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PRODUCTI ON OF SHEAR- STABLE HI GH VI SCOSI TY PAO CRCSS
REFERENCE TO RELATED APPLI CATI ONS [ 0001] This

wW@ppbilzaod on clainms priority benefit of Provi sPOEE2009/034391

Application No. 61/040,855 filed March 31, 2008, the
di scl osure of which is incorporated by reference in
its entirety. FIELD OF THE | NVENTI ON [ 0002] The
invention relates to the production of high viscosity
pol yal pharbeficsdPeP)s HIBAEKFRAMDHEE HVHS dOMENTH LD
[0003] Lubrrcant viscosity 1s an rnportant elenent for
equi pment bui | ders and aut ormt | ve manuf acturers to
;FERBNCE; EQ RELATER AICATIONSNt is directl

W@’dt edTltn@ apitieaticni chime BEOTSY b@rhfélt gﬂlifpélelpml épplmﬁlplehlﬁ%/M/MO 855
g eh Rl rﬁEQOdSnth§ 9[581'0&1‘%? ot:rxplﬁcﬁ/ s%‘c%ﬁﬂob)fe na/ rEf%?enLéJitﬂ fs %ﬁ'ﬁpety

so affects its circulation rate passageways

FHELI) O FEHE ANYENTIOMNg | ubri cat ed. EqU| pment

f
RREo n eI inPistioh LG OTR RREH IR GG LR eins 220
Ww tabl e viscosity is

efo cr|t|cal 1rrportant for oper at i on
g e B A L i A S LT
agord@Bie rnaiﬁhﬁcﬁilﬁﬂfs toubiigidantThe V1I§b0§1£3r Mi thelublicHnr is Alabéts related to the

TR AL Bl PRy By ot 1o BERAR Wibrican

A aledtd itk ROVatiodUfaten {rhar ﬁﬁhag@ﬂﬁyshmdﬂl@eylhipﬁlent being lubricated.
g(%g]g}n OSIO%%EQ@F;%% (%g{olreDﬁC apren}:@lﬁib/g?ei%qdv@d elgl?gge ?O\A@e used with
REAQRRAS 4 pRfific v BORIy. MM Aatladfe YIgREle S1sUEeSs BleRfore critically
often fornmed. In each of these, pathways, byproducts
pneTtANt LRy HTRRCHRREratioNO6 HibHEstersequipmegk bypr oducts can

pabf! YZRediMidchar feguadat sofesirkis %It iniichdls N s@We Lubricants
I ncreasi ng rate of degradation. [0005] Since the
flagbmpesantia 4 Bemldrtgf {igferghe @@@l@alsmy ar hieathpeayp:othgrmal, oxidative and
%@g@?&gﬁag@%@ ?{ef\ﬁ%{)’ﬁno ! ca {’tﬁ%lﬁgf;%{g 1%&1%’ dle%é‘lﬂfiosnmn the
fubbepne it Usyalbyhlerokandd dwn latqmytllelafrhgm@@r i laarmg Odeatlve decomposition,

gf?ér 'rrllgot%cltuﬁpg(llgllgﬁt%ﬁudggﬁ ¢ g{%ngsfr%(éds G %ﬁ yof t seclgar\{;ﬁ’g'{yg doﬁfproducts are

det ec
alsdfociatd, wﬁemﬁm@he gTIadabypmducMcsrc aﬂalyzye funipar elagredagiod, resulting in an
Vi SCOSI t%{ £ gaseda%re bot h signs of potenti al
8 3egr

P UbMEEN N [0006] In industrial |ubricant

ORI caSinonthe lluirami d@wosiyt iy affscted ‘a;smefuaﬁdusb}ecbrﬁ@snmn pathways,
ST ERFbERHRCR i RSB0 Rl B
almost all lubricant applications. The in-service viscosity is compared against the fresh oil
viscosity to detect deviation indicative of degradation. Viscosity increase and viscosity
decrease are both signs of potential lubricant degradation.

[0006] In industrial lubricant application, lube viscosity is classified by ISO viscosity
grade. ISO Viscosity Grade standards have a £ 10% window centered around the specified
viscosity. For example, lubricants with a viscosity of 198 ¢St and 242 ¢St would be
considered just in-grade for the ISO VG 220 specification. Lubricants which fall out of the
ISO VG specifications may still be effective lubricants in service. However, since known
degradation mechanisms result in viscosity changes, many equipment owners will replace

lubricants which fall outside of the ISO VG limits. This decision may also be driven by such
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viscosity. For exanple, lubricants with a viscosity of
198 cSt and 242 cSt woul d be considered just in-grade

wo 20091128800 SO VG 220 specification. Lubricants Bii/ok2009/034391

fall out of the 1SO VG specifications may still be
effective lubricants in service. However, since known
degradati on nmechani sns result in viscosity changes,
many equi prent owners will replace |ubricants which

fa@ﬂo%s QAW sibAentOlartals dr3RuMact tdut&nentdi SucHR6hsEdeRitioNPMay be very
al so be driven by suchfactors as equi ppnent warranty or

IHOHREEE CHSRUTS BB camiprsnie ohlg ehst &t doraimgipr @brlcant related

MRL¥s Pl 3y 59516% RED b arkt r&glfgerdualdesgyﬁ PTERbwnthRE is very
cost of downtine for lubricant related failures can

%ﬂp@aﬁl\m ralptige fogheceshot hbri¢ant tightaheritetratey élbagqnt deangeioninvill often

% gwntinme is very expensive relative to the cost of
rlcant tighter criteria for lubricant change-out

(0071 of Other hidricaned suqhoa}cn‘n}mmtﬁe rengind hibtigants or gansipisaion fluids or

Q&E%IQS[R; 'g}egr 815‘%' qgle IHl?rr caﬁt@%‘s e Le tarrcanltﬁgnctc’aﬂlﬁ& {éys fpe‘?en? viscosity
ahss, ol c&s&nbf:tﬂ bjd Sb\]ﬁ (Sodlétg IOéAutomosmﬂEnglyeerSaﬂ@E)sqr J 31@36 spemﬁcanons

TR S R N T R N —

WaNufadieyiee BsAs sobl@triad ijbrisgrecdebéribat iroprsvioukipag@raph.

icants, wi LI ave. t he, sane .i ues a ndust.r )
B8 aftos oot ot Bed B eORdu Sl e PR tesine the
&rngs d()jlit éﬂtlérvf_)l[ eEﬂtéi{jdbdl Uibﬁb:ﬁﬁ mﬂf§1|2 I e triéreurp @fae Biftedd tlhE Qigher initial fill
extne | reucmgtecangeoutlnt rva

Wd%ramv%ﬁvtwmm i PeOTer tonachicys caty @tmﬁlﬁ%e lgfyricany; lfe, premium

hhﬁcalﬂtsgh@s& deRbhstdle  mble G&3 vE&sitP e Barviee. | @ang(lﬁlg}feﬁ quality base
In order to achi eve an extended | ubricant |

Peds aih dyBRGee apdivenigttemanibrst luhtiens aoer sth%lffécts of thermal,

&héﬁﬁéhﬁd/hyd%lﬁtﬁfa\{ﬂa&{e Usi ng hi gher quality base stocks
and advanced additive systens, these |ubricants

(9909t er It #rslitiome tecthe chfmicH emeplipnistax ftatisopstyashange discussed above,
%91] Xﬁdtl?er ?A{eE}?a‘flﬁm 1{099 Q&th%&aﬁggg&ﬂegﬁhﬂcgl 'illillg upeh e\m&gllty loss due

anl snNs or VI SCosli ty chang | SCUSSG
toovsesre sheag niotsh e aelglvanti ourf mhevildmmsﬂttryolmmmaglee frectured in high

{fﬁg%ﬂgscﬁl thé @qlﬁﬁgl&‘l't Thk[éeszco?ec’ éstt 119 i glljoeald&g gg‘a?sv ?élf"er bearings, or

ear stress bri'cant occurs

englir_eqnﬂt@fs agtheh frprac tAu datichmt 1h61gim18$d'aiehr0ugloﬁesr dones, ddferent parts of
@g ltfl;l‘tglr%grg ase sn%ci mgchu % aeré( éusoéectetla tﬂ etrerﬁ mqggangca? st'&gs causing the
hlulablile‘satﬁtpetrﬁanemttwbrh:ﬂd dﬂdvnt intoouglhiert fiese rmnmg in diduéte@meantiubricant

arts of . th can se stock
B Be . i et PreaiBnbrefdRart SR P e bR Rult frip g viscosit
nelieatbRs stb@ks Res manenkil mblceakr Wigym coMponearl | er
Eﬂeces resulting i reductlon hn Iubrlcant Vi scosi t

y.
1Y shearhegiedddownt Yopsash kadinitil sretaf creqlien) Fepistance 0 thermal,
B @4VE BBy Bolhid dbed@fiony h&eQsE, b)ubricant with out of range viscosity can lead

to premature change-out for the same reasons cited earlier, e.g., due to warranty, insurance or
downtime prevention. On the other hand, a sheared-down lubricant may initiate other
undesirable degradation processes, such as oxidation, hydrolysis, etc., leading to reduced
lubricant life time. Thus it is desirable to avoid the loss of viscosity by mechanical
mechanism as well as chemical mechanisms discussed above.

[0011] One important example of the need for extended resistance to mechanical

breakdown is in wind turbines gear boxes. Generally, these operate with slow moving gears

0.



10

15

20

25

30

| ubri cant base stocks due to their high nol ecul ar
wei ght conponents. [0010] A sheared-down | ubricant may

W@ RG0P112388G ai N excel | ent resistance to thernmal , PCT/US2009/034391

oxi dative or hydrolytic degradation, however, a

| ubricant with out of range viscosity can lead to
premat ure change-out for the sane reasons cited
earlier, e.g., due to warranty, insurance or downtine

Whigh @f&tﬁlgﬂ'y 1deed Bey MLOB rghlﬁ%ﬁﬁeptﬁ)lcsf@)efﬁécﬁgnl&j@\Mbakdown In addition,
| ubri cant @ﬁ initiate ot undesi rabl e degradati on

pindclaghdnss  tend iohbg docateq datinaseessiplpdlogntipas, suchepy the North Sea. The

éu@@eﬁiﬁﬂﬂt)ﬁg rﬁ&gﬁﬁ&@ blleHleokx&‘laaﬂH nla'cée%sﬁ)l'h%s allh ﬁﬁseséﬂt i fhany hydraulic
desirabl’e to avoid | oss of viscosity by mechanica

npbipraions i egordiegly, ltay%lﬁ drihecly drsordnioshnye dilguigarder wind turbine
géa%&ge Olr%aﬂw afagﬁcatmo LiARE 18X ?H‘Fhe r eaﬁ%ﬁgaﬂ@ qed, fiok  resistance to

ten resi stance t o nechani own IS In
maﬂbnmdéﬂqhéme@wesVmﬁ%mgmanwyMRHMEse operate with

ﬁ):ﬂg%’)’l m»ﬁlen %SC%?L{E‘ybII%X%OIH?TCE% 1ca|i] Islgegf o@fdaagbrlc%gtl or hﬁolil‘%ant base stock

Yy Susce ani Ca re K
anidnietmecasured/\bmﬂ:vemk ibetheds, ineloding Gafreed Rallet Bdaring (TRB) test according

SRR o5 TSR0 srae oo

TIETRB ISt Bidelitwed it c@tctae petes enthe iactudteieyd dhyahrs@abilite performance of
application Accordi n , it would be highly

H@gw 8? ﬂﬁé@? gwpﬁg?gcant for wind turbine gear

p)ﬁx:qls by@l ﬁ@ptl)r';]am aﬂﬁdrt])leCﬁ;t h@&ﬁnmﬁ@dus‘cmlbhhyﬁf avxbeale &tdak to shear
t.he lubri cant as a res|stance to chani ca .
Brosid g\miw@f 1% epy epg?rg “ﬁﬁif tgputiop & TWPpo 1 2foleghlar weight
YiktSi6 @§nt (WIW DS, SdchMcdRCAARitIG T vl by Gpon NFV @ dubbEl-82aRked MW

or |ubricant base stock can be neasured by severa

metHodE). R oF JaicHy T Be el rpFatien clarRqsFPRY B Ct BdRg polymers

RE QRN ofeBul &rE eibtitéd & Li1iBRtiB Q%ﬁgﬂfs T é}égﬁh Bas@'%‘%IM w1th broader
D3945) or Sonic Shear Tests (ASTM 5

MaVBearq @O@d)r@@ tesheas|viseesity @@Qaééowrbth@h éasacstqsrhﬂ Wfth @areiower MWD.
'gl{ﬁﬁqg b& 'et@foa{a 013?& %181 ué’daﬁ QS a fil Eldﬁlgfn r}ﬁ&egulpﬁ weight

er s ear tests. t ant V ra
ﬂ@ﬁ@nnwhdngw@bsﬁeptwbwtutvgbﬁuas a@Et@mdbknmmmsh@HDlmwesKwk

r IS - r wei ght
bc(fhl%ﬁ ?%AS?WR%T%%SYGQ It \%gwgo t distribution
KOM/’D) Eebbta'md;h% stable lutaitcaos, of is vierdbre daineblag@ﬂa\MA/rtacow MWD.
g n¢ wératio%\él%e\gﬁg nary vxb l(/IWW to F%Sﬂe?tapocene ca ag(stsmwﬂlec wa%( chovered by

rap h
ginownd Kahesikl &ase‘d/ejngmly taﬁsm@d latalit (ZONTis H'md/ah dsethylaluminoxane

' |y, .base stocks wi th broader
RO 250t s 8BS G OB E ot s e pe T B R a2 over the
m&mmm rM.Nasuér lzieglemabﬁamaﬁoﬁqhm batdiads WAR rbasaized. 0TKus, they

ally has a | arger nol ecul ar . wei ght. fracti on,
HRDDIR S v e’éa@rl%% afi PEoRp st g 4 pefwerigerpiffi pgnomers,

P30E B R BSI®mSs Q8K copolymers of narrow molecular weight distribution (MWD
of less than or equal to about 2) and narrow chemical compositional distribution, controlling
at same time the resulting polymer chain architectures.

[0015] WO01999067437 disclosed the use of MAO-activated metallocenes with
Al/Metallocene mole ratios of 100:1 to 10,000:1 to give poly-1-decene with excellent shear
stability when compared to polymethacrylates in multi-grade transmission oil formulation.

Products described therein were made in a batch mode and no distinction was made of using
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whi ch has a nmuch | ower high nol ecul ar wei ght fraction.
[0014] To obtain shear stable lubricants, it is

W b@oaaspe desirable to have a narrow MAD. OneP@EYS1009/034391

achieving narrow MAD is to use netal |l ocene catal ysts,

whi ch was di scovered by Sinn and Kam nsky based on

early transition netals (Zr, Ti, H) wth

nmet hyl al um noxane (MAO). Soon after the appearance of
HBEFrbREBNEmGRS BRIty Shitol thd BBR clhiRe} iglR QYR RO 8nOME Ehear stability
t he conventional nulti-site Ziegler-Natta and chrom um
efthaflyidt s were recogni zed. Thus, they are highly

ﬁ)@ié]Ve ¢RL Al 8f SinSXRItbinidNGoaR c%%&%%{%t 1'11%@'011@91&1&&%0& @f various
pol ynmeri ze ol efi n"nononers, prod um\r;og(pum orm pol yners

alplpotedip o Fape ris lgovRaPeOie.MeIddc @b ain Zj%?ﬂ/odi%%@r |W9t29(b7ﬁ011459
(&M&@o%}1'99§3an853@"i/19§206§‘/6?621‘5° about 2) and narrow

chem cal conpositional distribution, controlling at

WA ti Aelubheant dwuingi highqyostghikty thdlicn variahi degoidaticas mechanisms
- 0 L SGlase tivate

e e T

$p©ciﬁ6a,tibﬁ@5uth tolSgl V6 apd ByEJgra:ﬂes:srh@hw dobglextied | ent shear

when, conpar t hacr
AR | et O LRETREL s B b T R ERdn B Bl govte orican
scsrtodkedmhh elseeiphepared e byracidtacting adibclbfimDidelsakl nath single-site
di Shl nct i o was made, of usi ngot her ocessi n nmet hods
AR A U P My A o et Ao

SUPRMARYaOF MHEK TNV ENTEORN! ui d. [0016] The use of
S| n@le s te mstallo&ene catal ysts in

1Yorel 1 APRIPoF GECIGUS AINEESY Baf.tﬁﬂe FREPREIPR of gl viscosity
RSFicaR € baUSDCI@Sby Ro& % JRAR, fetVWeQst\xQﬂalﬁﬁ@e site metallocene
WO2007/ 01 1973, and PCT 007/ 010215. [0017]
FatyStoia Atmiked Al drg ooy Hietous stiast (tankyeacky he var | ous
ﬂ)@% adat; &ﬁboﬁﬁﬁéﬁ%nhﬁf@dn@lbeﬁgysﬁ@&g aﬁ%ﬁ%eﬂhﬁ@ﬁng 8t least one of narrow
currently avai | abi e, and le to neet, by itself or in
MVHP endiimrirengd shaay aﬁblhﬁem f| cations such as I SO VG and

gra 1,540 | t
[OBLIOT SFESE AUt oSOl Bl aadibie. TOF RLARCBbparent
efadice i madd tatht fblé@engﬂcialﬂ@ d'mgnmen mrg@mecbg{mb@diments, examples,

gn%r%s bDYaflphaol efin feedstocks with single-site
ocene catalysts in a mxed flow or conti nuous

DEiTMEEDtREﬂCRHHHON@F THHVIRRENDFONHE | NVENTI ON [ 0019]

d
-B:BEZ[:]Ia?\eII Iccoorr] 1n oﬁtha ;;]r{V%gtéocr:lo %mgle s1t§ BIF&E%CﬁPe B talésr%s '{11'8 ggnta%[ed with a

feodt@k tih Agniatplael cefcbﬂlrfueﬁsdﬁtr&d kankWiehdtors i(O§TR) Gietion to prepare
@E\g ?ljrslgogﬁf ga?%ialgé%%édb@seast mkxed fl ow or continuous

[0023] As used herein, the term "high-viscosity PAO" means polyalphaolefins having a
kinematic viscosity measured at 100° C (KVig9) of greater than 10 cSt to about 10,000, and
"low viscosity PAO" means polyalphaolefins having a KVig of up to 10 cSt.

[0024] In embodiments, lubricant base stocks are obtained having at least one of narrow
MWD and improved shear stability.

Continuous Stirred Tank Reactors

[0025] Continuous Stirred Tank Reactors (CSTR) are per se well-known. The effects of

reactor design and operation on molecular weight distribution was studied previously, but
there is no simple conclusion how reactor operation will effect MWD, as discussed in

J. Applied Chem., 1, 227 [1951]. Other discussion of CSTR operation and other reactor
-4 -
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[0020] In enbodi nents, |ubricant bases stocks are
obt ai ned having at | east one of narrow MAD and

WO pp02380 shear stability [0021] These and ot he€T/US2009/034391

obj ects, features, and advantages wi |l becone apparent
as reference is nade to the follow ng detail ed
description, preferred enbodi nents, exanples, and
appended cl ai ns. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

bR0Ah ARCOE diohell tiR B 'sl CHERIChIOBngiRbdRg! Bakibb&k, 7th Ed 23-36
netal | ocene catal ysts are contacted with a feedstoc

PHEM G keBEALERRSF o& dht Ondrsubiglt Trang dF radex $Q§aé‘t30|6§8 (1947) or

{ &Gl Rlel QBRRdal RBactiOn Eﬁﬁﬁ’é@ﬁﬁg, Qh@ Bd.Vi ﬁ@ 9§H11tW1ley and Sons. p.196.
| ubricant-range PAO base stocks. [0023] used

WE2di n, In; gpanitbaichn oppiagpl wiode osiin )QOPA@WmESélﬁSd Tank Reactor (CSTR)
I v o]
SRR BRI e SARmatn oc
R00T0 resadedce tiroscani bs vagéd lye @'l Im'eam 20 pol Malabmm: bhding ranging
PSR a5 MRS b AT ot

6f>era1a1’grmWSM¢\Dammilgb mprroa/tmdsphhﬁcaro S(I()@kpsig t@ptm@@lﬂu |h|ydm>gen partial

Stirred Tank Re ctor 0025 n s Stirre

Bl PRSI D200 8 8o SRR R TS uShef e 1 Spce of he

reeaot @herd i igact@nd dpbﬁfedtlhoi’]pajﬁalnﬁ)lllﬁcmb(w othie ohicentration of the
t, there is no

ri bution di ed prevj ou
Bt R BhE LA Sn N b S iatia B e Soncb® mode. 1m
MR di&td]i §€ U@Eﬁdng Ftodd1t1d¥@phﬂee@ol§hﬁﬂkatloﬂ tedBdrafuddd S 1o 150°C,
er dj scussion oper ati on and_ ot her

’ieé‘g%‘tcﬁ ig5e  Bu 6‘?14318}? BT BerT 30-900c &7 Q00 g of the feed

&@ﬂlianéEr&tmg'ﬁéb@lﬂ@%mosﬁ&lcﬁg 508 3sig6 CHEM CAL REACTORS,
Denbi gh, Trans. Faraday Soc, 43, 648 (1947)

nspi el, Chem cal Reaction Engi neering, 2nd ed.

Eb%Z ﬁ J oﬁﬂOW(l)IﬁMls@Q‘éveﬁ%gwn Rrad 9 h Bl%@a?rﬁc]ns mn%EﬂlreQ al % catalytic

operation node or in Continuous Stirred Tank Reactor
PlesTRyizagion (aly oerizaten todewtmadesulaaiveisht profdentro vétnegr ogplefin (LAO)

[ 0 f

P e pienar e PR, M2 1R 00 TGN bRy decene s

tvbicallyl pretrred.| Qadhte pamngmlmlgadfvamge& ogth@fprqyassadcgcsdmgecr the present

i}wgﬁgngﬁ ﬁ)l%t, 91{ g&@mé Qs theg1 rov%ﬁl 91! 1¥§1fot Qﬁ% 11%191?61 urd lgc{ecene as

al pha ol errns. eratm I’'ng pressure can ra

&tdobphdsa eptles ]160®idpsnagge thrmmrhlalpha oh:jﬁds agefacdantludihg feeds
essure can ran rom.1l psi

CETS e AMubEPEnelFc R, e BPUsof® Al g accne.
j0o28] t hevhee ampkmlymgsa miped fdedbnk rac@pfaaretmabd feed (te dhenﬁd'Qreactor in
t?le cas%eofcrgﬁﬁglgtrgafacttolrg Qr ‘?of th% rglngle reactor in the case of semi-batch mode) is a
mixture of 1-hexene, 1-decene, 1-dodecene, and 1-tetradecene. Mixtures in all proportions
may be used, e.g., from about 1 wt% to about 90 wt% 1-hexene, from about 1 wt% to about
90 wt% 1-decene, from about 1 wt% to about 90 wt% 1-dodecene, and from about 1 wt% to
about 90 wt% tetradecene. In preferred embodiments, 1-hexene is present in the amount of
about 1 wt% or 2 wt% or 3 wt% or 4 wt% or 5 wt% to about 10 wt% or 20 wt%, 1-decene is
present in the amount of about 25 wt% or 30 wt%, or 40 wt%, or 50 wt% to about 60 wt% or
70 wt% or 75 wt%, 1-dodecene is present in the amount of about 10 wt% or 20 wt% or
25 wt% or 30 wt% or 40 wt% to about 45 wt% or 50 wt% or 60 wt%, and 1-tetradecene is
present in the amount of 1 wt% or 2 wt% or 3 wt% or 4 wt% or 5 wt% or 10 wt% or 15 wt%

or 20 wt% or 25 wt% to about 30 wt% or 40 wt% or 50 wt%. Ranges from any lower limit to

-5-



10

15

20

25

30

hydrogen is from1l to 30,000 ppm by weight in |iquid
filled reactor operation node. |In enbodi nents, the

W@p@parismy conditions are: polynerization tenpRCHUS2089/034391

40 to 1500C, residence tinme: |hour to 4 hour, catalyst
| oading 1 g per 10,000 g to 500,000 g of the feed

ol efins. Qperating pressure: atnospheric to 500 psig.

Feedst ocks [0027] PAGCs conprise a well-known cl ass of

My @R RN st %@Mgc@%é’&ﬁl@enﬁﬂaté&'% gceﬁcﬁ{ MWou€3 wt% to about 10 wt% 1-
ol'i goneri zati o%v@ééﬁ ymeri zation

hf‘é@nen% fecemplput ? AupFuet’s)l h@renleq figra pbegt P aftorfo about 70 wt%

{ Lehe BPABHRIRut JNGSR b ¥Bb&alo Wiof anGSerr F}Hﬂnla‘b%txﬁﬂ%‘%% about
1-tetradecene, although 1-decene is typica

P wt'erlrdadecegner pmt dheutpa e It@ﬁb%\ﬁﬁwﬁ%gbéwéﬁerﬁh@d from about
g Wﬁé §bcﬁ1@ 8¢ W% nlgte{ré)dewh% o tﬁ%ﬁlee@)touﬂ 1"];V‘€tﬂ/it, 0{11,55()t W 1 tétﬂldecene

I rents, t he |rrproverrent I' S not imted
Pumerogs @b@emeasrefce@dmplb@d satlso rapgek pbls ot minmk d& (Fté%g éom those

ngfeci%]éd(%qhg&g gr gl efins as feed, including feeds
onpri si ng

nmore of 1- hexene 1- oct ene,
[D02Ycen@hild ndnxd@mm@ﬁ;ona nflothertlekaradgeelkfins (LATDGhayWegmesent, such

enpl qyi n e e acc

EeRieoR Pools fmbins S REGFRIARE Fffurt P8 alofffe Bontacting

the dlizgemstiragbe daegxst and ipporhdias)c asBisef eseaitiatipaifc hherede) 1-decene,

' m xture xene, 1-decepe, .1-dodecene, jand . . .

| So e e Rint D TFER. Mg B Cor bt | STy OBaleT “consisting

ekS@eiallye off. and ftlicOlReq R@EN itsLondinYeyt @ea&b@%o 9@t ¢ Sthdr- NG 8N Bresent (or
ron1about W%to about 90 wt % fron1%bout

WasmeBeTnbURe obe (Revssenty Jubrand, a}fé ¢ Pisin anggior Sl iogips of the

hrescabRUENtN. W P& bRSth RPRFARR. enlbd diical @E rd (M&ﬂir@@ﬂﬂlﬁ)aoleﬁns)
1-hexene is present in the ampunt of about 1 wt%or 2

Gansists rof 3-hgronco A -dgcapeod-dpdesengs dptetipdegspgtmeppingsthatdyo ggler olefin is

%%t%ng§&>@§.h§ugﬂ§§ﬁﬁﬁtb t he anmount of about 25 wt %
f% (wt BT iy or“ﬁgwt%to about 60 wt% or 70

WOB/Q]or zaisotmr%nxmd @@d@@@ﬁ@eﬁﬁ ip thespragent mV?M@nasr@umxe@ﬁ‘eed of 1-
% % Or 0 0
RO Yt Sl eh 00 Eulf 16 20 pholtoff ey 8 M0 e, from
@upt egBrid apeut ORevtanbhenenaffrom abdks drwt t\ma%)w%sww Yedegene, and
r % %) r %

ot 953 e 3G el o et ol o Pheen Mpient in

:hrmmlrs dfilmivt% bobwj% ok @lm% dr|4rwt% qrdswmosabbwsle ot 20 wt%, 25 W%,
. bo W%, .

§ORE SR, B Rofbsmioh AL AR0 op it ab SuB Gty #00 "0 wes, o

50 hé/X&na:b,ouf G0oMmabioT0 Wb ot P/ 124 aath d)uétraﬂ@cem %plesdlﬁﬁeﬂfe amount of
r fro out 40 W % t uf, 7 Yo .

D bor T e £ ot YR T SO £ QB Bt aS S o gt we t

uvd Povio oalmwtY S Qantc¥frdmdad esamieimieiddnf higherabeitfusBdisclosed are
w%to about 30 wt % 1-tetradecene or from about 15 wt %

Bt $9-50 wt % 1-t etradecene.
[0031] Mixed feedstocks of two LOA’s are also contemplated by the present invention.

Such two component feedstocks may be blends of 1-hexene and 1-decene, 1-hexene and 1-
dodecene, 1-decene and 1-dodecene, 1-decene and 1-tetradecene, or 1-dodecene and 1-
tetradecene.  For such two LAO mixed feedstocks, either component may be present in
amounts of 1-99 wt%, with preferred ranges for both components being in the ranges of 10 to
90 wt%, 15 to 85 wt%, 20 to 80 wt%, or 30 to 70 wt%.

[0032] In other embodiments the olefin feed consists essentially of a single LAO such as

1-decene or 1-dodecene.
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Nuner ous ot her ranges are contenpl ated, such as ranges
plus or mnus 5% (5% fromthose specified in the

We@2@optissr [ 0029] While mnor proportions of oREEDS2009/034391

| i near al phaol efins (LAO may be present, such as
1l-octene, in the above enbodi nents the m xed feed (or
m xture of al phaol efins contacting the oligonerization
catal yst and pronoters) consists essentially of

fbﬂbﬂx e n?améul&i‘ﬁﬁ 8RBntadedd RUQERRE inchadeethbRAEGENG, al¥hAeSI8HM sources
t he phrase "consists essentially of éor "consi sting

@L@%@?@.l@"}’@ﬂ?ﬁ/o&h@% A& [RipReplcfipk dyived drogy 1 fyigne growth process,
ﬁ&ﬁ%s@ﬁer—ﬁ@psﬁh@nt}ﬂ:@is HNLEtedrAG} thSmpl &3&H I(rQé'essfe@r ﬁ?@st synthesis,
matter nothing ‘el se is present) that vvo% %,

A streampenataiong | -biteng fipw gefoferyt ¢nsratipasepl as lfqaf%htor Baff-2|sgyeam, and
Y&ihgnot her preferred enbodi nent the feed (or mxture

of "al phaol efins) consists of 1-hexene, 1-decene,
(03 decbne) eribedenendée edins meeadmnn@e fitvdtarngodedhiato the reactor. In

eroﬁl {n|b§d1 egt[ 8%38‘]%%}&{’19 f%@ s¢ arat 0t t%? ctorselfnu?lther case, the

f eeds
¢dméys;dpﬂmmtﬁrs mayeatsbltmrfeedsse@atmdge@k tfogahierpﬁwtli-reslpeotemeach other and

1-decen -tetradecene. M xtures in all
‘B}tlgf)etgl?ﬁc?ti%gen]g%é Be'Used, e.g., fromabout 1 w%to
ahle)lugt@&em%l hexene, from about 1 w%to about 90

@fﬂﬁ ,g]gee and from abaut 1 Wtt to about@r%g \Nto/ﬁl T
]er r COF SABBY WY coREses. ﬁe‘}%%'ﬁ IR P88 fogether With the
AOABE STIR mdtaldc¥aOmay bivbidRd o8 uMbi¥eed, ahd WM Hayobe et Yacemic, or

bout 10 wt% 20 wit% 25 w % or 30 % 1- decen%
mgta@ gagntith 41 ts}ﬁ‘@mﬁ%uﬁ?% oy [ EBSYWW&% orapiIxfres, theyeof. For

4o e OF tIROpMtcH til eARAU DRt Uataliyst 7 steknP0iRdIuded HE Ungle site
and 1-tetradecene is present in the amount of 1 w % or

mcigtlogeps catalyit ome pctivatl opipr Vehoit "sptelyst pystepbdsoised & ¢gsoribe such a
?d; r BOpW %/Et%tl(?n's WMnoahO tl?ebgh’etctlgged’\'t:ad%l%t fp@ec‘éfa%t) RBDGRS with an

omany lower Iimt to any higher Iim
%ﬁt@@%@édoﬁnoéalb’o Arenrpiivatas dsuch a3 rjalkyl ?(lé@lffuébmn@@k@ d¥hen it is
L

o B S P b DB EE R g g setivaor

of othehehapebanging- detene, Furthhmyxen ethisndctivated ofeebynie system” may
cene,

BT 9%%‘{5 R aR- Ak AR R0

binxle Gité yrtdlbomk Catabistsher corrponent may be present in

@@%’32;:%%&3’%% SHlta\M‘le %‘%r\lf]mél% rparlé)g ;ef S %heed%r%%% gt%e}:}&?% m%‘g% gingle—site

BbtalM e 20aly0 Sﬁtﬂerﬂﬂ; Yachods d@&ribed FHOW@H7/D 0IR32] WIOR0OT/OEIM59, and

@%8@%%@ Egeﬁprg ?rfeél rr]neI 1sdselcégtg(? %rgrtnSGrggps E ?r%rlls%mlnymeta{ls preferably

zirconium (Zr), hafnium (Hf) and titanium (T1).

[0037] Preferred single-site catalysts for the present invention include racemic mixtures
of silyl-zirconium complexes, such as dimethylsilylbis[tetrahydroindenyl]zirconium
dimethyl. The dichloro analog is also a preferred catalyst.

[0038] Also preferred are the partially or fully hydrogenated indenyl rings.

[0039] Preferred single-site catalysts can also include bridged (cyclopentadienyl)
(9-fluorenyl)ZrCI2 or their analogs.

[0040] Preferred single-site catalysts for the present invention include catalysts such as
rac-dimethyl-silyl-bis(4,5,6,7-tetrahydroindenyl) zirconium dichloride or rac-dimethyl-silyl-
bis(4,5,6,7-tetrahydroindenyl) zirconium dimethyl, rac-dimethyl-silyl-bis(indenyl) zirconium
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1-decene or 1-dodecene.[0033] Particularly advantaged
f eedst ocks include those C4-Cl8 al pha-ol efin sources

wa@le®enzisedd i n WO2007/0 11832, e.g., al pha-ol ef PEEUS2009/034391

derived froman ethyl ene growt h process, from

Fi scher-Tropsch synthesis, from steam or thernal
cracki ng processes, syn-gas synthesis, C4 stream
containing 1-butene fromrefinery operation, such as

fRefibride & raB@frﬁe‘ﬂ%ﬂ%fb‘lQﬁs‘(ﬂnd ﬁ@oﬁl%tdimeﬁlgo%letﬂﬁd% bis(4,5,6,7-

enbodi nent, the ol efins us in the feed are co-fe

ettty dedepyd caigspniumn d&ﬁ&rﬂ@r ole fffoethyilsne-bisHe . o éq‘trahssdromdenyl)

ArBniugd dRfPRN ARy HALR - 615{%%1%@)3 tzQEonldnrﬂ &Rl 6R$8-cthylidene-
the catal yst/pronoters may al so be feed separately or

biglgjulemd) , giicopumes phvethyle emete-Gmpdyl-aivkbiid 10, 7-tedpbydroindenyl)
El&ofullﬂﬁl L&Qﬂél@(ﬁ)c' &S mg;%t(ﬂ%n)ét‘ﬁgfl s%?risfyg(gﬂc @Q%Jah cﬁ]&nc(ljenyl) zirconium

cat a yst syst em conpri ses a éne co oun
diogthtyhemesardimethiplesibybbistiadeoyl) Zileeninmt dichlogéner massObbmethyl silyl-

%é@ngﬁgﬁﬁ% %rrcolﬁ?u% Idﬂge?ﬂyl %%90 tfl)g/l%%zgg(él %e’traﬁ)%‘%oelfé%e%yl) Zirconium

enes wmt
diglnomeder Yr Inesomthyﬂldcreéoli(hébdeﬂetralﬁdmlﬁdhﬂ!ylp uznrpomumoﬂlntehtyl meso-
cat al

S V t.he te
RRERER o BERL Fsoti o SERTHAS B b R RS i Broonium
mmethyl W)ehar peédi@t wiiklesys tamlysts $nclirle dhd dfodasationdé reumit or meso
alr eac:lvatl n, it neans the nac vat e
DA wih Bhgeh e o Mgty h Mewdne b g, cataysts
ﬁapltuu@nal | iphedylaRthdhldn¥@Y Ebpch 8RRy XS -fRiofchydMikWhium dlchlorlde
alu sed to descr be suc

meﬂl]ygﬁ%yc %%{}gtepﬂ\??h %0%&?% heoractg By ﬂxlé&yahog?@?adlenyl)

gnﬂhdré]@bg%hmﬁ{ or or other charge bal anci ng noi ety.
urthernore, this activated "catal gst systent may

W9¢1lonaPrhpr gusisred angtdliocenss aeiugattBe unhbrded atefﬁélpcenes such as
E@&&@peﬁéhégﬁgnﬂmgﬁhﬁt Mich{hrfag] %13@)&%}{)%5&4@ BCEonium dimethyl,

al ysts suit abl or thé process of

sts
b2 l@g@m{cyqlmﬁmﬂie@ﬂ) izrednigre dehieids. bistle2- ﬁ@te&ﬂc‘délén@tadlenyl)
t
GBS BYT T By DB G300 YR 0 MRRAL| BAARES, biscra-
ligethglcpdpputadreonh) Gzoomivmt rdansthyli on bnsﬁla?l,%trlnmtle’ﬂcefplabwadienyl)
[ f ti [ T 7).
AR, Uhofls, o0 TR R Rk BT bbby iR 1.2
irmadn/ﬂdyolnpemtudhamdb racenium mdichlorids olfis@i2l Zylr'}mﬁitlvzyduynliopmsntadienyl)
| exe

RABURD R s PR SO PP o NP ficoride,
Hik@,2ch, zctdtmmethgalnﬁilqgmameﬂyl)so aziproefuer r eddmﬁthal yst bls(pentamethyl—
cyclopentadienyl) zirconium dichloride, bis(pentamethylcyclopentadienyl) zirconium
dimethyl, and other substituted analogs.

Activator

[0042] The activator may be a non-coordinating anion (NCA) activator or a trialkyl
aluminum compound such as methylaluminoxane (MAQ). For purposes of this invention and
the claims thereto noncoordinating anion (NCA) is defined to mean an anion which either
does not coordinate to the catalyst metal cation or that coordinates only weakly to the metal
cation. An NCA coordinates weakly enough that a neutral Lewis base, such as an olefinically
or acetylenically unsaturated monomer, can displace it from the catalyst center. Any metal or
metalloid that can form a compatible, weakly coordinating complex with the catalyst metal

cation may be used or contained in the noncoordinating anion. Suitable metals include, but
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[0038] Also preferred are the partially or fully
hydr ogenat ed i ndenyl rings. [0039] Preferred

W@ 20991123880 t e catal ysts can al so incl ude bri dgeRCT/US2009/034391

(cycl opentadi enyl) (9-fluorenyl)ZrCl2 or their

anal ogs. [0040] Preferred single-site catalysts for
the present invention include catalysts such as
rac-di methyl -silyl-bis(4,5,6, 7-tetrahydroi ndenyl)

Zrb rn@PﬁﬂnHEﬁ &, aRbPKung &oRY, ah@pradlhuiBt Ryltattd hﬁé{ahbﬁﬁ include, but are not
7-tetrahydroi ndenyl) zirconi um di met h

klaéeddtpn@rwy [plugiinupe, DhpsphpivaeRg Fificon. 4 éwcm@%wpﬁpvré@awg anions
&ﬁﬂprgésnﬁ&@ﬂlbm&'rl'c Xllcfi\mt&i L AEaNYn) beZdithe PRdU4ET & f&ﬁfchyi'he terms ionic
rac- et hyl'i dene-bi s(4,5,'6, 7- tetrahydroi ndenyl)

adtiveton pPichsteir i pinefric @j@ubq:ctlvator can be used interchangeably. Likewise, the terms
ﬁéﬁﬁalestt&éﬂlé) &H@ anﬁllvﬁtgrA’ ar [ R %Jc?f %gbé{glr (9&81 ? nltFr)changeably

Zl rconi um rac- et

WodHoni Tha plne&hﬂed) ractd@tom rforr the peqshylm‘cteh@blsy(n Nﬁdem;efe)rably such as
| r ' , . .

ﬁr%s%?cgib%@qlﬂ > Sﬁﬁb 53 (ai dgscgbefl_ 1tn O2RO7/9 léﬁﬁ%eThefsf’ activators are

pérrsema]lmm chlori de or

AP, T8 B RS L LA ARTBUR o

ﬂmmﬁMmthmﬁwchlorlde or neso-di net hyl -silyl bi s(

w@gﬁnw ﬁ%la:ll ‘bﬁrp@gslﬁnsggtg%ﬂlf ln}c(lzﬂﬁ]ﬁ &t &P ﬁ&tévﬁiﬂr which is usually a

#Fialkg RN A EMpRuhdEe Ofhis trialkyl aluminum compounds can also be used

sQ-et hyl | dene-bi s(4,5, 6, 7-tetrahydr oi ndenyl)
SRRl it HRRHEHON O p01ﬁ‘?§§6"é’ﬂ‘%ﬂ? é]i‘ﬁsrea%?rss(yﬁtﬁ‘a‘e ANgsy preferred trialkyl

AR ddMpdingd gy tidobatylIBERuA! Myh-bERRMIINES bNEIERMEylaluminum
zi r.coni um di et hy O her_ preferred single-site

l.
etidrdesy lalupyyyny digne 95y [Al¥BIBMEHEi oned racemi ¢ or meso

P@aal ySbﬁlewsrﬁp&'eﬁtE %5&1% tﬁ@%@t@r gsfstew%t inEMH@Qlehrbgﬁz@ﬁ[ﬂ catalyst
ands. her pre erred cat al ysts i ncl ude

dﬂqﬁh‘fe?ﬁyl ﬁb@Shwmlamﬁ@té eyrcildenecydicd dyting the ppagsioany| ) zi r ¢

de,
ﬁk y s? y dcyclopeantadlenyl)(9 fluroenyl)zrC12 or

U’ﬂﬂ)ﬁenyv\@l@h yhe p@lElln@t}D@horaQr ehgdnerization reaction is progressed to the pre-

(qe% rInI ljféocea%xl Qu%h ! ?gg ‘Vl QrO%OL/.}o 63995@r al?l{a] %1@? { g&lversmn the reactor

€s 1 nc € un ocenes ch
ﬁﬂudmt as(wyMr@mfnbladlneemydth ai Slue:lbmhel madtncmrﬂroalucdmould be treated in the

oaD er%% %ch q%’ljtlg 5at n‘%% Ca]tljbn ge?l%%!ﬁdnuNo 2008/0020928 (having

peht'a
dlpﬁhh@rdaﬂ@pf bm1§(1I9 2008; n@shykcs/ys@dmpmpmmanwo) 60/831 995) In the

£e a:nﬁhnlileg,: th glygégo ?%? ﬁeagtlvate Yy 1 rcozlh?c 1&? t0 arr, eég czr water or
%héf(ﬁfebk)zﬂvgﬁbﬁ lc@@%@ﬁﬁﬁl re:[blﬁbl) Véslsélg amk lélﬁlfhl?btmbhiwhents can be removed by
| , 2, 3-1r1netnyl cycl opent adi eny Zl rcon
‘i‘ﬂ@sordieﬁfél%e“ia' ig( 51@2 gvr?l?ﬁfnﬂe%%‘y |1&§c|")ak?éht%mh@ﬁw) Publication  No.
ZOUS%Q(D%WCH% Rihg wWthSGheods base or acid followed by separatmg the organic
trimethylcyc pentadlenylé zirconiumdichlorid

By @p imconveiptionah G tagEeR Bathadhy Myterthe @%tﬁliwrff:moval the effluent

Sinngt sh‘llﬂjecte@ 'tc?‘ﬁ |dlst?111§1041 th &b SR tRVICH & QPRBE BREBNY okt solvents and
zirconiumd | ori de,

pther( llg@erscmmé@%rﬁ@ﬂhwechp@hg@mr@wrn) proidpctonPepending on the
gdlﬁﬁérlf%{ion maétgoge&tnai%ﬁiwﬂig%ﬁé&ﬂ&ﬁ%%‘ ﬁ%&!lc)t may have high degree of

unsaturation as measured by bromine number (ASTM D1159 method or equivalent method).
If the bromine number is judged too high, the heavy oligomer fraction is subjected to a

hydrofinishing step to reduce the bromine number, usually to less than 3 or less than 2 or less
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zi rconi um di chl ori de, bis(pentanethyl cycl opent adi enyl)
zirconiumdi net hyl, and ot her substituted anal ogs.

wo\eHooatz8er [ 0042] The activator may be a PCT/US2009/034391

non- coordi nati ng ani on (NCA) activator or a trialkyl

al um num conpound such as net hyl al um noxane (MAO . For
pur poses of this invention and the clains thereto
noncoordinating anion (NCA) is defined to nean an

A ONdpbi Gty & hyuesrintdes Riti&RUNE iRadRirdda h@an%ﬁ”oﬁ{h)éinO base
metal cation or that coordinates only weakly to the

freakal Typicel yirogapptimatep sot b foand i Mamiauplidsd @gtﬁntﬁ At litgratures of
ﬁ@@t r@&ucﬁ&%&c&@s%on%%lﬁl@s asheANno PR Bllogé(!té Hav@lvery high molecular
acetyl eni ca unsat ur at ed nonomer, can di spl ace it

eight Qrﬂwdmﬁlalwpd dunineethe pafyierieatian stsp. Wretislatesi RAQ Hagducts will

r e
ffﬂlﬂﬁlfl)pﬁa{é% ?gl?qmg%'idnlﬁhl?e ﬁ?@%&‘ %3% c}]e%?re‘?yoq 'kl)lgﬁtdsrﬁg) o t‘rﬁgmo%ﬁct can be used
@lmtlfamm@hyu applidasomonidvot alicpareic hydagéngtion S t abl e
e ar

@%H Jil'l nu#]ﬁjt gag% Fse %)gl%ate}dl H}ré §9| tf,r]c tgé L%Q%Bbtﬂnaafﬂge% %%‘ further
fracmlotlz&eh from thotighn, fraatiemtantains lph@mpdfrmwﬂphaa)ﬂﬁﬁns&l Thsdight fraction

A sub di
Groliehicanet d SerT ot apd AT dRCcn reBTRREHER sty o forver

amversioh nto Thte preduts OoNthe faatiovad 8 or échppropriated fractions, can be
T AL PRI

Son@iiihd OEBfpidaCp@lat doipbidnt ARG \Weent attidastivatat 2im®aMolecular
he used intercha gegeabl [0043] The preferred
B 0P8 AHYe 1Ry e@@mre*rﬁ%lm 6Huing caraggexe any of the impurity

poRTRYS adM1yst seledhaPS ARG iHBSStids Dedichiatilbly. thif . fféBerP&f beQombined

as described in WO2007/0 11832. These activators are

pith fresdh fegd qlefing dgfore feerbpuaificatid coBY ™. preferred NCA i's

RR3HLR R0 MBih Buldngli met hyl ani |i ni um

tefraki s(pentafluor phenyl) borate. [0045] Usually, the

At ysifhes RpEh o the framqnu@@taan@ga thecyri-seagtert olefipy &nmj e reactor

é’tfl‘dé{t T Qs fibhAbKY %W'& ”ﬂe% FRQ iR, d;ggén%hné qnathé%&nversmn the
um num conpounds can e use e

ampunt of ynen rcompq')@ms and avleﬂgenseﬂdn tlteht@aqtleac ﬁbualbyytbtseimount ranges

fl@lﬁ%‘%ptro nﬁcljnotrg &ﬁ]!n%gl{l\r/ 6}{0‘1&{“5%%“4609 %Pﬁllé qfl%sc’h %E(? olefin. This fraction

SO bu al’um n
tantaimngdx jdhﬂd:alatﬂfﬂ nlﬁﬁinmantqphenallyl ée ydcactlcdnntujm: polymerlzatlon reactor in
Id’Ol"/f 0 s%?nt r?éf tﬁ% ﬁaCt{OH’Crlag régqranel:b?% tn.BB&)e?ltternaltl Vgly 95% to

7673 adrmérndmel;emm tef0s, i Feeseled outp diegrolysneciatical is@tdse The amount
ofetﬁly %ract(ljondtloJ %e re%ylecF depgr? saotnlt}?enco%nup%seltlopr{ gtdtﬂg %racltlon ancs Low much inert
components or solvents the polymerization reactor can tolerate. Usually, the higher the
amount of recycle, the better the total lube yields and better alpha-olefin usage and better
process economics.

[0050] The fraction containing the un-reacted olefins from the reactor effluent can be
recycled into the polymerization reactor by itself; or more commonly, the un-reacted olefins
fraction is co-fed into the polymerization reactor with some fresh alpha-olefins. The
weight% of the recycled un-reacted olefin fractions in the total feed ranges from 0% to 100%.
More commonly, the weight% of ranges from 0.1% to 70%, or alternatively 0.5% to 50% or
alternatively, 1% to 30%. Or during a continuous operation, this weight% can change

depending on selected degree of conversion, product viscosity, degree of purge stream, etc.
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[0047] When the pol ynerization or oligonerization
reaction is progressed to the predeterm ned stage,

WG aw/1288000 or 80% or 90% or 95% al pha- ol ef i n PCT/US2009/034391

conversion, the reactor effluent is withdrawn fromthe
reactor. Usually the reaction product should be
treated in the sane manner as described in U S. Patent
Application Publication No. 2008/0020928 (having a

Bérh@inkes YR hRkRE hx]glh' \Msc%@ Q&@t hlr%}llgf pdREMS bPRlrecycled stream is
Application No. 60/831 preferred manner,

99!
¥56 testiugeyeactos Niseasty prd s F%&Oé@onﬁyl i ntroduction of

pios1] COZno Fraé%hed'onﬁfmﬂgt fierundeasdd vishQr usthl}accﬁﬁ:Q@sr Ak Seed alpha-
reaction vessel. The catal yst conponents can

elefmv BERTRA) oleiphodd- diesicvubsiieed plefire sraﬁlbelméma erﬁleedstartmg alpha-
1‘%}) LAt & ér 1’1%5}9 lcb ﬁ&ﬂeﬂt@ BRI GBL QY aMﬁ) gﬂ%&%S %OZQE%ES recycled

y vvas Ing W aqueous base or aci
@@plar theianguethef lotleglaholcﬁmsayler triggisstitudcoinaleintsi srhednts and diluents are

| .
?%%&gﬂsl?lg%i %%1%%#1 ra‘&ﬁnr{ﬁgn t?lg freAf( %e%ﬁ oiieq'%s C?lli % WP $v0rds the amount of

ue nt can be su
Iﬂ:hCiiVblaﬂlﬂJhiodnﬁnB G sephy aiveertthen thn -freelacﬁeteddbleffmed Theefmaust of alpha-

rt solve er l i ter co ents fromthe ..
HERDicaP e Bbart 2o DR bl o BRI o R Sarprisingty,
wolfyune thaz thiid fedetioreaditditng Wuindulnom,lp}fal-'uleﬁins can be converted into high

ol i.go zatj on. produc hav i gh.degree, of

AP b B oL PR SR T A fhe s 38 G & ppeppoene catalys
&ﬁﬁgfgﬁﬂﬁ'&@n@%s @glhhghaﬂaﬁﬂ}ls‘h lb'fﬁﬂthﬂdiﬁy Fdrtheheord, rtﬁ)d'fibrfﬁ@uct property from
nunber i s ged too hig eav goner fractio

fhes Kegys! e@c?ljsfgﬂ $6ca Ry dcomixire ﬁ@cygk% FP?%% Hesamowith figsh feed, are
HaER /e 10000DREGh fds&al iy sbRie! @SS, PRAGCt3cAA advBSBedohadn Mve lower
or |essthan 1, dependlng on hydroflnlshlng condi ti ons

HWPSihe desir ed application of the PAO base stock.
)y LigRhtaNydr ogenati on step can be found in many
I'shed patents and literatures of PAO production
élﬂes sThGSEIfYéltthﬁE”Qay biheiter Hedop@dp pesh edskitsonplhancipgrty be obtained

DS, Rlgs SLUBLAND NSRS TS AT, R o
mly ay Bluptiatinaviethy ewyntlomwatbwdhamlumtln&mbé ngef Qjélgare@kldifm the art in
}gdgsc‘ﬁ%lgﬁ %IP J[h%g)'resglpedlff% og%%ou?cﬁﬂ?&a%ﬁa%g eEl‘fjat glh Xth{ﬂna MNions are

PP ate

cati on a separ rogena |on S
pBOBB]othENhthah gkt spkmﬁca:l]y@numasteé hpamat ed directly from

react or effl her, fractionated fr
fO:agfﬂ t f ?}téec tshegﬁ 12 {t%‘ cgl{a En COF]St)e JHEEy g%‘rrerah CF utﬂg\;est Research
Ihktitatelih G Ahtoaiot TFXnus(mgﬁCE@ U—%C&QI%Xﬂodﬁﬂlﬁrb an20 lmutrsh OlDllirmg this test,

ny. pur into t ol ynerj.zat.i on f f
BB e i Mert B h AT FER Y FeE Bl el 0 oS e taper
et tkban@g;) pﬁtﬁmg@{tlﬁdofnﬂ@ﬂamﬂlﬁd watoRd hetyrs! pel Wlﬂlt 2010ad of 5000

t t t h
N@gfan ﬁfé %ﬁ?ﬁ%ﬁ?ﬁré Srsahion 60 Beu:ﬁ% ﬁgvﬁh i W.rl% a?mrﬁe}?% the used

AQIRAENRH & SMBRWIrQDaRIIE NiscoSiHC s A ad 6dlbNALE Bol HEkiAple viscosity
nol ecul ar si eve, or other active sorbents. This

brfere R altordh et o MierPe Ve of SirolRB irtcap e ieeapqadiyr gxiapding the test

duration up to 100 or 200 hours.

[0054] Molecular weight distribution (MWD), defined as the ratio of weight-averaged
MW to number-averaged MW (= Mw/Mn), can determined by gel permeation
chromatography (GPC) using polymers with known molecular weights as calibration
standards, as described in p. 115 to 144, Chapter 6, The molecular Weight of Polymers in
“Principles of Polymer Systems” (by Ferdinand Rodrigues, McGraw-Hill Book, 1970).
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fromthe catal yst residual or other inpurities.
Alternatively, this fraction can be conbined with

wo e@sh2yBeed ol efins before feed purification ceCTEB009/034391

Recycl ed feed ol efin stream [0049] The anmount of the
fraction containing the un-reacted olefins fromthe
reactor effluent ranges from1%to 70% of the fresh
feed ol efins, depending on the conversion, the anount

BE})SS]“GIr Th&ﬂ@kﬂﬂ%&&rﬁo@mgvesﬂiovﬁmo%ru& afdt {he MW@ Hﬁtﬁ%ﬁt‘ldhrbhould be
ually this amount ranges from5%to 50% and

Wﬁroy of fvisg PRI o {egst4Qmetsent Ipss thmgprlﬁlé%MWPef 98223 +[1.0232%

1R &4t apbicom eant %Bfen&efeﬁ%lyu I%‘he‘f ﬁ?@beﬁloﬁﬂdeﬁa'v@% fa8Bcular weight
optionally be recycled into yneri zation reactor

th
diptrip gy leys th@nfé@ rigesthan MWPaT 0. 4é667t héO 7354t tdgdKy at 100°C in cSt)].
K/Il%tgtgjr&graf)lgf 86 09 Qho%gio’ﬁavgbtn?d’l&ﬁfak Vv%iggt (?1%{/ %ﬁt&ﬁé&@g&ltﬁﬁ MWD =

natlve 0% 1s re-cycl

@66@1%T[Dﬂé9226ﬁ0g(éfa/cattcbﬁo"C'meSté\]nDunt of this fraction to
be, E%:Sylcl %d depends on the conposition of the fraction
ch inert conponents or solvents the
[po56inmer Thezafallowmgeapetronen@a\mrb chreicdbet. in ldscwatnhqpps tdaetor. These runs

PG e MR abel s St BV R bRt dnpeBofieapoiss and o

mmemsleaﬂﬂn@ﬂglﬁshsn{ﬂm%ﬁ)] 1Jdeecnk raad tolmime aodl @i thé Ags twee purified
‘511 E gted ol eflge fromthe reactor effluent can be

PR ST UR MRECHBI YEr i zati on reactor by itself; or
[MO5H COMRDMkllodche catilystared &ds elr@a‘thymﬁlyftﬁs@@tra@ﬂrdlﬁenyl]zirconium
élo fe into the polynerization reactor with sone fresh

= oI efins. The wei ght % of the recycled un-reacted
pﬂo@:ﬁll N Thagkiv Asusbdwhie N-@ihthyfa86ivnaReePeltimQHedy@)borate.

00% More comonl|y, the wei ght% of ranges from 0. 1%

E0859/10% Agtagist wlyiiohwas IPjerated By tpee-BogpHmetallecspg with the aptivator in
%%’eﬁ@ st %n tg%féu@ Brfﬁcﬁm%wa'ta{%@ WS APEF @ktRA: THI Xperiments were

wel ght % can ange dependi ng on sel ected degree o
eadyaedsinoh serisp dﬂ@lcrﬁaomrs:@@tsnwys seleipneoesss. pBeieofsthe eepators were

E?%ﬁ 0B RS MR e M RLO G QHP&%@@ ARb ke R0 g:la{&Br contmuous ly at

per cent age o the recyc streamis used
ﬁzeaﬂlwta@s r edngh of thei @@@@B tvwrean@t@ﬂhfhntéle rseme treaction rfﬂlmrature The

&aQaQ)5 ]SOIIP& f rs%&xyeh?eﬁ n&c@’lﬁ#ﬁ&aﬁﬁh@?\f&@r s%ﬁl(f{oﬁ dan%iI 1'f1 ¢ 1-decene

Usual | y contarns
wbrefqonsnmuslyhpunmed tintb- Ssﬂbsddl brustladr ahmfessnsutoeiml heated to reaction

Brs of ..t he rtin ole i, NS nd t he nert
R_%l’ e n t Iéeactlo CRI‘O§ Cqs oals C %nu SrPa tl r&\é’H t rsom C au{o‘ciave quenched
irhﬂ veasheloyich @delstThfeargantch@eawamfmtthﬂfdmnﬂib@atnagh tempdratise, to remove

tri sbsti t ut ed efin | vents, and dil uents
LGRS b S AT g AU A LR g SRS
beges@beiricatlysl Bt 2d09€r 30w hels(s. M) apedBén plesduA€dria Bours. The

l%{o@q%@nﬁe#&%&i@ﬁ%%@gl ﬁpl %qgg@h?tﬁ)g \}vel:']ree ngurcﬁsbrc]elofwee. The reaction

conditions and the hydrogenated finished lube properties are summarized in the following
Table 1. This set of data demonstrates that a wide range of viscosities can be produced at
high productivities. Also, these data show that a wide range of mm contents, ranging from
86% to 51%, can be produced. This data further demonstrated that the MWD of the lube

products as analyzed by GPC were all very narrow.
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can range from2%to 80% and usually is not nore than

70% However,

surprisingly, we found that this
WO e@ot238m cont ai ni ng | ow anount of al pha- ol ef | PET/US2009¢34391

converted into high quality |ube base stock in the

siml ar

catal yst wth high |ube yields and hi gh catal yst

productivity. Furthernore,

this recycled olefin streamor the m xture of
ol efin streamk ih1iDRsh fod&sbriAfien By TSITR RARF00%

fresh feed or

in sonme cases,

product can

t he product property from

manner as the fresh feed over the netal |l ocene

recycl ed

‘E%%%ﬂ ﬁgeou5|y ngve | owgr VQSCOSI[X txpeqinqwtagl 6
ET T OTE,TH b betiter MAer s 00 d
q§1 @JTégﬁntghef tsgpo he oOtalned thereby realized, 100
]%@’dl Categ:nCIle to thlc fotH U:IV: ng+ c;\?!"i"pl €S |||ca.c ch?"pI €S
PN M R L AN S T VA2 DA P P e L 40 g 40
Do 0etS o GOFnd JpPEsErt Witel DT wpd e | IT3E-
under S1OHAHL t hat  dum®Poud ot her ppll catio ate 00 06
po&&ivBlos netlimeR ¢ hah20Fodd 25 If | ICHIE y| ehbitker ht BR7E- | 1.87E-
herein. [0053] The $Mear| stabillityO@ath (TRB t esP§ 06
wePeavgegeeTNOAd atl BOUEhWEsTERSsedk - | h<t 1aFat ¢ 9.h0BSan 9.10E-
Ant onim@)l/nifiX, using CBC U-45- A-99 plbcedur &0 at | 2010 10
hour sniciogranng t hijs 3%5t,| tB®70i| i58.6t et &@.6l n| a 52.6 52.6
t apedliecknel II-€10 bearing flitted into a Fpur-Ball|l EP test
machi ne. The taper roll gr bearijng, subjrerged {n 40 ni
Rin t@&t hisl Ul d, was rptatled at 14/5irpnfw tth ajload o na
5000, NeWRfbnat 600G F@r [a gf andar §sgurptioal of 2} s na
TS WIRTEAE [€S05 1S [COUPI TR o4BMe[USEY TTUIH T | 190
measurl eu aljd 7o VI SICOST L 055 Wdp
%i%%%ﬁ%aéh?ron1the saml e V|scosityybefore and aft ey
f;g;t&gtzo L”§%;?;;29§2§6f,J59b 3ol §‘ “'543"’3 1480 ol 11198
200 KYEAEC. 68805 41 002 AL LIB1T IR0 B0 T T 19418; B 9% 7\n’70-364
def | npdvlic the ratiéthf \Aplzzliﬂ'- \/::1|92mp"l l\l\ﬁ?tn 155 150
nunber - BVer aged N (30 M; I\/h3J0 cln 32t ef mi A&d y gel -57
pEeleeelti WhbxaPOmat ogr aplly (GPQ)| using polyner$s with
known nblnecul ar Wwei@h8s |as4534dl i pr atd2on| stl@ddarddsl@s| 1309
describdd in p. 1150132 144757Chalpt ¢38236, | Th&EIGTO| edGbtar 1493
Wi ght Ma¥DPol yners 11738" Rr i n€ilpl es1.8f6 Ppl yaer Bystiens'| 1.140
(by Ferdi nand Rodrigues, MG aw Hi || Book

1970) . [ 0055
$0elov et we

The

present

i nventors have a

ﬁ@t@ﬁédeﬁ@cﬁ%‘ @&@ §d>r¥1 ar&t tol ©dSto

| gorithm

tespryding twr%efbv@frép%ﬁ yn Ut

1. 0232*

b

&airplact §%

Hstpotyelefimmpmples ExpmBiei logid gh aﬁﬂ%mbtéwé’sﬁéi reactor and

raQﬁfé & BhpleCSgnd Mmds prepared

04

(Kv at 1000C
wWhiphds mostly batch or semi-

@éhe%ﬁfonw&pthave comparable 100°C viscosities, VI and pour points, but with

broader molecular weight distribution.

[0061]

When these examples were subjected to standard TRB shear stability test,

Example 1 and 2 fluids had no or little viscosity change. In contrast the Comparative fluids

with broad MWD and made by non-CSTR process, had high amount of viscosity loss.

- 13 -




10

15

di stribution less than the algorithm MAD = 0.41667 +
[0.725 * |og (Kv at 1000C in cSt)]. Most preferably,

wWo b@nt38® shoul d have a nol ecul ar wei ght di st r PGUUEIN/034391

algorithm MAD = 0.66017 + [0.44922* log (Kv at 1000C
incSt)]. Exanples 1 to 6 [0056] The foll ow ng
experinments were carried out in a continuous reactor.
These runs denonstrated the use of non-coordinating

ani on (NCA) as acirhmetzOShed}lmkbﬂlwl@ompﬁtsdﬁ and or
narrow nol ecul ar wei ght distribution. 1-decene and

toluene used In THEMHHNS WelcemPMhivt ! €0 TERQMED a] O Comparative
Angstrom nol ecul ar si eve. | [ 0B%kblcThe |retal | ocene|  Example 2

cakakysdecused Was 295.206 300 169.073 150

di retawbsicsiy! bl s[ tedarahydy ol nagoy! | zi [r comyiupgadi net hylisoo

[ 0058] viThe act] vat aroused| was NIN-di net hylani 1 nl um 213

t et ra(pent af | upr ophemyl ) bpr at e.27] 0059] A cag al yst -33
sDledidliron: bpaeCpr epar ed by pre-m xi ng netall ocene Wth
t he acvhvator | n teladene sol utipam to |gi ve4£378 8546

m cromove catal ystigeexr m | of swbution. Thes@xper| nent3gss

wer e Eofducted| in &78%eri es duals3é eactlor coftli nuous  2.3838

®OIRM shemn viprosigess. BOTh of | t he IBgact orjs wewe2l-liter 935
aut ocllesye reactors. Al feeds were introduced into the

first reactor continuously at fixed rates. Both of the
eactorster %qn%rolled at the sane reaction
omparative am;
Qen%eratur679$he—catalyst sol ution, a scavenger
[0062]n- oCbmpahtivel BExanp[cTINGA). Bldhlstsetmf exp&iﬂnqnta;r itieipetymerization was
1-decene re conti ousl into a
GRS & B RRIL LGB D PRER abeh u Qe Gifo a reactor under
Nea@Rk ekt &d hBeadciol r@d&‘u@ﬂi Qﬂi{b@iattmaSTlfe(ﬁmtdamg@Uﬁhmon contalmng 0.912

hdr a from.the aut nched, .and
wlflgfa%a\iﬂrg% ), mefadogspg af'f‘ﬁ %@eIY@&&%Pﬂﬁwde&v TCP’PIQEP dichloride,
@B@hmtg%ﬁ@%@tw Ned1tn@th&aﬂmmnawa@&@lua@ghdnygﬂ%rae and 63.6 mg of tri-
nponents. The resjdual oil_was_ then hy dr%genate

gtr%da ymifuey disgivedkings gnly awﬁeéamey%twaata ddesotile gpgintaining the
f%§ét10(15@n§ﬁ@ﬁﬂre Wﬁf@g Q‘VC Qir s%{st%HfIb@ra{u% TheO4tSn wiBllowed to go for 16
brom ne nunbers for al es after hydrogenation
hearseanduledn eeroves eddetie dr:@amtf: the cetehydi anidoypshearid renieye any catalyst
g : ‘ )
Mﬂ{\% %Eé"f ?ﬁnﬂﬁ &r%ﬁ?%&%%ﬁl?egggs@k%@ rglétgxéesllljém %1{7&1?91‘ unreacted
datog statatab or tlhdiceree wincte  r'Hregeropdrtiesi sit d&i tebidgal dalpe [frection were
{) ! Orgall'rlf:azgc\iljm 1n3'{éab?ea%gép rtl%oe(gé'l atlt!cl \é%%lér%frated }hélgtghle (?C?lla(lj' %&%%??{)P e fluids
ptfared bn taeh phodtusedwayshb®adiat tharf thet fhads @mpsme&tm AR mode of
that. the MAD of the |ube products as analyzed by GPC
WRTRO%) | very narrow Table 1. 1-Decene pol ymeri zation
by CSTR React or Table 3. Batch Mode Processing

Comparative Example 3 4 5 6
Temperature, °C 35 65 70 70
microgram metallocene/g 1-C10 18.24 18.24 9.12 19.08
Wt% Conversion 68.0 94.9 93.0 91.8
Wt% Lube Selectivity 95.7 97.0 99.2 96.2
Lube Properties
V100°C, cSt 1095.24 194.61 115.66 72.53
V40°C, ¢St 12502 1848.26 996.27 606.46
VI 310 226 211 191
Pour Point, °C -28 -32 -38
Mn 12287 4458 3300 2909
Mw 25151 9094 6650 4718
MWD 2.05 2.04 2.02 1.62
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[0060] Two of the polyolefin sanples, Exanple 1 and 2,
made in this CSTR reactor and netal | ocene cat al yst

waweog/1z3spared to two Conparative Exanple 1 aneCRUS2009/034391

fluids prepared according to procedures reported in
U S. Pat. No. 4,827,064, which is nostly batch or
sem batch operation. They have conparabl e 1000C

vi scosities, VI and pour points, but wth broader

Ep,{n_e&@rt ar weight distribution. [0061] Wen these

exa es were subJ ected to standard TRB shear

@Pﬁ-’d. | i Eypnrda f., Spiane Examplerd! B & chpegba Ruepdrdphgrolefins containing

kj &I’E"} i h‘ékél%%éi 6Y wehan@Ricodh® a&cpfé%tﬁ)%ttelﬁﬂb?at&@ WRR ffdtded at 55°C.
fluids with broad MAD and nade by non-CSTR process,

“ﬁlaedreﬁﬂ@lrg ridishhasghe (llopdg prpariess 10PR6 1Ky 2 18%h ek 40°C Kv = 2106
%3@1 L bl pCRIRALS 96‘>co®ﬂpﬁﬁ§§3l W@WW? 1p7f. [0062]

hpar ati’'ve Exanple 3’to 6. s set
BR0dr i nBrangplest héo @aleylnmtnazaamtowum CaFRipsetessutg wih anetallocene

?a%l)gs@sa X ggcce QO(ger {{Q\By ngljrc%ﬂer 3 aﬁ]&g{ﬂ]ﬁmg@ﬁ%ﬁngrﬁﬁ%ved shear

ﬂé:akmyl on adcbnqﬁe rthttsei reaamfﬂhse shew ctlaitt ahey stlprsvﬁrmﬁnt @nnot limited to pure

ntain . .
FRCCR PRt p b db PG TR PRABsyIissin gfecd. including
ﬁbdshd:dm’iprdﬁg dde 80 Indiy ol dtheX@aico i -obleid, di-deetrdy Il aloidded, Untetradecene
tetrag@erfl uor ophenyl ) borate and 63.6 ng of
4 i sGBEAIFSPUm num di ssolved in 5 m purified tol uene

Prsnpkdgled whil e maintaining the reaction tenperature
within 2C of set tenperature. The reactio

05 ned 25 00 SPEe MR o S0 GHYCH hBAChAPs Pued aigadd meje sieves
GRREL Mad Binbb& mradsdle)sfill 1RAGvAASH@dhd OSTR @Mﬁm@tﬁ&(&rhlle maintaining

catal yst residual. The remaining organic |ayer
th epmelnEToRen RESSUE- r @RRHVEOUSi LY fesd| \vaérfherbirtarmﬁlraé&cr@@dbf about 500

ﬁ)ylﬁ‘rdhhﬁ}?gCg’?R%F)éI@!lorprTﬁ]e WaGeRsed smrao ThSin %ro‘%’@f fhk %ﬁ)leogleve bed
he resid ube fraction were sunmarize

aul anrreing thyaeastal eves Bequt Atrenr tThatresidsacotiyneefil 49 my\éluegmqle sieve bed
Egblg llloldl ds prepared by batch node is al ways broader
UI ds prepared in CSTR node of operation.

mawe 3FeeBaptciﬁCNMe thy ogeskiLAgEX@dpives Purlifd@ieBifolex thapleestor via
_ | p X .

Srmals) B kS AR e ed8 oS ToRE aRa TG e feg purtcaion

\]_essifd) dedee nerogerd Tleamtle mmd@d’p@s aits ﬁéed/\aswnhthatlai(h éxtd atixture in a

. esul roduct ha ng. . :
%l?%%prél @ - o] his %?686 (s IO ggrei 1S0§%1 041_‘(?6&6 %er%ffd%e rélgte;swve bed.
Nb exotBdrty wikosksered. nCoﬂtlmBﬁH)mOMBed:w%ﬁ&i sthMbdZatZa&ﬁt’é of about 500

=.1. %gpr Q{Lﬁa les 1 to 7§em)nstrat
%&Pp%z IQLEF% envg}%% ctoHteWeqfa[ﬁ CaRng out ofe the motle sieve bed
and entering the reactor was about 5 ppm. The residence time of LAO in the mole sieve bed
was about 4 hours.
[0067] The  metallocene  catalyst used was  rac-dimethyl-silyl-bis[4,5,6,7-
tetrahydroindenyl]zirconium dichloride, the activator used was N,N-dimethylanilinium

tetrakis(penta-fluorophenyl) borate. Tri-n-octylaluminum (TNOA) was used as co-activator.
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catal ysts produces products with very narrow MAD wit h
significantly inproved shear stability. In addition,

W@ b@sa238s@npl es show that the inprovenent is nRET/US2009/034391

limted to pure 1-decene as feed, but also applies to
wi de range of m xed al pha-ol efins as feed, including
feeds conprising one or nore of 1-hexene, 1-octene,
1-decene, 1-dodecene, 1l-tetradecene and 1-hexadecene.
Exanpl e 8 [0065] A 25/60/15 wt % m xture of C6/Cl0/Cl4

LAGs was purified using 3A nole sieves under 30 Psig )
K068loge il ptheess Grtalysin QOMPRISI HaYCE edlPP e A doglir valved “pressurized

SFAHRTR MR 8 thBdmt Al HoRekntrionSA R ilcbRPERNts was as follows:
pressure. Continuous LAO feed was then started at a

rate of about 500 | b/hr during CSTR operation. The
wat er content of LAO com ng out of the nole sieve bed
and entering the reactor was about 5 ppm The

resi dence tinme of meatodene:t he nollee witdvancbed was about

4 hours. [0066] Fggg1ﬁyrificati%q@6&naugkxed LAO f eed
was purified before fhe reactor vi'a conmmerci al ,

pre-activated 3A nwhaivgioeves. TR&%sh@hesewer e | oaded
in the feed purification vessel under nitrogen. The
nol e sieve bed was first filled up with the LAO feed
[0052]ur eAidond@and att@lemnpdaure ldfiabod 1€ it wBmaissinsdon thorcglinders and

@%osel¥ for an& exotherm.n hhe nol e si eve bed. Ngﬂl di
SEARY HORRE BB SETY Bt O EAtl Ao BRSO NS EBY RSN g fidpe providing
sdoat Beslinates fr @tigen@t tRROUIThEORQolhDFiO SfUthie NGre€ShRlyst components
operation. The water content of LAO com ng out of the

RO PV HRHCORY VAL ¥ Ing " de react or was about 5

pRmM] Thend ©Fic8eBeRntitR §ﬁ’écat loAReichtalydEcoMbeens if MR rBREr was:
was about 4 hours. [0067] The netall ocene catal yst

used was rac-di nethyl-silyl-bis[4,5,6,7-
tetrahydroi ndenyl j ziggapiapn di chhgpide, the activator
used was N, N-di met hyl anilinium

t et r aki s( pent a- f | uorepsétyl ) borl@pem

Tri-n-octylal um num((OTé{gQ@%t was g as
co-activator.[0068] Al t Yee cat§P$St components were

supplied in doubl e-val ved pressurized cylinders as
WOt i ofike feactor burgnd witll meragom bevevez! ihowrs bt focchtumd, e purged with

opnent s s fol : 1% 1 m 1ol e .
ERREAG PSR Rl i AT RSET B ALGLE LB 0 mor
tioleudrind [LA0GBYd dagiopdtsanbannd ppmgenepr esfhurostablishalgotist the water

g‘o%te%ﬂn tyl\e@Equ?jro% ﬁ‘lie ?&1@‘[09%5&35‘ ?essC ‘Xllarll P(Sj S"prn% w%{yrj, the reactor and LAO were
considered clean and dry and ready for start of the reaction step.

[0072] After preparation of the initial reaction heel, flow rates of LAO, Catalyst
components, and TNOA as scavenger were started for CSTR operation. The residence time
during the run was 3 hours and was maintained by controlling the total weight control of the
reactor. The working volume in the reactor was 200 gallons.

[0073] Reactor temperature set point was 140°F (60°C). The flow of cooling water on the
heat exchanger was adjusted so that temperature fluctuated by +/- 2°F from the desired 140°F
set point during CSTR operation. Conversion in the reactor was monitored via refractive
index measurement. The average conversion during the run was about 77%. The reaction
effluent sample was distilled in the laboratory to determine its viscosity. Small adjustments

in reactor temperature around the 140°F set point were made to get to the desired 150 cSt
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the catal yst conponents were netered into the reactor
via rotaneters using tubing providing about 5 m nutes

woRoopazisdence tine. The nmolar rati o of the thrR&I/US2009/034391

cat al yst conponents netal | ocene/ activator/co-activator

was 1 : 1: 10. [0070] The typical concentration (neat)

of the catal yst conponents in the reactor was:

net al | ocene: 10 ppm activator 19 ppm Co-activator: 80

PRBsIPOTA pdiHBeiRAGINO cRIME SRY Mt teBIRdrRIRRs 4RI the samples from

several hours beforehand, was purged with tol uene

#ral) ol Warerdittaled e d e IOt BNty ooty tFBHeEINg theriglss to a tank

fhdshed three tines with nole sieve dried LAO feed

(having less than 5 ppmwater). After establlshlng ' '

(09741 ¢ hButies ée wetiventliquatsthey baGKer ov tetied pediotesf During this

A e R AP Bup PORER, i A%, LRAEIPR: Sl 001p ostor e

tatgst pREOtdSEmest epthe [t@e7IRYd VAfcpsneswlelplaﬁétﬁ @ty obfhetthnget. The robust
I t -

Vlgéoglga J‘,on rglao%tﬂlle drﬁeﬁ%%%ene Sgrécg\gév e% cze?arlﬁg?réoﬁlg%rgt%?g@%%?ge run.

Kﬁﬁﬁbm@gndtlon The residence tine during the run was

urs nd was ned caontrolling the.t
aPgn: > TBRPY SRS MR BB dtort SR R Gt againg water
thnWE@ctor was 200 gallons. [0073] Reactor
ég: eraﬁure set point was 1400F (6Q0C). The fl ow of
g@@ﬁﬁiﬁ%%er on the heat exchanger was adjusted so
rlogwg I:t eMRERadoh e% fh @SU"R%@?%‘[dpyed*ﬁy- steplpirfertiiTetMenddv&i dd@thg water
set poi nt durjng. eration nver3|o in
foribe Feadiet B AL SN SPgity PR e‘f?%&qaw ia@gterial was within the

MRaSulReBBtionThe average conversion during the run was
about 77% The reaction effluent sanple was distilled

il ratory to determne its viscosity. Smal
fo@mst MRRY SatdIfht s Enchsd%@&ﬁﬁl%a%s Yaf tfmslrea Qﬁa HARK of cartridge
set point were nade et to the desired

glery faemerielly amilablp @10 10 &Q) migPNORls Pyt m,qd@ oﬁ Cellpose Glass with
£ e\ Sfi llﬁee;gsdlge ds‘eékﬁéwgﬂlqh@m sanmpl es from each tote were

dIStI‘ term ne product viscosity before
: & s (bORa tank truck. [0074] During

c{:ﬁgt Btﬁ?ﬁ&l %ﬂ? sgfa{raﬁ%naﬁom the quenched

ﬂ IS ope |on

fo'ﬂ?gr ea’fﬁéDuQ&hpo%it
watgysogias:y fron1every tote was found to be within +/-
10 cSt of the target of 150 cSt; nost of the totes had
viscosities withPAPAENt 5 cst of ¥HY GGrget. The robust
vi scosity contridéxeof the netall og@ne process was
clearly denmonsttatgd during the sgn.

Decene 13.9
Tetradecene 3.5
C18-24 Dimers 0.5
mPAQO Product 75.1

[0079] This crude was distilled in a single stage Thin Film Evaporator (TFE). The
ordinary artisan can select the appropriate TFE from commercially available apparatus.

Typical processing conditions during the TFE were:

Pressure: 10 mmHg
Bulk temperature: 490°F
Hot Oil temperature: 540°F
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Reacti on quench [0075] The pol ynerized nPAO crude from
the reactor was quenched by addi ng water and m xi ng.

w@3MR13380e down [ 0076] The reaction in the CSTRGEES2009/034391

st opped by stopping the feed and then adding water to
the reactor and m xing.. The viscosity of this final
reactor drain material was within the 150 cSt
specification. Catalyst filtration [0077] The catal yst
in the quenched reaction mass was filtered via two
sets of cartridge filters comercially available from
BOBY ( 16ndar dlresp PEASSS IcQpdEonaige] Hesidual Memaycs sofvasisangd; diper were
RysMBLAMONE EESHIMPALI RE s ﬂ%%rablﬂn% BE (R Frhal d@}gﬁ&dtioh%ﬂ&r}hese thin
of Crude Product from R [0078] The conposition of
Emuelargrreteaditiobs of taeperatficend geparat i on from t he

ched il Yfilol MG 5re 15 ‘% i
@g?ﬂene 2t %IgDeacSe ev@% 9 Temtp % g%gnegéxé&g%gggz%&%ﬁg? gontmuous
Bash TiPADIPEYehwedtion B grefeﬁefy 9lodThf &stdlatide Weis wall siirimize@ny issues
\I)vﬂh otciu(!1 glagltﬂﬁé %%Falsjgme@uc )ehx%ﬂnt'%:ri’] %Bl%s%'ho Ip 11%ht GEASTFTh e

an can propr E from
M@auuai I y avai | abI e appar at us Typl cal processing

it TFE sr'O Hg Bul k.. .
(REler af 07 5 3B 0Be Ao Yot Tainet i b BBORIDORop L Topice
Wnid@endtioa semptace Ssis aboud 350°6nad pte@du% wiseoahe psig. The flow rate
sol.vent r were |less_.th %
TR Bt e e b VAT B SRS o varsishicy
PSIRR FilirftRae t hin
[0083] Final filtration of hydrogenated mPAQ is necessary to reduce the particle count,

particularly for > 4 micron particles (mean diameter). Polish filtration involved a
combination of Sparkler™ filter (commercially available from Sparkler Filters, Inc.) with
diatomaceous earth impregnated filter paper and about 2 micron absolute bag filters.
Anti-oxidant addition

[0084] 150 ppm Irganox L-57 was added to the filtered mPAO.

Characterization of final product

[0085] Selected characteristics of the final mPAO product are listed below:

Pour Point -39C
100 C Viscosity 158 ¢St
40 C Viscosity 1729 ¢St
VI 204

Applications
[0086] The lubricating oils or grease of the present invention are particularly preferred to be

used for the lubrication of rolling element bearings (e.g., ball bearings), gears, circulation
lubrication system, hydraulics, compressors used to compress gas (such as reciprocating, rotary
and turbo-type air compressors, gas turbine or other process gas compressors) or to compress

liquids (such as refrigerator compressors), vacuum pump or metal working machinery, as well
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filmevaporator conditions of tenperature and
pressure. [0081] Although a single-stage TFE was used

WO poophe3soexperi ment, a two stage continuous flBSHUIINN01034391

Fil m Evaporation is preferred node of distillation.
This will mnimze any issues with product cracking
and al so reduce/elimnate em ssion of |ight ends.

Hydr ogenati on [0082] 150 cSt nmPAO was hydrogenated in

& dldoved ptcdindl QE@NAtHONbNRba off MRiuGAl sy iR §RGHub&Mn electrical
tenperature was about 3500F and pressure was about 250

s idyingreotf exshing ot for eledtiigiyconparidfgenat i on was 1GPM and

@‘) 8 NeTRURBREanLr &7 %:ea]se Qoﬂﬂ@o%eﬁg hise¥&d-in B inSthtion are most suitable for
| tration [0083 I nal I'tration of hydrogenated

prPACYtions i dedyistipl, nraghipgay @@]@rq lpae @rm@r@ e dollgwing characteristics are
rﬁﬂlﬁ L{%IQ e¥n eQfure rd g‘s@ibgtnangqg rgb %Jt%lraglﬁﬁ%?p&io?w&&lﬁbn, extended

tion in oI ve
@pmtlloh eméqdnynergﬂ ¢fBeier{tc dherpresdnapilsyaravtmirdcteized §yr anaxcellent balance of

?e?%rrl}ﬁlln%r tpr%)egtf"eﬁ t%nclucp I%pgulp\l\%l&‘hhlg% %B(? E%& Séra%ﬁ’e Vhsc?sittiees, flowability,

cron abso
baglldnt ffda@r propémt, |shm|st}ihlhﬂty, addillﬂnpmnec[ 00Bd4}ar Ih@ragtpristics, thermal and
nox

d I te

é{ﬁt“ l?“‘%atl‘?‘%ﬁ“cg%‘o“ Wa fac ?%du ?y ‘[‘%gé?p@% &t 88y oils, bearing oil,
ﬁi‘bafaﬂﬁg eild, sbinpi8ssof oilsh ﬁy(ﬁﬁtﬂﬁbllﬁﬁﬁ@lr&rcﬁ)ﬁ,@éasalf(& dlli IS B cbf machinery,
beI our Poi -39C 100 C Vi, SCOSI 158 cSt, 40 . .

wilbs £ Hhob ot Too P IR Q1S GHREH GOBEY. et bearings, wind
iuh:tbﬁd gat bog cohll il RFizGIRREE coblinghewp @afdkes| R AFV®@Npaper machine
are particularly preferred to be used for the
fiss ?%‘J;ﬁofa@hscé?w?%mr?ﬁ%rsel enment bearings (e.g., ball

88]1 NORInem@BANSscoSity CKVRtyRNmbatFel CaLb@MeSISWEMM D445 at the
ydraulics, conpressors used to conpress gas (such as

eRersrEcaticed (ot APSF &m0 bo-t ype air conpr essors,

ﬂ)@§9]t ur bis@@sﬂ? 'Tnd& ?@f) WK QQ%n&laa%c&@iﬂ'E kLR PUSD-2870. 1 O
ress |iquids (such as refrigerator conpressors),

lﬂ&& um Doy V@iatlh’eft\aas clmrminn@am@mgﬁe ithe, ASEM\RRI8p@ gethod, with the
S{c@[ﬁk‘h'ﬂ%@t[‘heQPeWnbﬁ@tret&ﬂﬁratl%ﬁ eﬁérn{eg ﬁdﬁﬁ% &a‘fl?eﬁ kR bﬁimually

ectrical swtc produ es ane I Cal arcC
9091Ing Bowr pbint wycdeitamgingd afoordind etSTM BI59%bnnect or s.

[0092] Oligomer distribution was determined by using the Hewlett Packard (HP) 5890
Series II Plus GC, equipped with flame ionization detector (FID) and capillary column.

[0093] Unless stated otherwise herein, the meanings of terms used herein shall take their
ordinary meaning in the art; and reference shall be taken, in particular, to Synthetic
Lubricants and High-Performance Functional Fluids, Second Edition, Edited by Leslie R.
Rudnick and Ronald L. Shubkin, Marcel Dekker (1999). This reference, as well as all patents
and patent applications, test procedures (such as ASTM methods and the like), and other
documents cited herein are fully incorporated by reference to the extent such disclosure is not
inconsistent with this invention and for all jurisdictions in which such incorporation is
permitted. Note that Trade Names used herein are indicated by a "™ symbol or ® symbol,
indicating that the names may be protected by certain trademark rights, e.g., they may be
registered trademarks in various jurisdictions. Note also that when numerical lower limits
and numerical upper limits are listed herein, ranges from any lower limit to any upper limit
are contemplated.

[0094] While the illustrative embodiments of the invention have been described with
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[0087] The lubricant or grease conponents disclosed in
this invention are nost suitable for applications in

W0 pas238p@l machi nery where one of nore the fobP¢DUB2999/034391
characteristics are desirable: w de tenperature range,
stable and reliable operation, superior protection,
ext ended operation period, energy efficient. The
present oils are characterized by an excell ent bal ance

ﬁafm&l%frft@ MRACBe RERRESJI BF daﬂ@ﬁsU&hé}Qnecdﬂﬂ?&ﬁb&rwﬂ‘ll 1gthaR@nt to and
ow tenperature viscosities, flowability, excellent

erﬁﬁd&p &ty by greaykiliaddpihei Wlﬂawadqpﬁﬁmé\fr@al hp eRitiygngyscope of
GRANRERARN IARLb gl h%ﬁ@hnt%@d i t‘ﬂ@gdoﬁg OPtth@-plaln'lst apperl d@¥Vhereto be
friction, low traction utility as gear
@mﬂghb@@éﬂ@ﬁgbbmk“méﬂm@QW%ﬁiﬁ@hgﬂﬁ conpressor oils,
hydraulic oils, turbine oils, grease for all kinds of
machi nery, as wel | as in other appl i cations, for
exanple, in wet clutch systens, blower bearings, w nd
turbi ne gear box, coal pulverizer drives, cooling

t ower gearboxes, kiln drives, paper machine drives and
rotary screw conpressors. [0088] Kinematic Viscosity
(KV) was neasured according to ASTM D445 at the
tenperature indicated (e.g., 1000C or -400C). [0089]
Viscosity Index (VI) was determ ned according to ASTM
D-2270. [0090] Noack volatility was determn ned
according to the ASTM D5800 net hod, with the exception
that the thernmoneter calibration is perfornmed annually
rat her than biannually. [0091] Pour point was

determ ned according to ASTM D5950. [0092] d i gomer

di stribution was determ ned by using the Hew ett
Packard (HP) 5890 Series Il Plus GC, equipped with
flame ionization detector (FID) and capillary col um.

[ 0093] Unl ess stated otherw se herein, the meani ngs of
terns used herein shall take their ordinary nmeaning in
the art; and reference shall be taken, in particular,
to Synthetic Lubricants and Hi gh-Perfornmnce
Functional Fluids, Second Edition, Edited by Leslie R
Rudni ck and Ronald L. Shubkin, Mrcel Dekker (1999).
This reference, as well as all patents and patent
applications, test procedures (such as ASTM net hods
and the like), and other docunents cited herein are
fully incorporated by reference to the extent such

di scl osure is not inconsistent wwth this invention and
for all jurisdictions in which such incorporation is
permtted. Note that Trade Nanes used herein are
indicated by a (tm synbol or (r) synbol, indicating
that the nanes may be protected by certain trademark
rights, e.g., they may be
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regi stered trademarks in various jurisdictions. Note
al so that when nunerical lower limts and nunerica

waippen23spnits are |isted herein, ranges from aPgI/Us20e9/034391

limt to any upper limt are contenplated. [0094]

While the illustrative enbodi nents of the invention
have been described withparticularity, it will be
under st ood that various other nodifications will be

@ng@m@nt to and can be readily made by those skilled

in the art without departing fromthe spirit and scope
g@aﬁpgmmgweptlon Accordingly, it is not intended that

he scope of the clains appended hereto be linmted to
I he examr&%ss%pptgﬁﬁﬁ%'aﬁﬁélpﬁsccﬁlgl Pz&@ rb%% sl&fé[( edorﬂl % V@ltactmg a
Vhat is claimed Ts process prep arlq%
et yso sy tgm PA@plbqa%wtngtekSlteomwhceiewgldc@ APIEEQON gatmg amon with a

S 0 3

ALY S AL IR 2 RO B Pl
d@ﬁpﬂmwugg10HEﬁlmEMm5@fétnﬂ%dﬁ%dbéﬂﬂméngeme@dé@WTmowmﬁmeﬂy

%}drﬁelg gar%it(g?a%ga?% {)d%? %E%Lt?olé,a%fgﬁgbtalﬁng g V}olagctgulga]%iebt%p use as a lubricant
anrhamctonirzel py 8KV hed abanRk t¢ gaat 0),G00(cCSEAR) a ¥PpEDaff ieenthan 2.5.
and obtaining a product suitable for use as a

| ubricant and characterized by a KVioo of about 3 to

about 1®h@@fbc&§tqf @nich @, MiBeiaf saldeskfih Heod, Pribr to2saidlBéntacting, is

r ocess rein id olefin feed prior to
ragtepgsth dYWﬁ@“mP@nﬁﬂi %i@?@ﬁ by a water content

of less than 10 ppm 3. The process accordi ng to any

one of the prece ghgkclalns including a step
frydr oge Bt PIOGEss 265UHBS it BB ete o BT dine SRS é%fé%l?g a step of

AfodehRihg Q%e?ﬁr&@c@fr(ﬂﬁ QtlyeisTRULSARaRd RN obBRIBSa Froduct suitable
|'ubricant. 4. The process according to any one of the

for cedipdgrieri ms, including a step of filtering a

crude product fromsaid CSTR to obtain a product
characterized as having | ess than 1000 ppm of

particl Eke poisngeeordreaito divania eff thefpresedingriclarrangnclwding a step of

}gﬁe?ﬁ]ﬁt h&ﬁdel 1%815@‘[ %%ﬁhs&?é C%IT'E thotoﬁlln?‘a’%kofdugtrchals&terléegl s%avmg less

e process accor to any one of the precedi
hhm il 0A9, ppwhefreitivles én'adngao@am tliagwict abt é nfigonyad les ﬂ@n 1 ppm each

' t epd ch is characterized by a KVi oo of
é\tﬁgﬁ“&%ﬂt‘%b%bgu?ép@%o cSt, a MAD of 1.5-2.0, and a

Vi scosity Index of 195-220. 6 The process according
1o PRy Bt IS BISEEh %S Ll i it o
aialslacirerd sedulyycant BfidochicH is abmatteri26d bpa Kb’q)ddtof 250t & Btabout 300
géj[,da 1@[WD of 1.5-2.0, and a Viscosity Index of 195-220.

6. The process according to any one of the preceding claims, wherein said product
suitable for use as a lubricant is characterized by a KV of about 20 to about 250 cSt, and a

MWD of 1.5-2.0.

7. The process according to any one of the preceding claims, wherein said product
suitable for use as a lubricant is characterized by a KV of about 90 to about 160 cSt, and a

MWD of 1.5-2.0.
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MAD of 1.5-2.0. 7. The process according to any one of
the preceding clains, wherein said product suitable

WO 200903380@s a | ubricant is characterized by a KA/082009/034391

about 90 to about 160 cSt, and a MAD of 1.5-2.0.8. The
process according to any one of Clains 1-4, wherein
sai d product suitable for use as a lubricant is
characterized by a KVioo of about 250 to about 900

gSt, anghp iy Q;fcorhir%'tg afy o of UMmRN Q¢ %@reﬁicsﬁfarﬁd)d%% Juable for
any one of Clains 1 wherein said oduct sui t ab

61 gdbrigantds ehaciciagst by & Kdhnaofalost 2Ybig BYutH0RgSs 6“4)? MWD of
gboyt 300 cSt to about 650 cSt, and a MAD of 1.5-2.0.

10. The process according to any one of Clains 1-9,

wherein said olefin feedstock is a m xed feedstock

g\:hl ch C? r§£e§s @%éﬁﬂ% t@lahy o&fofgleﬁ}ngnql érein sai ))oroduct S %table for

al pha-o e process accordlng to any one o
Geap miubllcglt lsm@raeienzcsldqyca 6V et pinebbeteoitcStie abguthShicktieand a MWD
gfpﬂ pock which consists essentially of C6 and Cl12

a-olefins. 12. The process according to any one of
Caims 1-9, wherein said olefin feedstock is a m xed

edsto ich consi sis,.esse ally,of CL2 a
L pha oﬂiﬁ‘f E?rﬂ%ess hxche l1“|$e Aot nésghié%%?/gr HETEg o Qlegﬂieeg?t“k sa
bat e ddto, whiklecodkitts sakitliadl of Cho dlatitahss-dlina m xed
f eedst ock which consists essentially of C6, QO and
Cl4 al pha-ol efins. 14. The process according to any
one of f ﬁ%@ra&siaﬁrdm%% eihyoraif @1@1&1@0‘% J9n\éﬁ%adgtilg©l@ﬁh3‘eeastock is a
eedst qc ich copsists o an

’éﬂ?‘&g gq priackoriaeh ?%‘SIStiSSSGI"FH‘ﬁY ﬁ%%éé%dsch%%wlﬁ’&% o0 any
one of the preceding clainms, including: (a) a step of
drying said olefin feed over nplecul ar sieves so that
the wat Ehe pigsfsepteoriingstqiagy Paeef Clainsol-9. wheggn geid olefin feedstock is

& Qﬁ‘}e@ ¢dda@ek Wisich &Sists RaRndfy BP@‘E 24R)C ﬂ%lﬁ%léfﬂlg the
olefin feed fromstep (a) with a catal yst system

conprising a single site netallocene catalyst, an NCA

gTI vat ?ﬁ r@&‘gs Qcc&rdh% tlﬂﬁlly @el{)@b ¢9: @ﬁérbﬁ@glg oleﬁh geeﬂstock isa

Rto obtain a cru séparating sa
wixgd éeeps’t@cdmltlclf FQORIBtS t@pnt(aﬂy of C@rﬁlé)aardl Céldtadﬂhysxlefmyst em
(d) distilling said crude product to obtain a crude
| ubricant range PAQ (e) filtering said crude
l4ubr i cafibe pracegeaded@ingdo aipt @icnf &14ime tHcvhahiasaid lefin fedstock is a

I%Tc’xed feedstock which consists of C6, C10, C12, and C14 alpha-olefins.

15. The process according to any one of the preceding claims, including:

(a) a step of drying said olefin feed over molecular sieves so that the water content
of said feed, prior to said contacting, is less than 10 ppm;

(b) contacting the olefin feed from step (a) with a catalyst system comprising a
single site metallocene catalyst, an NCA activator, and a trialkyl aluminum co-activator, in a
CSTR to obtain a crude product;

(c) separating said crude product from step (b) from said catalyst system;

(d) distilling said crude product to obtain a crude lubricant range PAO;

(e) filtering said crude Iubricant range PAO to obtain a product characterized as
having less than 1000 ppm of particles having a mean diameter of > 4 microns and less than 1

ppm each of the metals Al, Zr, Si, and B.
-0
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havi ng | ess than 1000 ppm of particles having a nmean
di aneter of > 4 mcrons and |ess than 1 ppm each of

wo b@onresed s Al, Zr, Si, and B.16. The process BCTUS0NP4391

to any one of the preceding clains, wherein said

product suitable for use as a lubricant is

characterized by a MAD that is at |east 10 percent

| ess than given by the algorithm MAD = 0. 2223 +

[1.0232* |og (Kv at 1000C in cSt)], nore preferably

| ess than given by the algorithm MAD = 0.41667 +

[@ 725 #The @goceqq\pcg{rdq}g@@@y Qpecogttl}q preeeding|claigs, gvherein said product
Qﬁt@@l@ 'TG}kﬂsé’ 'f14 £ ﬁl%rl&ﬂl@ﬁ c‘hg‘l‘ﬁctgﬂl%@ rBy QM\E[)Wth@{ Qaf by Mﬁ@eﬁt less than

in cS

glebchéﬁﬂlgﬁiﬁfh@ MWH ﬁ@ Qg%t éb§23é1* leg (Kiviat 100° (M]%iﬂ%) nmﬁli@é)referably
ieysbtﬁér{:é%n lﬂ)nth a%gﬁlgr aMWDbﬁéﬁié@ pﬂ[)l 725G 15%3 Ek\i%t' 108 cSt)], still

conpressor "ol ic oll, turbine ol

machireferahly dese dge themven'bhéhd alporitoa MWOF= ¢ be) 1rh+1[0,44922* log (Kv at

fdﬁé elg ﬁonpr|3|ng using the lubricant in a wet
earbox,”“clutch system bl ower bearing, w nd turbine

gear box coal pulverizer drive, cooling t ower gear

E-P)rfr’pr glslgg %Hca}{l? mallé By thenlggcrg:lssnof Cq,LImV{s 'witein %equlyrlcant iny gear oil,

bearing oil, circulating oil, compressor oil, hydraulic oil, turbine oil, or machinery grease.
18. The lubricant of claim 17, further comprising using the lubricant in a wet

gearbox, clutch system, blower bearing, wind turbine gear box, coal pulverizer drive, cooling

tower gear box, kiln drive, paper machine drive, or rotary screw compressor.
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