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AND USE THERECF FI ELD OF THE | NVENTI ON This invention relates t DEC 7008
pol y-al pha ol efin oligonmers and nmet hods of making such oli gomarsz. ﬁ\;bze
particularly, the invention relates to a conposition for a |lubricant and
5 nmet hods of naking the conposition. BACKGROUND OF THE | NVENTI ON

Synt heti ¢ hy®oBaeddems have been used as | ubricant conporenis2/i6r
autonotive, aviation, and industrial applications. In the autonotive

i ndustry, lubricant oils include engine oils, brake fluids, and

| ubricating greases. Engine oils for an autonobile include io 2-stroke
oil's, 4-stroke oi |SYNEHESI§€H PQLY sALPHA ODEFEVANDI USE THEREOFY, | ubri cant
oils include turbine oils, piston engine oils, hydraulic fluids, and

| ubricating greases. In i ndusFHEL&) OF BBBINYENTIENs, | ubricant oils are used
as gas-turbine oirg mvgtﬁn"i':ﬁ re@étés% @ﬁﬁﬁﬂa@efﬂ%ﬂg&ﬁ&gwd%e‘ﬁfaﬁs oicH):Jkﬁl’ sEQTPr essor
oils, hydraulic oils, netal vvor?( heat -transfer and | nsul ati on
oi l's, and | Weoewti Mgregrasead), &TEJ“‘PB‘I‘%M&L%? 4 ppeestor pdibgiganpol ef i ns)
are synt hﬁtlﬁetmgsm@q@momsqmnhave been used as | ubricant base oils.

PAGCs have good flow properties at |ow n’gera ures relatively high
thermal and oxi dative stabpf\p{(?ROIUE)‘W%E/EH FT&YFHWQI‘Z)sses at high

tenperatures, hi lymxenvhﬁcﬁ&smbm HaRelpoen u@A Q! Ibfit4nt tpobaiafet artom@ﬁed
hydrol yti cal stab on resistance,  PAGs t toxic
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and are m sé&Bigh \Rf‘i H‘%ﬁ*ﬁtrﬁgf‘%hg%’lo’i’s Ir&ﬁge Bomalive ndustizy, lubrcath ACs are
suited for uagn¢ dilsgbhgkenfuidsi 4rdl, lutc oA @Baes. Bhdise, olhydraauhtomobxm ihdydegear

oils, an gre PACs t hv een cteri d_to, date,
nave |18 DATioss okt TYENE by i Bl O i YGRS QuP R AEF SRIRRe( Fea
addi ti ve m gebise loils, wlstoannemefndﬂr éydrmhc faids naod lidwicatinigt sk e. flonndsnstealas

hi gh-perf or §n<9§5}£brféhxlt%n?ﬂ9u§e§§§ gas\?\)}]rﬁﬂﬁglﬁsagépbﬁs Qéahﬁ xﬁ%r‘d@%&l{na' Ly,

PACs often i ude tertiar drogen IS prone t oxi dat 1 on.
Therefore, Oﬂlsv@UWEPS%?éO’éFﬁNf iF @ily, WIMOﬁil%eﬂ‘tl%hf?r‘@ﬁ@fféé“‘bfnsﬁlétreﬁll ary

hydrogen sj@snd Qbh&Qﬁé)gf&S@XI dation resistance of synthetic
hydrocarbons. Currently are synt hesi ze a two-step reaction

sequence'¥rom | i Relyer oéFﬁ“bﬁpé"ﬂs BolyajphaQigfing) are amef{»éayw@rh%% HYrRARE The

first step ibged ived symbitesibaseils. apmxhz%ego@f flovd bloP@HiBI 2% Jow\lamghatafeg
pol yners of rglgtkvac lhythlercr)nve\xll n}I)‘l!i egxlil Le stalbglty, lolhle\%pgrlatrlosnt 1osses ?th
- temperatures, higher viscosity index, good friction behavjor, good hydrolytical stability,
and good erosion resistance. PAOs are not toxic and are miscible with mineral oils and
20  esters. Consequently, PAOs are suited for use in engine oils, compressor oils, hydraulic
oils, gear oils, and greases. However, PAOs that have been characterized to date, have
limited oxidative stability, limited biodegradability and limited additive miscibility.
Therefore, it may not be suitable for use as high-performance gear oils and fast
biodegradable oils. Structurally, PAOs often include tertiary hydrogen which is prone to
25  oxidation, Therefore, it would be desirable to minimize the presence of tertiary hydrogen
50 as to improve oxidation resistance of synthetic hydrocarbons.
Currently, PAOs are synthesized by a two-step reaction sequence from linear o~
olefins, which are derived from ethylene. The first step is the synthesis of a mixture of

oligomers, which are polymers of relatively low molecular weight. This first step is

30 catalyzed using a boron trifluoride catalyst in conjunction with a protic catalyst such as
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wat er, al cohol, or a weak carboxylic acid. However, it has been % é%?@%d
that boron trifluoride catalysis causes excess skel etal branching during
the oligonerization process. An increase in the anount of skeletal
branchi ng di MR8¥ orrel ates with an increase in the negmsesoz/yb2stertiary
hydrogens in the nol ecule, which are prone to oxidation, and therefore 5
exhi bit poor stability when used in |ubricants. The second step in the
manuf act uri ﬂ@ter pﬂ@ﬁﬁs& £ead tasboRylitr e nNdéwerer, @f hat BeenUdbsabddr itadronl i gonmer .

Due to the |n demand f or erf ar nanc there is a need for
e at i el B A s ah sl B b hETe Shirma i BrP s hAG nade
in a processn mcrezmhmcllre anousiolf siterl brandhing ditetitly caregdtestvthtandicyeakeyinitogens ar e

i nt roduced %rrn er}%ft]ﬂ%a orreri.z

W0 one_t dation,
and woul d possess gregggrmé?gg} T&ea¥ Hm?ﬁepgwgﬁb gftf%@%ﬁgﬂ%?ently
known i n s hexlabit pOOThtaSIhtyyphzenofsedDAOUbryamgr ga¢ sepnd stef ar the dhabdfaciging

non- | SOMEr | 26l eQled @R M5krog i Ig%\ﬁe%aéﬂﬁﬁd&%ﬁw'm In_an enmbodi ment of the

i nvention, non- |soner oners are provi ded 15 whi ch conpri se
repeating units bfe ©l B¢ insrassing derasd dergripduze performance ubet ant inadd| for head to

tail nol eculragnvs,lt,m;etwaemvwgrdeanﬁbrfcmnfaba AO8RIm NRPAD MRk %pyﬂ)ra{es i ght of

about 10,000 or “less, and i1s prepared in the presence of a single site
catal yst. | nwhigh enpoubsiasillyofaddiienal niggisni oldraghes oiref infosksadneings

sel ect ed;f r QyGnBLAWR, w&ﬁlﬂﬁé fekd fBnelh cﬁeld'amahﬁd?w&h@f biiSs gAaRPREUiGyOl ef i ns,
and cyclic olefins. The aliphatic olefin o e present invention nmay

be an” a- ol eftfa.thg hralaﬁl?e%ﬁﬁi?a.%wﬂy Spoyh ihﬁ\?éntle%‘ypf’ ﬁéPép gdweerfiars
subst ant i al Iryfertdd@@asafnohe¥otnkensed oligoydr.ogen formed due to isonerization,

i.e., a hydrogen which is a is directl attached
to three Zarbgns In an enb%ggﬁﬁﬁnggjgﬁfﬁﬁﬁgﬂﬁég t he ollgon%r

di spl ays i nproveld axerdadiment of Shesinadmtibn, tr;onasmdaebzedd@gomdis bird iptoyided,n a
further ambogdy c‘ﬁ‘%”:% risk *P&eé%lnﬁ%ﬂ?{f o'le%n%‘il}?.%&?”%m%dqxargo%%wtiag@gé‘é\l\a;tb % of a

hydr ogen = gas t1c ano
hydr ogenat i ¢l ln@[gca]aygl;ucture wherein the oligomer has a molecular welght of about 10,000 or

less, and is prepared in the presence of a single site catalyst.

In an embodiment of the invention, the olefin monomer is selected from a group

consisting of aliphatic olefins, aromatic olefins, and cyclic olefins. The aliphatic olefin of
20  the present invention may be an a-olefin.

In an embodiment of the invention, the oligomer is substantially free of tertiary
hydrogen formed due to isomerization, i.e., a hydrogen which is attached to a carbon that
is directly attached to three carbons. _

In an embodiment of the invention, the oligomer displays improved oxidative

25  stability and biodegradibility.

In a further embodiment, the oligomer is hydrogenaied by reaction with hydrogen
gas in the presence of a catalytic amount (0.1 to 5 wt. %) of a hydrogenation catalyst.

In an embodiment of the invention, the oligomer may be a dimer, a trimer, a

tetramer, a pentamer, a higher oligomer, or a mixture thereof.



In an enbodi ment of the invention, the oligomer may be a diner, a trinmer,
a tetraner, a pentaner, a higher oligoner, or a mxture theranfDE[:ngDEC
2005 w0 03/020856 PCT/ US02/27529 3 In an enbodi ment of the invention,

t he unsaturation, such as the doubl e bonds ‘of the oligonmer, may be
functionalized by the addition of a npiety containing polar groups,

ester groups,wpodsetsher groups, detergents, and the |ikercFiosnz27529

pol yal phaol efi ns obtained i n accordance with enbodi nents of the invention
5 may be hydrogenated to formul ate lubBicant oils in anobunts from about

0.1 W% to about %em%ﬂﬁcntﬂ‘f@hel iNRhiidna e uBdatuSatidRYsudd a%QheC&'%@'thd@- onunber
of conventional additives in. anpunts rg U|red to provi de vari ous

functions. BRFBiEopESaRY b funfiiongz Mast Fﬁ’ot?Fyd%’Ptat”&gef@kaf 8URsh t he

under st andi n@tcegroﬁﬁe;)d]ﬁﬂﬁﬂér&@@,,defe%ﬁaﬁﬁ ahCle lige. NOW made to 10 the appended
drawi ngs. The dr

exe on and shoul d not
be construed as yﬁ?‘%?’“r@"a?l éps W@ﬁ?l“ozﬁc ad’ﬁ? 3?8@ ‘{vﬂ‘/@ "éry‘?fl BinYSHfer at ur e
si mul at eds di my' Hel k@ﬂno@ematemodhmuwlamcfamroﬂi i’m&moﬁﬂaﬁbm@ﬁoqﬂ[)()dﬂ%tto gescri bed
hte erat u nul at.ed. di atlon

i n Exanpl e ur. t| I I

chr omat ogr am for/gJ fg %Jbﬂﬁﬁnl 81r11‘°‘ Eéy %S%Ié PR BEE™ AT 015‘1 a%ds i ng 89%
di mer, 7% t ranments regnided48povigheriousdhncgorser s.  Fi gure 3 shows a h| gh
tenperature ‘sinul ated di siy ! r r comer ci al

pol yal phaol efi n (Dur asyn%&% B%@WW&?%EWS OF THE _

| NVENTI ON 20 | n ftherdérdé hssiaf in ghechaderstindingof theamventmpntséarencelisgieivaradd toher ei n
are appr Q¥ gt gpp\{rﬂie&'@ﬁwmgg eARGHMWARS ahRLdIes totbQ%xéMyl;Qy oYU shofd not

"approxi mate" i's used in connection therewith. They may vary by up to
1% 2% 5% Breonssyerasilimiting thegnveatio®09% \Whenever a nunerical range with a

lower limt, RL mdreaﬂsﬂép@ermghl fBinperatitd sinhuFatél &GRS Nchr@HioghdsiTRR ItheR
falling V\Athl n the ra cifically disclosed: R=RL+k*(Ru-R '),

wherein k |sre%1°“9%1?ri°%f Cé%’c ‘ém‘g °from1 %to 100%with a 1% i ncrenent,
i.e., kis 1% 2%gud% sﬂ%s 5%igh. tempEr@l%e simbfited Sl&lation, SbOMmatShsm 87% 97%

98% 99%15 t Ofra](: Qr?/ﬁ8 Ilvgescn m E%%le@%(ammg 89% dimer, 7% trimer, and 4% higher
oligomers.
Figure 3 shows a high temperature simulated distillation chromatogram for a
commercial polyalphaolefin (Durasyr; 162).
DESCRIPTION OF EMBODIMENTS OF THE INVENTION
20 In the following description, all numbers disclosed herein are approximate values,
regardless whether the word “about” or “approximate™ is used in connection therewith.
They may vary by up to 1%, 2%, 5%, or, sometimes, 10 to 20%. Whenever a numerical
range with a lower limit, R* and an upper limit, RY, is disclosed, any number R falling
within the range is specifically disclosed: R=R“+k*(RY-R"Y), wherein k is a variable
25  ranging from 1% to 100% with a 1% increment, i.e., k is 1%, 2%, 3%, 4%, 5%, ....,50%,
51%, 52%,...,95%, 96%, 97%, 97%, 98%, 99%, to 100%. Moreover, any numerical
‘range defined by two R numbers as defined in the above is also specifically disclosed.
Embodiments of the invention provide non-isomerized oligomers comprising
repeating units of olefin monomers organized in a substantially head to tail molecular

30  structure, wherein the oligomer has a molecular weight of about 10,000 or less, and is



range defined by two R nunbers as defined in the above is also
specifically disclosed. Enbodi nents of the invention provide 1
" non-isomnerized oligomers conprising repeating units of olefin %&ﬁgggﬁs
organi zed in a substantially head to tail nolecular 30 structure,
wherein the oligoner has a nol ecul ar wei ght of about 10,000 or |ess, and
is12DE 0‘268%02'\’@ 03/ 029856 PCT/ US02/ 27529 4 prepar e@FHS®RE?r esence
of a single site catalyst. The nDIecuIar wei ght of the oligoner nmay
range froma nol ecul ar wei ght of about 3,000 or less to about 10,000 or
| ess. The m@e@haﬁhe\msw oHe smsiesnﬁlcmgbﬁferThhﬁylepw@f\éfrlsmlm;lthbehmm 9, 000

or 1 ess, abokty 0008k molsit: wai APk P00A0P1A1 ol 85510807 Bileds e
reglo regul ar as used hereln refers tO an ol i gomer rrpr|S|n

repeating unmplecHr wsjght ofrihelisemereey prefaply Bejationt OQQ@adeSf 02bewi 100R8T ecul ar
structure. TR, orabbdoBs & 16kescri bed herein are substantially

regi o-regular, i.e., substantlally free of head- to-head and tail-to-tai
conflguraﬁlons IThe dem aiegiogsaylse| AeHted R5Fein sfernife AR | YoM h@MPEFiNgoner s

dlh spl ay |’> GOPépéaa@gdmmrsegukm mbxyomelrsrbrghmecr mearmaail toweiiroledhlat A@cthlBV &RE | oN, f
the 10 o igo rs dis ? 70% r ularity. tain epbodinents o
Lhe i nvent | o EImERE oS s P Al e Tiey e bt R AR o of

t he inventi ofe- lﬂadsawagml?o &D%nh@gnr:monsr egluieaﬁmteynboﬂlmeﬁterotfahmmemnexditﬁent s of
the inventio the o LS _are characterize rlty of -
about |96 1000 FHS PRBr o hE PR ARG et Flloiinb O BeSSREELL Y by
nucl ear nagndmpmmsésdﬂah@@%sgatmgmsﬂmp@ammBmmhénwamnfmpOWyﬂmndkﬂﬁyn" used

herein refersgha | Fs%{gfeg&]%t? féHaeGléfnﬂg ML RdoMYe 'fnh'gntlogl gg b‘y tohe ?n of

a-ol efins. Genera Sui e a-o NS are represen ol | owi ng
formul a: mzreg&armﬁnmaﬂeemb@mnb@f BaynvERian, dbwlgyme@ramﬂbaraoév@m B2 al kyl ,

aryl, or araleilegufaRfeofS Bl f9'590020 ?B%amgloerég@afrmpr@f@g roﬁ%n@rsoka%f bd1S
|nclude but are not Ilimted t 1- propene (propyl ene) but ene,
1- pent ene, 1TPASKEHRY, ““fleﬁé’&géﬁ\éres?“aﬁ?,etsé?fé“’scipynonene 1- decene, 1-undecene,

dodecearme, | -trh Qﬁﬁe;stﬂy adolefih Clse ARRGE Rfors fo hyMBXALRE BRMfactureddsitRdECENE,
-ei cosene, 4-neth pent ene, 5-nethyl-I-nonene, 3- netgzl-l-pentene

| -
I
3,5, 5-tri ne?lwwcrlqay wefzfeﬁeol%fwa Q?Hﬁ";?l%y%‘f‘%"e%e?{%ﬁns aze FEREFRENISh Y the
p- met hyl st yr gnéwiag priiief erred styrenic ol efins. Anot her

CH, =CHR

where R can be any hydrocarbyl group, such as alkyl, aryl, or aralkyl. Some specific
20  examples of preferred a-olefins include, but are not limited to, 1-propene (propylene), 1-
butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, l-nonene, 1-decene, 1-undecene, !-
dodecene, 1-tridecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene, 4-methyl-
l1-pentene, S-methyl-1-nonene, 3-methyl-1-pentene, 3,5,5-trimethyl-1-hexene and
vinylcyclohexene. Styrene and p-methylstyrene are preferred styrenic olefins. Another
25 preferred class of a-olefins is linear a-olefins. Typically, monomers of the same type are
used in oligomerization reactions, although a mixture of two or more kinds of monomers

may also be used, if desired.
The term "single site" catalyst used herein refers to those catalysts which have
only one catalytic site for each catalyst molecule. This is in contrast to the traditional

30  Ziegler-Natta catalyst which has multiple catalytic sites per catalyst molecule for olefin



25 preferred class of a-olefins is linear a-olefins. Typically, nononers
of the sane type are wused in oligonerization reactions, altho nggzu

m xture of two or nore kinds of nononmers nay al so be used, if. eS|re

The term"single site" catal yst used herein refers to those catal ysts

whi ch have only one catalytic site for each catalyst nolecule. This is
in contrast twov¥eotséaditional 30 Ziegler-Natta catal ystcwischrskas

mul tiple catalytic sites per catalyst nolecule for olefin 12 DEC 2005 WO
031020856 PCT1US02127529 5 pol ynerizatsion. One class of single site

cat al ysts i spampheh@ae0Re 61ad Ak %BdIS site ARRINET nfetaBS&ne Oftalfkd) HrBthed didds
catal ysts is const rai ned geonetry catal ysts. Constrained geonetry

catal ysts aPESsyr a%xftﬁlﬁcqast@meé&fwrg CRiglys'ss, Erpatratrs ge%etrygati&?s 380,
No. 5,703, 187re &lrlosed i) 3KS.ORatentsERO 54683035 No. B7130,380,4N828,703879 3019104,

Their entt robgan § el g a7 G REPEPOIRL B RS TSt & SR s "o
5, 044, 4385 Nare 15cd3;'fn7a,tdﬁ75y réflerencos (h%m8ﬁx7theﬁﬁdudhky MietdRdend Oddtalyals | arof whi ch
are incor por@scﬁose rUe§ eﬁ‘?en?eN}c} %4{;4‘!8 57§r§§|1(1et¥ 9 Qed  that

constrained g catal yst s n5| ere as ne tﬁotene
cat al ysts, aﬁﬁZ‘b&ﬂOmll Cdr\\elcs@wsmomterddiyeﬂfmnteth@remnnttth:s eatitetyadt isnotgd e-site

catal ysts. %hcoﬁ&taﬁl!z n%gﬁ%éﬁéﬁ?%ts%% &0 DRsHaSiEa Psﬁﬁ&ﬁfo?@e%at&lgﬁs GRgnat i on

of (a) netal ocene co Are conpounds nsition netal
of Group | Vbamsfsompéamedaeiemel] ¢ Tabicearhasl spy-siten cataly i volk selystQyptems si ngl e

site cat alloySE§n}§f§@ ﬂéf@r%l?stﬁ@comfnaﬁaﬁa%pl(% nle&ll%e%c Po‘?r{ SiMdS MCh Jire
866, 663; 5, 880, 24 5, 886, 224; 5,891, 963; 5, 892 g 034,

6, 140, 439; aﬁ‘H“POB“del‘?ﬁ a7 Eynsitpp el oof| Group d¥b of the |P%9dmt F{éblﬁraé%éém #y
patents are wRGALRAE DiedsiRye §1@fc@ﬂé@!§l§ﬂe dib&loda 6 eRarhple, liNBIY. PRt N@tsy I'n an

ol phat o of 995, “MEERA: Psssrdf AeSLAM: CHRBTEL 0P o8 “SIER abari ¢

ol efin may be,0an76d- Thd difdlasureSol dlladiltie fRecedigy patesitsrapeyintdrpdratedby teﬂ:trenaere not
limted to, Rerrglm;ng ]rc,m 1 but ene, 1- pentene, 1- hexene, 1-heptene,

1-octene, "1-noOn dr%’ene 1-undecene, 1l-dodecene, 1 20 tridecene,

1-t et radecene, -Ihen(am@tﬂmt ofl the Gedlésme the olein moneincomenge sdlgsted rfroas pect of

the inventi g, hscol inme ofeﬁnss)éﬁ%?ﬁéﬂéfﬁg 45k 06hi2iS LRl Ro>0eG] £S. Of

ol efin nononer. I n " another aspect e I nvention, I gonmer is
synt hesi zed olsiimcputtabée @}pleﬁ@rlea)dlnﬁlﬂlé% ént are not limited to, prOPylene I-butene, 1-

pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 1-undecene, 1-dodecene, 1-

20 tridecene, 1-tetradecene, 1-hexadecene, 1-octadecene or 1-eicosene. In an aspect of the

invention, the oligomer is synthesized using a single species of olefin monomer. In

another aspect of the invention, the oligomer is synthesized using one or more different
species of olefin monomer. '

In an embodiment of the invention, the oligomer is substantially free of tertiary

25 hydrogen formed due to isomerization, i.e., a hydrogen which is attached to a carbon that

is directly attached to three carbons. An oligomer substantially free of tertiary hydrogens

added as a result of the oligomerization process is referred to as a non-isomerized

oligomer herein. In some embodiments of the invention, the oligomer is completely free

of tertiary hydrogen resulting from isomerization. The term “non-isomerized oligomer”

30  does not preclude oligomers made in a process in which isomerization occurs to some



species of olefin nmononer. In an enbodi nent of the invention, the
oligomer is substantially free of tertiary 25 hydrogen fornmed pgﬁﬂ} ?@5

i sonerization, i.e., a hydrogen which is attached to a carbon th

directly attached to three carbons. An oligomer substantially free of
tertiary hydrogens added as a result of the oligonerization process is
referred to aO&/WBWAC|I sonerized oligonmer herein. |n soneCEHiRdIseent s of
the invention, the oligoner is conpletely free of tertiary hydrogen
resulting fromisonerization. The termé"non-i sonerized oligoner” 30 does
not pr1 e<2:I lil)(éelir@iltdggﬁﬁﬁtl’ gée?%ggys,glg is%m&'{iz%%tggtﬁ:cd;g%dgﬂ%%h dn&gaaigh.zat EW@R, (RCCUrs to
sone : . imted extent.
Preferably, %égl %’8‘%?“3’2%& iCB‘T’iacbeE‘éggy dfhr‘inﬁ&mbl hesditstell 2SR, IRRT¥EEh, the
PAO pr ef er abbiydegmadahiny, atghervise sty idedanddi bedtemaxidagachtdbiditg. ai | st ructure,

i nproved bi odegradability, higher. viscosity index. and/or better

oxi dative stability" el“hbogl’#egtnﬁg en‘é‘ﬁ?ﬁeﬂ" tb‘ﬁémfnﬁ?fe?ﬁ %5‘?‘?9 Pﬁé)roﬁ”leﬂﬁﬁléﬁr of
tertiary hydindgdngs timp¢ dub tonsémdizaignt hoseudite dstngi senfilvwiag | formuls.

Ca! cul at .ed uﬁérggizgtpo% c{ughl %Wopg)rr]:egga iorlx ‘fr’l%'tionlwso% d r'élll ea Ie%@mgcl:“lrrc}fr?}% tt tgle .
ol i goneri zation reactl o Wou render 't he nunber. of }ihe otal terti ary
hydr ogen hi glessiaryt Inalregeth dighoatheultat edculryedt fye thie oformilaze. THeheforef hegermt he t erm

+ubst ant | al by fec WPLLAAY HoohbEl 095D Ediod SOIRE bl AoEANS t hat

the nunber of ter rary. en I's equal to or substantia equal to

t hat cal cul aedidrybyydiogen kg agsubstantitlby eayhlae that galpdaed b B dellayfinghy dr ogen
in the oljogogehii&ati on reaction, the nunber of tertiary hydrogens (t-H)
in the oligoners_is: 15 THEA*N+(N-1) where TH is total number oft-H in
the ol i gomer, A i&the absenssoblydregen i the qligomerizatipgieachen. thymuampgr o Re nunber
of repeati nohydrigk:s (1) ih iR offdrg@imer . Therefore, in a dimer N=2; in a
trimer N=3, and so on. For exanple, if the nononer is decene (Cl0H20),
A=O THin a dinmer is 1; in a trijer ,i .. {n atetraner is 3. and so
on. If t nmononer i s 4-nethyl 1Tll'g103A6§ﬁ§%éi Al; =THin a diner is 3; in

a trimer s %eriﬁ)l(gs &%ﬁgﬁx%&%fiﬁlﬂ the BISme0 AQ e HEhLM L FSE ENRe RbdogRIers as

an illustrative e
and N is the number of repeating units in the oligomer. Therefore, in a dimer N=2; ina

trimer N=3, and so on. For example, if the monomer is decene (C;oHyg), A=0; TH in a
dimer is 1; in a trimer is 2; in a tetramer is 3, and so on. If the monomer is 4-methyl-1-
20 pentene, A=1; TH in a dimer is 3; in a trimer is 5; in a tetramer is 7, and so on.

Using decene oligomers as an illustrative example:
Bis(cyciopentadienyl)zirconium dichloride/methylaluminoxane (Cp,ZrCl/MAO) catalyst
system is used to oligomerize decene. MAQ reacts with CpZrCl; to form the
Cp2Zr'CH; active species. Cp,Zr'CHj initiates insertion of decene monomer in between

25 Zr" and CH; leading to the formation of the following species:

f?
Cp2Zr"CH,CCHj4



Bi s(cycl opent adi enyl ) zi rconi um di chl ori de/ net hyl al um noxane

(Cp2Zr C12/ MAO) catalyst systemis used to oligonerize decene. MAO reacts
wWith Cp2ZrCl2 to formthe Cp2Zr+CH3 active species. Cp2zr' cH3 T ADEG #Es
insertion of decene nonomer in between 25 Zr' and CH3 leading to the
formati on of the follow ng species: 1 2 DEC 2005 WD 03/ 020356

PCT/ U502/ 2752@0 oFi020dd8e CH3 stays at the end of the chai npeegas.ahbess of
the insertions of nore nononers. After a second insertion of decene
nmononer, it becomes HH Cp2Zr+CH2CCH2GCH3v 5 10 (i-elimnation of Hto

term nate chain gf‘IQ:V\@Iﬁg Et%ﬁuétttﬁe il Bpﬁlef &Eiﬁ?xr(e)%;a?d?esg)fof tlﬂzﬁ insQrQU;Ql & Q&Qd on

one end of the ol goner ai n. %herefore, owm ng chain termnation, a
decene di mer MnpIPerhA\er & $seonf Fisertion ¢fglecene werames itbsemse e hydr ogenation): H
i CH2 CH2- -CH3 The dinmer has one t-H A decene triner has a structure
like: HH CH2 =C CH2- -CH2-CG-CH3 )S)y)(J 15\ The trinmer has two
t-H s. Wien a nononer itself contains t+rH g, such as in 4-nethyl- |
-pentene, TH should be the sum GRZn~Re Hibution oft-H s in the side
chain of the oligoner) and N-1. 20 Wheh ar additional hydrogenation step
is applied to the oligoner, the double (bond at the chain end becones
saturated and the structure of a dinmer becones 12 DEC 2005

S
B-elimination of A to terminate chain growth results in the formation of the

double bond on one end of the oligomer chain. Therefore, following chain termination, a

decene dimer will have the following structure (before hydrogenation):

H
|
CH; = C- CH;—C—CH,

10

The dimer has one t-H.

A decene trimer has a structure like:

h
CH2 =C- CH2_ -CHQ‘C—CH::,

15

The trimer has two t-H’s.
When a monomer itself contains t-H’s, such as in 4-methyl- 1-pentene, TH should
be the sum of A*N {contribution of i-H’s 1n the side chain of the oligomer) and N-1.
20 When an additional hydrogenation step is applied to the oligomer, the double

bond at the chain end becomes saturated and the structure of a dimer becomes



WD 03/ 020856 PCT/ US02/27529 8 H H CH3LCH2bCH3 and the formula for
hydr ogenat ed ol i goner becomes: TH=A*N+N 5 Wen hydrogen is u$@dE@dfling
the oligonerization reaction, the formula is: THEA*N+N | n the presence
of hydrogen in the oligonerization step, nost of the oligomer products
are saturated even before an additional hydrogenation step is applied to
process the WPOYEMSfs. p-elimnation beconmes nuch | ess BLYHHSRLRZTaNt .
Therefore, a diner formed 10 under this condition has the foll ow ng
structure: HH CH3eCH2eCH3 The diner Kas two t-H s. 15 The trinmer has a
structure like: HHH i CH3C CH2- r -HCHB- G CH3 | | The trimer has
three t-Hs. 20 In an enbodi nent of ghgd \&@@f]i on, the oligoner displays
i nproved oxidative stability and biodegradi bility. In a further
enbodi ment, the oligoner is hydrogenategd by reaction with hydrogen gas
in the presence of a catalytic amount ()0.1)to 5 wt. % of a hydrogenation
catal yst. Exanples of suitable hydrogenation catalysts are netals of
Goup VIII o YO 03/ 020856 PCT/ US02127529 9
Tabl e such a%ndlttg%gfﬁgﬁm p}}y%mjgﬁll%gggﬁg&%ga& um pal | adi um and pl ati num
These catal ysts may be deposited Bh=aUNi*Mh, on silica gel, or on

activat ed5 car bon Wﬁkn%&%&ﬂ riselgecﬁimggih%ﬁéo%erization reaction, the formula is:
TH=A*N+N
In the presence of hydrogen in the oligomerization step, most of the oligomer
products are saturated even before an additional hydrogenation step is applied to process
the oligomers. B-elimination becomes much less significant. Therefore, a dimer formed

10 under this condition has the following structure:

H H
CH,CCH,OCH,
The dimer has two t-H’s.
15 The trimer has a structure like:

noom ooy

|
CH3C— CH,— C—CH,- C—CH;

The trimer has three t-H’s.

20 In an embodiment of the invention, the oligomer displays improved oxidative
stability and biodegradibility.

In a further embodiment, the oligomer is hydrogenated by reaction with hydrogen

gas in the presence of a catalytic amount (0.1 to 5 wt. %) of a hydrogenation catalyst.

Examples of suitable hydrogenation catalysts are metals of Group VIII of the Periodic



O these catal ysts, palladiumand nickel are preferred. Palladi umon
activated carbon and nickel on kieselguhr are especially preferred. In
an enbodi nent of the invention, the 5 synthesized oligoner has ddnB£( 2005
unsaturation. The unsaturation is primarily in the formof vinylidene
groups. In another enbodi nent of the invention the synthesized oligoner
is saturated. In an aspect of the invention, the oligoner is synthesized
as an unsat ur Q020816 gomer, and it is subsequently hydr oRf@mareas® o
produce a saturated oligoner. In an enbodi nent of the invention, the
oligomer may be a diner, a trinmer, a 10 tetraner, a pentaner, a higher

ol i goner, or Tablekuch W$ Rord, Bda g Qfickell moanma;sipamtm efd dlAiguml Thesatatadts rﬁalye

ol i goner "TN' tertiar dro e n t he bsen

v ogen | n EhOTBHE] ShaT IR oD B Py B ol e Hee e BBEIREE (1)
where TH i s Cfoliead caralmisa:l‘allﬂiﬁunﬁ afdtmmyarhprdﬂemgieﬂs1ad1|umtd’meacma:eg@arbm and i s the
number of tert lquc){l l%u%fslggu are en%ecﬂillg ﬁretfﬁ_rlrecrimlf-ean embodirgerﬁfo% Euednventlon the Of

repeating uni'ts in reSence the
nurmber of st ersmtlmsnyedghdmogebmssom ubdagirgion. g”lthnmnsahisxtloralsmnilnatladn aus farH of A

times N+ N r@o&gsg{gsp&d'x rfePfemBJbﬁnénPXtetH%InQQmoﬁ 0e RI&F&W& 91%;{?91@1}1?5 such

as the doubl e oner ctio 1zed
addi tion of aatweicét \n @ofﬁwr pi thg u;yerlltmrl, g etgp@er isesyntbesizgd obps unspiotatedt her

groups, det engeites, it sﬁ@@qu%ht@xyd%?én@tﬁ an%dﬁﬂ:&aaéa{u)/atem&&ﬁ&r ed 20

functi onal conpounds i nclude vin | uori vi nyl | ori de V|nyI
bromi de, vinyl i otli@esmbodimas| Ofdb%t“aﬁfélon by ghgemer gy g Gmergh e, 2

al cohol s, Vi mwamkletao&sﬁmervawgheam]g&&r O dAMlixtur@ MedRS, 1RGHYdsRRI bf ik e,
acryl am de, vinyl oxaques vinyl thiazoles, and V|nyI_ et hers. Mire

preferred modfEIe ct i&%f@erv'i“h)ylcmﬁfﬂf%r THS, entinmt JDIOERSARS €mtRF FRIERCe \Al ny |
brgm deb Vi lnyxydrogecadm dxe,ohgunnyibanaﬁeetaatoe) wmbhyi aqrxydsave (et Rypbre IiHNY | et hgr
and i sobutyl  vin ther. In.an conpounds
cont ai ni ng” of 18¥mﬂﬁP N Y SRS “’fnaﬁ£m ﬁ&33§“ﬁ§8f%§m5”8§Pﬁoxy|,C
acid, am ne, uu:axa lrergrhdr gnce fsethe nyphienof nemeaegttem inche bidgoyet. Clnaie pl@ence
phosphat €5 S%H'xfcﬁ'%dﬁe Bfrﬁ‘él %P IR o Oﬂ)g%rﬁ Y o iir Bcaltifafla o6MBY Kpown or

unknown chem's apa I'zing an unsaturated noi ety may
be enpl oyed tiges Nehdet i onal i ze an unsaturated ol i gomer. 12 DEC 2005 WD

03/ 020856 PCT/ USOI%/ag Zégo%lrxl&t of the invention, the unsaturation, such as the double bonds of

the oligomer, may be functionalized by the addition of a moiety containing polar groups,
ester groups, polyether groups, detergents, and the like. More specifically, preferred
20  functional compounds include viny! fluoride, vinyl chloride, vinyl bromide, viny! iodide,
vinyl acetate, acrylate esters of C,-Cyp alcohols, vinyl ketones, vinyl amines, vinyl
amides, acrylonitrile, acrylamide, vinyl oxazoles, vinyl thiazoles, and vinyl ethers. More
preferred monomers include vinyl chloride, vinylidene chloride, vinyl bromide, vinyl
iodide, vinyl acetate, methyl acrylate methyl viny! ether and isobuty! vinyl ether. In an
25 embodiment of the invention, compounds containing one or more functional groups, such
as hydroxy, carboxylic acid, amine, carboxylic ester, phenolic ester, carboxylic amide,
phosphate, sulfonamide, and thiophosphate may also be used. Any known or unknown
chemistry capable of functionalizing an unsaturated moiety may be employed to

functionalize an unsaturated oligomer.



Enbodi ments of the invention also provide a poly-al pha-olefin conposition
conprising one or nore oligoners of an al pha-olefin, the.oligo igqumﬁng
a nol ecular weight of about 10,000 or |ess and characterized E‘E el ng
substantially free of tertiary hydrogen resulting fromisonerization.
The PAGCs obtained in accordance with 5 enbodi nents of the invention may
be hydrogenat®8 *#$%%6rmul ate lubricant oils in anounts fRACAPSEAFFHE 0. 1
wt%to about 99 wt % The lubricant oils may al so contain a nunber of
conventi onal additives in amounts requit%ed to provide various functions.
These additives iBatHotighnts bﬂtthame/emm)h dls'orrbrtoexde taOpolﬁ-ﬁiphzeSlSﬁldicSrpﬁfsBlamt S,
metal or overbased netal delt% rgent. dl ﬂ 1 anti - E amolec Ves,
vi scosity i n®&® P RPIOVEEYC ACTTORiadhE s pl?s‘ihg?rﬂ%f a}vfn(gr pouf poi nt
depressants, wéightmlf iabeut rl @0cormess addl phameszedahyobeidgeuﬂasltdneallySinetoﬁbdrearﬁs hl ess

di spersants n%¥o 1 . resltll 1ng t%%ds bbt:p yﬂll agcg}(dl]@nc%r w1t1pcc)r3at 8?1

% ?c} enQa‘?o ﬂ'x
pol yal kenyl 'succinim 'I1<eny gr oup
olefin, e&s p@nlpqdiniwyltSpQﬂ thie sm\tmttl@nylhy rba\hyd@galand rtbe’pma»mfr apeicamplode Ut ar

wei ght of abﬂHc?uné 130 28t 0. YMQ‘QQO aguhg%w\f‘ﬁl Irh {}%W@ang'oﬂaﬁg)sgl% éon&a[ﬂfzi ude the

oi | soluble polyol esters drocar stituted succinic
anhydri de, enunbepef VP@GIBWPQW‘WUS%C@ amoentarwqperpti dre proaiide veneus dunctisest ubl e

oxazol i ne anghdsagdadnes RXRIQbLNE. qétam{eaa@ta&leierdlsy&gna‘sr{ammwv%éswon
substituted succinic anhy dr i de and di -substltut ed am no al cohol s.

Lubri cati ng BFpkdasigfne aq‘dvtye% aﬁtf HEH addibvRst ViEEost BaabRprOvVESyigiYfans hl ess
di spersant. ruiihtabitoss, ﬁmr%mdepres"sgﬁ@tncasldﬂeauc\&@sadaﬁ&sl@m@ma k&) the art and

may i nclude one qr. .20 e.of overbased, oil-soluble calci nesi um
and barium phen'a%éfg?b%esffggffrq PRI REN G ELe DR 20 lf%lffgtt%sp"tjygé‘ﬁ’g‘/?gél ly the
sul f onat es oﬁor@acﬁpdﬁﬂﬁnﬁlsxkcyinlmmmdré thé eldenlybgrzgnie derbed from daeReCsaléffnpni C

aci ds whi ch r}>a<\e/c?alla t0 1sob tenylS havi g a nu Pler avf;,a‘rb eurguolsglllatr gt gf ab u*?esg@o to

over based mat8riarls ﬁ'a use fn e Sore £ Jéted nt Irtive or

i n conbi nat i GA90. athdn weh@mpadmﬂmm thermltSh@bhqeullyolalsterfscof mydrdgarbort he
overal | r{?t aéubgﬁ&tgd’ Qx@{mlc Qrgl Mde ?éy #égagcl@{#c ﬁ]e cﬁﬁk Ccﬁuﬁ the 81 1Y esent ed

by the foregoing total bas nunb% dare present in
amount s of feamliapand Botens @iamlf%?vﬁ“tphfs%ﬂthﬂmvﬁﬁ efrest M@@F%@ﬁleﬁlbﬁﬁt}%m um

sul furized pheaft anBaHdd B dl-dostiRbd Al REdhol 1266t a8 ida@ptHkdped from
C9 or Cl12 al kyl henol s). 1 2 DEC 2005 WO 03/ 02085 U502127529 [

about 0.5 to about 5'Wt% of ashless dispersant.

Suitable metal detergent additives are known in the art and may include one or

20 more of overbased oil-soluble calcium, magnesium and barium phenates, sulfurized

phenates, and sulfonates (especially the sulfonates of Ci¢ -Csp alkyl substituted benzene

or toluene sulfonic acids which have a total base number of about 80 to 300). These

overbased materials may be used as the sole metal detergent additive or in combination

with the same additives in the neutral form; but the overall metal detergent additive

25 should have a basicity as represented by the foregoing total base number. Preferably they

are present in amounts of from about 3 to 6 wt% with a mixture of overbased magnesium

sulfurized phenate and neutral calcium sulfurized phenate (obtained from Cy or C; alkyl

phenols).



Suitable anti-wear additives include, but are not limted to, oil-soluble
zi nc di hydrocar byl di t hi ophosphates with a total of at |east 5 ﬁ?ﬁﬁ%ﬁmﬁ
atons and are typically wused in anounts of about 1-6% by wei ght

Sui tabl e viscosity index inprovers, or viscosity nodifiers, include, but
are not 5 limted to olefin polynmers, such as pol ybutene, hydrogenated
pol ymers and sopehbyssers and terpol yners of styrene w th rcaapszenes and/ or
but adi ene, polyners of al kyl acrylates or alkyl nethacryl ates,

copol ynmers of al kyl methacrylates withiNvinyl pyrrolidone or

di met hyl am noal kys,idamt Qﬂ&-’lv)é!araﬁc@:tw&oﬁkm@é afut @t PAl ¥ARdS 00 foiIREIONE e and
propylene with an active npnoner such as mal ei ¢ anhydri de whi ch _nmay be

finther reactdydigratyldithioghasphatey with adpialpfia) feaste %W“?eﬁ‘ﬁ”ﬁean ey YRIFAY nal ei ¢

anhydri de polydaes sn@ashf iRact &4 bvtightal cohol s and ami nes and the Iike.
These are used as reqw red.to provide the vi scomégzgran esired in the

finished oi | in actBYaXKES R RPRENE™Ss B WEACEP; mgdi &h‘ﬂa?ﬂfeg“t #pl es of
sui t abl e axi diafitt®to dletti golyn2EsS sich @b pldﬁ:utdﬁblthy&r’b@enﬂ@ﬂ pbliyfiibds @6ld tdpolymader ed

phenol s, such tertl ar.y.- but eso ul f r| zed
Phenol s and. MG POVPERSE RS abe "G Ry P Bt STV Fmy
cont ai n aboutlkil ﬁﬂ:ﬂla@ylaesmtc%odbfmmbﬁalﬂ(ylomethmml:btst oith Niejpghpyrogjdown drt s
ef fectivenes oved; Oxi at t anc nd odo

s beon obe iR R R AE b SRR EPHARC S Ak IR praf AL L8
included in tatnectaf: momtsmcomedlafearam;udade @hieb say babir@erexarmplvethaicmth

butyl at ed Fgrpgﬁ }I&UOAQISQ%“Q@% e—nﬂfe)c hﬁ}grlgy%é{ym&s 5s?§egl:ted Q'vﬁh ﬂQJths by many

suppl i ers | nc eme an ecl a t| es. Anot sui tabl e
exanple is ||a@<hhre3wes_ar614ﬂw figtn Tisp g9y acmqplredmsmrovlﬁwfbu\tlf@?%tyrfmgebe

enpl oyed in Vg¥d R fnidEPRORbEBRABnE WA @&v@@&matggkcm es. we. ght percent
with suitable rust inhibjtors belng"é xemplifie %33 phati c

succi ni ¢ aci ds orEXamRIHPH Yiteblserdst “}(’}B’é‘?é%é’ﬁwe é’ﬁ‘caé? ﬂ‘?té‘“‘é‘ﬁ‘illﬁ?ch”i‘da‘@
Anlt i fo?m age@h@oar &icR3s tzl}qadxaﬁhdxy -bithicpathidRsol Pathinér ﬁx]fﬂﬁied|phﬁi\dlseﬁhdt zﬂkyl |

ol ysi | oxane j.cone r resen to
P00 boor Enoprrotiages Nile & e RtERE S mrror Atk o R o Sitiet Sbout
0.01to abouunhxbltﬁr, @epen8ipg norite cffypiverabs Yof mpnovad euidatihnlresigarabeut odor wt %
for nmost m neral) qj Lasbr%%%é\% ?“:thanup t&‘%duf?t&t.”gﬂ, gk Iﬁﬁ%g%&?’darg'éhwé% ative

of pour point epressant s are nornal [y use ricating oil
conposi t i ons inchdfdidre thebeforemertionest fqrinplat O¢ie tsaitabiso Examptes ofisethe dpiplatetrer s of

1 2 DEC 2005hydroxytoluene ("BHT"), or di-t-butyl-p-cresol, is sold by many suppliers including
20  Rhein Chemie and PMC Specialties. Another suitable example is Irganox L-64 from
Ciba Gigy Corp.

Rust inhibitors may be employed in very small proportions such as about 0.1 to |
weight percent with suitable rust inhibitors being exemplified by Cy -Cs aliphatic
succinic acids or anhydrides such as dodecenyl succinic anhydride. Antifoam agents are

25  typically include, but are not limited to polysiloxane silicone polymers present in
amounts of about 0.01 to 1 wt%.

Pour point depressants are used generally in amounts of from about 0.01 to about
10.0 wt%, more typically from about 0.1 to about 1 wt%, for most mineral oil basestocks
of lubricating viscosity. lllustrative of pour point depressants which are normally used in

30  lubricating oil compositions include, but are not limited to, polymers and copolymers of



WO 03/ 020356 PCT/ US02/27529 12 n-al kyl nethacryl ate and n-al kyl

acryl ates, copolyners of di-n-alkyl fumarate and vinyl acetate,

~al pha-ol efi n copol yners, al kyl ated napht hal enes, copol yners or 120EC 2005
terpolynmers of al pha-olefins and styrene and/or al kyl styrene, styrene
di al kyl maleic copolynmers and the like. 5 As discussed in U S. Patent
No. 6, 245, 719Woupasisi s ful ly i ncorporated by reference Me&EUSIrrI528
variety of additives nay be used to inprove oxidation stability and
serviceability of lubricants used in adtonotive, aviation, and industrial

applications n-al@hﬁx@tﬁacﬁﬂﬂi& Exidhﬁ&lkﬁﬁ&'lyldde B FhdHHb PNENAKLE furfRGo esd Wi

sul fonate and alkeg\é élccm }ﬁft‘ dﬁ%ggﬁ rate olid i u&itie , a
conbi nati on &fetal 2RB4plely cqpp B’érts’saé ate PEES FOPYELET GelftPodi™t%he | i ke,
an oxi dat i on aipahblbfids@nd ﬁf'reﬁdﬁnﬂﬂdfalm@@ﬁhé’lbﬂygnﬁhlelmsbﬂ mdl€E topalyimés apd tht he

i ke, -an oxi ?Etl on inhibitor or the like, or m xtures thereof. In
addition to t'fe foregoing, another enbodi ment of the invention provides a

met hod of smaki ng &s deeussed anmed. Sz@dermllilcgomms i whclcmmrliys'msomcfmm agting
repeating units o an

h I
cat al yst: andef ?r];c frcm I%CJI ofrEBE'Pvar aty tuse% 1%@%0«%3)}419at109 st%fap a%flSI te

gonerization of 't
produce a nowservis@hibity Qfedlbmanfgms@rxnomgamtlzedawatlnn aang Ubdusaat a;aﬂxlcq,lmhsead to

tail nolecul %Besgtaaéft?\teyfn%ﬁdma?c}ﬁmﬂpm%tng %Slu‘ﬁ@éugtlaﬁaté);ndaamgu l 91191%9 or

| ess. The nol ecul ar wel e olr'gorfer may range f ecul ar
wei ght of aboaselgnage sehd iBRUsities aalg@nhmalr@nor(foaro:ashlq;s@spmn@t nokteldal ar

wei ght of 4t h@et&%érﬂ he ﬂ@:}’an RIdeh &b %u%ﬁta%m@%ﬂerg[ dérle§t§'e oﬁéﬂgm
7,000 or Iess about 00 or |ess. The nmet hod i1 nvol ves th

ol i goner i zat ﬂ’@‘h a’b?x”?ﬂ“é‘f inh’b‘rﬁ%ﬁb%}’}se W‘éﬂfﬁsr‘f\?fﬁofles relatively | ow to no

i somerization, 't harayiod @Stk torb@idg addealeny&itted: e RleR6HBHvIdes &,
tertiary hydro pr oduct | ecul e.. The nol ecul ar wei ght of the

g]ens%I En t he ogo

ol i gomer may "5&°% ShimRKPE é’d’oﬂ)}somi%%fﬂl EORY YIHE CUPRSETaceiiasting roprtineg

synt hesi s, tInﬂtscanﬂealtﬁratmcam@fmtthhem%ed ySh smgre :tnlar@ught ahi e fregiag Of
hydrogen in t hes 2 t whic of effecting
ol i goner i at 6%? ?’Za&’ﬁ o'%e?lfﬁn rr”r%%oénr%ro P‘@Ce °ftf§e‘a“'”ze°a§rﬁ8maﬁ & 55 of the
i nvention. Piref eutabhtally hegelogtait ercble@alma!_stgasmrq svith apmbleenlarofeight wf mbait ng t he
occurrence of o h ORIl é!nS’l@ ok tCHfﬁqfe'oH Qg%mg fréin a %le@&far%eféh't n)

during the reaction. Sujtable catal ysts ut are not ted to
singl e-site efabantpi08 or lessén #bowdOQPP @rdesaeTheawwbt weightdf the b gamer mey

geonetry cat ﬁlleye%;b?y) be &30t ¥@50 FUELQNSibout 7,000 or less, or about 5,000 or less. The

20  method involves the oligomerization of olefin monomers which involves relatively low to
no isomerization, thereby resulting in relatively fewer branches (i.e. tertiary hydrogens)
in the product molecule. The molecular weight of the oligomer may be controlled by
modulating the temperature of the synthesis, the concentration of the catalyst, or through
the use of hydrogen in the synthesis.

25 Any catalyst which is capable of effecting oligomerization of the olefin monomer
may be used in embodiments of the invention. Preferably, a selected catalyst is capable
of minimizing the occurrence of isomerization of an olefin monomer (e.g. an a-olefin)
during the reaction. Suitable catalysts include, but are not limited to, single-site catalysts
(both metallocene catalysts and constrained geometry catalysts), and variations

30  therefrom. They include any knbwn and presently unknown catalysts for olefin



30 therefrom They include any known and presently unknown catal ysts for
olefin 1 2 DEC 2005 WO 03/0203-56 PCT/ US02/ 27529 13 . polynerization.
shoul d be understood that the term"catal yst" as used herein rfzz rEE g a
met al - cont ai ni ng conpound which is used, along with an activat 3 200
cocatalyst, to forma catalyst system The catalyst, as used herein, is
usual ly catalytically inactive in the absence of a cocatal yst or ot her
activating te¥RAVHLRE However, not all suitable catalyst PST/EP®/2752
catalytically inactive without a cocatal yst and thus requires activation.
As mentioned above, suitable catalyst $ystens may conprise preferably the
conbi nat i on pélyferizatimmt &lshodébreunderstpesiuhad thewtring'atalys"” asonggicherriisrefsfs taa
transition nglal g ainin?cgrlﬁgodnmh%i] id & Esﬁga@m n ;Q?,@Ltﬁ; %Mta R PR 2
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r15-1i gands, t heya Ta¥ntged RS aiRayl cgﬁl?gt aLashs Mycclampﬂgeepr@ﬂe;ab@rme _
connected by bri dgi n%(%rou ps, selected Tromthe group conprisin CI -C. 4
gi a

al kyl ene, R2GMbIR I?Z%‘i“%ﬁ“SFmF@““qﬁ&‘@éh AR PMP RIS 04 & RO Sig ©
hydrogen, al kydup@vb &mﬁthaPMlodi’caIdbl@ah&(b) o alliBotase sul;ﬁnietagaﬂaﬂhscoafp&mapt
connect ed. The ngn- hapt ands are either halogen oriR there are two

or one such FEJEAGY 8t ﬁég"taé"i Fos sfls ey g one PF VAT By - HgatseteFsh et al |
respecti vel yfroMhee %rdub&foelphﬁng)a}cyope:nandmptlmeﬁwSﬂbdngajmdﬁth tht rﬁa’:\ﬂmb@

selected fromthe grou o in tadj e fl uor enyl
ot hCE rom 1 v b e SareES 88 VG AREE St SRR R b henvo
radi cal s or tadicaloreonel Méhet thareird two m’-iipdnas, thtw Irlay hathe siry @ealifferent widich

non- hapto Ii in the. t4 .a d 3OXId n.st respective
hydr ogen of Phe ﬁ"é PR E JB rré’“g 5e" SuBestte% ?%’8%" R RS 5t %Chm ety
sel ected fr omlkyltrheR@ dbpszQSl NF& Ro,FRGePRP, RV oththeR éeiop hydregemchllyy oCi - C4

al ki ene, RSy BASIE of Be 6 18zantd N0no Ui BORARTL LS SRS orOLiuf2ON- haPt 0

| i gands i s t of tetraval cas coordi nate
bondi ng NR2 b?ﬁomr Foitkars a&n@OoWeOdee%lsh tieandh dpst be |tetgasiehsy feortrivaracy

trival ent neg;,}snloggggpregﬁéggggrys are decreased by one in the case of
coval ent bondi ng NR PR noi eti es.
Where there is only one hapto 'r] -ligands, it can be selected from the group

comprising cyclopentadienyl, indenyl, fluorenyl with from the maximum number of
20  hydrogen substituted with R or benzo radicals or to none. The transition metal will have
three or two non-hapto ligands in the +4 and +3 oxidation state, respectively. One
hydrogen of the hapto ligand may be substituted with a heteratom moiety selected from
the group NR, NRa, PR, PR, which are connected by C;-C, alklene, R,Si, RySi; to the ns-
ring. The appropriate number of non-hapto ligands is three for tetravalent metal in the
25  case of coordinate bonding NR, or PR, moiety and one less non-hapto ligands for the
trivalent metal. These numbers are decreased by one in the case of covalent bonding NR

or PR moieties.
Illustrative but not limiting examples of titanium compounds comprise
bis(cyclopentadienyl) dimethyltitanium, bis(cyclopentadienyl) diisopropyltitanium,

30  bis(cyclopentadienyl) methyltitanium monochloride, bis(cyclopentadienyl) ethyltitanium



[l'lustrative but not Iimting exanples of titanium conpounds conprise
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di ret hyl 30 zir cofrhlpm‘ﬁwer bt wett Hippiemge exsimp(es -af 15mprnwtergpm)>mmd$ conprism as

di chl ori de, %ﬁﬁso‘ﬁdﬂyllc%elggéén;l}rzl‘éomﬁrﬂdﬁm&)ded'b Z&hé’ ent%jiigr%nidﬂglhghl ori de

rac- et hyl ene t et rahydr oi ndeny I rconi'um
and i sopr opy lirepahen ( 1bis(eElepgrindigruiit adicengirooniugn r 15s(retipevigpeytadignyloni um

di chloride. g idﬂﬁowe&dommbusls@pctlo;kmalédyng rﬁesmc%uref nibdh g, CcogouNds
conprise 15 bis(cyclopentadienyl) dinethyl hafnium bis(cyclo (@ﬁntadl enyl)
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and rac- efohy 8881, Shcletdylde uldodﬁm&ény?&irmnum dicelo}igy, irstothyldde vi(LIfi.noxane
co-catalyst useful in the catalysts of the present i nvention are

pol yneric al difemhd ‘E‘é‘n‘?ﬂddﬁ‘d’é“%?%ﬂﬁhyé%}ﬁ bisE -1 ehh-&3 srebdraRdepybeierner al

forml ae (R-jcBridd - ardd) "isophpGiiieheS(1 8h° CY&QbpeftaGOPO YD A06tonyl
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is a O -Cs aldigglorigi oup such as, for exanple, nethyl, ethyl, propyl,
butyl and pentyl Maskafivd Sufhot NiBG dkEBpkd drOnaRaMt C&onul\mstcoraprﬁéer ably,

AR RN i AL T
of the |ineamocasdhlceidel bis(ceppoditasl) i mmib ddMaideiethd rac-ethylene bis(1-n’-
indenyl) hafnium dichloride.
The aluminoxane co-catalyst useful in the catalysts of the present invention are
polymeric aluminum compounds which can be represented by the general formulae (R--
20 Al--O), which is a cyclic compound and R(R--Al--O--),AlR;, which is a linear
compound. In the general formula R is a C,-Cs alkyl group such as, for example, methyl,
ethyl, propyl, butyl and pentyl and n is an integer from 1 to about 20. Most preferably, R
is methyl and n is about 4. Generally, in the preparation of aluminoxanes from, for
example, aluminum trimethyl and water, a mixture of the linear and cyclic compounds is
25  obtained.
The proportion of the catalyst comprising a compound of a transition metal of
Group IVb of the Periodic Table may be, for example, 10® to 1 mole/liter, preferably 10
to 10" mole/liter, as the concentration of the catalyst comprising a compound of a
transition metal in the oligomerization reaction. The proportion of the aluminoxane used

30 may be, for example, 10% to 10 mole/liter, preferably 10 to 5x10°! mole/liter, as the



The proportion of the catal yst conprising a conpound of a transition
metal of Goup |Vb of the Periodic Table may be, for exanple, ID%IE 650
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nmenti oned above, accordin e I nve
process of thlS invention,

The oligomerization temperature in this first step of the process of the invention
20  may range, for example, from about 0 °C to about 200 °C, preferably from about 26 °C to
about 120 °C. In a preferred embodiment of the invention, the single-site catalyst used is

a metallocene-based catalyst comprising bis(cyclopentadienyl) zirconium dichloride.
As mentioned above, oligomers according to embodiments of the invention may
have some level of unsaturation, such as the presence of double bonds. The unsaturated
25  bonds may be hydrogenated in a hydrogenation reaction. The hydrogenation reaction can
be carried out in the presence or absence of solvents. Solvents are necessary only to
increase the volume. Examples of suitable solvents are hydfocarbons such as pentane,
hexane, heptane, octane, decane, cyclohexane, methycyclohexane and cyclooctane
aromatic hydrocarbons such as toluene, xylene or benzene. The temperature of the

30 hydrogenation reaction may range, for example, from about 150°C to about 500°C,



have sone | evel of unsaturation, such as the presence of double bonds,
The unsaturated 25 bonds nay be hydrogenated in a hydrogenatidﬂDEsz5
reaction. The hydrogenation reaction n be carried out in the presence
or absence of solvents. Solvents are necessary only to increase the
vol une. Exanpl es of suitable solvents are hydrocarbons such as pentane,
hexane, heptane, octane, decane, cycl ohexane, mnethycycl ohexane and
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unhydr ogenat ol i gomer. The wor ki ng. exanpl es proyided bel ow are ipntended
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A 120 migp&ﬁ% Wiﬁxoﬁ?l%ﬁith@]ts@%éd.e wth a magnetic stir bar was thoroughly
fol l onwed by I ]

evacuat e purgi ng th argon. Then the bottle was charged
with 10 mM of dried toluene (di sEXAMBLBJer potassiunm) and 10 m of

1-tetradecene i ed over BA | ecul ar .sieves). At 40 C, 4 of 3.3 M
ot ol ol oot ne o0 Rl S seachin ol d S radisteostin e, whs hoRuglle s o
and sti rdaehaked foliswdll iyt R ging RGith dreBh. Pherbthé b?éttlié)ﬁs MlarFed with 10 ml of

bi s(cycl opent adi enyl ) zi rconi um di chl oride in tol uene solution was
i nj ect ediriedt wluene (distitled oven petassium) ad r Khaonli ofh 1 -tFwadseenst (driedobver A

reacti on_system.was, contyoll ed.b nst,a tenmperature bath.wthin 1
G ange MR HoSY oA Aty £ 8 g RERRlG R irogh f Shenadbathed o

t he bot tddded Qo GHE RHLIbRN DottRAGHd Sfirréd dort I niigeel.t Theh 1l WF& M&s1et M ed
for two hours. The organic |ayer was then isolated and further washed

twi ce wihis(cgdopantadienyhaireomiune dichiarisie in Tolhensrrolutionweast injgated Sutoshebettle | v
broduct i SPLIE BSORG HeruRiEis ) B o RliPaSEBR AT bont e R Aeidbee
Modi fi edgmpedheabat withig @MEPG ritige! AftéRE h6&Y50 hhleofoll0dg PItR fagueous solution
was added to the bottle to quench the reaction and the resulting mixture was stirred for
two hours. The organic layer was then isolated and further washed twice with 50 ml of
deionized water. Toluene solvent was subsequently removed from the organic layer on a
rota-evaporator. Analysis of the product mixture by high temperature simulated
distillation (ASTM D2887, Modified) indicated oligomers yield was 66%. The oligomers
contained about 42% dimer, 26% trimer, 15% tetramer, 8% pentamer and 9% higher
oligomers.
EXAMPLE 2
The procedure was essentially the same as Example 1, except the reaction was run
at 60 °C. The oligomers yield was 86%. The oligomers contained about 60% dimer, 23%
trimer, 8% tetramer, 4% pentamer and 5% higher oligomers.
EXAMPLE 3



cont ai ned about 42%di ner, 26%triner, 15%tetraner, 8% pentanmer and 9%
hi gher oligoners. EXAMPLE 2 The procedure was essentially the ishht 285
Exanpl e 1, except the reaction was run at 60 C. The oligoners yield was
86% The ol igonmers contai ned about 60% di ner, 23% trinmer, 8%tetraner,
4% pent aner and 5% hi gher ol igoners. EXAMPLE 3 1 2 DEC 2005 \ VO 03/ 020856
PCT/ USQ2/ 27529V ®/0208ffe pr ocedure was essentially the sanePC@USEAMPl e 1,
except the reaction was run at 60 C and 2 m of 3.3 M nethyl al um noxane
in toluene solution was used. The olig@mers yield was 87% The oligoners
cont ai ned about 68% glotadire w4 dntidllyette, sam&as Bx@impRITRéExceps Ue peandcares nand 2%

hi gher ol i goners.,»o VPL The procedure was .essentjally th ane as
Exanmpl e 1, egggeéét tﬂlg)%ra‘ ¢ i%nwm%]%&l%ﬁmng’fan%n R Sﬁluh?n 8?5 §se§ ﬁe
met hyl al um noolgmeers mietdowvasel7e. Jot¢ vligomers wargainsieaboutTd8&s diolet, §ovtarimey 7%l d was

89% The ol igoners .60 i ned ut  71% di mer, 19%trinmer, 7% tetrarner,
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The procedur eong@,ﬁer@%ﬁmsadgw Thi Qi3 ALE cARaikERImBLS 130 digXCePk difler, $4,arting
nononmer was 1-decene instead of 1-tetradecene, and the reaction was run

at 60 C with totranif, lggrpentamengnddterighelofig®fdkane i n t ol uene sol ution was
used. The pligoners yield was 94% ghesrot 5 goners cont ai ned about 60%

dinmer, 23%triner, 9% tetraner, 3%&entam&r 20 :imd 5% hi gher ol i gomers.
EXAMPLE 7 The procedure was essentially the same as Example 1, except the redction was ru

at 70 °C and 1 ml of 3.3 M methylaluminoxane in toluene solution was used. The
oligomers yield was 88%. The oligomers contained about 78% dimer, 15% trimer, 5%
tetramer, 1% pentamer and 1% higher oligomers.
15 EXAMPLE 6
The procedure was essentially the same as Example 1, except the starting
monomer was 1-decene instead of 1-tetradecene, and the reaction was run at 60 °C with 2
ml of 3.3 M methylaluminoxane in toluene solution was used. The oligomers yield was
94%. The oligomers contained about 60% dimer, 23% trimer, 9% tetranier, 3% pentamer
20 and 5% higher oligomers.
EXAMPLE 7
The procedure was essentially the same as Example 1, except the starting
monomer was 1-decene instead of 1-tetradecene, and the reaction was run at 60 °C with 1
ml of 3.3 M methylaluminoxane in toluene solution was used. The oligomers yield was
25 95%. The oligomers contained about 71% dimer, 19% trimer, 6% tetramer, 2% pentamer
and 2% higher oligomers.
EXAMPLE 8
A 500 ml pressure reaction bottle with a magnetic stir bar was thoroughly
vacuumed followed by purging with argon. Then the bottle was charged with 50 ml of

30 dried toluene (distilled over potassium) and 100 ml of 1-decene (dried over 5A molecular
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at 60 Cwith 1 nm of 3.3 M nethylal um noxane in toluene solution was
used. The oligomers yield was 25 95% The oligoners contai ned about 71%
dinmer, 19%trimer, 6%tetranmer, 2% pentamer and 2% hi gher oligoners.
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si nul at ed di Byérl érati @ni E(VASTMrDZ@Slexs b dhef ipedpcti rndmfatbezdhxgﬂx |tgmmnse yield
was 96% | t 11%
totraner O gop mapieRRIeE) Q*Wz)%@”h%?aﬁ% R e

m xture was w;gameg@mamepné@md ebpsth 3‘% diner. Gt wigeh ) 1 aetcamner. 54y pentdnient | on. A

fraction (Fr %twgomlﬁﬁ,@ (;l;)go,gggl ;gng 89% dinmer, 7%trinmer, and 4% hi gher
15 ol igomers was col | ected further characterl zed (Figure 2). The

vi scosity proper tTh%s°h§?mTth‘§‘“F‘? Jeef i yArogrmeied craf bR ﬁéﬁ“’f‘ﬂe%é’kaaﬁ‘é"r‘Phtl c
viscosity atdidfltia. AKYACTEHFraafionlESN) €Sitainink RIVE ARkde, mwm&osmawahgr{w C
(K080) 1 . i S oSS g gt e TS P
pol y- al pha ofheffraatiobyate ﬁetdnfxredm B¢ kihesdiic Resessirl aunoo BR)K wirodest t.hiestt r ade
name of Dur al%ixg]matic viscosity at 40 °C (KV40) of 5.3 ¢St and viscosity index (VI) of 138.9. The
PDSC induction time was recorded to be 44.2 minutes. In comparison, a commercial
poly-alpha olefin obtained from British Petroleum (BP) under the trade name of Durasyn
20 162 with KV100 of 1.8 cSt, KV40 of 5.7 ¢St and VI of 94.1 was measured to have
PDSC induction time of 27.3 minutes. Durasyn 162 was determined to contain 85%
dimer and 15% trimer (Figure 3). Both the higher VI and longer PDSC induction time
(better oxidation stability) of the newly synthesized poly-alpha olefin indicates it has
substantially higher linearity than the existing commercial poly-alpha olefin product of
25  equivalent viscosity.
EXAMPLE 9
Another fraction (Fraction E8-II) of the oligomer mixture synthesized in Example
8 contains 86% trimer, 10% tetramer, and 4% higher oligomers. It was measured to have
KV100 of 3.6 cSt, KV40 of 14.8 cSt, VI of 129.7 and PDSC induction time of 314

30 minutes. In comparison, another commercial poly-alpha olefin obtained from BP under
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bi s( cycl opent Helrystoptntadiangidaviconiml dighipridei inl toluene tobitige mes isjshted intrtheenstle

i njected ipt ootHe tl?@Féaét%nlﬁexﬁﬁEraﬁir@BF the *Pé%ct{o%as%kr{?'%vas TEIRAEAbMS %oxefamt he
reaction systemwas controlled by a constant enperature bath wt 1

C range. Aftetﬁmmerﬁ@ranbathmmrﬁl%ﬁram%ﬁml ha\eruéQS)usl %cb%tﬂ%ﬁquemwlaw@ed to

the bottle t o, QUG thepdifRa® iguien %%Jch&] SRS feQifte M lebtE &y aVRGred ieh T €d
for two hours. The organic | ayer was then isolated and further washed

twice with 3d®v0rh°ur§f'fh°d>é&ab'ﬁﬂ%rdwaﬁ/é%wsolam|aa‘éﬁ@hgr0’r%q4ttwwasm§a%%@hefent ly

renoved from ddiized gateﬂ croxbamblvamwas bsek;Rinfly BMRPE Rdr@the oAk Yogbrsonaf t he
pr oduct m xture by hi (3 g} aéi’gul ated _distillation (SASTM D2887,

Modi fi ed) 'T ndPEH'ERI3Y | U SBYTCTR: TOFh SO rGy
cont ai ned abOdlttﬂl&ﬁ%(d.S’lﬁBIl’D%ﬁB@%rldidiﬂidilmrnmca% blgoman®ie]d wB6LYT h cgigemer
ol i goners. mixture contained about 85% dimer, 10% trimer, 3% tetramer, and 1% higher oligomers.
The oligomer mixture was hydrogenated and then fractionated by vacuum
distillation. A fraction (Fraction E10-I) containing 45% dimer, 42% trimer, 10% tetramer
20 and 3% higher oligomers was collected and further characterized. The viscosity
properties of this fraction were determined to be KV100 of 5.1 ¢St, KV40 of 21.8 ¢St and
VI of 175. The PDSC induction time was recorded to be 44.6 minutes. In comparison,
another commercial poly-alpha olefin obtained from BP under the trade name of Durasyn
166 with KV100 of 5.9 cSt, KV40 of 31.0 ¢St and VI of 135 was measured to have a

25  PDSC induction time of 26.4 minutes.
EXAMPLE 11

Another fraction (Fraction E10-II) of the oligomer mixture synthesized in
Example 10 contains mostly dimer and is a wax at ambient temperature. It was measured

to have PDSC induction time of 48.4 minutes.

30 EXAMPLE 12



The ol igonmer m xture was hydrogenated and then fractionated by vacuum
distillation. A fraction (Fraction E10-1) containing 45% di ner, 14?%[; 7005
trimer, 10%tetraner 20 and 3% hi gher oligonmers was coll ected and
further characterized. The viscosity properties of this fraction were
determned to be KV 100 of 5.1 cSt, KV40 of 21.8 ¢St and VI of 175. The
PDSC i nduct i oWOt'?M8%%as recorded to be 44.6 minutes. |n E&6HYaH23Bh,

anot her conmmerci al pol y-al pha ol efin obtained fromBP under the trade
nane of Durasyn 166 with KV 100 of 5.9%St, KVv40 of 31.0 cSt and VI of
135 was neasur ed Aochindvection FpacBRSE ! DA of |tm:nolﬁgomr ofixt2&. dynthesizetieis. 30
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m nutes. EXANRLE. 12 1 2,DFEC 2005 WO 03/020856 PCT/US02/ 27529 20 A third
fraction (Fraction ElIO-111) of the oligonmer m xture synthesized in '
Exanpl e 10 cont ains 16% di mer, 55% EXAMBEE313% tetramer and 16% hi gher

ol i goner . MST}EEJ?&UJ&QWESOCS%HQWWJlecchg Eﬁarﬂpl@% rex @e QdactRfd-vAs CSt, VI
of 169 and PDSC i nduction tine of 46.2 m nutes. EXA E 13 The
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run at 50 C ahigkn8 sdntlogfwapusfa%h%bgo%(ckwa QERYd8sy %QQI%E@H'c%RMLQdZa'bB&OW um

dichloride in_ toluene sol UtIOOI’l was used. The oligomers yield was 88%
The ol i gomer S5 e B0t 7 teygosTande %o higher dligpess. 12%tetrarrer, and

31% hi gheyp ol i gonﬁfesohgbﬁler-r RExtOle | YANBYdréfeXdiddl ndMVazn hmn&g&aaayedaoamﬁl t hen

fractionated b vacuu illation. Afraction (Fractio
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was col | ect edndapbdo fﬂghetrroegomﬂaﬁwast:ctoaédtezieﬁld firthemearatedsdr @dwdsoneatudadao KV100
OT 9.2 cSt, haveC}(\plfOO 99% cgék’\M}ﬂof 96 3 :cI:' T, vfié}dlﬁ%) GCPb§ ll"n%%c':t%rr} tltmlem? 39; 34.7

m nut es.
minutes.

15 As demonstrated above, PAOs made in accordance with an embodiment of the
invention may have one or more of the following characteristics: 1) substantial absence
of tertiary hydrogen resulting from isomerization; 2) greater oxidative stability; 3) greater
biodegradability; and 4) cost effectiveness. Therefore, lubricants made in accordance
with an embodiment of the invention can be produced for relatively lower cost, have

20  greater oxidation stability, and are environmentally safe. Other characteristics and
advantages provided by embodiments of the invention are apparent to those skilled in the
art.

in addition to their use as base oils and lubricant components, the products of the
invention are also useful in applications such as air care, skin care, hair care, cosmetics,

25 household products, cleaners, polishes, fabric care, textile coatings and textile lubricants,
automotive products, car cleaners and polishes, fuel additives, oil additives, candles,
pharmaceuticals, suspending agents, sun care, insecticides, gels, hydraulic fluids,
transmission fluids, modifier for polymers, biodegradable applications and 2-cycle oils.

Although the invention has been described with respect to a number of limited

30  embodiments, variations and modifications exist. The various components and method of



15 As denonstrated above, PAGCs made in accordance with an enbodi nent of
the invention may have one or nore of the follow ng characterisiz y b&
substanti al absence of tertiary hydrogen resulting fromisoneri 84
2) greater oxidative stability; 3) greater ' biodegradability; and 4) cost
effectiveness. Therefore, lubricants nmade in accordance wth an

enbodi nent of wadpe/sssent i on can be produced for relativelpscTiusweisgost ,
have 20 greater oxidation stability, and are environnmentally safe. O her
characteristics and advantages provided by enbodi nents of the invention

are apparent s mhj1 88 @scakih lehB6lidéhts ftahe AWéntioh nmdﬁh“tlth@m rﬁmﬁda@dne Tige as
base oils and Iubrlcant conponents,  the products of ﬁgventlon are

al so useful iRPAPT §luime |”5ﬁ§‘ g §RY§r sich ypratigny and %?ﬂ‘fﬁfa&?{‘ls éhat jyithin the
cosmetics, 2%clpus@baivehtidh afdiediSed ete@@aner s, polishes, fabric care,

textile coatings d textlle | ubricants, autonotive products, car

cl eaners and pollgﬁ@§sc?ﬂ§?“addltlves oi | additives, candles.
pharmaceutical s, suspendi ng agents, sun care, insecticides, gels,
hydraulic fluids, transm ssion fluids, nodifier for polyners,

bi odegr adabl e applications and 2-cycle oils. A though the invention has
been described with respect to a nunber of limted 30 enbodinents,

vari ations and nodifications exist. The various conponents and net hod of
1 Z DEC 2005 WD 03/020856 PCT/US02/27529 21 wuse may be used in

enbodi nents of the invention with or without nodifications. The appended
clainms intend to cover such variations and nodifications that fall within
the scope of the invention as described herein. Wiat is clained is: 1 2
O EC2005 22 CLAI MS 1. A hydrogenated poly-al pha-olefin
conposition, conprising: one or nore hydrogenated oligoners of an al pha-
ol efin, the oligoners having a nol ecul ar wei ght of about



10,000 or less and characterized by a substantially regio-regular
structure and being substantially free of tertiary hydrogen resu@éfﬂﬁ
fromisonerization wherein said alpha olefin is represented bylz 3
fornula CH2=CHR wherein R is a hydrgcarbyl group and wherein said

ol i goners conprise diner. 2. A lubricant conprising the hydrogenated
poly-al pha - olefin conposition of claim1. 3. A nethod of making a

hydr ogenat ed pol y-al pha-olefin conprising, contacting an ol efin nonomner
in the presence of a single site catalyst wherein said olefin nononer is
represented by the formula CH2=CHR wherein Ris a ,hydrocarbyl group;
effecting oligonerizatio of the S%llefAnt dhndmer to produce a
substantially regio-regular oligomer having a nolecul ar wei ght of about

10, 000 or 1| ess pameeHr St pdiﬂj’%lﬂhﬂ&ié‘fir@%&hé&?ﬂ?ioh? _
substantially freé of ~ tertiary HRydrogen due to isonerization; contacting
t he ol i goreMPWILSANIS:dr ogen under hydrogenation conditions to produce a

hydr ogenat ed paql.y- -olef i d [ ecover i he: hydr ted
pol y- al pha- ol e?z}n%_ o?_ aﬁ%ﬁetﬁdﬁo%&%a?éloﬁg&al#%@%%dﬁf %rg %?gﬁ% ," further
conpri si ngleifinng tthiee diyidrongearmthedy ipad ya ahgpbecwl &2F | weightposi abontwi t h

one or no l.ubricant additjves. 12 DEC 2005 23 5., Ip.claiml, 2, 3, or

4, wher ei ﬁﬁfﬂé%m?lre Sar %4 g‘ﬁfar%cfzteﬁfez%#)i%%n%rS‘nggﬁ%{if‘ag;ﬁoo or |ess.

6. In claegio-Zeghlad ghrwtaled eidedil ecaliBstaetPhlly free of
tertiary hydrogen resulting from isomexization wherein

said alpha olefin is represented by the formula CHy=CHR

wherein R is a hydrocarbyl group and wherein said
oligomers comprise dimer.
2. A lubricant comprising the hydrogenated poly-alpha-
olefin composition of claim 1.
3. A method of making a hydrogenated poly-alpha-olefin
comprising, ‘

contacting an olefin monomexr in the presence of a
single site catalyst wherein said olefin monomer is
represented by the formula CHp=CHR wherein R is a
“hydrocarbyl group:

effecting oligomerization of the olefin monomer to
produce a substantially regio-regular oligomer having a
molecular weight of about 10,000 or less and comprising
dimer wherein the oligomer is substantially free of
tertiary hydrogen due to isomerization:

contacting the oligomer with hydrogen under
hydrogenation conditions to produce a hydrogenated poly-
alpha-olefin; and

recovering the hydrogenated poly-alpha=-olefin.
4. A method of making a lubricant of claim 2, further
comprising mixing the hydrogenated poly-alpha-olefin

composition with one or more lubricant additives.



of the oligoner is about 7,000 or less. 7. In claim1, 2, 3, or{4,0¢( 2009
wherein the nol ecul ar weight of the oligoner is about 5,000 or l'ess. 8
In claiml1, 2, 3, or 4, wherein the | ecul ar weight of the oligomer is
about 3,000 or less. 9. In claimd4, erein the one or nore oligoners are

polynmerized in the presence of a single site catalyst. 10.

wherein the single-site catalyst is a netall ocene catalyst.

In claim 3,
11. In claim

3, wherein the single site catalyst conprises bis(eycl opentadienyl)

zi rconi ung di chfgriedeim 12. 21, N3¢l airme3, waaeinn ke ned 1efdyn4®

NAERInY S

selected fromthe group consisting of aliphatic olefins, aromatic
ol efins apfl thel ptispaernss @Boutn %I08i0moZ, 1w$sSrein the ol efin nononer is

ST e gl S e ik ARG o

is 1-propene, ene, "1-pent eng, exene,

1- nonene, ofi- teeendigbtmandécsenbout- doddderre, less.ri decene, 1-tetradecene,

1- hexadecene, %Sogéadec 1- osene.. .1 In _claim
o)

wherein the ol
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2, 3.4,
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i someri zapfovhelblihbmelaiim kbot 3,@00 4r Wearsein the ol i gomer further

conprises_a trinmer_, . a tetrangr, a
m xture t%ereo#? f%?lmn&cIQVn1I,°f, 3, ™
fully satgratgrd. oligomer is about 3,000 or less.

i

ent aner,, a higher, oljgoner, or a
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9. In claim 4, wherein the one or more oligomers are

polymerized in the presence of a single site catalyst.

10. 1In claim 3, wherein the single-site catalyst is a

metallocene catalyst.

11, In claim 3, wherein the single site catalyst

comprises bis(cyclopentadienyl) zirconium dichloride.

12. In claim 3, wherein the olefin monomer is selected

from the group consisting of aliphatic olefins, arocmatic

olefins and cyclic.olefins.
13. In c¢laim 3, wherein the olefin monomer is an
alpha-olefin.

14. 1In claim 1, 2, 13, or 4, wherein the alpha-olefin is

l-propene, l-butene, l-pentene, l-hexene, l-heptene, 1-

octene, l-nonene, l-decene, l-undecene, l-dodecene, 1-

tridecene, l-tetradecene, l-hexadecene, l-octadecene or

l-eicosene. :
15. In claim 1, 2, 3, 4, wherein the oligomer is
completely free of tertiary hydrogen due to

isomerization.

16. In claim 1, 2, 3, or 4, wherein the oligomexr further

comprises a trimer, a tetramer, a pentamer, a higherx

oligomer, or a mixture thereof.

17. In claim 1, 2, 3, or 4, wherein the oligomer is

fully saturated.





