any means.

[0055] A poly-a-olefin can be isolated from the product mixture resulting from the
[0 reaction, which can then be combined with additives and/or base stocks to form a lubricant.

In other embodiments, the reaction mixture is directly combined with the product of the

reaction. The at least one poly-u-olefin in one embodiment is a polyolefin having a Kv'®

100

within the range of from 10 to 5000 cSt. The at least one poly-a-olefin has a Kv " below

2000 or 2500 or 3000 or 3500 or 4000 or 4500 or 5000 cSt in certain other embodiments.
15  Further, the at least one poly-a-olefin has a Kv'® within the range of from 10 or 15 or 20 or
50 to 500 or 1000 or 1500 or 2000 or 2500 or 4000 or 3000 or 5000 cSt in yet other
embodiments. In yet other embodiments, the at least one poly-g-olefin has a VI of greater
than 200 or 220 or 250, and within the range of from 100 or 150 or 200 to 300 or 400. In yet
other embodiments, the molecular weight distribution (weight average molecular
20 weight/number average molecular weight, or “MWD?”) of the at least one poly-a-olefin is
within the range of from 1.0 or 1.2 or 1.5 to 3.5 or 4.0 or 4.5 as determined by Gel
Permeation Chromatography, the measurement having a typical accuracy of + 0.15 units.
[0056] The at least one poly-a-olefin consists essentially of two or more Cy or Cg to Cys
or Cy4 a-olefin-derived units in one embodiment. In other embodiments, the at least one
25 poly-a-olefin consists essentially of I-hexene-derived units, l-octene-derived units, 1-
decene-derived units, 1-dodecene-derived units, 1-tetradecene-derived units, 1-hexadecene-
derived units and 1-octadecene-derived units. In yet another embodiment, the at least one
poly-a-olefin consists essentially of at least three olefins selected from the group consisting
of 1-hexene-derived units, l-octene-derived units, 1-decene-derived units, 1-dodecene-
30  derived units, l-tetradecene-derived units, 1-hexadecene-derived units and 1-octadecene-
derived units,
[0057] The at least one poly-a-olefin is present in (or added to) the hydrocarbon base

stock in an amount to lower the pour point of the blend by at least 5 or 10 or 15°C relative to

[
7]}



2 77.46 190 -3 28 10.93 3 80.18 188 -15 29 10.19 4 81.95 184 -36 30 9.83 5
85.24 185 -36 31 9.27 6 88.79 185 -45 Table 5. Properties of

t hepol y-a-ol efin nade at 30C Exanpl e Av. Carbon nunber Feed KV at 100C,
WO 2009/148685 PCT/US2009/038014

the pour point of the base stock in one embodiment. In certain embodiments, the at least one
poly-a-olefin is present in the blend from 0.001 or 0.01 to 5 or 7 or 10 wt% poly-a-olefin, by
weight of the base stock. The base stock comprises within the range of from 99.999 to 40 or
50 or 60 or 70 wt% of the blend in certain embodiments, or in a range as described herein.
5 The remainder of the lubricant or fuel may be made up of additives, some of which are listed
herein.
[0058] Thus, in one aspect is provided a lubricant comprising a poly-a-olefin having a
Kv'%® within the range of from 10 to 1000 or 3000 ¢St (or as otherwise described herein) and
a molecular weight distribution within the range of from 1.0 to 4.5 (or as otherwise described

' below 20.0 ¢St (or as otherwise described herein);

10 herein); and a base stock having a Kv
wherein the at least one poly-a-olefin is present in an amount sufficient to lower the pour
point of the lubricant relative to the pour point of the untreated base stock.

[0059] In certain embodiments, the addition of the at least one poly-a-olefin to a base
stock will not substantially affect the blend’s viscosity. Thus, in one embodiment the at least

15 one poly-a-olefin is added to the base stock to form a blend such that the pour point of the
blend is at least 5 or 10°C less than the pour point of the base stock, wherein the Kv'®
changes by less than 5 or 10 %.

[0060] In certain embodiments, the at least one poly-o-olefin consists essentially of two
or more Cs to Cyy a-olefin-derived units. Also, in certain embodiments, ethylene-derived

20  units are substantially absent from the at least one poly-c-olefin, and ethylene- and
propylene-derived units are substantially absent in yet another embodiment, “substantially
absent” meaning that if those groups are present in the polymer chain, they are present to no
greater than 0.5 or 1 or 1.5 wt% of the polymer.
|0061] The lubricant can also include any one or more additives as is common in the art.

25  In one embodiment, the lubricant comprises one or more additives, wherein the additive is
selected from the group consisting of oxidation inhibitors, antioxidants, dispersants,
detergents, corrosion inhibitors, rust inhibitors, metal deactivators, anti-wear agents, extreme
pressure additives, anti-seizure agents, non-olefin based pour point depressants, wax
modifiers, viscosity index improvers, viscosity modifiers, fluid-loss additives, seal

30  compatibility agents, friction modifiers, lubricity agents, anti-staining agents, chromophoric
agents, defoamants, demulsifiers, emulsifiers, densifiers, wetting agents, gelling agents,

tackiness agents, colorants, and blends thereof.
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cS VI PP. 32 13.24 1 359.3 257 9 33 12 2 441.19 258 -3 34 10.93 3 436. 36
265 -18 35 10.19 4 561.06 267 -27 36 9.83 5 555.66 264 -30 37 9. 27

WO 2009/148685 PCT/US2009/038014

[0062] In one embodiment, non-polyolefin-based pour point depressants are substantially
absent, meaning that they are present, if at all, to less than 1 wt% of the lubricant. Examples
of non-polyolefin-based PPDs include polyacrylates, ethylene-vinylacetate copolymer, and
fumarates. Thus, in one embodiment, the “additives” comprises the list above without the
S “npon-olefin based pour point depressants.”
[0063] In another embodiment, the at least one poly-o-olefins described herein can also
be used with other hydrocarbon fluids to improve the pour points or low temperature flow
properties of these fluids. Examples of these hydrocarbon fluids include distillate fuels,
which include jet fuels, diesel fuels, and heating oil. Specific examples of these distillate
10 fuels are the fuels produced in the GTL process, as described in US 7,132,042, or many of the
distillate fuels produced in conventional petroleum refinery. These fuels, as produced from
their manufacturing process, contain small amount of waxy components. These waxy
components degrade the low temperature flowability and pour points of the fluids. When a
small amount of the at least one poly-a-olefins is added to the fuels, the low temperature
15 properties, as measured by pour points or other methods, improves significantly.  The
amount of poly-o-olefins in the fuel composition ranged from 0.0001 wt% to 5 wt%,
preferably, 0.001 wt% to 0.5 wt% (equivalent to 10 ppm to 5000 ppm). In addition, the
finished distillate fuel product may contain other additive components including detergents,
lubricity improvers, combustion improvers, cetane improvers, other cold-flow improvers,
20 filterability improvers, cloud point improvers. Tn addition, the fuel may contain appropriate
amount of fuels or components derived from renewable resources such as bio-diesels
including fatty acid alkyl esters (or methyl esters (“FAME”) or ethyl esters, etc), glycerols,
mono-glycerides, etc.
[0064] The one or more poly-a-olefins produced in this invention have several unique
25 characteristics. First, in certain embodiments they may contain at least 10% or 20% or 30%
or 35% or more Cyy linear u-olefin-derived units. Second, many of these poly-a-olefins,
because of their high content of the Cy4 linear a-olefin, have relatively high pour points.
Most of the at least one poly-a-oletfin having a pour point depressant effect usually have pour
points higher than -15 or -10 or 0°C. Some poly-u-olefins with low pour points (less than -
30 20°C) have good pour point depressant properties. Therefore the method described herein
may provide a poly-a-olefin with both excellent pour point and low temperature properties

and still provide excellent pour point depressant properties.
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[0065] In certain embodiments the pour point depressant effect or low-temperature
viscometric improving effect can be optimized by ensuring that the smaller olefins selected
from Cy4 to Ciz linear a-olefin and the larger olefing selected from greater than C4 linear o-
olefin are randomly distributed in the at least one poly-a-olefin without significant clustering
of smaller olefins or the larger olefins. In other words, the at least one poly-v-olefin is
preferably a random poly-a-olefin, without any significant blocky segment(s) in the polymer
structure. A single-site catalyst system, such as a metallocene catalyst system, is most
suitable for producing such poly-a-olefin with random monomer distribution. Metallocene
catalyst system polymerizes linear a-olefin of Cyto Csy a-olefins with almost equal reactivity
and therefore, producing polymers with relatively random monomer distribution. Such
polymer will be most desirable for low temperature improving effect of Group I to VI base
stocks. Thus, in one embodiment, the single-site catalyst is chosen that results in the most
random polymer.

[0066] The embodiments described herein are illustrated by the following experiments.
EXAMPLES

[0067] The a-olefins used for all the experiments, either individually or pre-mixed, were
purified by mixing 1 liter of un-treated raw olefin material with 20 grams of activated 13X
molecular sieve and 10 grams of de-oxygenate catalyst (a reduced copper catalyst) for at least
two days inside a glove box. The molecular sieve and de-oxygenate catalyst were then
removed by filtration. The treated individual a-olefins were then combined to give the
desirable composition. Similarly, this purification can be carried out by pumping a stream of
the a-olefins, either alone or pre-mixed, through a bed of activated 13X molecular sieve
alone, or through a bed of activated 13X molecular sieve followed by a bed of de-oxygenate
catalyst, prior to entering the reactor.

[0068] The pour points and cloud points of the blends were measured by a Herzog pour
point (“PP”) apparatus model HCP&52 (Walter Herzog, GmbH).

Poly-g-olefin synthesis experiments

[0069] Example 1. An olefin mixture containing 18.4% 1-hexene, 22.3% l-octene,
21.6% l-decene, 16.8% I-dodecene, 10.4% I-tetradecene, 6.4% 1-hexadecene and 4% 1-
octadecene was used as feed. This composition is similar to the linear a-olefins produced
from a typical linear g-olefin plant (ALPHA-OLEFINS APPLICATIONS BOoK Ch. 3 (ed. G.R.
Lappin and J.D. Sauer, Marcel Dekker, Inc., New York, 1989)). Thirty (30) grams of this

olefins mixture and 0.522 gram of a solution containing 20 mg of triisobutylaluminum
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(TIBA) per gram of toluene were charged into a reactor. A catalyst solution containing 11
grams of toluene, 0.0133 gram TIBA stock solution, 0.30798 mg rac-
dimethylsilylbis(tetrahydroindenyl) zirconium dichloride (metallocene “A”) and 0.5408 mg
N,N-dimethylanilinium tetra(pentatluorophenyl)borate (cocatalyst “B”) was added to the
5 reactor with stirring whilc maintaining the temperature at 30°C.  After about 19 hours of

stirring, the reaction was discontinued by addition of about 3 ml isopropanol, followed by
washing with about 120 ml of 5% sodium hydroxide solution and water. The isolated organic
layer was distilled at about 160°C/1 millitorr vacuum for two hours to remove light end and
isolate the desired poly-a-olefin fraction. The total yield of poly-u-olefin was 85%. The

10 recovered poly-ua-olefin properties are summarized in Table 1.
[0070] Example 2. Similar to Example 1, except a metallocene containing 70% meso-
and 30% racemic-dimethylsilylbis(tetrahydroindenyl) zirconium dichloride (C) was used in
the preparation.
[0071] Example 3. Similar to Example 1, except reaction was carried out at 60°C.

15 10072] Example 4. Similar to Example 2, except reaction was carried out at 60°C.
[0073] Example 5. An olefin mixture containing 33.6 grams of l-octene, 42.0 grams [-
decenc and 50.4 grams [-dodecenc was charged into a round bottom flask and heated to 70°C
under N, atmosphere. A catalyst solution containing 2.34 gram 10 wt% methalumoxane
(MAO) in toluene solution, 60 gram toluene and 3.7 mg of rac-

20 dimethylsilylbis(tetrahydroindenyl)zirconium dichloride (C) was added slowly to the olefin
mixture while maintaining constant temperature. The reaction was continued for 4 hours.
Gas chromatograph showed that 94% olefins were converted. The reaction was quenched by
addition of about 3 ml isopropanol, followed by washing with about 120 ml of 5% sodium
hydroxide solution and water. The isolated organic layer was distilled at about 160°C/1

25 millitorr vacuum for two hours to remove any light ends. The lubricant propertics are
summarized in Table 1.
[0074] Example 6 is a comparative example. An identical reaction was carried out as
Example 5, except a pure l-decene was used as feed. The polydecene properties are
summarized in Table I.

30 [0075) Examples 1-5 demonstrated that one can produce lubricant base stocks of wide
viscosity ranges with superior viscosity index (“VI”, ASTM-D2270) and pour points from
wide range of mixed a-olefins, ranging from Cs-Cis to Co-Cis. The lubricant properties are

similar to those made from pure 1-decene.
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[0076] Example 7. An olefin mixture containing 7.1% 1-hexene, 9.5% l-octene, 11.9%
I-decene, 14.3% 1-dodecene, 16.7% 1-tetradecene, 19.1% 1-hexadecene and 21.4% 1-
octadecene was used as feed. Thirty (30) grams of this feed was charged into a reactor at
31°C. A catalyst solution containing 0.195 grams of 10 wt% MAO in toluene, 9.7 grams of
5 toluene and 0.308 mg of catalyst A was added to the reactor. After 3 days, the reaction was
worked up in the similar manner as previous example. The poly-a-olefin properties are listed
in Table 1.
[0077] Example 8. Similar to Example 1, except the feed composition was described in
Example 7.
10 [0078] Example 9. Similar to Example 7, except that catalyst C was used.
[0079] Example 10. Similar to Example I, except the feed composition was as described
in Example 7 and the catalyst composition was catalyst C.
[0080] Example 11. Similar to Example 7, except the reaction temperature was 60°C.
[0081] Example 12. "Similar to Example 7, except the metallocene used was racemic-
15 ethylenebis(1-indenyl)zirconium dichloride (catalyst D).

Poly-a-olefin and base stock blend experiments

[0082] Example 3. A hydroprocessed lubricant base stock A was prepared according to

US 6,420,618 or W02004/033595 with properties summarized in Table 2.

[0083] Blend 4. When 1 wt% of the Example [ poly-o-olefin was blended with base
20 stock A, the blend has slight increase in 100°C viscosity. However, the pour point was

decreased from -15°C to -18°C.

[0084] Blend 15. When 20 wt% of Example 1 was blended with base stock A, the blend

has 100°C viscosity of 27.92 ¢St. However, the pour point was decreased to -30°C.

[0085] Blend 16. When 0.1 wt% of Example 7 was blended with base stock A, the blend
25 has Kv' of 6.14 cSt, which is only slightly higher than the starting base stock A. However,

the pour point was decreased from -15°C to -45°C.

[0086}] Blends 17, 18, 19, 20 further demonstrated the same pour point depressant effect

when 0.5, 1.0, 5.0 or 20 wt% of Example 7 was blended with base stock A.

[0087] Blend 2{. When 0.05 wt% of Example 10 was blended with base stock A, the
30 blend has Kv'™ of 6.12 cSt, which is only slightly higher than the starting base stock A.

However, the pour point was decreased from -15°C to -39°C.

[0088] Blends 22, 23, 24 further demonstrated the same pour point depressant effect.
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[0089] Blend 25. When 0.1 wt% of Example 12 was blended with base stock A, the
blend has Kv'® of 6.12 ¢St, which is only slightly higher than the starting base stock A.
However, the pour point was decreased from -15°C to -45°C.

Lincar Olefin Feed Experiments

[0090] Feed Compositions: Six linear a-olefin (linear a-olefin) mixtures with different
number average carbon numbers ranging from 13.24 to 9.27 were prepared according to the
weights in Table 3. These feeds labeled as “Feed-17 to “Feed-6" were used for subsequent
polymer synthesis using metallocene catalyst system.

[0091] General procedures for poly-a-olefin synthesis: Examples 26 to 31. All reaction
operations involving metallocene catalyst system were carried out under nitrogen atmosphere
to exclude air and moisture or any other catalyst poisons. To a 200 ml reaction vessel, 40
grams of mixed olefin Feed was charged, followed by 20 gram toluene, 3.232 gram of
triisobutylaluminum (“TIBA™) stock solution containing 20 mg per gram of stock solution,
0.456 mg of catalyst rac-dimethylsilylbis(tetrahydroindenyl) zirconium dichloride (catalyst
A) and 0.3012 mg N,N-dimethylanilinium tetra(pentafluorophenyl)borate (activator B). The
mixture was heated to reaction temperature at 70°C. After 15 hours of reaction, 5 grams of
activated alumina was added to the reaction mixture and stirred for about half an hour. The
product was then filtered to remove the solids. The organic filtrate was distilled at 100°C
under house vacuum of about 20 mm HO. The residual was further distilled at greater than 1
millitorr and 160°C for two hours. The residual viscous liquid was then collected, and the
viscosity properties for Kv*’, Kv'® and pour point measurement (Kv* is the kinematic
viscosity, per ASTM D445, at 40°C, Kv'® is the kinematic viscosity at 100°C) were made.
The results are summarized in Table 4.

[0092] Examples 32 to 37 were prepared as in Examples 26 to 31, except that the reaction
temperature was maintained at 35°C for Feed-1 to -6. The product properties are summarized
in Table 5. Generally, the poly-a-olefins in Table 5 possess higher viscosities than poly-o-
olefins in Tablc 4.

10093} Samples in Table 6 were prepared in similar manner to Examples 32 to 37, except
different catalysts and reaction temperatures were used to produce poly-a-olefin of different
tacticity and viscosity. Examples 38 and 40 had low degree of any stereco-regularity, and
were mostly atactic polymer. Example 39 had high degree of syndiotactic stereo-regularity,
Their  properties  were  summarized in  Table 6. Catalyst D is

diphenylmethylidene(cyclopentadienyl-9-fluorenyl)zirconium dichloride, and the
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polymerizations were performed by combining catalyst D and activator B to form the catalyst
composition.

[0094] Product Examples 26 to 40 of different amounts from 0.01 wt% to 10 wt% were
then blended with 6 ¢St GTL base stock (“GTL6"). The starting GTL6 has a pour point of -
21°C. The blend pour point properties were summarized in Table 7. In this Table, the pour
point numbers in the matrix associated with columns A through H are the pour points of the
blends in different amounts of the Examples 26 to 40 samples in GTL6. For example, the
blend A-26, containing 0.025 wt% Example 26 poly-a-olefin in GTL6, has a pour point of -
39°C. The blend E-26 containing 0.5 wt% Example 26 poly-o-olefin in GTL6 has a pour
point of -51°C. The blend C-33 containing 0.1 wt% of Example 33 poly-a-olefin in GTL has
a pour point of -51°C. The blend C-36, containing 0.1 wt% Example 36 poly-a-olefin in
GTLO, has a pour point of -21°C.

[0095] The data in Table 7 demonstrates several aspects of this invention: The feed
number average carbon number is a factor in determining whether the products have or do
not have pour point (“PP”) depressant effect.

[0096] Poly-a-olefin made with feeds of number average carbon numbers of greater than
10.0 have excellent PPD effect (Examples 26-29, 32-35 and 38-40).

[0097] Poly-a-olefin made with feeds of average carbon numbers of less than 10 have
very little PPD effect (Examples 30, 31, 36 and 37). These poly-o-olefins behave more as
base stocks. They have excellent base stock properties, including VI and very low pour
points. When they are blended in additive quantities, 0.025 wt% to 1 wt%, they show very
little PPD effect. They are most suitable as blend stocks, when used in large quantity (usually
greater than 5 wt%) to blend with other base stocks. When used in high amount, 5% or
higher, they significantly increase the blend viscosities, increase VI, and lowering the pour
points. These fluids are discussed in WO 2007/146081, WO 2007/145924, and WO
2007/070691.

[0098] Poly-ua-olefins of wide viscosity range (or molecular size) are highly effective
PPDs, as long as they arc made from feeds with a number average carbon number greater
than 10. Examples 26 to 29 poly-a-olefins have Kv!% of 70 to 90 cSt, or Example 40 is 19.5
cSt. They are highly effective as PPDs. Examples 32-36 and 39 have high viscosities,
greater than 200 cSt.  Again, they are highly effective as PPDs. This wide range of
viscositics available as PPD is very desirable in providing formulation flexibility. For

example, sometimes it is desirable to use PPDs to improve the pour point without increasing
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the blend viscosity. In this case, a low viscosity PPD which will not increase blend viscosity
is most suitable. Sometimes, it is desirable to increase the blend viscosity while significantly
decreasing pour point at the same time. In this case, a high viscosity poly-a-olefin PPD
would be most suitable.

[0099] Poly-a-olefin with atactic, isotactic or syndiotactic stereo-sequences are all
effective as PPDs when they are made from feeds with average carbon numbers of greater
than 10. Examples 38 and 40 are rich in atactic stereo sequence. Example 39 is rich in
syndiotactic sequence. Examples 26 to 29 and 32 to 35 are rich in isotactic stereo-sequence.
They are all effective as PPDs.

[00100]  Examples 41 to 44. Examples 41 and 42 are blends of GTL6 with poly-a-olefin
Example 33 and Example 34 respectively. The blends properties, including high temperature
viscometrics and the low temperature viscometrics pour points, Brookfield Viscosity at -30°C
and -40°C, are summarized in Table 8. Table 8 also include the properties of pure GTL6
(Example 42) and blend property of GTL6 with a common commercial pour point depressant
Acryloid™ [56 (methyl methacrylate copolymer, Rohm & Haas) (Example 43). As these
data showed that blends containing an additive quantity (0.1 to 1 wi%) in GTL6 have similar
viscosities as the pure GTL6 base stock. However, their pour points were decreased from -
21°C (Example 43) to -39 to -45°C (Examples 41 and 42). The low temperature Brookfield
Viscosity (as measured by ASTM D2983) was further decreased compared to the starting
GTL6 base stocks, even though all the fluids have similar Kv'®°, Kv* and V1. Furthermore,
the low temperature Brookfield Viscosity of Examples 41 and 42 are better than the most
commonly used PPD (Example 43), again without changing the Kv'® and Kv*’ significantly.
[00101] Table 9 summarizes the beneficial effect of small amounts of poly-a-olefin from
Examples 26 to 37 in a high viscosity GTL base stock in reducing the turbidity of the GTL
base stock. High viscosity GTL base stock, produced by methods and having compositions
as described in US 7,241,375 and US 7,132,042, often have a hazy appearance, as indicated
by a high turbidity number of 1.99 at 0°C, as measured by a turbidity meter (VWR Model
800 Turbidity Meter available from VWR International). When a very small amount of poly-
a-olefin Examples 27 to 37 was added to the GTL sample, the turbidity decreased to below
1.0, as shown by the blends in Table 9. These data demonstrate that poly-a-olefin made from
number average carbon numbers of greater than 10 carbons are useful to reduce turbidity of

high viscosity GTL base stock.
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[00102] Thus, in certain embodiments the turbidity of the hydrocarbon blends, a lubricant
or fuel in a particular embodiment, is less than 0.90 or 0.95 or 1.00, and within the range of

from 0.50 or 0.60 to 0.90 or 1.00 in other embodiments.
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OCE ZE «cc 9 LE 8 6E 017 Table 8. Blends of GIL with ol -a-olefins or
traditional PPD Exanple 41 42 43 44 Base Stock GIL6 GIL6 GIL6 GIL6 PPD

type Ex. 33 Ex. 34 none Acryloid 156 PPD wt% 0.1 0.5 0 0. 358 Kv at 100C,
WO 2009/148685 PCT/US2009/038014

mpositions

Table 3. Feed-1 to -6 preparation and effect on feed co

o Feed bt F 203 H 5 L6

linear a-olefin wt% wt% wt% wt%o wt%
Cé6 2.32 7.12 10.89 1392 15.60 18.41
CR 6.51 9.52 13.77 17.20 19.12 22.34
Cl10 10.31 11.92 15.13 17.76 19.20 21.62
C12 14.31 14.32 15.13 15.84 16.16 16.81
Cl4 18.23 16.64 14.57 12.88 12.00 10.41
Clé 2230 19.04 14.89 11.44 9.60 6.41
Cl8 2622 21.44 1561 10.96 8.32 4.00
Total 100.00 100.00 100.00 100.00 100.00 100.00

Av. Carbon

Number 13.24 12.00 10.93 10.19 9.83 9.27

Table 4. Properties of the poly-u-olefin made at 70°C

Example mp ke 2 o ML PR e
26 13.24 1 80.84 193 3
27 12 2 77.46 190 -3
28 10.93 3 80.18 188 -15
29 10.19 4 81.95 184 -36
30 9.83 S 85.24 185 -36
31 9.27 6 88.79 185 -45

Table 5. Properties of the poly-a-olefin made a SO"C 7

xample & .
32 13.24 1 359.3 257 9
33 12 2 441.19 258 | -3
34 10.93 3 436.36 265 | -18
35 10.19 4 561.06 267 | 27
36 9.83 5 555.66 264 -30
37 9.27 6 688.59 271 | 27

268.88
110 199 .44 1933.84 225 -3
60 19.48 119,18 175 -3
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cP <5000 <5000 11897 <5000 Table 9. Turbidity of ol -a-olefin/GIL blends

Nl 0.001 w /0 P'IY-"- olefin fluid 9.01 wt% poly-a- olefin fluid 0.05 wt%
poly-a- olefin fluid 0.1 wt% poly-a- olefin fluid 0.2 vvt%UpoI -a- olefin
fluid poly-a- ¥OHPA*BE y-a- olefin fluid PCT/US2009/038014

Table 8. Blends of GTL with poly-a-olefins or traditional PPD

. Example | 41 1 4 | 43 | 44
Base Stock GTL6 GTL6 GTL6 GTL6
Acryloid
PPD type Ex. 33 Ex. 34 none 156
PPD wt% 0.1 0.5 0 0.358
Kv at 100°C, ¢S 6.13 6.24 6.02 6.22
Kv at 40°C, ¢S 30.40 30.96 29.76 30.42
VI 142 143 141 147
Pour Point, °C -48 -45 -21 -39
Brookfield Viscosity at
-30°C, cP 3059 3499 26544 3589
Brookfield Viscosity at
-40°C, cP 10838 10858 267543 33193
Yield stress at -30°C by
D4684-5, Pa <35 <35 <35 <335
Apparent Viscosity, 1,
cP < 5000 < 5000 11897 < 5000

Table 9. Turbidity of poly-a-olefin/GTL blends

..... ple o nuEer o : sl B denpenle
26 13.24 | 80.84 . 1.80 1.78 1.59 1.49
27 12.00 | 77.46 0.76 0.87 0.83 0.78 0.77
28 10.93 | 80.18 0.79 0.88 0.78 0.82 0.83
29 10.19 | 81.95 0.75 0.84 0.78 0.83 0.82
30 9.83 85.24 0.75 0.80 0.76 0.77 0.80
31 9.27 88.79 0.81 0.86 0.80 0.79 0.78
32 13.24 | 359.30 0.95 1.23 1.17 1.07 1.08
33 12.00 | 441.19 0.99 1.21 1.23 1.08 1.05
34 10.93 | 436.36 0.98 1.20 1.18 [.11 [.10
35 10.19 | 561.06 0.91 0.94 0.93 0.84 0.82
36 9.83 | 555.66 0.90 0.93 0.87 0.83 0.83
37 0.27 | 688.59 0.89 1.06 0.95 0.83 0.85
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Example GI. fluid used Blend As. Carbon nunber in KV at 190C, eS Turbidity

No. 9"C Turbidity No. 0"C 1'Il thidity No. 4rc Turbidity No. (1.0 '1
urbidity No. 0"C 26 13.24 80.84 1.77 1.80 1.78 1.59 1.49 27
WO 2009/148685 PCT/US2009/038014

[00103] Having described aspects of the hydrocarbon blends, its various features and

components therein, the hydrocarbon blends can be further described by the illustrative
numbered embodiments below:

L. A hydrocarbon blend comprising from 0.001 to 10 wi% of at least one poly-o-

5  olefin, by weight of the hydrocarbon blend, the at least one poly-a-olefin having a Kv'®

within the range of from 10 to 3000 ¢St and a molecular weight distribution within the range

of from 1.0 to 4.5; and a base stock having a Kyv'®

of less than 20.0 cSt; wherein the at least
one poly-a-olefin is present in an amount sufficient to lower the pour point of the
hydrocarbon blend by at least 5°C relative to the pour point of the base stock.

10 2. The hydrocarbon blend of numbered embodiment 1, wherein the at least one
poly-a-olefin is a copolymer comprising at least two sets of a-olefin-derived units in the
polymer composition, wherein the first set is selected from C4 or Cg to Cyg or Cyy or Cy3 ¢-
olefins and the second set is selected from C 4 or larger a-olefins.

3. The hydrocarbon blend of numbered embodiments 1 and 2, wherein the

15 second set of a-olefin-derived units is at least 20 wt% of the at least one poly-u-olefin.

4. The hydrocarbon blend of any of the previous numbered embodiments,
wherein the second set of a-olefin-derived units is at least 30 wt% of the at least one poly-o-
olefin.

5. The hydrocarbon blend of any of the previous numbered embodiments,

20 wherein the second set of a-olefin-derived units is at least 40 wt% of the at least one poly-o-
olefin.

6. The hydrocarbon blend of any of the previous numbered embodiments,
wherein the at least one poly-a-olefin is produced from an a-olefin feed having an average
carbon number of at least 8 or 9 or 10 or 10.5 or 11 carbon atoms.

25 7. The hydrocarbon blend of any of the previous numbered embodiments,
wherein the at least one poly-a-olefin consists essentially of two or more Cy or Cg to Cos -
olefin-derived units.

8. The hydrocarbon blend of any of the previous numbered embodiments,
wherein the at least one poly-o-olefin is present in an amount to lower the pour point of the

30 hydrocarbon blend by at least 5 or 10 or 15°C relative to the pour point of the base stock.

9. The hydrocarbon blend of any of the previous numbered embodiments,

wherein the base stock has a pour point of 10°C or more.
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12.00 77.46 0.76 0.87 0.83 0.78 0.77 28 10.93 80.18 0.79 0.88 0.78 0.82
0.83 29 10.19 81.95 0.75 0.84 0.78 0.83 0.82 30 9.83 85.24 0.75 0.80 0.76

0.77 0.80 31 9.27 88.79 0.81
WO 2009/148683 PCT/US2009/038014

10. The hydrocarbon blend of any of the previous numbered embodiments,
wherein the base stock is a mixture selected from the group consisting of GTL base stocks,
Gr. I, Gr. II, Gr. IIl, Gr. IV, Gr. V base stocks, and mixtures thereof, having a Kv'? below
20.0 ¢St

5 11. The hydrocarbon blend of any of the previous numbered embodiments,

wherein the base stock has a VI of at least 100,

12. The hydrocarbon blend of any of the previous numbered embodiments,
wherein ethylene-derived units are substantially absent from the at least one poly-a-olefin.

13. The hydrocarbon blend of any of the previous numbered embodiments,

10 wherein the at least one poly-a-olefin has a VI within the range of from 100 to 300.

14, The hydrocarbon blend of any of the previous numbered embodiments,
wherein the hydrocarbon blend comprises within the range of from 99.999 to 30 or 40 or 50
wt% of the base stock.

15.  The hydrocarbon blend of any of the previous numbered embodiments, also

15 comprising one or more additives, wherein the additive is selected from the group consisting
of oxidation inhibitors, antioxidants, dispersants, detergents, corrosion inhibitors, rust
inhibitors, metal deactivators, anti-wear agents, extreme pressure additives, anti-seizure
agents, non-olefin based pour point depressants, wax modifiers, viscosity index improvers,
viscosity modifiers, fluid-loss additives, seal compatibility agents, friction modifiers,

20 Tlubricity agents, anti-staining agents, chromophoric agents, defoamants, demulsifiers,
emulsifiers, densifiers, wetting agents, gelling agents, tackiness agents, colorants, and blends
thereof.

16. A lubricant or fuel made from the hydrocarbon blend of any of the previous
numbered embodiments.

25 17. A method of forming a hydrocarbon blend of any of the previous numbered
embodiments comprising (a) reacting a catalyst composition and a feed containing at least
two sets of a-olefing, wherein the first set of a-olefins is selected from C, to Cy3 a-olefins and
the second set of a-olefins is selected from Cy4 or larger a-olefins forming at least one poly-o-
olefin having a Kv'% at least 10.0 ¢St; and (b) combining the at least one poly-a-olefin with a

30 base stock having a Kv'™ below 20.0 ¢St to form the hydrocarbon blend.

18. A method of forming a hydrocarbon blend of any of the previous numbered
embodiments comprising (a) reacting a catalyst composition with an a-olefin feed having a

number average carbon number of at least 8 or 9 or 10 or 10.5 or 11 carbon atoms forming at
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0.86 0.80 0.79 0.78 32 13.24 359.30 0.95 1.23 1.17 1.07 1.08 33 12.00
441.19 0.99 1.21 1.23 1.08 1.05 34 10.93 436.36 0.98 1.20 1.18 1.11 1.10 35

10.19 561.06 0.91 0.94 0.93 0.84
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100

least one poly-a-olefin having a Kv™ of at least 10.0 ¢St; and (b) combining the at least one

1% below 20.0 ¢St to form the hydrocarbon blend.

poly-a-olefin with a base stock having a Kv

19.  The method of numbered embodiment 17 and 18, wherein ethylene is
substantially absent from the a-olefin feed.

S 20. The method of numbered embodiments 17-19, wherein the g-olefin feed has
an average carbon number within the range of from 8 to 15 carbon atoms.

21, The method of numbered embodiment 18, wherein the a-olefin feed comprises
at least two a-olefins selected from the group consisting of Ce to Coy a-olefins and mixtures
thereof.

10 22. The method of numbered embodiment 18, wherein the feed comprises within
the range of from 0.1 to 15 wt% Ce a-olefins and at least 8 wt% Cis u-olefins, based on the
weight of the feed.

23. The method of numbered embodiment 17, wherein the feed comprises at least
20 wt% of a-olefins with Cy4 or higher carbon numbers.

15 24.  The method of numbered embodiment 17, wherein the feed comprises at least
30 wt% of a-olefins with Cy4 or higher carbon numbers.

25. The method of numbered embodiment 17, wherein the feed comprises at least
40 wt% of a-olefins with Cy4 or higher carbon numbers.

26. The method of numbered embodiments 17-25, wherein the catalyst

20 composition comprises a metallocene and an acttvator.

27.  The method of numbered embodiment 26, wherein the metallocene is a Group
4 Dbridged or unbridged bis-Cp compound. When unbridged, the metallocene can be
described with respect to formula (1) above. When bridged, the metallocene comprising the
bridging group “A” is described with respect to formula (2) above. In certain embodiments,

25  the metallocene is a hafnocene or zirconocene having the features as described with respect to
formula (1) and (2).

28. The method of numbered embodiments 17 and 18, wherein the reacting takes
place at a temperature within the range of from 10 to 200°C.

29, The method of numbered embodiments 17 and 18, wherein the reacting takes

30  place at a pressure of greater than 1.0 MPa.

30. The method of numbered embodiments 17 and 18, where the reacting takes

place in the presence of a hydrogen partial pressure within the range of from 1 psi to 300 psi.
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0.82 36 9.83 555.66 0.90 0.93 0.87 0.83 0.83 37 9.27 688.59 0.89 1.06 0.95
0.83 0.85 WD 20091148685PCT/ US2009/ 038014 [ 001031 Havi ng descri bed aspects
of the hydrocarbon bl ends, its various features and conponents therein, the
hydr ocar bon bMOAY/ & e further described by the il | uRGHASPYEHMber ed
enbodi nents below. 1. A hydrocarbon bl end conprising fromO0.001 to 10 wt % of
at |least one poly-a- 5 olefin, by weight of the hydrocarbon blend, the at
| east one poly-a-olefin having a Kv100 within the range of from 10 to 3000
cSt and a nol ecul ar wei ght distribution within the range of from1.0 to
4.5; and a base st Oﬁk h%ﬁ”rggho% o% mbe?ed em%%a%mgrpfﬁ%\? 19 \91§et1 th 1eedrt?n| r%aktel‘]e at

| east onepolyaoleflnls fi to Tower the
pour point of thec Wyldq?%télalpbdwdlbg@rfébdbylﬂm hydeqgern Ct@@ltr@ﬂeaﬂlwemo@o{ MO0 pour

poi nt of the b@@@p%;nqmﬁemw@s e, hydrocarbon bl end of nunbered enbodi nent
1, wherein the at east one ly-a-olefin is a copol r conprising at

| east two sets of a-2ol e?]?enmﬁ&dl‘\;é‘ﬂm'i?fh‘?dt@lbi"ﬁm‘f*ﬁ%” dy%e?’h%%‘i’rﬁﬁsqf fepyAne
wherein the sfi rpslry osaestﬁnuﬁcomeine;mheﬁlarﬁdﬁmmuﬁzéw@trto Bﬁ’elt e foup ot oGhe hakockiboh
a-olefins and t, cted from arger a-ol efins.

3. The hydr ocar engsgﬁ‘ltonun%é(r?eé“’%etﬁgho m n%tldfflebdﬁ @,g('v\,her ein the
15second set of a o3|3ef|ﬁh<’dmthoﬁeﬂmzrrb¢®@em@dmen$éésrtd 130whgrain b basheockthad east
one poly-a-ol efihur pomtbelow ifcc. The hydrocarbon bl end of any of the previous
nunber ed enbodi ments, wherein the second set of a-olefin-derived units is
at |east 30 wt% of fhe ’étluqllé%{‘étor Brempb §y- Bopefpg of any of the grevigydupdygedocar bon
bl end of any otmbdienqprseviddus nunbered embodi rrents 20wherein the second set
of a-ol efin-degg | st., 40 % t | east . on | y-a-

| efin R L S R e
enbodi nent s, \Mh%rwé% it @M@»@{ne Ipelagttolﬁlneprmlgm af e éfdrwalibsn plewsid the etl lefist om an

a-olefin feed @thﬁ@ndmg@g@wﬁaﬁh@nangqu}%ﬁn @fto %oolcgaa%aaﬁmfe&ula? wRlghd O Or
10.5 or 11 carhon atoms, 257.The, hydrocarbon bl end of of ,,f he previous

nunber ed enbodfERiEn wihia Fhél“ﬂw‘f ﬁ%ﬁ"é% LY st "6‘% b?)”ﬁ P‘)?Ckapab‘f‘%? K cstres D%
essenti al | y50f cStweheatin thodt cafbnaOiolyCGBolbfn iCHdscatth &f inuatetffivied eb laReérttis. pour

point of the hydrocarbon blend by at least 5°C relative to the pour point of the base stock.
[00105] In yet another embodiment is the use of a poly-a-olefin in a fuel or lubricant
comprising from 0.001 to 10 wt% at least one poly-a-olefin, by weight of the hydrocarbon

blend, the at least one poly-a-olefin having a Kv'®

within the range of from 10 to 3000 ¢St
20 and a molecular weight distribution within the range of from 1.0 to 4.5, and a base stock
having a Kv'*® below 20.0 cSt; wherein the at least one poly-a-olefin is present in an amount
sufficient to lower the pour point of the hydrocarbon blend by at Icast 5°C relative to the pour
point of the base stock.
[00106]  In yet another embodiment is the use of a hydrocarbon blend comprising at least
25  one poly-a-olefin as described herein as a fuel or lubricant comprising from 0.001 to 10 wt%

poly-a-olefin.
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8. The hydrocarbon bl end of any of the previous nunbered enbodi nents,
wherein the at | east one poly-a-olefinis present in an anount to | ower the
pour point of the 30hydrocarbon blend by at least 5 or 10 or 15C rel ative
to the pour point of the base stock. 9. The hydrocarbon bl end of any
of the previous nunbered enbodi nents, wherein the base stock has a pour
poi nt of 1@¢amigore. WO 2009/ 148685PCT/ US2009/ 038014 10. The hydr ocar bon

bl end of aﬂy of the previous nunbered enbodi ments, wherein the base stock
is a nlxtu daswk ebtisds:fr om t he group consi sting of GIL base stocks, G. I,
G. |1, ., G. 1V, G. V base stocks, and m xtures thereof, having a

Kv 1 beIOM/ZO 0 cSt. 511. The hydrocarbon bIend of any of the previous

nunber ed embodi RERY&ocMBET ildhdt benprases Foach.dtasta 1M wads 8f at east ohe0.
12. The hydrocarbon bl end of any of the previous nunbered enbodi nents,

wher ei n et Wytadlaeengeatalrgd pelt-g-ofafia, bripeighitof ke hydipesshban blmcﬂn atnﬁea base| east
one pol y- agliehillng o Ky 1B1csT i QAT RORIAGAM Ol AN DLt EnRr V] 0Us

nunber ed enmpodi nen erern the at east one y-a-o has a Vi

Wi t hin t heleastnge nadtalfocers dzﬁ)zﬂyztdd pDPa-olefin havidgda KV évmhﬁh ﬂﬁ&ﬁrﬁg&rbth‘rcﬁﬂd of
any of the reV| d enbodi nent s, wherein the hydrocarhon bl end
conpri ses 17\55) {O,ﬁOrQ %& esilar (stahb disooytipp “ﬁ@lrbﬁhe&@g@r" TEnd &t f-% he base

st ock. wher%{h th;ﬂa@ 1&3@6&%@@9&& %afa}%d B}& <9f 1%@31323%@% & Froftt! gt ed

enbodi nents, al so 5 conprising one or | ereint
addi tive |@eﬁeﬁedﬂedngﬁmnnthgegmbupnumMsn@ﬂﬁmgIGﬂodﬁwdwbnmnnhﬂhﬂhhﬂmrs,
ant i oxi dan ersants deter on inhipitors

bt b1 t or e g 0 PP aLRGRS CoRved st oHgett o R Pe B el G ahe

addi ti ves, hyibdartsi BlUAE b?gﬁﬂéa%t 5?@%1%@ 10NthB3ae ppRk bf PR PAscdesukesga@nt s,
wax nDdlflers vi scosity index gﬁrovers viscosity nodifiers, fluid- | 0ss

addi t i ves, Whwain thohasatsidsklis a (i g &ronp [lca Goenpidlior p 671, basgatockibr i ci ty
agents, anti-staining agents, chronophoric agents, defoanants,
denmul sifiers, enmulsifiers, densifiers, wetting agents, gelling agents,
t acki ness agentFhe h@dmée&béns bleddod| elmigs 1t hetle@sih .the at least be rAethilidecheant or
fuel nmade fromthe hydrocarbon bl end of any .of the previous nunbered
enbodi ment&ta Wﬂ?pqd\ywm RBR 182 FORTRE AORPHIBE H HER PenEFtb Ol ehgledn- ¢ he
previous ryphes ﬁgltfﬂptﬁg & b §1't1§fll,r\ghe(r@1)1 theaed s el%@t%@ff%% on
conposition and a fe a|n|n At ’east two sets of ol efins, Wﬁereln
the first Gewn-défim-adehd mond;scﬁesl @bdced fromo @ o lageCi-dlatinsl ef i ns and t he
second set of a-olefins is selected from Cl4 or larger a-olefins form ng at
| east one poly-aolefin having a Kvm at |east 10.0 cSt; and (b) conbining
the at |east ongenfldvocarsdnaflény (Wélélnﬁz 3@11&@@%@ E&%hd @é%fftgoeﬁmlb@d ow 20.0
cSt to formthe hydrocarbon bl end. . A net hod form ng a hydrocarbon
bl end of amts éﬁattlmt%%(ﬂcﬁﬁlerﬂimfrw mﬁb@@nenen@telywhmlwu eigfifa) reacting a
catal yst conposition with an a-olefin feed having a nunber average carbon
nunber of at least 8 or 9 or 10 or 10.5 or 11 carbon atonms formng at WO
2009/ 1486&5PCT. /mmw&aﬁa%ﬂmnmh@euamﬁz @ 8f ivheRRay idGedordven of at
| east 10.0 cSt; and (b) conbining the at | east one poly-a-olefin with a
base st ocl-dglndgiedkynithis duest 1§ wie afdthe g iashendyaiitiose o atplyeerd
19. The neggﬁg E fpunbered enbodi ment 17 and 18, wherein ethylene is
subst anti y absent fromthe a-olefin feed. 520. The net hod of nunbered
enbodi ments 17-19, wherein the a-olefin feed has an average carbon nunber

o 15 carhon at ons

within the ran f fro
% gﬁle% rocarrg'on btlend of any of the previous claims, wherein the at least one
metallocene catalyzed poly-a-olefin lowers the pour point of the hydrocarbon blend

by at least 10 °C relative to the pour point of the base stock.

6. The hydrocarbon blend of any of the previous claims, wherein the base stock
has a pour point of 10°C or more.
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21. The nmet hod of nunbered enbodi nent 18, wherein the a-olefin feed
conprises at least two a-olefins selected fromthe group consisting of C6
to C24 a-olefins and m xtures thereof. 1022. The net hod of nunbered

enbodi nent 18, wherein the feed conprises within the range of fromO0.1 to
15 W% C6 a-olefins and at least 8 w% Cl's a-ol efins, based on the wei ght
of the feed. 23THbaydBELNBEN BlenB TSR] 68 tIRMREHLARARINS! whehih Eldbdsbgtobred
conprises at |east %0 wt % of a-olefins with Cl4 or higher carbon nunbers.
1524. The mbaswW! of atdeasbEdd enbodi ment 17, wherein the feed conprises at

| east 30 wt % of a-olefins with Cl14 or higher carbon nunbers. 25. The
nmet hod of nunbered enbodi mnent 17, wherein the feed conprises at |east 40
wt % of a- oBef i nghitybrdedibolr bIBADRETanGasHOEHR PRIRRE Sclaims, whedfn clid@er¥®t hod of
nunber ed enbodi nents 17-25, wherein the catal yst 20conpositi on conprises a
net al | ocenderéigd wntsaae jsubstatially absentoffomTihe avdedsh @nefmefakersne saehizedi nent
26, wher ei @@11%!&@01 Bal | ocene is a Goup 4 bridged or unbridged bis-Cp
conpound. n unbridged, the nmetall ocene can be described with respect to
formula (1) above. When bridged, the netall ocene conprising the bridging
group "A" |s descrjbed with respect to formula (2) above. | n certain
enbodi ment &, zsifh%{lwﬁt)%ﬂ\?fp%@ﬁ Pga%v ‘PfaIP?uBEeé(HélS(‘}&a“??ar‘%eﬁ%‘@éh%athlé%ﬁt R§et he
features a ' | F; : 28. The
met hod of %8%2%8%%%‘? P%ﬁfbi@l%@hg%ga?g, ng?hgijr%ln%é%f%%ég? tnog30toélkes pl ace
at a tenperature within the range of from 10 to 200C. 29. The net hod

of nunbered enbodi ts 17 and, 18, wherein the reacting takes 30place at a
b essure of-gr enf v Phroon Befbal iny OFtE eV IREEN B 5o PGB PBa o

enbodi ment sofe’ additvds3, whdteihe theh 8ddiga€ tik N@ldcalde srofl A drbug RBnAkAREREES Of a
hydrogen partial pressure within the range of from1 psi to 300 psi. WO

200911486 85Hdonspbbitocs gotiaxidants, digpersanfse detergents. eprrasighdpkiflitessh ot nent s

17 and 18,. ere the react. t s pl ac it t] s _hy gen..feed,
wth'a nydrbRERS. ol BOEH Ny WA OREn S SubBe ol PUBHS - P
react or sysizf8 agents, noholefilicbas®i podk pbint WeprEdtse Wandmdaifless, IvisaBidy 18,

wherein the at | east one 5poly-a-olefin is conbined in an ampunt sufficient
to | ower tIRESHBBRIOBERnYISeItY pRodfiersoluidness sldiespycahcompaidhlity ggentsg or 15C

relative te .t I OI ot ase s : of
nunber ed e%gggfn@%@ e%? %%8%%,%&%? eeﬁlrtl1 Stttﬁgklgag el}st%’ogﬁt%ﬁg)}hgnggé Q%é)i nt

bel ow 10C.defoamants34denfulsifibrsi cantlsifiersf uehsifrade vipptinghegomshaelliog ageptsof t he
previ ous nunbered 10enbodi mantq? 7-3%{%_1 01041 I n anot her enbodinent is the
use of a pBTNIGES AR folommbT AR Hén% 81001 to 10 wt % of at |east one

pol y-a-ol efin, by weight of the hydrocarbon blend, the at |east one
poly-a-olefin having a Kvmw thin the range of from 10 to 3000 cSt and a
mol ecul ar Mei ght lelirgant gutiebmadg tfitenn thehley dregageonoblenid ofrany of the preBiousaind a
base stock aP}a\éi ng a Kvm bel ow 20.0 15cSt; wherein the at |east one

pol y-a-ol e %1 s present in an anount sufficient to | ower the pour

12. A method of forming a hydrocarbon blend comprising (a) reacting a
metallocene catalyst composition and a feed containing at least two sets of a-olefins,
wherein the first set of a-olefins is selected from C4 to Cy3 a-olefins and the second
set of a-olefins is selected from C4 or larger a-olefins and the feed has a number
average carbon number of from 10 to 15 carbon atoms forming at least one
metallocene catalyzed poly-a-olefin having a Kv' at least 10.0 cSt; and (b)
combining the at least one metallocene catalyzed poly-a-olefin with a base stock
having a Kv'% below 20.0 cSt to form the hydrocarbon blend, wherein the at least one
metallocene catalyzed poly-a-olefin is combined at 0.001 to 1.0 wt% of the blend to
-34 -



poi nt of the hydrocarbon blend by at |east 5C relative to the pour point of
t he base stock. 1001051 In yet another enbodi nent is the use of a
poly-a-olefin in a fuel or |ubricant conprising from0.001 to 10 wt % at

| east one poly-a-olefin, by weight of the hydrocarbon blend, the at | east
one poly-a-olefin having a Kvmw thin the range of from 10 to 3000 cSt 20
and a 1ol egplAihWBbBihoil SF MO Bichd b St 1BRIS OlrelhfiliNal 1R drd- 5

and a base stock havinhg a Kv bel ow 20.0 CSt; wherein the at |east one
pol y- a- ol epoint pthp besesticki wheneinaihre bate sscu:lkfls giGaotp L, @ Grouetl, aeowolt, qoi nt  of
t he hydrocaggﬁg bleﬁg by at least 5Crelative to the pour point of the base
st ock %? ‘et anot her enbodinent is the use of a hydrocarbon

bl end conprising at | east 25one poly-a-olefin as described herein as a fuel
or lubricant conprising from0.001L to 10 wt % poly-a-olefin. CLAIMS Wat
we claimi$3 1A methpdoddennbog amydmath@nﬁﬂt:rsi equnprisorg G oeecting ajcaglyit oo of at
| east one e e et t rocarbon
bl end, and‘%a(@atnt)1 (LSH?O% ‘?g}(l: hgﬂigfﬁn ﬁL,eE a%ngta %I eggp?hep#eg%%%% Iglt%gbe% E?a@%end bei ng

characteri z@d tcb)l 5t daebaal aﬂoﬁesfonﬁng aelealtl @%ﬂﬁtaﬂaé@ey@ﬁﬁym| polg-eblefih n
having a Kvi wthin,the range of from10 to 3000 cSt and a nol ecul ar wei ght

di stributi BN eHYH t Heatrlgargd Ok et 3 D)oompining th%blreé$trpfteﬁée‘at10qe§§st one
nmet al | ocen I 100 QA f.eed
havi ng an 23%"Qkﬁﬁggﬁgﬁﬁnﬁﬁﬁgtﬂ%?%th%?' #gE%S %arbo%)gfghgjﬁﬁﬁeﬁgln t he
at | east okn;eimmrbdﬂ bleedewhatml theed lpol pnanodtaidcend catelyzed helypoulefipdsnt  of

t he hydrocarba e b t. 5 ive to the pou int of the base
st ock, and‘“ﬁe %f ‘fﬂ@*ﬁé@i“%?dﬁth?éﬁﬁfﬁfh“ﬁfﬂwr&H&P@ﬁbOﬁtﬁgﬁd%¥6%Bn|||, or
a GIL baseb@ﬁ@g zulgmt3%?r&%ﬂkﬂ%@h@%ﬂupbgmﬂopﬁuﬁhﬁh@k%k WBFeel thet hiRe at

| east one netallocene catalyze y-a-olefin is a copol yner conprising at

| east two $etksisafGraup l.ef Groged], \aég)rounﬂltlsonarﬁfh@amtmr conmposi tion, wherein
the first set is selected fromC4 to C13 a-olefins and the second set is
selected fromCl4 or larger a-olefins. 3. The hydrocarbon blend of claim
2, wher ei ni4.he RCABhodRI cRiima-10loefIBwiekinvabylnd Isssubsta@tiallyedsént 2ebnit % of
the at | east one_netall ocene catalyzed poly-a-olefin. 4. The hydrocarbon
bl end of dﬁ?ad?e@mﬁfélalns 2 or 3, wherein the second set of
a-olefin-derived units is at least 30 wt% of the at |east one netal |l ocene
catal yzed poly-a-olefin. 5. The hydrocarbon blend of any of the previous
cl ai ms, whEr. ei nThehmethbd lofattimolrie wihetdh Itioc eqvdefoafeal yamgripsl at-leasotved on | ower s

t he pour pqint of the hydrocarbon pl.end |l east. 10 Crelative to the
pour poi ntﬁefgnst%q%qusfe%t CHOUP goNSiff{ag Hf/gﬁ Beamtoncnean BuRy thereof-ne

previ ous clainms, wherein the base stock has a pour point of 10C or nore.
7. The hydrocarbon bl end of any of the previous clains, wherein the base
st ock has .Vl Tfe methpéagtlaidd?2, WBereffhtéae tﬁwlr@@atrbthliih'erme oﬁngamf figim t he

[ h | |
From the at (LR oBREE Heudim g &l hTek Ry TS BERT R the Sy B

hydr ocar bqpe Blegnd of any of the preV|ous clalns wher ei n the at | east one
net al | ocene catal yzed poly-a-olefin has a VI within the range of from 100
to 300. 10. The hydrocarbon bl end of any of the previous clains, also
CoMpI i Si ng AN e MehEA AL of<8indNer Bl NS A Gor i SELPRLED] T om the
group consi sting o OXI nin ors, I 'oXI dant s |spersants

det er gent sm"/cofa—omfmewmht(tlblothrgher cranlsdnmniﬂbdm.tors net al deactivators,
anti-wear agents, extrene pressure additives, anti-seizure agents,

non-ol efin based pour point depressants wax nodi fiers, viscosity index

| nprovers,gvi SegRl Mmg@%tfah%% c1difdi 1= ] RS RE the V&S cchHscE QMRALI 3 11 1Y
agents, friction nodifiers, lubricity adgents, anti-staining agents,

chr onophonit&e aitrentesips dethdapranhighedanbdnsidmtzrs, enul sifiers, densifiers,
wetting agents, gelling agents, tackiness agents, colorants, and bl ends
thereof. 11. A lubricant or fuel nmade fromthe hydrocarbon bl end of any of
the previqys cl@ieMhethol2 of AliBished-18f &mr@thngqeacbmgrsp%ﬁtmgmbheﬂﬂher
conprising (a) reacting a net al | ocene catal yst conposition and a feed
conta|nlngommﬂ&§3®ﬂwﬂmﬁ0$ets of a-olefins, wherein the first set of
a-olefins is selected fromC4 to C13 oIeflns and the second set of
a-olefins is selected from Cl4 or Iarggr a-olefins and the feed has a
nunber average carbon nunber of from 10 to 15 carbon atons form ng at | east
one netal |l ocene catal yzed poly-a-olefin having a Kv100 at | east 10.0 cSt;
and (b) conbining the at | east one netall ocene catal yzed poly-a-olefin with
a base stock having a Kvi below 20.0 cSt to formthe hydrocarbon bl end,
wherein the at | east one netal |l ocene catal yzed poly-a-olefin is conbined at
0 001 to 1 0 mt@bof the blend to - 34 - Iomer the pour p0|nt of the
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14. The method of clains 12 or 13, wherein ethylene is substantially absent
fromthe a-olefin feed. 15. The nethod of claim 12, wherein the a-olefin
feed conprises at |least two a-olefins selected fromthe group consisting of
C6 to C24 a-olefins and m xtures thereof. 16. The nethod of claim12,
wherein the feed conprises within the range of from0.1 to 15 wt % C6

a-ol efins apd atrhl:qaaho@o%%&lﬁ %ﬁélraﬁltﬁéme@%%én@& 4 o eg@%d Rh dihe

feed. 17. The nethod of any of ¢lains 12-16, wherein the conpri ses at
| east 20 wugbmndged-bid-€picompomrtda C14 or hi gher carbon nunbers. 18. The
met hod of any of clains 12-17, wherein the feed conprises at l[east 30 wt%
of a-olefins with Cl4 or higher carbon nunbers. 19. The nethod of clains
12-18, whenpei n trRe nfc ¥SdlaiiP TR ORkdiR Thd MITERE bné ARRNILEGR c%{hly?z%ﬂl poRLOr .
20. The nethod of claim19, wherein the netallocene is a Goup 4 br| dged or
unbri dged Biclefgplovsnptherrour pomt of Hes Inwskrorachant blendhbynatl Bastikfet( Felativeetoat
| east one aly polya-olefin | owers the pour point of the
hydr ocar borq% %ﬂg&gpgftﬁgfoasesoc O Crelative to the pour point of the base
stock. 22. A lubricant or fuel nade by the nmethod of any of the previous
clainms 12-21. ) ) )

22. A lubricant or fuel made by the method of any of the previous claims 12-21.
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