LOW MOLE ETHYLENE/ a- OLEFI N | NTERPOLYMER AS §ANT O LS
FI ELD @%b@@%@éﬁﬁd\l [1] The invention relates to | ub?ﬁ?@ﬁ%ﬁﬂg}@mgsi tions
containing a | ow nol ecul ar wei ght ethylene/a-olefin interpolynmer as a base
oil and optionally containing one or nore additives. BACKGROUND OF THE

| NVENTI ON [ 2] NMOOR MIOLEBECULAR WEIGHT ETHBNLENE oOI ABINUNTER POLAMERS
applications such as notor oil SASIBASE HUBRICANTUWHSS gear oils, power
steering fluids, shock absorber fluids, brake fluids, hydraulic fluids and
greases. The |ubricant conpositions can have various functions such as (1)
controlling friction between EIRIAOFTHE INNENHOMts: (2) reducing wear of
novi ng parts; (3) reducing corrosion of surfaces of noving parts,

partiscul ar [11 net al Taumferdmem; relatep tol lubpicany camphsitiposdontdiniok ailew gedestlarand (5)
formng a .seal, qn the I.Is of engine cylinders. Each |ubricant conposition
can cont\é{?lﬁﬁtaeﬂﬂ)‘ag%e/ %?}e\%%dﬂt,%r@%ﬁﬂgqs 3“8%0‘[1 ﬁ%‘%%tb%a@&tc%tﬁfm%g YSB™EEi on of
addi ti vegidafvesodi fiers, such as viscosity index inprovers, pour point
depressants, dispersants, detergents, anti-wear agents, antioxidants,
friction nodifiers, rust inhghicaERoUSd) OFSTIAR (INVENeITON S, denul sifiers and
anti-foans. [3] The base oil 1 n various Tubricants are Tornulated froma
range of na4yur al tihet i ' | s I ons
thoreof . TRY base ortRddiicetit SuposRlonP AONTREf eq HEAiiR oFAERY | 2

| ubr 1ocanduch ps mokatiailg, @ardshissibrl fhyids, gsdlsapowsy staeving dluslsy flmckes or renovi ng
heat and wear particles I 1. e keeping friction m ni rum The base oil
al so fun%b(ng’ﬁ%BH’és’d”El‘éerﬂ‘i“ # hB’S‘Fa“sgﬂu%ﬁém‘ééﬁaquv eﬁwgfca%hance t he

proper t i &sn@sittol€ catfveGaRbus e AR%EIPA () bORFRfiRY BictibR beRstichr €d to keep
the additives 1 n solution under all normal “working conditions. [4]

Pol y- a- ofuefanes ¢f trndsg parts; €2)sypdudieg wearlpf draviegy protss Giedisingreomesidel y used as
| ubri cant,. base oils. .Various pr rti of. PA ke. them sui table for use
25 | uby | LTSS 8 T TorCe R PARRY el sEHsr 0 eGSR i oi s,
gear190i | shocRiflgf£ an& £5) fHaMRY alscal NPEe WaBE oh@istnd 8eind&baFaet eri zed to date

have |imted oxidative ) ) i o
lubricant composition can contain a base oil and, depending on the application, a

combination of additives or modifiers, such as viscosity index improvers, pour point
depressants, dispersants, detergents, anti-wear agents, antioxidants, friction modifiers,
rust inhibitors, corrosion inhibitors, demulsifiers and anti-foams.

20 [31 The base oil in various lubricants are formulated from a range of
natural or synthetic oils or polymers or various combinations thereof. The base oil
has several functions; but primarily it is the lubricant, providing a fluid layer
separating moving surfaces or removing heat and wear particles while keeping
friction at a minimum. The base oil also functions as a carrier for various additives

25  that enhance the properties of the lubricant. The base oil, therefore, is required to
keep the additives in solution under all normal working conditions.

[4] Poly-a-olefins (“PAOs™) are synthetic hydrocarbons which are widely
used as lubricant base oils. Various properties of PAOs make them suitable for use as
lubricant base oils in engine oils, compressor oils, hydraulic oils, gear oils, and

30 greases. However, PAOs that have been characterized to date have limited oxidative
stability and limited biodegradability. The cost of producing PAOs is relative high.
Therefore, it is desirable to manufacture a lubricant base oil that is more cost-

effective and has improved in use life-time than the current base oils for lubricants.
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stability and |imted biodegradability. The cost of producing PAGCs is

relative high. Therefore, it is desirable to nmanufacture a |ubricant base

oi | that we wsw®2est ef fective and has inproved in use Ilpcrarsticomodssin t he

current base oils for lubricants. SUMWARY OF THE | NVENTI ON [ 5] The

af orenenti oned needs are i QUS of the inventions. Provided
< @) NI e 0i1 and at | east one

oi| additive. The base oil conprises an ethylene/a-olefin interpolymer. In

certai n &lbodi nebhesaforementionsg neqdy are shas oy yafipgseaspesty athehas a nunber

aver age_nmol ecular . wei l.e an | . erein the

et hyl gﬁg%gmp%l t?olvhdg'? 'r1]1? %ﬁrb%fley}%?caﬁégomap O%%%g%: ﬁ@?ggg%gt%g%nmg}%ﬁc%hel ut es

bet weeRast GRS oR BEdIHFETTheBRB ofl lcafiprisékanesdhyendi@-oldRERnteghiy@et €hi zed in t hat

the fraction has a nolar conobnoner content of at |east 5 percent higher

t han tdeathinofmizodioenss tbdbétbylensidertefin inpérookymienhas polpheraveraget i on el uti ng

't o pBPIFAEAT Haeht HACS R LoRbAOALH §eol 3R S L b s liens Ly, - and
mol ar Eét?ﬁgﬁgt@{m%%%(jlgéul{ub?&%@n%&mwgB!at%ve%iwl@éﬁd Wopd lvﬂlgﬁo percent of

that o ene/ a-olefin interpolyner. n one enbodi nent, the
et hyl efiatianatcé ising TRES; pledryctenizedse that thetfreetibubad @ molarcompoeimei ons provi ded

herein has at l|.east one |.ecul ar, fraction i ch el utes. between 400C and
1300C %’?&’iﬁ P%%??%&l&?@ﬂnﬂgg%%@é}% ‘gﬁaﬁog’@?\,@\ﬂ%ﬂ&?’fﬂ eﬁ‘ﬁ’éetnet he fraction has
a il oClidrpsigherfradionleffie HdtwecdHe sHnd RuipeRiired vHaekiR sal@! ecul ar wei ght

di stribution, MW M, greater than about 1.3. [7] In another enbodinent, the

et hy| eraipargile fandomrethaiens) ipteepolymerchas the same ebrdnemst (sramdesiamahs provi ded
her ei n._has an.average, bl ock index greater, than zero and uyp.. about 1.0 and
a nol el&’a?’érd%{)\%}aygﬁ?ﬁ Plaf SOIRORIBH coﬂ%}“ﬁﬁ’,aseéiro @8?}"%10;16%06}%[8? tw@?%. [8] In one
enbodi nepdreed: BE tHat!bf the amiylcnepelsiib iMerpeRaREi ses the et hyl ene/ a-ol ef n

i nterpolyner that has a nunmber average nol ecul ar wei ght range from about

1000 to d@but 50mOng/emdlodimen, the ethalencienletin inderpelymataised iyhene/ a- ol ef i n

i njer mer has a.nol ecul.ar, wei gh i st.ribution. ran I about 1.5 to
ab%sﬁt Iol?ll.i”é(.:"mlt ﬁm@g?%%?rﬁ pé%g%c{ %ﬁ]flgl,ag Pﬂlggs toﬁf/fn é)lrl1eec}1 glfgﬁagﬁ?%wﬁln erpol yner has a
Br ook él@fedl byiveeR 30y arld IBIP@MIeh flactinatdiousing3ORES] chatacterized in that

the fraction has a block index of at least 0.5 and up to about 1 and a molecular weight

distribution, Mw/Mn, greater than about 1.3.
(7 In another embodiment, the ethylene/a-olefin interpolymer used in the
20 lubricant compositions provided herein has an average block index greater than zero
and up to about 1.0 and a molecular weight distribution, Mw/Mn, greater than about
1.3.
[8] In one embodiment, the lubricant composition comprises the ethylene/a-olefin
interpolymer that has a number average molecular weight range from about 1000 to about
25 5000 g/mole. In certain embodiments, the ethylene/a-olefin interpolymer has a molecular
weight distribution range from about 1.5 to about 4.0. In certain embodiments, the
ethylene/a-olefin interpolymer has a Brookfield viscosity from about 5 to about 30 cSt at
100°C. In certain embodiments, the ethylene/a-olefin interpolymer has a pour point of below
about 0°C.
30 [9] In another embodiment, the ethylene/a-olefin interpolymer comprises a C3-Cyp 0
olefin, a C4-Cyg a-olefin or a Cp-Cyg a-olefin. In one embodiment, the ethylene/o-olefin

interpolymer comprises decene or dodecene.
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1000C. hi certain enbodi nents, the ethylene/a-olefin interpolynmer has a
pour point of bel ow about OOC. [9] In another enbodi nent, the

et hyl ene/weoab&fiorisant er pol ymer conprises a C3-C20 a- ol eCirns2@éw6009864
a-olefin or a Cl0-C20 a-olefin. In one enbodinent, the ethylene/a-olefin

i nt erpol ymer conprises decene or dodecene.[10] In one enbodi ment, the base
oi | in thell ubri%&ﬁlﬁ eabRpissLithnbase oilin dre lubrieant s@EPASHINS|UdIect ed from a
group consi A pT!
o SRS b g e O st dhishie oFh BURS ke LT Crbpes 1, HLARS
conpr iy easad sombindticds thereof. dnS:yﬂuenhetnbodmdnts;) thecbage o furditer comphisaseafaturpll 1] | n
anot her_enbodi nent, the addjti In the conpositions provided hereinis a
vi scostib ¢ sypidetic ?%F%Q@Pbméu% @Ent a dispersant, a friction nodifier, a
poyr POl fiy Adepf A0 her AnbGTHAL ledadithR iRl ¢ iofls GRVIRATRHRIA RN bi tor
an anti - agent, an antioxidant, a rust inhibitor, a thickener, or
conbi nsdosity irhlex anf)rovﬁﬂa]deﬂergeona é@mﬂntmrftwtmdmodaﬂdntmp@gr p@n‘a Vi scosi ty
i ndex rover one enbodi.rent, the. vi. dex | ver is a higher
ol ccUl ARG CTRIREL AB AL G Bt SERIOn I yhan A A FRREAE: ey O
enbod'd}ﬁ%hdah@srbéfmg@d}taﬂﬂéﬁeﬁ@ bt HBorhBindidPhefeoRi |, a transmission fluid,
a gear oil, a power steerlng luid, a shock absorber fluid, a brake fluid,
a hydraull1d fl ui Ijltme w@dm@ the idlqltlvmls@ri\é“@ﬁﬁbmdﬁémlpmﬂ% Tngbei cant
conposi tio |s In _one.e er

%r | SRROdmGh, @’8 licysqynl&g??( %%Véf‘ & %S’é) P dcglltaﬁ?’e@%r e %gé/ olféﬁl{d]et er gent,
a di spsibslabdpolyaierant i -wear, an antioxidant, a friction nodifier, a rust
i nhibitor or a conbination thereof. [15] In anqQther enbodi pent, the

| ubr i cand13lonposintangther smhodimens fhesbreant FOECSI{ON SRenARBdidrent , t he
trans Wr%ﬂn@& d‘H ﬂlﬁlg g&ﬁ gﬁ’cﬁ é Sk 3BRe Pu¥d, BERSLL %}sbﬂ)@?ﬁul’dn@ bRXEHui@af ri Cction

nmodi f i ersant, ~an anti oxi an anti-wear agent, an
extrenlﬁydirmﬁﬁ:Sﬂlm&oﬁ@@fﬁase a pour poi nt depressant, an anti-foam a corrosion

i nhi bi tor or a conbi natiaon there 16] I n one.enbo n t he | ubricant
colosi ti W is a Ig@%frenehqdlm? %ﬁ&@ﬁ%@dgoﬁﬂ%‘?ﬁltlof‘ﬁ%a H’é’gql%glr hhf’ﬁ?t her
CONPr i §HBodAmMEhS BRIhEWr bil Bithel BRHANKS a BItoSEY Ind¥e fhpro@ét, a pour point

depressant, a detergent, a dispersant, an anti-wear, an antioxidant, a friction modifier, a rust

inhibitor or a combination thereof.
[15] In another embodiment, the lubricant composition is a transmission fluid. In
20 one embodiment, the transmission fluid further comprises a viscosity index improver, a
friction modifier, a detergent, a dispersant, an antioxidant, an anti-wear agent, an extreme
pressure agent, a pour point depressant, an anti-foam, a corrosion inhibitor or a combination
thereof.

[16] In one embodiment, the lubricant composition is a gear oil. In one

25  embodiment, the gear oil further comprises a viscosity index improver, an anti-wear, an
extreme pressure agent, a rust inhibitor or a combination thereof.

[17] In another embodiment, the lubricant composition is a grease. In one
embodiment, the grease further comprises a viscosity index improver, a thickener, a
compléxing agent, an antioxidant, an anti-wear agent, an extreme pressure agent, an anti-

30 foam, a corrosion inhibitor or a mixture thereof.

[18] Methods of making the lubricant compositions comprising a base oil and at
least one oil additive are also provided. The base oil and additives used herein are described
above and elsewhere herein.
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extreme pressure agent, a rust inhibitor or a conbination thereof. [17] In
anot her enbodi nent, the lubricant conposition is a grease. In one
enbodi mrenvo 2éweiogrsease further conprises a viscosity ingexr/usopcovsss a

t hi ckener, a conpl exi ng agent, an antioxi dant, an anti-wear agent, an
extrene pressure agent, an antifoam a corrosion _inhibitor or a.m xture

t her eof . [1918]  Medddsdenabpsnesisios gheipeention and sharacienisiiss pad BIOBCESHBF i sing a
b L Ny AN As . . _ 2
naa t gt SuflqiimBRSbr an ot BEedhe fryhhy UAAPLANMAR YesBRURESS, O 1 21

Addi ti onal aspects of the invention and characteristics and properties of
vari ous enbodi neDESCRIPTHEN EMRODIMENER Offel Talp IS VENTION h t he fol | owi ng
description. DESCRI PTI ON EMBODI MENTS OF THE | NVENTI ON General Definitions
[ 20] enexal Pefigitigns 5 pol ymeri c conpound prepared by pol ynerizi ng mononer s,
whet her t he SRS | veldkicles bl &0l zingol ymer "

en%r acesﬁto e terns ﬁ{)rrrgegg%%&n)grr "cogg)loﬁggr,egﬁgt&e?%&y?ﬁdgr "@gs wel | as

"i nt ermpatopmes, wheiltJof tHersamepu lififerenttppm sThe geokesietarmgipelyaesd by t he

pol ynmeri.zati on of at, | east twq different,.t S of .nm rs. The generic
term "‘?"ilhr%‘?eﬁgﬁl?tr‘?gps homqRotact thIBOA}’%eF»CC}g%’B&%?I“ e ( Wﬁnli?g is usually

enpl Oy?ﬂeﬁagl}fn?écr?r to a polyner prepared fromtwo different nononers) as
well as theterm"terpolynmer"” (which is usually enployed to refer to a
pol ynmer Mpar ed'Inﬁem?xrmrémws # pelamer pigpated by thopelaegsatiopof af 5o

[ THERE B BRATS s PL PR MR eshr kR udtbo SR hIPERIAL o0 e s

conpr i gim geoplolyhen ewhioh isusuall pempioged aviefy t@a polymut erepared drona tveors .
Preferabhly, ethylene con]i)ri ses the naj ori,ge/ nol e fraﬁ%i oq of . t he whol e

pol ynediffefentmonemess) anwell aniheitaray tgpolyasst (el s wbalhoearlg¥sdnt of the
whol e ng%rr ; b @t jgrst about 60 nole
percen@?grgﬁﬁ)g st gﬂ%&fefd%&gmlt) %@%@é%:%ﬁﬁp%g?p%t ﬁﬁggs}t about 80 nol e percent,
W th tdeosphstapdlymlersrade bydenlyroérizihg foun o mopotypaeef mompnérsi ng at | east one

th hat is, f I -0l ef,m havi b
2t B, PO many BesisrenePaEnRe e By APt ko ReRedh rEsLt  on

comprising ethylene and an o, -olefin having 3 or more carbon atoms. Preferably,

ethylene comprises the majority mole fraction of the whole polymer, i.e., ethylene
comprises at least about 50 mole percent of the whole polymer. More preferably
ethylene comprises at least about 60 mole percent, at least about 70 mole percent, or at
20 least about 80 mole percent, with the substantial remainder of the whole polymer
comprising at least one other comonomer that is preferably an a-olefin having 3 or
more carbon atoms. For many ethylene/octene copolymers, the preferred composition
comprises an ethylene content greater than about 80 mole percent of the whole polymer
and an octene content of from about 10 to about 15, preferably from about 15 to about
25 20 mole percent of the whole polymer. In some embodiments, the ethylene/a-olefin
interpolymers do not include those produced in low yields or in a minor amount or as a
by-product of a chemical process. While the ethylene/a-olefin interpolymers can be
blended with one or more polymers, the as-produced ethylene/a-olefin interpolymers
are substantially pure and often comprise a major component of the reaction product of
30 apolymerization process.
[23] The ethylene/a-olefin interpolymers comprise ethylene and one or more

copolymerizable o-olefin comonomers in polymerized form, characterized by multiple
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conprises an ethylene content greater than about 80 nole percent of the
whol e pol ynmer and an octene content of from about 10 to about 15,

pr ef er ablwofwesmozizout 15 to about 20 nol e percent of thecwhsh@scpodsgser. In
sone enbodi nents, the ethylene/a-olefin interpolyners do not include those
produced in low yields or in a mnor anmount or as.a by-product of a

chenmi delpcksrosseameentsy/ g twe qriveote pRiyMSEiZed monemehuRits diterang mphemigghobe bl ended
with o r -pol Sl ) 3 -glefin interpolyners
are sLfrbhg'?l{a%ﬁ]tl?qg]lg%&pu@%ﬁ@%@ﬁéﬁ%@%ﬁﬁg@%ﬁ?@éﬁQ‘%{)bqrr%cgénent of the reaction
pr oduciintegpolgmprg] proferabl@irubtivbpick ¢esolyindkds offtopobstnnrh.eTikd wrmab ef i n

interpgl ymers conprise ethyl ene gnd one or re.copol yneri zable a-olefin

compnoraeEolyneso By EeRolERe GFased patprcBangenbly Memin. (0095 ebl ocks or segment s
of & wo A |t ' i [ ' or physi cal
pr o5 per ?nl(?léos : 5’? H% }s{ﬁﬁg EEO%% tc%cpgﬁg %1- EH eel?l? Iﬁégnfrt\%e%}g%le ;&;ﬂé@ﬁg@g Ileg ck

i nterpolyners, preferably nulti-bl o€kB)nterpol yners or copol yners. The

ternms "jnter.pol r" apd .copolyner” are used intercha I r.ej I n
Sore. eHBGBFRAL L2t e LY PR e @Ba P SUh Bt Pebrediri ety fhe

fol I owsqgof 24, %y &9, lﬁé@r%im,r‘%’ﬂegéséi&s 4 BAGtldok d¥sefBER ALY “BM rditRARS
greater than'1l, such as 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 70, 80, 90,
100, oa sdft Yleek or segimente retoeatty As anadrBs d biokedbin aswlystariiallythearsfashiepr asent s a

soft block or se nt....Preferably a s are 1inked jn substantially
| i earol?pé’g?ff)t(?n? SL&’E%S%E)@% r&n&&?%é’rs%@hatrf%ﬁ%rryﬁﬁ?eeéin%%ggn‘oilﬁ %@%st antially

st ar - shapaEmbAs A ®lockt BndBMescke aRodhadhllySlistAbitkd aloag @chbdByhéahist. dne
random y distributed along the palyner chain. In other words, the block

copol yefeeswerdsdhe blogl copalymensaisaallst darat e astrycipe ghdollorga- AA- BBB-BB I n
still other enbodinents, the b Ig_ggpg?g@ﬁ do not usually have a third
type of block, which conprises different conononer(s). In yet other

enbodi Iestillsotheaatbodimdit dke Hoencbpolyandes Bo hasuswaihphsresa third cyrenfdbenks

substantjally randopdy distributed within the bl.ock. In o r rds,
ol hemhish seRPR R RB IO TogIFET Sl o et mht e Sh gh Bl A

subbl i i t g g ) : s 3
3ubb o6ie) pfas HiopblidEl or AIRABEHA s By A RishRAEINHCHobe

erent conposition than"the reSt of the block. [24] The
mul t i - il wbé potly,meitBerthipikeA inby blockPrdoswrises iveusr aemssnb-segmenthér gub-

blocks) of distinct composition, such as a tip segment, which has a substantially different

composition than the rest of the block.

20 [24] The multi-block polymers typically comprise various amounts of "hard"
and "soft" segments. “Hard” segments refer to blocks of polymerized units in which
ethylene is present in an amount greater than about 95 weight percent, and preferably
greater than about 98 weight percent based on the weight of the polymer. In other
words, the comonomer content (content of monomers other than ethylene) in the hard

25  segments is less than about 5 weight percent, and preferably less than about 2 weight
percent based on the weight of the polymer. In some embodiments, the hard segments
comprises all or substantially all ethylene. “Soft” segments, on the other hand, refer to
blocks of polymerized units in which the comonomer content (content of monomers
other than ethylene) is greater than about 5 weight percent, preferably greater than

30  about 8 weight percent, greater than about 10 weight percent, or greater than about 15
weight percent based on the weight of the polymer. In some embodiments, the
comonomer content in the soft segments can be greater than about 20 weight percent,
greater than about 25 weight percent, greater than about 30 weight percent, greater than
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and "soft" segments. "Hard" segnents refer to bl ocks of polynerized units
I n which ethylene is present in an anpunt greater than about 95 wei ght
percent, wodogw®besably greater than about 98 wei ght percenis2amesson the
wei ght of the polynmer. In other words, the conononer content (content of

mononers ot her than ethylene) in the hard segnents is | ess than about 5
vei ghtabput Feweightpricest. ereateihan shoyt 49 waighhpergentoerpatrihan AR ARt based on

al | orvaueRlse B Y oh e CRTRA AN Tl S B ARV QT RRIRE © nar

ref er gefcedt.ocks of polynerized units in which the conmononer content

(content of nononers other than ethylene) (s greater than gbout 5 wei ght
per cent , [ ef er abesofrsegnents campiten s press i Rockh Bieraplymey 185} er t han about

&gis‘é"ﬁita%la tPWefggng{aercéHt 1G5 95 WA paleiortRe 1Rl W eHRBF AR Modased on the

of the yner. I'n sone enbgdi ments, the cohononmer content in the
sof t siatpeiiyeer arefirebly fieat avout haveighi patceBOtoabogtftS weightgrercentyfeemt er t han

bout 25 | ght , .th t 3 i ght. t
* hanabtob SE GisAGRalL Rt Oy st Pore il e s WDl lent . o eat er
than abpui s5weitht SditerR s EB@th@Qﬁéi?dt ;J[ehﬁﬂt Rhesht Sw¥RhORcder cent, or

greater than about 60 weight percent. [25] The soft segnments can often be
pr esenfrommabentSovtightriesepbloyabent 7 weighbeareent, fypn gheut 30rvédght perreabout 99

wej ght, percept of. t he t ot.al i of .th | ack, | nter referably
Frise oo Pk B {58 85 1t PP Sl P BRlenf O °16
wei ght fr@ia et ot weighQdiceBDioboghé0 weiphepdreents @froababtut 45 weigtght percent to
about 85 wei ght percent, from about 20 wei ght %ercent ti) about 80 wei ght

£

per ceriercent nahalbdt wemhipsreent op tiedetst weighhplbthe blosk jepely s cent, from
about ' [ n gﬁl&g t 35 wei ght
percen? ‘)og?gaeg%}ﬁquag&\%%&%ehﬁ %g?% rﬁ‘fzs,gn%g%ﬂ% gﬁﬁéég,oﬁ“&%%% ig@ pergent to about
60 wei wbighpetrcmtdge and tHertawd sdpment #bighepeahentper @are chloulbmitas&bomei ght

f_the tot i ght _of  t | ack i nt | : ly, the hard
Cetrortaes ARG TrOOS T NVIR, e A end CHRLBGuR e grared e gt
per Cen&ﬁlggliraﬁﬁ' fiieg U@rﬂt%?gﬁ%%&%ﬁisﬁﬁﬁ 6! cent ageisRR viknd@beil,at ed based

1
on data obtained from DSC or . Such met'hods_and cal cul ations are
di scl oAtomey Dockebu BBEOA3-YPKI5E B cantitled: Etbatennte-@lshinileek on Serial No.

.(. :E'? ﬁs{%h%@?@%gs?m?egpﬁi\ﬁﬁéﬂ ?g, éB%%,k ﬁtthé\lrcl)ame?’ g’? 80 tn 8%9 %ﬁa%i, L%%fet led
Hazlitt, et. al. and assigned to Dow Global Technologies Inc., the disclose of which is
20  incorporated by reference herein in its entirety.
[26] The term “pour point” as used herein refers to the lowest temperature at
which the oil can be poured , as measured using ASTM D 97.
[27] The term “multi-block copolymer” or “segmented copolymer” refers to a
polymer comprising two or more chemically distinct regions or segments (referred to as
25  “blocks™) preferably joined in a linear manner, that is, a polymer comprising
chemically differentiated units which are joined end-to-end with respect to polymerized
ethylenic functionality, rather than in pendent or grafted fashion. In a preferred
embodiment, the blocks differ in the amount or type of comonomer incorporated
therein, the density, the amount of crystallinity, the crystallite size attributable to a
30  polymer of such composition, the type or degree of tacticity (isotactic or syndiotactic),
regio-regularity or regio-irregularity, the amount of branching, including long chain
branching or hyper-branching, the homogeneity, or any other chemical or physical
property. The multi-block copolymers are characterized by unique distributions of both
-6 -



I nterpolyners”, filed on March 15, 2006, in the nanme of Colin L.P. Shan,
Lonnie Hazlitt, et. al. and assigned to Dow A obal Technol ogies Inc., the
di scl ose wb 20é5/0b1sss i ncor porated by reference herein ipciriss2@stobssty. [ 26]
The term "pour poi nt as used herein refers to the | owest tenperature at

V\:hl ch the oil can oured , as neasured using ASTM D 97. [27] The term
" ul tlpfdy@élkerﬁ:lﬁpl@ﬂ? DI s MwAdBhblnackd enﬁlpdlsm’p@tmn,w@fi@r black nymbet yrer

COmD | SRR IR R R PSR 1 05 o 0 00" SAEROY (1 o v Lo

conpr i whewpwdessddalal cyontimicfue pegtbssatiecolyihérs deditadly gssess PDI€dne nJ-tb O- end with
respect to polyneri zed ethyl enic functi onal i ty r at her than i n pendent or
gr af t e 9f BisHray fiom B8 o dPemorsprefpsehly fiomt 1.8t 2prnskimestareie@bli n t he anmount

or 0 t of
oryii PR W?h%ﬁ SfpAEA Bikch BEfeBhiher %P%?éh%?‘%lzﬁgﬁsﬁ%#gsuch
conposPbI from 1.6¢0 Efbpﬁefuratﬂyem)ﬁel Bfto 2Actrnioes pmfe(ralﬂpﬁaﬂt 1.4 to2.0symtli ot acti c),

regi o-regul ari rre rregularity, the anmount of branching, including
| ong cWQ?trP Bfeéaa%%ﬁ %er- branchi ng, the honogeneity, or any ot her

cheni cal [sf) physmﬁb f&!&ﬁﬁgwscngh@n raulrﬁﬁnﬂ%k%ksvﬁe@ﬁé&m%é are characterized
by uni que distributions of hpol ydi spersity i ndex (PDI or Mw M), block

I engt hapfireximakavalegs, regamdlass wbbtbcMhnMéf‘ahhustwn “‘lappiosimaleieistused ine  uni que
cess nmaking,of the.copol ner . re specifica en produced in a

PRt § nimtes Popgeuths 580 BiBhCen L BrRalyS Pisetos et o sSNES o 5"o!

pr ef er abta2d patRnt. Wﬂeﬂe‘?erﬁ nuﬁléh@alﬂﬁﬁéeesﬁ/ﬂbh%\iféﬂfﬁnl I dr@ & uppeand nost

preferably from1.8 to 2. When produced in a batch or semni - batch process,

t he poligpifeRs. isdisskosed, pay nﬂmbfm fallipgtvaittpn the ippestis spasificaily ghigclosedt e 2. 5, nore
pr ef er?‘rﬁ*l&l&f 11w &n%erf\f}féhﬂqn% a@é%%u%\r/ﬁg&éc% [OfRctosgat © 1-8. [28] In

the fol T OW ng descrip arein are approxi mat e

val UeSR‘RéQa‘T(RPEIS[S Wﬂf&éllﬁ&r is bivariswle dangﬁig)ﬁi@m logercemp iy 100 peRdedt wiith aused i n
connection therewth, They may vary percent, 2 percent, 5 er cent, or,
sohet i hdereenigngrgmspt, b%rké?nl pervmn%%rﬁela %B?Fﬁ?ﬁtc‘hperpaﬁg%pwc@m & Yower linit,

RL andpgBe4) er!:élfi“ $2p conf. . 95’b§1%€1&3961p?1‘g€}}fa§rmﬂé}ﬁént ﬂfér%t Wot hi n the

range Ps specitica osed I'n par e fol1ow g nunbers
wi t hi nperbenty @nide mrcan’s ri‘dorebvcxahﬂl}ymdn@mdabmge detaiRidy thialR nlinperswberein k is

a vari ge%n%drlg ﬂ%i arllagvé {soarlgolspg01£igﬁp dlsccfos go percent with a
Lubricant Compositions

20 [29] Provided herein are lubricant compositions comprising: (a) a base oil;
and (b) an oil additive, wherein the base oil comprises a low molecular weight
ethylene/o-olefin interpolymer. The amount of base oil in the lubricant compositions
provided herein can be more than about 50% by weight of the total composition. In
certain embodiments, the base oil can be from about 50% up to about 99.99% by

25  weight, from about 60% up to about 90%, from about 70% up to about 80% by weight
of the total composition. In certain embodiments, the base oil in the composition is
about 50%, about 60%, about 70%, about 75%, about 80%, about 85%, about 90%,
about 99% or about 99.99% by weight of the total composition. In some embodiments,
the lubricant compositions have a kinematic viscosity at 40 °C between 5 and 250 mm”>

30  /sec; and the total acid value thereof (according to indicator method) preferably falls
between 0.01 and 0.5 mg KOH/g.



1 percent increnment, i.e., k is lpercent, 2 percent, 3 percent, 4 percent,
5 percent, ..., 50 percent, 5 1 percent, 52 percent,..., 95 percent, 96
percent, Wo p&rwerst, 98 percent, 99 percent, or 100 per eemtus2ddanedser, any
nunerical range defined by two R nunbers as defined in the above is al so
specifically disclosed. Lubricant Conpositions [29] Provided herein are

| ubri cant conposBasedMds conprising: (a) a base oil; and (b) an oil additive,
wher ei n bas | ene/ a-olefin

i nt er pol ;I/%@ e]él?ééﬂl%ﬁ%{ﬂ?Eérﬁﬁis;@oﬂg%}(’b\f{ﬁécfﬁéf& u%&ﬂgg{%{n Ig%)frar)}cp\}o& tions provided

her ei nm@ﬁﬂulbﬁw@@hﬂethﬁ@ﬁb/@bﬂéﬁn bpdlymeealghd aihe bhe dibérads adderpiosi ti on. Li
certain enbodi nents, the base oil can be from about 50% up to about 99.99%

by wei with other base @il imownin the arto &E@H’éougb%thﬂ%ﬁ’é?ﬂﬂ?ﬂkar?@%h&p to about 80%

é’f O%g%lglilet/ﬁx 8 e?‘m 18&%%01?18%%11& fg)e%@ oil 618 (‘g}feel{l% a{ﬁt & gosg ou£p§07 % aggﬁ te 86!% In

about B&én caﬂbelinoi)@ﬂianab@.ut%%% arighbofithe %al&@@ﬁghwfmm lyelse oilf Im he total
conposition. In _sonme enbodi nents,. the f ri can s have a

ki nenagdr@inqmekaskiments.dhe amoprt of s jourmslegpiar ‘2’8’@ F% ?E ol Wd the total acid
val ue Ifb%(ﬁ%_é ﬁlCtBQ Bgéeg‘?l] dafl Jg@?ﬁ&ﬂta%utrﬁ%‘ﬁﬁlveﬁh?ﬁﬁ 'E@Qé&ﬁt @b pybet ween 0.01

and O. | ubri cant conpositions provided herein
can cowbight fltolrtealiannmo%hgxmlahoutv%fyg Hitone eyt A% ep tolabbuh 0% by peighter al one as

t he ba 0 hli th h k t. Th
L oS brs Al R AETER Sk s e AR A e 1 SRR S, Srer The e
base 0&&1 Ee/&nﬁefhyméq_fsa?&epmm@gas@omﬁ {1 mm@mg%ﬁ@bm@m@elde@r e than

about he total weight of ase oil. In certain

embodi h@nm$ alydve SQ%nabnutéf)‘%t, hboutﬂﬁ?/mb@édﬁ%{% abrut §RYo. eboiti8sHeABOWI ef i n
interp b % by wei ght up to ‘about
100% b gé’%em"éﬁﬂ qu%r%m g§§)@ {)]%X’ g&%ts? ?gm a%out gO% uB to about

90% by wei ght of mb@ovbaﬁﬂewurwénghﬁahy&ne/aemﬁdummaymem amount of the

| ow nol ecul ar \/\/elght et hyl ene/ a-ol efin mterfp 15%@( in the_base oil in the
| uBF i cat ilAY conpdBe lavemelaspisy meight pbylens/ordeiiBigrralymersassdin $69% about

70% gig; %%((?n ggﬁgﬁ O;?rgx/f;c]l Egﬂéfn c%ﬁf@in @tlﬂ?féhe 2076nelQHEre95% about 99%

about ase
copolymerlzable a—olefin comonomers in polymerized form, characterized by multiple

blocks or segments of two or more polymerized monomer units differing in chemical or
physical properties (block interpolymer), in certain embodiments, a multi-block
20  copolymer.

[32] In some embodiments, the low molecular weight ethylene/a-olefin
interpolymers have a molecular fraction which elutes between 40°C and 130°C when
fractionated using Temperature Rising Elution Fractionation (“TREF”), characterized
in that said fraction has a molar comonomer content higher, preferably at least 5

25  percent higher, more preferably at least 10 percent higher, than that of a comparable
random ethylene interpolymer fraction eluting between the same temperatures,
wherein the comparable random ethylgne interpolymer contains the same
comonomer(s), and has a melt index, density, and molar comonomer content (based
on the whole polymer) within 10 percent of that of the block interpolymer.

30  Preferably, the Mw/Mn of the comparable interpolymer is also within 10 percent of
that of the block interpolymer and/or the comparable interpolymer has a total

comonomer content within 10 weight percent of that of the block interpolymer.
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The | ow nol ecul ar wei ght ethylene/ a-olefin interpolynmers [31] The | ow

nol ecul ar wei ght ethylene/a-olefin interpolynmers used in the |ubricant
conposi t iwoeoyisded herein contain ethyl ene and one oPCTS2006/009855

copol yneri zabl e a-ol efin cononomers in polynerized form characterized by
mul tiple blocks or segnents of two or nore polynerized mononmer unjts

di ffering33in chdmothar egbogiments e ipvensive dow mal¢sulss preight elybmgeeelpting
certai.n, enhodi ne gt - b 1. r, : ' ts, the
ow oSBT e htec AR i R BRRRIER, aniehich T A0E SAPPALIRR.

f ract i gntowbogil .6 bid £ mobeulse erigh®dlstitndion QG Whpesntdrithat dbontit.8d Thsi ng
Tenperature Rising Elution Fractionation ("TREF"), Ehar%g;e%i zeld in that
sai d f3vaeagedipdkdedes, Abilds theoweabiierags ot E*mblqﬁg dx 105 PRANERTART DOIATT east 5
pergeng. ogg]gﬁtaingﬁ’ff%lef)frfaﬁ{}MFﬁo Sget afxﬂiol 1P G al'irQfedent bHe L hat of a

corrpara% e random et ene I nterpolyner traction eluting between the sane
tenperatures, wherein the conpar abhg[eaﬂc{m@) hyl ene i nterpol yner contains
t he sane conononer(s), and has a nelt iMdex, density, and nol ar conononer

content (bawhéeke B1; it e Bibel @deofor iritactibh bf the bvapere ethylené/otdiefin of the bl ock
interpolyner. Preferably, the MM Mh of the conparable interpolynmer is also
wi t hi nintepeimerehtaised impepapiivenERBY.GaRk wids Bepaiigiwercshiges et aéhc onpar abl e
interpﬁlﬁ(%%ﬁr has a total conmononer content within 10 wei ght percent of that
of the ock interpolyner.[33] In other enbodi nents, the inventive | ow
moleecul anf34jei ght Fatdayh polgmeafrattadny B it defimed hyrene bfthe e daleving equatiypnan

aver age hl ofck index, ABISwhich is greater than zero and up to about 1.0 and
a nol edQie! Wik give fhstamaBt YAIE): Mv Mh, greater than about 1.3. The average

bl ock index, ABI, is the weigh{ ayefage of the EI ock,d ndex for each of the
pol ymer fractions obtai neBl + / oy 81 k C and 1100C, with an

increnent of 50C : ABI (VB )1/ éﬂéTfBI |;ovi s t hd"bk Gclwppmdex_ for ith fraction
TREF, and VIVIFE Toris U R Ba s L EAGBn ResH B 7 IR ERedtPal] “For “each
pol ynep, dfeably QpresBld inKdiehd,P5ds B e mblagrdcubn frlthoith Rectesiyahicdns (both
of whi ch give the sane Bl val ue): )
15  can be measured by NMR or IR as described below. Pg is the ethylene mole fraction of the
whole ethylene/a-olefin interpolymer (before fractionation), which also can be measured by
NMR or IR. T4 and P4 are the ATREF elution temperature and the ethylene mole fraction
for pure “hard segments” (which refer to the crystalline segments of the interpolymer). As
first order approximation, the T4 and P values are set to those for high density polyethylene
20  homopolymer, if the actual values for the “hard segments” are not available. For calculations
performed herein, Ty is 372°K, P4 is 1.
[35] Tag is the ATREF temperature for a random copolymer of the same
composition and having an ethylene mole fraction of Pas. Tag can be calculated from the
following equation:
25 LnPag=a/Tas +



bj = HIx -11T O_ or Blt= LnPx x -LnPxo 1/ TA-UTM LnPA- LnPAB where Tx is the
preparative ATREF el ution tenperature for the ith fraction (preferably

expr essedwonoeloyisd), Px is the ethylene nole fraction fpon/usbeeioddsss
fraction, which can be neasured by NVR or IR as described below PAB is the
ethyl ene nol e fraction of the whole ethylene/ a-olefin interpolymer (before
fractionati o¥ere hAnd B azn e constapis whichseande dejermivrddy calibratipansin®aA are t he

ATREF el uihi I ' f.or_pure "hard
S gront oo R RRRERAIIH Sl LBFIFRP RAGQUR b pbleh Thd: Bk MBI LGy Mo
first draemsapmeonid imstinorent. t Mercbien dndhouldl nees tadreats ieitt ®wvit Bfeatfgar hi gh

densi ty pol yethyl ene honopol yner, if the actual values for the "hard
segment® 'eé%’/lgl POQYW cay %S.l‘}{%Pfléléqr%%ﬁ%@ plsp i peprlar melecHlsr wieight BRgEs 372K,

PA ks ks tHedRdctibAB Tl%réh Re ﬁg%okeﬁisfgﬁigﬂﬁgﬁféc?r If%hd %ﬂ?ﬂoﬁ%ﬁ&e‘@%ﬁ%‘caﬁfedt he

same conposition and having an et e fraction o can be
cal cul drosgisiprilanmolesulap et repges) wath effect oulAB @échARlly néplipitle. Bogehdar e two

consta i ch can be term ned by calibration using a nunber of known
r andom%é}%ﬁwn%eﬁl > 5%@8%@?6 Clopogrr%qﬁ%/ Ba%ﬁé' tﬁS?@kW‘ﬂ%{elﬁgﬁ’éhlﬁhay vary from
instrument to instrunment. Nbregﬂgr;_zgagyp#hqmg@to create their own

calibration curve with the polynmer conposition of interest and also in a
sinilar nol dealisthe iR tempetpsirgfor aeanflormcopolymer Fhike sans campbsititt and

mol.gcubar: wei { calibration cu i s.optained fromsimlar
s L Sﬂ‘?fle?l%%g%% ,fraés%"é‘h"qufxf oo af op Gsiled Suand PHPI# y "’2’@@ Téible In
some  efoadémen By, is drciml eidnibefecton rarandons 8épotiter dfahd QinhoOW ng

rel ationship;. LM =,-237. 83/ TATREF+ 0.639 Tx0 is the ATREF tenperature for
ar and(‘iﬂ‘inEB%B‘P%/ haying aeA EREE tempsiakire ¢loho avhichepnibegalenlatadyoraia ol e
fracti an,pf +fx. Tco can be calculated fromLnPx = a/Tco + b. Conversely,
Pco is the ethylene nole fraction for a random copol yner of the sane
conposi ti[8A] and ket thy tockATREE or eagieprapatativedf R AE Babiichis oBrired, gal cul at ed

198 LOcR0afl blalk inh B AT 55 hE SnBle el ten vl Shiesiagn, B ohayr ati ve TREF
embodiments, ABI is greater than zero but less than about 0.3 or from about 0.1 to about 0.3.
In other embodiments, ABI is greater than about 0.3 and up to about 1.0. Preferably, ABI
should be in the range of from about 0.4 to about 0.7, from about 0.5 to about 0.7, or from
about 0.6 to about 0.9. In some embodiments, ABI is in the range of from about 0.3 to about

20 0.9, from about 0.3 to about 0.8; or from about 0.3 to about 0.7, from about 0.3 to about 0.6,
from about 0.3 to about 0.5, or from about 0.3 to about 0.4. In other embodiments, ABI is in
the range of from about 0.4 to about 1.0, from about 0.5 to about 1.0, or from about 0.6 to
about 1.0, from about 0.7 to about 1.0, from about 0.8 to about 1.0, or from about 0.9 to about
1.0.

25 [37] Another characteristic of the inventive low molecular weight ethylene/o-olefin
interpolymer is that the inventive ethylene/a-olefin interpolymer comprises at least one
polymer fraction which can be obtained by preparative TREF, wherein the fraction has a
block index greater than about 0.1 and up to about 1.0 and a molecular weight distribution,
Muw/M, greater than about 1.3. In some embodiments, the polymer fraction has a block index

30 greater than about 0.6 and up to about 1.0, greater than about 0.7 and up to about 1.0, greater
than about 0.8 and up to about 1.0, or greater than about 0.9 and up to about 1.0. In other
embodiments, the polymer fraction has a block index greater than about 0.1 and up to about
1.0, greater than about 0.2 and up to about 1.0, greater than about 0.3 and up to about 1.0,
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wei ght average bl ock index, ABlI, for the whole polynmer can be cal cul at ed.
In sone enbodi nents, ABI is greater than zero but | ess than about 0.3 or
from abouwwoQods/foo1sabout 0. 3. I n ot her enbodi nents, ABl ipsTgRe@GB0ISEHAN
about 0.3 and up to about 1.0. Preferably, ABI should be in the range of
fromabout 0,4 to about 0.7, fromabout 0.5 to about 0.7, or from about 0.6
to abo@eHer har}%bogbﬁé 28 H8de AR 4.0, apprepter than mheutOxheyud i tofabewt kBolit 0.3 to

about 8, @fﬂ:k?n : om_abou ut . 0.7,
from a%ggtot%%%ﬁ%bg a oasgt}%.p%%@g}n%cgg%g?s 28513&% 31@5’63{??&69?% atggutfa(?g?ﬁl%%ut 0.3
t o aboue about 0.9, greaten¢haneabiooidd. 2rend sp todlout 6.5] grehtepthaaaBOutOf3 fddowp @RdLht 0. 4
to abog)t 1. 0f {rglm %gout &) 5dto ahQout 1.0, or fromabout 0.6 to about 1.0,

fr om aBoutt gtepter fhamabart 4 gnd vp tpa 5915 &0 et shewahodimants, e golpretabout 0. 9
to @bolﬂacﬁo@haiﬁl?]bcl@\ﬁ#dkﬁ@feaﬁ:?ﬁfaﬁ%%@ﬁt‘ 3 hid %ot At/hﬁ)g{ Q%%%%t?@tghﬁ%w legul ar

wei ght ethyl ene/a-olefin interpolynmer 1s tha

et hy| erad ab & alsaus 0i8; gesatso thamabowtdhd rid e teatbolie@ 8§ orqpreatarathgmatiout 0Acinidon

whi ch (@%?gmﬁtbt()ai ned by preparative TREF, wherein the fraction has a bl ock
i ndex greater than about 0.1 and up to about 1.0 and a nol ecul ar wei ght

di stribut38p, MV bmoBéifat@htchhiby B8 MtastkeBusihd aSPHEREERAIINRRL S, the
pol ymer fraction has a block index greater than about 0.6 and Up to about

1.0, grathteshnigues bassdian mickeanmaggsictrescabacet NMR) speceatcepy preferredbout 0. 8 and

up {ho . t n out, 0.9 a to ahout 1.0. In other
enbﬂc))di %E%téé‘,’e}tﬁgp g%’ ylrirsg(?r lgénéfég ?8?\ 5 1&"“’&%@%%%3&03& St PYASn about 0.1
and up thopaijnet dekiribly g fat factidhared bR TRERIng fastionk Caciifinglard, 0reater
than abput 0.3 and up to about 1.0, greater than about 0.4 and up to about

0
1.0, pFﬁlj‘?defS{f’é’FfaE‘Hsﬁa%(?&tl 0% or lastel That isocaghglitedifractionrhas aicpllectioner
enbodi i@hjatubd\RindWOTa Dot 6@1%5%.]Ctﬁ‘siﬂgﬁqiftegﬁrg&gehgﬂggﬁc%fat er than about 0.1

and up to about 0.5, greater than abou 0 about 0.5, greater

t han abwetpolyngrahaiep ldast adssuth fa&iondravipzesdiighertidar camtondr 4 and up to
abqut 0.5 | et ot her.enpodinents, the | ymer fraction has a bl ock index
grggt efogtﬁgﬁﬂgﬁ%ﬁ?ﬂﬁpﬁnddﬂ%ngﬁﬁl r}éﬁ%ﬁﬁmﬁ‘?gbﬂe YRERPWAMS -han about 0.3 and up
to about [B9pB, gr@@hﬁfthér%ﬁeocﬂgﬁé’f[néfg?tﬂve%b@yrﬁ& iEQn@f%@thig[ltgwéi L, greater than

about 0.5 and up to about O. Conmonomer conten e’ measur ed using
any suPtederpblytcenrisiggsthylgnerand oot ot mosscdpatyatromblecomeaomamgnet i ¢ r esonance

VR 2 by f I bl ends of pol
havi ngPoarst et by AR SR v PO BB oo BE e PR PP s first
fracti pﬂbltlmdze&mbgoﬁaﬁlﬁutsrdii(ﬁerirfgaﬁtch@fﬁ&aﬁé&cﬂhybﬁwl ﬁ}gpéi’ﬂes (blOCke d

20  interpolymer), most preferably a multi-block copolymer, said block interpolymer

having a peak (but not just a molecular fraction) which elutes between 40°C and
130°C (but without collecting and/or isolating individual fractions), characterized in
that said peak, has a comonomer content estimated by infra-red spectroscopy when
expanded using a full width/half maximum (FWHM) area calculation, has an average

25 molar comonomer content higher, preferably at least 5 percent higher, more
preferably at least 10, 15, 20 or 25 percent higher, than that of a comparable random
ethylene interpolymer peak at the same elution temperature and expanded using a full
width/half maximum (FWHM) area calculation, wherein said comparable random
ethylene interpolymer comprises the same comonomer(s), preferably it is the same

30  comonomer, and has a melt index, density, and molar comonomer content (based on
the whole polymer) within 10 percent of that of the blocked interpolymer. Preferably,
the Mw/Mn of the comparable interpolymer is also within 10 percent of that of the
blocked interpolymer and/or the comparable interpolymer has a total comonomer
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el uted tenperature range of 100C or |less. That is, each eluted fraction has
a collection tenperature wi ndow of 100C or less. Using this technique, said
bl ocked iwben@oloysers have at | east one such fraction haerng2@chogher nol ar
cononomer content than a corresponding fraction of the conparable

I nterpolynmer. [39] In another aspect, the inventive polyner is an olefin

i nt er pohientwithior 65 weight neressipf thet efgheblegkesdiatemmlysee Bie Hor e

copoly i | e conp ' | f . i zed by multiple
b1 ockemaEREmarFaTE A VDT BRI IE el B B Ao RERAIES 220, £Y g I
cheni cgbthPlen®hprialarda[OPRICH A Srofbthe CKEREY iferied dytweto), whensin thpr ef er abl y a
mul ti-bl ock copol ymer, sajid block int ekrj‘%gl ymé}r§ h@/%%%eak (but not just
a ol eteliesafhighesdmiealnis idpntifieddram the hass [k atditset 4But wi t hout

colJ ecting.and/:or isaolati L gl i lan f ; the RIS hRRliged in that
saigd p eéﬂ%l%gﬁ @rgﬁn%ﬁ@hng%%%%ﬁgﬁtu egtainrlstla;ltalgc%llk gf/l&?’ nfer a-red spéct roscopy when
ex pandgdingd btheardandemihd ichivieddetween Xt Iramd T Whkje BY ad T2 hweiosts on, has an

B oo Setarariaep ot Seniog dia ATREF pail by iddu i bealc iR By OET TN o
of ac %@meg dﬁ%ﬁg gg@% Y85 Rallth HRI 1S MAR thA Siatkrsddts tHedefbame el ution

tenperatiare and expa using a full wdth/half maxinum (FWHM area
cal cul dghitportionsef &ierATRER coviepah ablikratiemelste & If9MOAMPEAHS ISy ner conpri ses

t he f ly it is the .sa d h | t
| ndex. madneag andorg i S Ghrestie poabipbit PP ETE HRSRORRECmARS L0y ety
Wi t hi ngd0 OIRCRBSusH WM hre@fratidier the TREBheaRt Boptatsyia-redmethedabl y, the

Mv/ Mh of the conparable mterfgol ynmer is also Withigiplo ﬁtcent of that of
t he bl tekelibraticreeyye jsgenergind/ for thelsame 6HPARUBEEYPH ]E%‘Fsg b has a total

conononer cont ent Wit hi ' t beletRinkh geked

i nt er pSPYORYICI AR t&ﬁﬁlﬁp%@ﬁ eﬂrrlgél?[ﬁ)u% OWI'—[P/@M%caI &ul at i Qngi s based on
the r apdf@emdingrBlidwdlibipionRing wirg itsdsWH enctinyd a nfoliydirCd?da fotiom t he ATREF
infra-red detector, wherejin the tallest (highest) peak is identified from
t ha5 ba&eHy/Chel ofthel TREEPerke FWHM area is deternined. For a distribution
measured 4§ ng a e \ilMs e @sing af@khinetk Rshdifie, ar ea under

t he curvelugjet megoﬁgﬁgﬁgf)@e%&@e‘eﬂ Sng T2 gr e?poi nts detg%m' ned, to the
| ef t amdibriegiiques based oA HiRERapmagnetibyesdharicdiNY R hroegieemopiepighiredy two, and
;Egn drU%\i,r\Qgr’]cgis%eclhlnpq%e,hs%d %1891&%1' in%e?potlybn%erg as hilghgremoltarh%m&{&fé’rsem s the left

content than a corresponding comparable interpolymer.

20 [41] Preferably, for the above interpolymers of ethylene and at least one
alpha-olefin especially those interpolymers having a whole polymer density from
about 0.855 to about 0.935 g/cm3 , and more especially for polymers having more than
about 1 mole percent comonomer, the blocked interpolymer has a comonomer content
of the TREF fraction eluting between 40 and 130°C greater than or equal to the

25  quantity (- 0.2013) T +20.07, more preferably greater than or equal to the quantity
(-0.2013) T+ 21.07, where T is the numerical value of the peak elution temperature of
the TREF fraction being compared, measured in °C.

ATREF Peak Comonomer Composition Measurement by Infra-Red Detector
[42] The comonomer composition of the TREF peak can be measured using

30 an IR4 infra-red detector available from Polymer Char, Valencia, Spain

(hitp://www.polymerchar.com/).

[43] The “composition mode” of the detector is equipped with a
measurement sensor (CHy) and composition sensor (CHs) that are fixed narrow band

-12 -



ri ght portions of the ATREF curve. A calibration curve for conononer
content is nmade using random et hyl ene/ al pha-ol efin copolyners, plotting
conononerwoandentistr onNVR ver sus FWHM area rati o of thepfRES28@boss50or this
infra-red method, the calibration curve is generated for the same conononer

type of interest. The comonomer contept of TREF peak of the inventive
pol yneinfreaed fikerd ét é}pﬁcmemomfi(}oe?e@ﬁm nGhe mpasutemgn serspofetedtiy the using its

comonoeivienh (G SRR e HERA A e EREY aliet Bl BORRFCL Lt

t echni gyABSHRADS th SYlutivi) hedle thagnepdsttidnesndadercts MidInethpe@HHscopy
preferred. Using this technique, said bl ocked i nterpolms has hi gher
e

ol ar Efoﬁmﬁﬁh?? polgmee thempaihernatical Tatie 196 Hhsi GogNOsHHA SHEHR rpol ymer. [41]
Pre h dgast one

B s P ol R ) KB o o R e “densi ¢y
f rom aihelﬂﬁea&u%&ﬁoltymeaMutﬁ)n%ﬁ 1g/reS]ﬁnsaalsdal|thJated edihdaiosinl eghiflene pol yners
havi ng nore than about %@goée per cent conononer, the bl ocked interpol yner
has a dBhbalbHBCoRYIHIERS Sne TREF fraction el uting between 40 and 1300C
greater uign of ARG il @Rt dh ATRBF 2} Fncht frodcOBotiDI ©_pr ef er ably
greater tthan or equal to the quantity (-0.2013) T+ 21.07, where T is the
nurrerl calcentadtion (6H,) drel qagdositiont(Chin) mgmbeesaomﬂe@f@ie altfed pREmer r act i on bei ng

in O ATREFPeak .Co npositi.Qqn Measurenment by
Inf a- %gglg@ggmdprt)%‘gf %T@T%WHS%FC %tboﬁ ‘falno CS?atefdng' TREF peak can be
measur gladi$inBhdted %o'dﬁﬁ@@H@@b det ﬁﬁtﬁélynaé@bdxtﬁmnewhrc@moﬁeﬂnyﬂer Char,
Val enci a, Spain (http://ww.polynerchar .conl ). [43] The.' glomtlon
mode”  odniertépreéraly oreasuedhy ) ThiecAmaneme: at al% ARREF 2) and
conposi tion sensor, ( tdhat r ilters in the
regi on fcﬁ %6)6 %%ﬁﬁfw apm%ér‘g%gﬁ ?anecg\sé\%l?ﬁ g(%d;(ngttge{%g Offmet hyl ene
(CH2) gRrhaRFoome ittevinedYITRY andvEHiciespinse (L& yardaahtid €31;(@1 yeesysol yner
concentration in solution) while the conposition sensor detects the nethyl
(CHB) Q@IEQ%HQIfCOtIWét)poI ymer. The mathematical ratio of the conposition
si gnal CE_@% di V'Tﬂggreg%f'iﬂ%epeﬁf%r&r@mulaﬁécgﬁk?ﬂga(ﬁﬂzx)vld'tlﬁhaﬁ?nS' tive to the
conononer nt ent

maximum (FWHM) calculation after applying the appropriate baselines to integrate

the individual signal responses from the TREF chromatogram. The full width/half
maximum calculation is based on the ratio of methyl to methylene response area

20 [CHi/CH,] from the ATREF infra-red detector, wherein the tallest (highest) peak is
identified from the base line, and then the FWHM area is determined. For a
distribution measured using an ATREF peak, the FWHM area is defined as the area
under the curve between T1 and T2, where T1 and T2 are points determined, to the
left and right of the ATREF peak, by dividing the peak height by two, and then

25  drawing a line horizontal to the base line, that intersects the left and right portions of
the ATREF curve.

[46] The application of infra-red spectroscopy to measure the comonomer
content of polymers in this ATREF-infra-red method is, in principle, similar to that of
GPC/FTIR systems as described in the following references: Markovich, Ronald P.;

30  Hazlitt, Lonnie G.; Smith, Linley; “Development of gel-permeation chromatography-
Fourier transform infrared spectroscopy for characterization of ethylene-based
polyolefin copolymers”. Polymeric Materials Science and Engineering (1991), 65,
98-100.; and Deslauriers, P.J.; Rohlfing, D.C.; Shieh, E.T.; Quantifying short chain
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t he neasured polyner in solution and its response is calibrated with known
et hyl ene al pha-ol efin copol yner standards. [44] The detector when used with
an ATREF wobéemerss provi des both a concentration (CH2) pamdscawsposss i on ( CH
) signal response of the eluted polymer during the TREF process. A polyner

specific CEJ i bration can,be created by neasuring the area ratio of the CH3

to CH PHCRBERsrastryptines iheihrlepehmlefifesonobmeanusinp siet exclbion neasur ed by
NVR) . GRyaki ; [ of roGan be estinated
by ;ppiggli% ggﬁ (gg}t rgf er elgfg%alggqrﬁﬁlrn gtlllggr?p gﬁ%gﬁ%yr(gﬁﬁg#%ﬁt%@y%%as for the

i ndi vi q2602),@33 59100 Chithrof syhicisae (rcoeporated By EefbiefcdIdéighiz thegr SUS conpnoner
content).. [45] The area of the peaks can be calculated using a full
wi dt h/ B Srmxi mum (FWHM cal cul ation after applying the appropriate

basgl i nesi4t7p i nt Qﬂ&éﬁzlﬁn El!%od.liﬁ‘féhfé% gl@%t'—oléﬁmlefi ﬁﬁ@g?@&?ﬁm@&@é}‘ the TREF

chromat ogram_ The full w dth/half maxi num cal cul'ation i's based on the ratio

of et meight sthvienkiorelafin interpolysersapresideChiseidHAhy be Ot he-oFREFCi-nf r a- r ed
det ect einA he tall est (highest eak is identjfied fromthe base
i ne, gﬂ%ia'\tggegfrﬁlstoﬁgqug\ﬂl\%'glfﬁﬁs‘ili“c&g‘?_ rﬁﬁ%@ﬂ?@%&%{e SioF PEUBSTEA neasur ed
usi ng are ddt&iForRAbcent hThE Wk 2b@Bodifiotl6f thBRLoRsIyIAE RI BReHRder the curve
between Tl and T2, where Tl and T2 are points defermned, to the left and

ri ght mbpdimentsrereaiss tian Seymele % aiokefinsifer the Alghtreplghin cogtentislpckand t hen

drggi n ' har i zaet al heg hase line that .intersects the left and
ri th g%??‘%fio“ﬁgo%? r{uﬁlg /t%\%gll:%—fﬂjc%? \E}ée. orvl%ffeﬁﬁgogsﬁlqlg%tsi SCinfra-red
spect r embogiynents, sEffisisnen-olEindo added 18 ensu@d Qilly @Iflor?%l%éﬁﬁgrﬁ)o?iﬂ&% %/i |S: TR

o that o

ATREF- i nfra-red thod jis, .in principle, simlar

syst _enboé‘stﬁ%ié@&kq%éeﬂﬂnﬁﬁ@oﬂwq%mﬁgmﬁ&q efhigle e-olefivedatant thlowRonal d P. ;
Hez | t blefihQBfleftt Gock Aibh aylrhillcom SRYEL gpaEA Of gel - per meat i on

chr omat ogr aphy- Fouri er trgn rmintrared Spectroscopy for

char act er[#8ht i on Gshemtiprytheimerpalyartr paddyio kief base o @roritddtierciP@hy ger i €

o 1§ RBBpRgh B g R bl DD dgeRote cariR nbr anchi ng.
7L oasabelcas, . phipde ) CoREL MRS SLIR SRVELT 31
Pol yn»efrom 1,000 up to 10,000 g/mole, from 1,000 up to 7,000 g/mole, from 1,000 up to
5,000 g/mole or from 2,000 up to 5,000 g/mole. The low molecular weight
ethylene/o-olefin interpolymers range in viscosity from about 5 to about 30 ¢St at
20 100°C as measured by techniques known in the art, for example, via Brookfield
viscometry. In certain embodiments, the low molecular weight ethylene/a-olefin
interpolymers herein have a molecular weight distribution range of 1.5-4.0. In some
embodiments, the pour point of the low molecular weight ethylene/o-olefin
interpolymers is below 0°C.
25 [49] Preferably, for interpolymers of ethylene and 1-octene, the block
interpolymer has a comonomer content of the TREF fraction eluting between 40 and
130°C greater than or equal to the quantity (- 0.2013) T + 20.07, more preferably
greater than or equal to the quantity (-0.2013) T+ 21.07, where T is the numerical
value of the peak elution temperature of the TREF fraction being compared,
30 measured in °C.
[50] For copolymers of ethylene and an o-olefin, the inventive low
molecular weight polymers preferably possess (1) a PDI of at least 1.3, more

preferably at least 1.5, at least 1.7, or at least 2.0, and most preferably at least 2.6, up
-14 -



(2002), 43, 59-170., both of which are incorporated by reference herein in
their entirety. [47] In certain enbodinents, the a-olefins used in the | ow
nmol ecul arwoeb@hio2esthyl ene/ a- ol ef i n i nterpol ymers provi dedthse@icnosssy be
C3-C2 a-olefins, C6- Cl8 a-olefins or Cl0-Cl2 a-olefns. In certain

enbodi nents, .a-olefins for use herein are decene or dodecene, The bl ock
conposit® AorxFuRLEde oy imere prelerablyiup te ampagimuendfGdd med especipllzat er t han 50
nol e %,a-Ql.ef } - i | o a t 20-30 nole
o o of o, o e o) IS, S o RE ST R B e .

suf fi ci enf513- ol ef The preceasdfmialting drespolymers hu baenatiswlgBe ustheonposi tion in

bot h tt}e bl ocks nt%ﬁﬁ.ertai n %odi,mentls, E,he, range of high _a-olefin content

to | ow QHOWINgmaEnLRRlicAtonst Yok Fraiviona inpliralingaNera0 55 8efiledos) 500 [ 48]
Gener alNi¥ch oAt e e i i 0 has a
nunber avgr ag’gzor(rjgl’ g%?é?%?g%i%llﬁléﬁ?w %&9} égoﬁge? ‘%?@H 1??12 @gr’ tain

enmbodi B8t Brovisianal Appligation iner 66/462,93 Yy fitedeMaackel 36050l ScPioaisiomal ght r ange

1 boo deprts L efsrevbrtngt BB voaO0k Bl Spbbsigniie. The low

mol eculPOT/WSDO08/063918] BRENaeh &F 005! BEPAPIBI P RGYe i viscosity from
about 5 to about 30 cSt at 1000C as neasured by techni ques known in the

art, fICEYRAPPUI08A1S, Bled Marrlel D 2008 caondeRCY ApplicatientNd.n enbodi ments, the
ot eT Rt BB TR RNERRA 7,085, h SRR BT BaRBAED ve 2

nol ecul ar we tribution rang Wbodi ment's, the

pour paéfetenoé hérbim inakeinaitiety) For weingdié, oat Bvdtemerhad ebshing cbxﬁta&{n%ol ymers is
bel ow QQC. [49], Pr.ef é,ably, for interpolynmers of ethylene and I-octene, the

bl ock ieHP&5G eHonally oneos mowp pdditiempelamerizable menqmers othesdhanon el uting
bet wee R fRNA L3RG & - GSaL Lidiga(- 0.2013) T +
20. 07, rrlf)yri)ee preferabﬁfy %ﬁ%lg%rézﬁaﬂtgﬁgﬁ{déﬁ&g%ﬁgf%glslﬁte%gﬁ)gﬁ{uﬁly (-0.2013) T+
21.07, capprising: i s t he nunerical value of the peak elution tenperature of

AT A SR RO 20 7 oo
a first olefin polymerization catalyst having a high comonomer incorporation
index,
a second olefin polymerization catalyst having a comonomer incorporation
index less than 90 percent, preferably less than 50 percent, most preferably less than 5
20 percent of the comonomer incorporation index of catalyst (A), and

a chain shuttling agent.
[52] Representative catalysts and chain shuttling agent are as follows.
Catalyst (A1) is [N-(2,6-di(1-methylethyl)phenyl)amido)(2-isopropylphenyl)(o-
naphthalen-2-diyl(6-pyridin-2-diyl)methane)]hafnium dimethyl, prepared according to
25 the teachings of WO 03/40195, 2003US0204017, USSN 10/429,024, filed May 2,

2003, and WO 04/24740.
QCH(CHg)z

mepe S0 /\V / @
bas
\

(HC)HC (g, CH;
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nol ecul ar wei ght polyners preferably possess (1) a PDI of at |east 1.3,
nore preferably at least 1.5, at least 1.7, or at least 2.0, and nost

pr ef er ablwoabod®ast 2.6, upto a maxi num val ue of 5.0, mprce/yBr@boImbsy up to
a maxi mum of 3.5, and especially up to a maxi mum of 2.7; and/or (2) an

et hyl ene tent of at |east 50 we ercent. [51] The process of making
t he pol yn’gﬁ%i has (&.JQH’SB{@I%E&@ ﬁﬁh(ﬁ Bﬁleﬂm}ﬁphqlﬁmm)(%tppl i cations: U.S.

PrOVISI 04: U,

Pr ovi o1 aal PRV G2 R NG REs 238m iSRG dhpeundgiatses

Provi siageatlingpp thectaddhirgs N6 WO Q3662992903 UE 02010V TBSN 1,0/4200B4, filed.

Pr ovi si,gn licatio 60/ 5662938, filed March 17, 2005; PCT
Applic&@ﬂg%:ﬁ@g’ﬁ%ﬁ%*kgﬁ ‘%6b8916 filed March 17, 2005; PCT Application
No. PCT/ US2005/008915, filed 17, 2005; and PCT Application No.

PCT/ US2005/ 0089 17, filed Marc 5, all of which are incorporated by
reference herein in their entir For anpl e, one such nethod contai ns
contacting ethylene and optionally re addition polynerizable
monomers ot her than et hyl(dse der/addf% pol yneri zation conditions with
a catal yst conposition conp“:i:i . or reaction product
resulting fromconbining: a ("a i zation catal yst having a
hi gh conobnoner i ncorporation asx efin polynerization catal yst

having a conononer |ncorpora9#8hH?nde(Hhss than 90 percent, preferably
| ess than 50 percent.  npst referablzéless than 5 percent of the comononer

i ncor por albn | nd@atalyst A as GisN.NAY-(24%d a chain shuttling agent. [52]

Repr es uttl gent are as follows. Catalyst
(A) |qﬁ({[ﬁ%}4ﬁé&g )?z}r&ﬁo&%ﬁ@{%&ﬁﬂﬁk 3&9 éfﬁl?%é (2 i sopropyl phenyl ) ( a-
napht hal en-2-di yl (6- pyri di n-@ecdi yl) melclhgne) | haf ni um di met hyl, prepared
according to the teachings of Wf 40195 2003US0204017, USSN 10/ 429, 024,
filed May 2, 2003, and 53] Catalyst (A2) is [N-(2,6-di (I

- met hyl et hyl ) phenyl ) am
, 2- phenyl ene- (6- pyri di n-
according to the teachi
filed

.J

nechane)]hafhlun1d|nethyl pr epar ed
03/ 40198~ ?@5%80204017 USSN 10/ 429, 024,

H;

H;C

CH;
[55] Catalyst (A4) is bis((2-oxoyl-3-(dibenzo-1H-pyrrole-1-y1)-5-
10 (methyl)phenyl)-2-phenoxymethyl)cyclohexane-1,2-diyl zirconium (IV) dibenzyl,
prepared substantially according to the teachings of US-A-2004/0010103.

[56] Catalyst (B1) is 1,2-bis-(3,5-di-t-butylphenylene)(1-(N-(1-
15 methylethyl)immino)methyl)(2-oxoyl) zirconium dibenzyl:
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May 2, 2003, and WO 04/24740. [54] Catalyst (A3) is bis[NNN "-(2,4,6-

tri (methyl phenyl)am do) et hyl enedi am ne] haf ni um di benzyl : [55] Catal yst (A4)
i s bi s((2voxoyto3ts6di benzo-1 Hpyrrol e-1-yl)-5- PCT/US2006/009855

(et hyl ) phenyl ) - 2- phenoxynet hyl ) cycl ohexane- 1|, 2-diyl zirconium (1V)

di benzyl, prepared substantially according to the teachi ngs of

US- A- 2004/ 0010103. [56] Catalyst (Bl) is C(CHs)

|, 2-bi s-(3,5-di-t-butyl phenyl ene) (| CE)methyl et hyl)

i mm no) met hyl ) (2- oxoyl) zirconium bnzy Catal yst (B2) is
|, 2-bis-(3,5-di-t-butyl phenyl epeytiy (1 C(CHs)3
nmet hyl cycl ohexyl ) -i mm no) ng ) (2- arpyl ) Zoni um di benzyl : [58] Catal yst

\3- N/ Rrrol 4l -1, 2,3, 3a, 7a- h-
prepared substantially according to the

() is (t-butyl a&h{qg% i

i nden-1-yl)silane y
t echni ques of USP 6, 268, 44X 9] Ca QLC}{%}Z ( C2)X5@H,CgHs
(t-butyl am do) di (4- net hyl pheny yl=

E

.
1,2, 3,3a, 7a-h-inden-1-yl)sil aneti ¥ni um di net hyl prepared substantially
accordi ng t he hj .0 S- A- 2003/ 004286: [ 6Q] Catal yst (C3) is
(t-butyl ahl’do) di (‘51‘5%&?41{#91; H%Lg%w(-@d?ré%-ﬁwtv!phenylene)}1-(N-(2-
2, 3, 3a,rfdhflcvclbHsoB 8 AmlindYmethy RO &b 18 91 iR 6l éi]% .prepared substantially
accordi ng %’lo}s‘?he ?}gachiln%)gﬁ of}}%s- A%goﬁ;ﬁ&%@ %11] Catalyst (D) is
bi s(di nmet hyl di si | oxane) (i ndene- | irconiumdichloride avail able from
Si gma- Al drich: [62] Shuttling Agke The &bkl ing agents enpl oyed incl ude
di et hyl zi nc, di (i-butyl)zi ncaet (ytiexyl ) 2izaey tri et hyl al um num
trioctylalum num triethylgallium/i bbut
bi s(di met hyl (t-butyl)sil oxane) ‘i"-IEuny al\

bi s(noct adecyl ) i -(ﬁ%i)
n-oct yl al um nunbi s(2Z,
-napht hyl ) am de), et hyl al ur=r{m bi s(

i #bYt vl af um num bi s(di (n-pentyl)am de),
y p(?'le PX1 dgyg,n-octyl al um num di (et hyl (I
Uyl di mettSiHsoxi de), et hyl al umi num

n-octyl al um num

bi s(2, 3,6, 7-di benzo-| azacycl ohept aneam de), n-octyl al um num

bi s§di met 891 ( t - btagalyst (C1) id@-butiayide)dimethz](8-N-giy b [ph18aPxhde) , and

et hyl zi.n (t-lj)ult oxti de)n.,n . ) ) .
inden-~1-yl)silanetitanium dimethyl prepared substantially according to the techniques

of USP 6,268,444
(2@ 0
N

(H3C)2Si\ _ Ti(CHs),

C(CHz)s

[59] Catalyst (C2) is (t-butylamido)di(4-methylphenyl)(2-methyl-
10 1,2,3,3a,7a-n-inden-1-yl)silanetitanium dimethyl prepared substantially according to
the teachings of US-A-2003/004286:
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[63] Preferably, the foregoing process takes the formof a continuous

sol ution process for form ng bl ock copolyners, especially multi-Dblock

copol ynerwo 2pscefoersabl y i near mul ti-bl ock copol yners of pCwmassesosnossss
nononers, nore especially ethylene and a C3-20 olefin or cycloolefm and
nost especially ethylene and a C4-20 a-olefin, using nultiple catalysts
that are incapable of interconver That is the catalysts are chemcally
di stinct. Under continuoygcsol utid merization conditions, the process
is ideally suited for polyne i i Xxtures of nonomers at high
nonomer conversions. Under tliese @i on conditions, shuttling from
the chain shuttling agent to tte c dggomes advant aged conpared to
chain growh, and multi-bl ock especi all'y linear nulti-block
copolyners are fornmed in high¥ e en|cy. [64] The inventive interpolyners
may be differentiated from ollg it i onal(CHp)andom copol yners, physi cal bl ends
of polyners, and block cop 35?mers prepared via sequential nonomer addition,
fluxional catalysts, anionic or cationic living polynerization techniques.
In particular, the i nventive i nterpol ymers can contain bl ocks of differing
conmpnonmegcgont e g Em )8 ventive

i nt er pol @r@rs man§ {g gdg% g(llﬂﬂ @F%ﬁ%e:atn i ng’lr%&zn%lgtrﬁygnd/ or bl ock size
of pol ypBRaBaae k—sndaterﬂl-f;d)eﬂamgtanam dmyetbyl neepaneroyvwbstagiaailyeascordigtgi ch is a

Schul t z- Fl o [ 65] Moreover, the inventive
i nter Igﬁvﬁﬁé’lﬂ%ﬁpfﬂ‘g&%@é{@%ﬂ%l ng techni ques to influence the degree or
| evel of blockiness. That is the—anxpunt of conmononer and | ength of each

pol ymer bl ock or segnent can be g +ed by controlling the ratio and type
of catalysts and shuttlin 19 agent as the tenperature of the

pol yneri zati on, and ot her™s - variables. In particular, haze
decreases while clarity, tearengt
properties increase as the aver#age @

: g hi gh tenperature recovery
heY.. 0 )blocks in the pol yner
i ncreases. By selecting shuttligs e\q&z 4R
t he desired chain transferringltyé?:hl gh rates of shuttling with | ow

Tatal yst conbinations having
| evel s of chain termnation) o for pol ynmer term nation are
ef fectivel ysuppressed. AccoHgingly, lit I e if any b-hydride elimnation is
observed in the polynerization of ethylene/ a-ol ef mconmonomer nixtures
according to enbodi nents of the invention, and the resulting crystalline

bl ocks ar[gllhI ghl (Vl’ata?{'stS(ﬁ?)slls%rllst(éh?netlyyldls1loxane)(1ndene 1-yl)zirconium
dichloride available from Sigma-Aldrich:

o)
(H30)28i< ZrCh
O
10 .
[62] Shuttling Agents The shuttling agents employed include diethylzine,

di(i-butyl)zine, di(n-hexyl)zinc, triethylaluminum, trioctylaluminum, triethylgallium, i-
butylaluminum bis(dimethyl(t-butyl)siloxane), i-butylaluminum
bis(di(trimethylsilyl)amide), n-octylaluminum di(pyridine-2-methoxide), bis(n-

15 octadecyDi-butylaluminum, i-butylaluminum bis(di(n-pentyl)amide), n-octylaluminum
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conpletely, linear, possessing little or no long chain branching. [66] The
I nterpolynmers may further contain C4-Cl8 di ol ef m and/ or al kenyl benzene.

Sui t abl e wo=asamaised conononers useful for pol yneri zi ngpeirtus2eihydssne

i ncl ude, for exarrpl e, ethylenically unsaturated nononers, conjugated or
noncon n pol yenes al keny| benzenes, etc. Exarrpl es of such
corronolr]?\‘??g% |q‘1(13'l @’%@0@9 n-g¢telplumingmi(ety 1 rmaphthyhemidesobut yI ene,

1- but epgyy lalu&ﬁfﬁﬁf‘ﬁs(tjoug@cﬁﬁfeﬁ‘pﬁyoﬁld%?t Mla'ﬂlm g{%ene 1-hept ene, 1-octene,

1- nonene, 1-decene tene 1-octene are especially

prefer déhlS(tﬁtﬂedrylsbfﬂ)amlndea eﬂmddunnmm bis(218l6, Bdipeesel- hal o- or

| kyl bst ted st | obut 1,4-h di 1,7-
oot adi SRR o g B pdderody ol ohexene. and

cyck ooam@e]bheﬂtﬁidamm)l R o8l mhﬂﬁaﬁﬁb%ggé@w%ﬁ@ﬂb [R! ShALRRS. gferred

polyners ot her ethilene/o efin poly e use Tns as used
her ei ndinberylphenoaide mn pthylzinm@dttoxided hydr ocar bon- based conpounds with at

| east b d. h | ect f
catal yot S05hny CoPEThBlY, gt Eeing Boce Bt e fereh o CoRBmRepsiion
Pr ef er phicyss forifdrRMEbIobIeEdposymdrs, e@éeo@éhy%hll@ibﬁbél@c ijyn%rQ gﬁédfe& gﬁ”pounds

containing vinylic unsaturation, as wel'l as cycli corrpo ch as
cycl oblipeatanuliplock ronelymers @ﬁtwcgrmnmmes,, Hmmdesp@mblby athplene anmd | udi ng but

NOt | | {. he5a ition with G -20
hy ?ocglrctﬁy(f Olggngpg*&%hg&g%g?gﬁi{eslpgmgliy etﬁ?'ffBe F?ﬂ:? Eﬁ N#1588r es of such
ol ef i nsuditplevedthlysis tht utainepable oF ietbrcoh@frsios. Whiths @é céﬁlﬂts%@fl n conpounds.
[ 68] el? é)f ol eblg nongners include, but are not I'imted to propyl ene,
i sobutEgli‘egR‘Ea N digiinctn Under qoatpeays 5011‘11%?@h@leflza%m@délon&ib@p@nﬁs 1- nonene,
1-dec efﬁdeallyds‘ﬁﬁ@d:ﬁﬂ%olff}nénzﬁﬁﬁg es?‘?ﬂ?uyﬁ I3?111glli ﬁo%t f}ﬁecene

1- ei cosene, “3- net hyl L ene ene §I | - pent ene,
4, 6- di m\flftgsuonﬂlhmlpt thass poﬁlymenm;altlomcbmdmmehumingﬁcﬁxyﬂie@h@m&matthng

i 55 ot B i sRel ¥ PR B ees corop b o omioHg TBUE WS | i ed {0
1, 3- butsblyaniers, o é’cﬂ@nﬁ&@fﬁﬁm bll)cﬂcbﬁdiﬁﬂbl%{éﬁ% foﬂ—mgaﬂﬂ)& JieBi18en L, 7- Oct adi ene,

1, 9- decadi ene, other C4-40 a-ol efins, and thoug ny
hydr ocar H6H cont dheinygntiveinteypolymens pna}ydteedlffmaahtlgrcedrﬁyonhﬂ)nmmﬁd)nan enbodi ment s

of t herahaé{rﬁr&bglgfmepsr, %ﬁ%lca‘ff‘i}lengés 9 15501}%%&2 & BlodCsor copolymers prepared via

sequential monomer addition, fluxional catalysts, anionic or cationic living

20 polymerization techniques. In particular, the inventive interpolymers can contain
blocks of differing comonomer content (including homopolymers blocks). The
inventive interpolymers may also contain a distribution in number and/or block size of
polymer blocks of differing density or comonomer content, which is a Schultz-F lory
type of distribution.

25 [65] Moreover, the inventive interpolymers may be prepared using
techniques to influence the degree or level of blockiness. That is the amount of
comonomer and length of each polymer block or segment can be altered by controlling
the ratio and type of catalysts and shuttling agent as well as the temperature of the
polymerization, and other polymerization variables. In particular, haze decreases while

30  clarity, tear strength, and high temperature recovery properties increase as the average
number of blocks in the polymer increases. By selecting shuttling agents and catalyst
combinations having the desired chain transferring ability (high rates of shuttling with
low levels of chain termination) other forms of polymer termination are effectively
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avai lability, cost, and the ability to conveniently renove unreacted
nmononmer from theresulting polyner may becone nore problematic as the

nmol ecul arwoeb@ino2B t he nononmer becones too high. [69] Poe/ysedineysszati on
processes described herein are well suited for the production of olefin
pol ynmers conpri si ng nonovi nyl i dene aronmatic nononers igﬁ%uding styrene,

o- met hypprsssere Aecondinghy, Aigtle Heyy Briwdride puminatioy isohserveht Phie 11 ke. "In

particular, .interpo [ | i . r pr epar ed
By 1 ortogansrizPhE of St RPv s SRh bR KRS aABLE M ENRAEARLBL P
et hyl egeinvehiié:£a8d aedesulfie &ihtallinb dlookehierhighiptdranbdtantialpnpr i si ng a C4-20

di ene, having inproved properties can be prepared. [70] Suitable
' b

non- c cvmpetelydlintasossrspipaditls AN 1pRe chan Ppgbechai n,  br anched chain or
cyc)ic hydrocar ' i - fialagffr Exanpl es of
suigt abl e){‘ﬁ%n-coﬁfmueg%kegﬁ& [ g}r%ég%i nc gﬂd%,nhgﬁt&a(?ggﬁg{é 1I I m tgd to, straight

chain Qﬁé{@hﬂe%z&iee RRStabls Wekktastel cémbdasmdiseneful forpobeiattimneith 1, 7- oct adi ene,
1, 9- decadi ene, branched chain ac%]gll i ¢ dienes, such as, 5-nethyl -

1, 4- hesthylremincluge,7or gxavenlbyathylerseadlytungataraied mOnQmasREAORiNgates 0% ot adi ene and
m xed isonmers of .di hydr i | hydr gogl ' | alicyclic
i onestoreqoreadd giege ZhRIG, KRORIBAL.ALTYET BRERIRIR! mEh TahBnbhod

1, 5- cyfkR@AE (RATSH6 -dlBfinslsuth ay plopsidedastiutylene, drtaitene) t-hexdnagl-al i cyclic fused
and bridged ring dienes, such as tetrahydroi ndene, nethyl tetrahydroindene,

di eycl pagaieadinenieyl- bpenteleol {2p2nt,)l-bugieal Mogent; &riscengl muhipe likal kyl i dene,
cycl oal kenyl and cycl oal kyl.i.dene. nor. bornene suc - yl ene- 2-

nor bor Rutsae FIR&B)OF“"B@ Wﬁ@%lfyﬁrﬁ%}rﬁg‘r @é}heé su -qles%l_ﬁg%%é s%ﬁa&ee%_ nor bor nene,
o-(4- GYEhonall-eiulin 2uRerRAl aRAed vienkadelblixeris Aeadldor higae,

5-vinyl-2-norbornené, and norbornadi ene. t he di enes ty%i cally used to
pr epar ectiElBN and hephtkanidsdaigacysloprsgnsy exsdohexenpeandayglopcteiflex adi ene (HD),

5-ethyli -2- b E 5- Vi ' ~ 2 NB) ,

S~ et byl dREL 22 noS BRI Aderaletn i ey SRR POBRRES G

especi eﬂhg,béng/@%gy&}e}n@}g gl ekt OWind anesed-hensin befemteradahiIX®Y and

1, 4- hexadi ene 3{; ) . % One cl ass_of, desirabl e %&Ié&/rre%s h can be nade
i n accongineted Welece F‘Wrﬂo@l’@fmqsh‘@lﬂ? ALERE PBHC FHPR B%lﬁ{;?‘rer s of

ethyl ©B6nd. aDc%ehaglgacfnothg gé]ectﬁﬁ%?%b@iyls‘bé, any olefin may be used in embodiments

of the invention. Preferably, suitable olefins are Cs.o9 aliphatic and aromatic compounds

containing vinylic unsaturation, as well as cyclic compounds, such as cyclobutene,

20  cyclopentene, dicyclopentadiene, and norbornene, including but not limited to,
norbornene substituted in the 5 and 6 position with Ci hydrocarbyl or
cyclohydrocarbyl groups. Also included are mixtures of such olefins as well as
mixtures of such olefins with Cy.49 diolefin compounds.

[68] Examples of olefin monomers include, but are not limited to propylene,

25  isobutylene, 1-butene, 1-pentene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene,
1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene, 1-eicosene, 3-methyl-1-butene,
3-methyl-1-pentene, 4-methyl-1-pentene, 4,6-dimethyl-1-heptene, 4-vinylcyclohexene,
vinylcyclohexane, norbornadiene, ethylidene norbornene, cyclopentene, cyclohexene,
dicyclopentadiene, cyclooctene, Ca4o dienes, including but not limited to 1,3-butadiene,

30 1,3-pentadiene, 1,4-hexadiene, 1,5-hexadiene, 1,7-octadiene, 1,9-decadiene, other Ca.ao
a-olefins, and the like. Although any hydrocarbon containing a vinyl group potentially
may be used in embodiments of the invention, practical issues such as monomer

availability, cost, and the ability to conveniently remove unreacted monomer from the
-20 -



propyl ene, and optionally one or nore diene nononers. Preferred a-ol ef ns
for use in this enbodi nent of the present invention are designated by the
fornmul a Gko=04dR02158here R* is a linear or branched al kylpcgrisemeobosss om 1 to
12 carbon atons. Exanples of suitable a-olefins include, but are not
limted to, propylene, isobutylene, 1-butene, 1- ;l:)ent ene, 1-hexene,

4- et hysultingypolylemay heromegapiesoblpmalis 25 thempleoulasmeight oéthea ol efin i s
propyl ene. The pro based polynmers are generally referred to in the
art asm%?-"’n?)‘?rbﬁ‘?g%%ﬁsp%{)y %fs. [72] Suitable dienes for use in preparing such
pol yner s [698s peci e polytiidatibo plocERBMi¢syribedlsdryimarswelb shitedefocthej ugat ed or
non- conj ugat ed, straight or branched chain-, cyclic- or polycyclic- dienes
cont aimpdignpnQﬁpwﬁfl@og@eé%%%sm@m@%\fmﬁbdeap ateatic g Y | 4- pent adi ene,
1, 4- hexadi -ef hyld =2 NC I [ )

cy f:%l o] hﬁé@gglﬁg %@r,rélae hg r}%édéﬂ? 9{% F%é ﬁg@&ﬁﬂgﬁg gl?eﬁ g Pg%@%ﬁggg :al%l(&,tl B}If\eg?"lzey Imp referred

di ene pastiGdareinkypolgmess@ntainibg pihgleae afd @)refib earebhpicpmred by Golafwing

i nt | yner, be f i onal i zed by in ti t ]
f Unct | BRIPCHPBURTFH. PPLOTAIM, RO G YR R B DR A gr oups may
i ncl UdaﬁPhd( SEAEXD hilly (ﬁﬁrﬁ?ﬂsgﬁ &@l.{&ﬂiéﬁ@?l@évﬁﬁdgaﬁiﬁﬂomgﬁ%p@ﬁéb &hfenct i onal

carboxyti1c aci et hyl eni c y unsaturated nono- di - functi onal
car boxykepaedici d anhydri des, salts thereof and esters thereof. Such

function gr oups .. be graft 0 _an_ et hyl -ol.af.in . nterpolynmer, or
itwmay bzlugopol y%ﬂ%%%’e@ The f}eglﬁeétﬁén%t}%l%sng%géei Egsntgﬁlgq{éﬁg?l%H onal conononer
t o f orpaddhell BhAH RS LYdR hydtocaionl &R hating ffomn6td dHairberawABIEr and
optionally other conononer(s). Means for %ryafti ngl,functional groups onto

1

pol yet Fxamples efrssitalle apniseniugded dieappinelufle, tut aye nohligwied toyslraight 762, 890,
4,927, 88 n . 950 th ' I8 the. ; tg are incorporated
her ei n‘%‘?ﬂ %‘%F g‘? éiﬁg%’ Flgéit seli’étr]ﬁ%%d?e?%‘?@& Ogégg%%rlp?a %gtlaglr% §qﬁ%ef ul functional
group dceatiehd, branchytichatieacylclid Hichbs saohusritmethyt-hd-Hexndieng35- group present
in the functional interpolymer can vary. The functional .group can typically

be15pre%@?ﬁhﬂlﬂ»%o‘itécﬁiémﬁiﬁgr@i?&éhﬂﬂm 'P?téﬁ%ﬁi‘? UPRFESWHYHer i n an amount of
at | ea&iﬁlyﬁgg&icéneoan‘ﬁedfi%%ﬁﬁ&%,n§ing19 LBk GlaRIY didnel 8881 a?ROUL S wei ght
and’nore preferably at |

per cent, east about 7 weight percent. The
f unct i oyvddpegtadiepei, 4cytlghixadieny; he-cprlessadienernnd lcopilgdasiccadjns,

and multi-ring alicyclic fused and bridged ring dienes, such as tetrahydroindene, methyl

tetrahydroindene, dicyclopentadiene, bicyclo-(2,2,1)-hepta-2,5-diene; alkenyl,

20 alkylidene, cycloalkenyl and cycloalkylidene norbornenes, such as S-methylene-2-
norbornene (MNB); 5-propenyl-2-norbornene, 5-isopropylidene-2-norbornene, 5-(4-
cyclopentenyl)-2-norbornene, 5-cyclohexylidene-2-norbornene, S-vinyl-2-norbornene,
and norbornadiene. Of the dienes typically used to prepare EPDMs, the particularly
preferred dienes are 1,4-hexadiene (HD), 5-ethylidene-2-norbornene (ENB), 5-

25  vinylidene-2-norbornene (VNB), 5-methylene-2-norbornene (MNB), and
dicyclopentadiene (DCPD). The especially preferred dienes are 5-ethylidene-2-
norbornene (ENB) and 1,4-hexadiene (HD).

[71] One class of desirable polymers that can be made in accordance with
embodiments of the invention are interpolymers of ethylene, a Cs.5 a~olefin, especially

30  propylene, and optionally one or more diene monomers. Preferred o-olefins for use in
this embodiment of the present invention are designated by the formula CH;=CHR*,
where R* is a linear or branched alkyl group of from 1 to 12 carbon atoms. Examples
of suitable a-olefins include, but are not limited to, propylene, isobutylene, 1-butene, 1-
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functionalized interpolyner in an anount |ess than about 40 wei ght percent,
preferably | ess than about 30 wei ght percent, and nore preferably | ess than
about 25 wwigéwiopsscent. Ot her base oils [75] The et hyl ege/maakmiisse

i nterpol yner can be used alone or as a blend with other base oils known in
the art for prepari Rgnt e Iubrlcant co ositions provided herein. Such base

oi | s aPentgRsdricsens ¥lr {-gentene, apd fi Atnayticwaribeerafesied gyolefin
Lub t 96
ncor porbrRteRd e b %%‘éaﬁﬂdﬂﬁ&ymé%%@%@ﬂm@" RiBiite by BR4pa B0 L

with t BPDMIpglyerees.a- ol ef i n interpol ynmer as described herein. [76] In sone
enbodi ne t he ba i1 cpntains any of the base stocks in Goups |-V as
speci fi eﬁh t hesﬂﬁéﬁ? 8’3?@%52’( F3R Buwenasegispeh Rolymens) epggiplle muitbn 1509,
Fougt e jaip ility

§ t €@bckHPDM By p IREAARS Incd 8% ohjuggted d?‘ﬁbla @%ﬁjﬁgeﬂa& é{rcnutg 5@%&%@9

GQui del i nes for assenger Car Motor QO ls an which is
i ncor pehainedydlisr ei polbWC&lef dicrescontaiitieg ABM 4ta Zi)edambmsd@fefaesd dieh@se stock as

alubrLc r usi n vari ety of different
o o6 os VEINe LETRIRR, 1 ke diene s ARRUSE i Ghamis Bidriograeitaton wi t b
speci f kgcloldxgaizndfand BebudyTiiens- 2Qfor§(ﬁ'héﬂeat&§art1§ﬁlbﬂ&' ?r&&?écﬁdlfen@i@@ viscosity
index. Group |V base stocks are pol yal phaol efins” (PAQ). G oup V base stocks

i ncl udéthylifenstdraprbpmsae.st ocks not included in Goup I, I I, Ill, or IV. In

ceppain di me a nt ai ns of the base st ocks
i n oupgﬁ?]o %?e@kﬂﬁ?@eoﬁg%ﬁ d%ﬁlgﬂ}egs Caflﬁaggfﬁg‘g]ém éfnt ains a natural
oi |, almmolnﬁingcat bdabt cwe fandtionbl graip ﬁmst;ttﬂyxﬁafstmbﬁ@e I Ei@nﬁplﬁkg' exanpl es of

sui t able natyral oils |r]cl ude animal oils {e.g., lard oil), vegetable oils,
{e.g., festianggroups maydpclydy, forgramples sthylesidaily umat@at@érmmv@d apd dim coal or

shal e, ﬁiﬁcﬂgﬁaﬁlcaﬁbkﬁlé%?cgs eth?le%lﬁg%ﬂgawgt%& mo(ﬁbl Q%cfﬁdfuﬁ(g Mgt treated or

acid-treated m neral araftinic, enrc or m xed
par af f pmrbcxbdmmcmmhgdmoquesa)ltsahﬁﬂeafmmﬁiesmrslthérSOﬁ fﬂirchﬁ&ncublﬁzﬂ -gdrdupst i Ng exanpl es
0i I s include on al pha- olgflns

ui tablbe ) et e cg(h%fgrg
| af&d "5& 8@“6% u‘i‘ indgrpelFaer OF. i 1ast b copo ther s,
pol yal kihlyrne agd x&@;btﬁmapml SofSidRhe t@%rpﬁﬁme?ﬁémﬂ@ﬁoﬁé@ﬁﬁ&%f I'n certain

enbodi nents, the base oil contains petrol eum
the functional comonomer and optionally other comonomer(s). Means for grafting

functional groups onto polyethylene are described for example in U.S. Patents Nos.
4,762,890, 4,927,888, and 4,950,541, the disclosures of these patents are incorporated

20  herein by reference in their entirety. One particularly useful functional group is malic
anhydride.

[74] The amount of the functional group present in the functional
interpolymer can vary. The functional group can typically be present in a copolymer-
type functionalized interpolymer in an amount of at least about 1.0 weight percent,

25  preferably at least about 5 weight percent, and more preferably at least about 7 weight
percent. The functional group will typically be present in a copolymer-type
functionalized interpolymer in an amount less than about 40 weight percent, preferably
less than about 30 weight percent, and more preferably less than about 25 weight
percent.

30 Other base oils

[75] The ethylene a-olefine interpolymer can be used alone or as a blend
with other base oils known in the art for preparing the lubricant compositions
provided herein. Such base oils are described in Mortier et al., “Chemistry and
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base oils known in the art. [78] In further enbodi nents, the base oi
contai ns hydrocarbon oils such as polyolefins {e.g., polybutylenes,

pol ypr opywenes/10prsepy! ene i sobutyl ene copol yners, pol yhexens2ooeebissst ene,
pol ydecene, and the |ike); al kyl benzenes {e.g., dodecyl benzenes,
tetradecylbenzenes di nonyl henzenes, hyl hexyl ) benzenes, and the

li ke); Lgehnpbessisfilabpisanys,” 28 fistign, - Onfi%(&mﬁgﬁsChamgsl lagreh2 @eﬂ%ﬁbhenyl s, and
the li I [ |phen and the
deri va{§ xﬁ%or}%&hﬂl&s{g%%eﬁg bg;arﬁa%g%lB %ﬁﬁ{ﬂﬂéghgé’néﬁ%g%b‘?s Slabﬁgn wgﬁﬂeg% [79] In

furthereﬂqmémdxmtsmtdqbtﬁyrhaxsaes destridriegdims a pol y-al pha-olefin (PAQ. In
general, the pol ﬁ al pha-ql efins may be derived from an al pha-ol efi nhavi ng
from about? i! to dBgome zmbodimenty thebasgtoilicantpinpanit othe base stodks imbout 6 t o

boyt ha-ol efin
?ng ud?rt sé (I}lesr itp\glgge(%rom célﬁ%elrrl\éeaﬂq) gﬁége@ ﬁl%tlﬂ'% f%s?ﬁéﬁceaggh)igﬁ%pt he |i k:a. >
;I‘hese fouyteal BlmioheDecesnbenyl 9B&\(Ee. aA\PiI 3% 61 |O1L/11{t610mx@bﬂdihty2Gt1ﬂeEmut 1?{008&
3t t 4.1t t 8 centistokes at
567 A5k b £30 o€ imdRRCEBRSe b b bR R g1yl o
a_pol yajlouaneircolpitidelfl ddéﬁneé"@%ﬁs% O 428 MRRbn VeI [OUPS Of the

pol yal kyl ene gl ycol may I ed by esterification erification
acet yl| andyoye mamlfaﬁerekimlsmg al\tmrety oﬁdlfﬁa@nelamm:ﬂses Gfoupsli, tIhbﬂldaIIDbhs,eal kyl ene

o1 Jlior SresRGatiGRiRR s nteclianEobeeig rPer Pl R et r St aitfior 6 0 o

pol yal leysht@ﬁteaﬁd W@sfébsﬂﬂﬂd%ﬁt | @esup 1| Bide sﬁfcﬁ@'h?e 961ye@hxﬁkﬁﬂé %P\&ogl ycol s
{e.qg., mathél et her of E!dlﬂ |so rop yl ene gl ycol I"phenyl et her of

pol yet KtrBme bsp stsicks dic ‘ﬁ‘el?aS@StOpbﬁl Wirm«piyd@hm Gtoypd| 11, Bi.cor), nono-
e Dok yEoh s, B O S0 05, S U BT

ances ene gl ycol
der| vatGreapsRYy. be used together with ot her base oils such as
polg al pha ol efins and mneral oils. In further enbodi nents, the base
oi Bcont als any BPﬂ{eﬁ@‘nbg‘il@fe§t50¥hed’ia%91b€9€%m%a Betne oflca gynthesist hal i ¢ aci d,

Suck! Mofl Al mildivth iRHEH! Nh Bl o BhiROKE < GUBR/ DAl Rerg@! o ¢ aci d.

azel ai c aci eric acid, acl
animal oils (e.g., lard oil), vegetable oils, (e.g., corn oil, castor oil, and peanut oil),

oils derived from coal or shale, mineral oils (e.g., liquid petroleum oils and solvent
treated or acid-treated mineral oils of the paraffinic, naphthenic or mixed paraffinic-

20 naphthenic types) and combinations thereof. Non-limiting examples of suitable
synthetic lubricating oils include poly-alpha-olefins, alkylated aromatics,
polybutenes, aliphatic diesters, polyol esters, polyalkylene glycols, phosphate esters
and combinations thereof. In certain embodiments, the base oil contains petroleum
base oils known in the art.

25 [78] In further embodiments, the base oil contains hydrocarbon oils such as
polyolefins (e.g., polybutylenes, polypropylenes, propylene isobutylene copolymers,
polyhexene, polyoctene, polydecene, and the like); alkylbenzenes (e.g.,
dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethylhexyl)benzenes,
and the like); polyphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls, and the

30  like); alkylated diphenyl ethers; alkylated diphenyl sulfides; and the derivatives,
isomers, analogs, homologs and combinations thereof.

[79] In further embodiments, the base oil contains a poly-alpha-olefin
(PAO). In general, the poly-alpha-olefins may be derived from an alpha-olefin
-23.-



adipic acid, linoleic acid dinmer, malonic acid, alkyl malonic acids,

al kenyl malonic acids, and the like) with a variety of alcohols {e.qg.,
butyl al cwbabge/toersg! al cohol, dodecyl al cohol, 2-ethyl hexylusadosohsss

et hyl ene gl ycol, diethylene gl ycol nonoet her, propylene glycol, and the
l'i ke). Non- I|n1t| exanpl es of these esters include dibutyl adlpate

di (2- ethayIngdigpm yb @gaat@ab@lt 38i orfreme ebeutid tewbeutel0, ai fxomyqbog i9cat e,

di
oht hat ottt BFGRCrofly, ROASEMng pEBIE o REOY poRIMIORLGbRes BLAGEY! i
d| mer , thosd detieed frie. ocEe&E] delcanef utikiness tberb@idamtbmtemcet iMaedego®y-aliphacont ai ns a

hydrocar n prepared by th cher-Tropsch process. Fischer-Tropsch
procesé’lifolﬁﬁ‘é‘?ye]%a"ﬁﬁd’rl%?@ ?i‘é‘ PRI 9abeut Lo Rt SPm ahguhy i R98h1 %M car bon

noNG@Xi Gy ShAH 430 BbSR R er ffét@l?e%%?l@@’@' yst. These hydrocarbons may require
further processing In orBer to be useful as base oils. For exanple, the

hydr ocar b9 may Ihdurtlenaxdddintenth; diesmseoil zemainangblyalkylaie gtycatéed usi ng
processes, k 3o erso in the a

f ' . ski | 83] In furth
o demetfhe iy Bfv s yarh S ind o ebpn hlticor 1 er oi ned of I
Unr ef i RReyalylsealfod hRs DA BHAEEy Sitérfidalivn fe%mifféam{ u&&&laﬁén syt hetic

source without further purificati‘on treatnent. Non-1imting exanpl es of
unr ef i Hediliks. | Non-Holitrpexaimples afishisadd pelyalbpleds Ebcollsyndlmdcm retorting

b I f di |1 , d
oty SRRty et Rt A PULE P AR b sS and veed

wi t houtcofrbirddiiens theeat."NBh-linReh Behsled &F saftehbls !pUlythBrleh@ ghfegl unrefined oils
except the forner have been further treated by one or more purification

pr oces SEEVatEes MW@I@%%O@POIMHQGW glyenls (e, mﬁﬁlﬁi/etb purification

t | yent extraction,
Cecond iy oMk iRy dhor pol b Rt ok AR Y 0L Sl et on.
and t h@olypk@ylﬁ@rgydvﬂ;cbt@) Inson@r endpélgcarbekybiy espl Qﬂpﬁl}raﬂ@rld&ﬁfgﬂm oils
pr ocessea used, to obt { II ned oils. Such rerefined oils
ar d3al $8 I?H’E?&)H‘ ggnsr e'iea rT@HSQS’?e ingigness @%é’& yatlyyleng glycst ¢en are additional Iy
treat ehoRanBIGE: AtV RIGE BthylR d’s@(m?) he%tﬁ%ﬁ& bgs%cyﬂ%' ﬂfasand oi |

breakdown products. Q| Addit | ves [ 84 tiona | cant
conposipohoalpharplefins andminspaltodlsn at Ieast an oi l addltlve or a nodifier

(herei naf f891 desi 'H rf'uéheeg ea%odi%ge% st ![heeba%e 01t1‘| %ctmtgﬁg anyngtatlile esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids, alkenyl
20  succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkyl malonic acids, alkenyl malonic
acids, and the like) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol,
dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether,
propylene glycol, and the like). Non-limiting examples of these esters include dibutyl
25  adipate, di(2-ethylhexyl) sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl
azelate, diisodecyl azelate, dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the
2-ethylhexyl diester of linoleic acid dimer, and the like.
[82] In further embodiments, the base oil contains a hydrocarbon prepared
by the Fischer-Tropsch process. Fischer-Tropsch process prepares hydrocarbons
30  from gases containing hydrogen and carbon monoxide using a Fischer-Tropsch
catalyst. These hydrocarbons may require further processing in order to be useful as
base oils. For example, the hydrocarbons may be dewaxed, hydroisomerized, and/or
hydrocracked using processes known to a person of ordinary skill in the art.
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i nprove any desirable property of the |ubricant conposition. Any additive
known to a person of ordinary skill in the art may be used in the | ubricant
conposi t iwoeroyisded herein. Sone suitable additives hageUseas/oosssri bed
in Mortier et ah, "Chem stry and Technol ogy of Lubricants,” 2nd Edition,
London, SPr' nger, (1996); and Leslie R Rudnick, "Lubricant Additives:
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LUBRI CARfcessof/pegimpmaNs thostiskidlgd imthetaet shelnes ssflvedh extragtien, saborglarySept enber 17,

2008, |1 P6HHL ference..in.its entj.ret ar.e used as ,vi.scosit
Pl (BEEHO36br Mhod SEROE Pulelichy RPN e o et Miestlivd OBy oy
sui t ablage obtsined by wppliieigxo kefied Ol Procedsed si86IaBId tHodBdbd tsistaihor use in the

| ubri can cor,rpo§i ions, provided herein, include, but are not limted to
ol efin rf)fg)‘l‘eﬁr?é]@s,“ gretiged pids 918 alsekaownys resdpinad etrepeopsssd oilaard copol ymer s
and t ergp@h WREIRitRhal ' ' L ERE] ' .ol yners of

al kyl acryl at eslor aa%ﬁrg?tgﬁg%g%séﬁgglés, ctggo §%§¥E§$‘k§€@9¥&%¥hacry| at es
wi t h Noilitmgdkdpywnpoddudtsne or di met hyl ani noal kyl net hacryl ate, post-grafted
pol ymers of yl.ene and propylene with an active nononmer such as nmal eic
anhydri de mﬁ?‘igdﬂéﬂl"eﬁe further reacted with al cohol or an al kyl ene

B oo an The |1 B R Ot SO Ry Ry CORE IR Ui coosity
range d@diddisiyeionannslifir(herninatter designatad oo ratidite”yihahcaorioypartfoor mul at i ng
techni %ﬁtso\fe any desirable property of the lubricant composition. Any additive known to
a person of ordinary skill in the art may be used in the lubricant compositions
20  provided herein. Some suitable additives have been described in Mortier ef al.,
“Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, (1996);
and Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,” New
York, Marcel Dekker (2003), both of which are incorporated herein by reference. In
some embodiments, the additive can be selected from the group consisting of
25  viscosity index improvers, detergents, dispersants, friction modifiers, pour point
depressants, demulsifiers, anti-foams, corrosion inhibitors, anti-wear agents,
antioxidants, rust inhibitors, and combinations thereof. In general, the concentration
of each of the additives in the lubricant composition, when used, can range from
about 0.001 to about 20 wi%, from about 0.01 to about 10 wi% or from about 0.1 to
30 about 5 wt%, based on the total weight of the lubricant composition.
Viscosity Index Improvers
[85] In certain embodiments, higher molecular weight ethylene/ai-olefin
block copolymers described in PCT Application No. PCT/US2005/008917 and U.S.
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Detergents [86] The | ubricant conposition provided herein can contain a
detergent that can control varnish, ring zone deposits, and rust by keeping
i nsol ubl ewpanédg/@bss i n col | oi dal suspension and i n sonepCcaaAB006OYISSS
neutralizing acids. Any detergent known to a person of ordinary skill in
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113-136 (2003), both of which are incorporated herein
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to a pexsomenfuchradinteddiy ashdrideiwhitth@apbé fiFtiér RAcléd Sdth dcdHa€of MPT 1 cant
conposi bﬁly n. I\B’n- Limting exanpl es of suitable dispersants include

succi ni PolyargRes iy ERIS- myeis Aphydrideaslymgrs ppsiaeasteskwish glcokelsci nate

est er agj ineMaiie j . al.ni_.ng di spersants,
boroncgl](?gl?nr{lieng d%hggﬁggﬁf%%ﬁgge?gdgn%?%ét ?gigttb& F}dé%rﬁfelzé)?ggolsﬁtg r@%‘funt of the

di sper dasitedrimhevfEnishefl oginn abawdar@e ddthtkmoadbuimulating fbhfiggsn about 0.05 to
about 7 wt % or fromabout 0.1 to about 4 wt % based on the total weight of
thé&> | ubri camC'¥8HY8si ti on. Some suitable dispersants have been described in
Mortier g86pl., TEBaMrRhkdCoMMsili j ' | Edlf i on,
London, gngn er, Chapter 3,?1{1%3132{3Bgtfé{ld&%ﬁu(e%%g%?édggﬂﬂE?gﬁ?%emiﬁ{af?udm ck,
" Lubr i é&heonabyarpisbstingtawidepesits sand ragbyikeaping mssotuble particles in

colloidal suspension and in some cases, by neutralizing acids. Any detergent known

to a person of ordinary skill in the art may be used in the lubricant composition. Non-

20 limiting examples of suitable detergents include metal sulfonates, phenates,
salicylates, phosphonates, thiophosphonates and combinations thereof. The metal can
be any metal suitable for making sulfonate, phenate, salicylate or phosphonate
detergents. Non-limiting examples of suitable metals include alkali metals, alkaline
metals and transition metals. In some embodiments, the metal is Ca, Mg, Ba, K, Na,

25 Liorthe like. The amount of the detergent may vary from about 0.01 to about 10
wt%e, from about 0.05 to about 5 wt%, or from about 0.1 to about 3 wt%, based on the
total weight of the lubricant composition. Some suitable detergents have been
described in Mortier et al., “Chemistry and Technology of Lubricants,” 2nd Edition,
London, Springer, Chapter 3, pages 75-85 (1996); and Leslie R. Rudnick, “Lubricant

30 Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 4, pages
113-136 (2003), both of which are incorporated herein by reference.
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New York, Marcel Dekker, Chapter 5 pages 137-170 (2003), both of which are
i ncorporated herein by reference. Friction Mdifiers [88] The [ubricant
conposi t iwo 2péepded herein can contain a friction nodi Pceruskévaioossn | ower
the friction between noving parts. Any friction nodifier known to a person
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Edi ti oﬁ?ggétﬁ&gﬁ‘,es@glg'i Iﬁ%den?&’ Cﬁ%?@?%g lggég}ésdg%%%é@ g%ﬁfgg%%f%g’nd Leslie R
Rudni ckiew VoMl Maadl DAl Chigser Spagds 18731 781(2008) Hdtle af whith ate New Yor k,
Marcel Dekker, Chapters 6 and 7, pages 171-222 (2003), both of which are
|né@rpé&&fl@@t%hﬁﬁmﬁhwefeé?@?ence. Pour Point Depressants [89] The | ubricant
COWOS'““FW&%%@?&@EF@ n can contain a pour point depressant that can

0

| ower the pour poin the lubricant conposition. Any pour point
[88] The lubricant composition provided herein can contain a friction

modifier that can lower the friction between moving parts. Any friction modifier
known to a person of ordinary skill in the art may be used in the lubricant

20 composition. Non-limiting examples of suitable friction modifiers include fatty
carboxylic acids; derivatives (e.g., esters, amides, metal salts and the like) of fatty
carboxylic acid; mono-, di- or tri-alkyl substituted phosphoric acids or phosphonic
acids; derivatives (e.g., esters, amides, metal salts and the like) of mono-, di- or tri-
alkyl substituted phosphoric acids or phosphonic acids; mono-, di- or tri-alkyl

25  substituted amines; mono- or di-alkyl substituted amides and combinations thereof.
In some embodiments, the friction modifier is selected from the group consisting of
aliphatic amines, ethoxylated aliphatic amines, aliphatic carboxylic acid amides,
ethoxylated aliphatic ether amines, aliphatic carboxylic acids, glycerol esters,
aliphatic carboxylic ester-amides, fatty imidazolines, fatty tertiary amines, wherein

30 the aliphatic or fatty group contains more than about eight carbon atoms so as to
render the compound suitably oil soluble. In other embodiments, the friction modifier
contains an aliphatic substituted succinimide formed by reacting an aliphatic succinic
acid or anhydride with ammonia or a primary amine. The amount of the friction
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depressant known to a person of ordinary skill in the art nmay be used in
the lubricant conposition. Non-limting exanples of suitable pour point
depr essanwe 20ewloede pol ynet hacryl ates, pol yacryl ates, dipCraisea@speossas fi n
phenol ) pht hal ate, condensates of tetra-paraffin phenol, condensates of a
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polyalkyl styrene or the like. The amount of the pour point depressant may vary from
about 0.01 to about 10 wt%, from about 0.05 to about 5 wt%, or from about 0.1 to
about 3 wi%, based on the total weight of the lubricant composition. Some suitable

20 pour point depressants have been described in Mortier et al., “Chemistry and
Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 187-189
(1996); and Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,”
New York, Marcel Dekker, Chapter 11, pages 329-354 (2003), both of which are
incorporated herein by reference.

25 Demulsifiers

[90] The lubricant composition provided herein can contain a demulsifier
that can promote oil-water separation in lubricant compositions that are exposed to
water or steam. Any demulsifier known to a person of ordinary skill in the art may
be used in the lubricant composition. Non-limiting examples of suitable demulsifiers

30  include anionic surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene
sulfonates and the like), nonionic alkoxylated alkylphenol resins, polymers of
alkylene oxides (e.g., polyethylene oxide, polypropylene oxide, block copolymers of
ethylene oxide, propylene oxide and the like), esters of oil soluble acids and
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[91] The | ubricant conposition provided herein can contain an anti-foam
that can break up foans in oils. Any anti-foamknown to a person of
or di nary wbizbée/iomisshe art nmay be used in the |ubricant eoImMB6iI0098ss
Non-limting exanples of suitable anti-foans include silicone oils or
polydlnethyI5|onane% fluorosilicones, al koxylated aliphatic acids,
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from about 0.1 to about 1 wit%, based on the total weight of the lubricant
composition. Some suitable anti-foams have been described in Mortier et al.,

20 “Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter

6, pages 190-193 (1996), which is incorporated herein by reference.
Corrosion Inhibitors
[92] The lubricant composition provided herein can contain a corrosion
inhibitor that can reduce corrosion. Any corrosion inhibitor known to a person of

25  ordinary skill in the art may be used in the lubricant composition. Non-limiting

examples of suitable corrosion inhibitor include half esters or amides of
dodecylsuccinic acid, phosphate esters, thiophosphates, alkyl imidazolines, sarcosines
and combinations thereof. The amount of the corrosion inhibitor may vary from
about 0.01 to about 5 wt%, from about 0.05 to about 3 wt%, or from about 0.1 to

30  about 1 wt%, based on the total weight of the lubricant composition. Some suitable

corrosion inhibitors have been described in Mortier et al., “Chemistry and
Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 193-196

(1996), which is incorporated herein by reference.
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exanpl es of suitable anti-wear agents include zinc dithi ophosphate, netal
(e.g., Pb, Sb, Mo and the like) salts of dithiophosphate, netal (e.g., Zn,
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di hydr byl ., pol ysul fi des, i de es, thia-ketoneg, epithio conpounds,
sul Pur ﬁ%ﬁ?’f’%pﬁgﬂ@ygwd@gﬁq f%éﬁ %?%e%’fﬂ}/c §H}°Pm°|’f"’£%‘g}t“ﬁ?1€ JEBFENCEr pene and
acyclic ol efiyipem@Presh@ty(@P) A dRts0! ef i n products, am ne salts of phosphoric
acid esters or thiophosphoric acid esters and conbi nati ons thereof. The

amount of [Mhe extTherdebnnansenmposiipamrovidsd hexein chn oomtaincotex@ede t oabout 5
W% T rp?e@s%g?ﬁf)) e(l)geg? thf ca‘%.bpcl)'g\tfen;[3 sl\Mifl/é mfal ];ﬂr?argeg Prgrlflt sePz"lriLg &n ef bout 1 wt%
conditions of extreme pressure. Any extreme pressure agent known to a person of
20  ordinary skill in the art may be used in the lubricant composition. Generally, the
extreme pressure agent is a compound that can combine chemically with a metal to
form a surface film that prevents the welding of asperities in opposing metal surfaces
under high loads. Non-limiting examples of suitable extreme pressure agents include
sulfurized animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid
25  esters, fully or partially esterified esters of trivalent or pentavalent acids of
phosphorus, sulfurized olefins, dihydrocarbyl polysulfides, sulfurized Diels-Alder
adducts, sulfurized dicyclopentadiene, sulfurized or co-sulfurized mixtures of fatty
acid esters and monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid
ester and alpha-olefin, functionally-substituted dihydrocarbyl polysulfides, thia-
30  aldehydes, thia-ketones, epithio compounds, sulfur-containing acetal derivatives, co-
sulfurized blends of terpene and acyclic olefins, and polysulfide olefin products,
amine salts of phosphoric acid esters or thiophosphoric acid esters and combinations
thereof. The amount of the extreme pressure agent may vary from about 0.01 to
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based on the total weight of the lubricant conposition. Sone suitable
extrenme pressure agents have been described in Leslie R Rudnick,

" Lubri canwoAdehi/tokrases: Chemistry and Applications New Yorkj/ushssebosBekker ,
Chapter 8, pages 223-258 (2003), which is incorporated herein by reference.

Ant i oxi dant SWL)/95 The | ubricant conposition Erovi ded herein can contain an
ant i ox!aéa‘ﬁts At fremg gbow AR toRbow fit Ontfirem gRpwidk 1 torabopt | We"base oil . Any
ant i oxiyflaht, Qmalt&eighm&ﬁﬂglbﬁém?e&hg@srieforﬁ dihe iftaplxitblne ™Y b€ used in
t he | ubricant composi tion. nl'rmting exarpl €S of suitable antioxidants

i ncl uderessimeghis halvecheeh desotibed i Kaslig R. Raldidek, ‘diupheay alfirhves:, phenyl - a-
napht hyl am.ne, al kyl or aralk suhstituted phenyl - a-nap m ne,

al kyl at&t"ps %@a@q’@mﬂﬂ%‘élﬁf%ﬁﬁgﬁs&%}ﬂm&haﬁ@a3&%&%&%@ and t he

i k8) . PhENOkhiEh AL AKDARMIRr(if b refokned. 1 bUtY| phenol, 4-met hyl -2, 6-di -t
-butyl phendl, 2,4, 6-tfi-ter -butylphenol’, 2,6-di-fer -butyl-p-cresol,
2, 6-di -fer -Amtiodiggmgmol , 4, 4' - net hyl enebi s-(2, 6-di -fer -butyl phenol),

4, 4" -t hi ofjs(6-dir, -butyl-o- | lik | fur-.b
ot ot aalsL O e ve it SRR o fled fpipi B kB AniaRRS Ry phenol i o
ant i oXitgaRhs reibe bhfreldit Ble o:RNARA P iRMSsE 83 € A BNdtRX I dEAM R wWioTa »

phosphites and the Tike), zinc dithiophosphate, oil-sol ubl e copper
conpourgssoa i oubiresy slsilliip tle arhmer b usefhia thedyhrieans tompesithen.i Ne-dant may vary

f . 0, L 00 . f b . 0 f
G S TR BB 1 O
conposialkyd diphSeytemaies ! iehel-@aphthiyaiihe allgy or ey sestfutddeshehyl-Lesl ie R

Rudni ck, "Lubricant Additives: Chem stry and plications,” New York,
Mar cel oTRspkiylanemglisylated prphsaylenc digmingsotgtrameihyh i s i ncor porated herein

by refeyf . B&’]ﬁﬁ 1.1} TNl CONPAS L ovi ded
her ei n‘%%%ﬁﬁlgglﬁt ai nargﬁrg Sgéti H%ﬁﬁﬁe%ﬁ%%%?&?ﬁazﬂuugghﬁ?%?’b?@? %ewé@{r% Pglgi on of
f er r oust-methal-2 $udifrarc-dmtylpmpnol, Agh, 6-tivirbbtitytphlenaly @, 6tdi-rer t-batyd-preredol,or di nary

o Rl A ey Gniti R aB s ReRTh dot ShBAGEr boy 1 c
aci ds (t@rt-%utyl-%i'-cgétiw HPBO kS, aftfilbaldUntioxRAGhtE (e, BY Bl Alry1C3,8C1 d, palmtic

acid, oleic’acid,
thiodipropionate, sulfurized phenolic antioxidants and the like), phosphorous-based

antioxidants (e.g., phosphites and the like), zinc dithiophosphate, oil-soluble copper
compounds and combinations thereof. The amount of the antioxidant may vary from

20 about 0.01 to about 10 wt %, from about 0.05 to about 5%, or from about 0.1 to about
3%, based on the total weight of the lubricant composition. Some suitable
antioxidants have been described in Leslie R. Rudnick, “Lubricant Additives:
Chemistry and Applications,” New York, Marcel Dekker, Chapter 1, pages 1-28
(2003), which is incorporated herein by reference.

25 Rust Inhibitors

[96] The lubricant composition provided herein can contain a rust inhibitor

that can inhibit the corrosion of ferrous metal surfaces. Any rust inhibitor known to
a person of ordinary skill in the art may be used in the lubricant composition. Non-
limiting examples of suitable rust inhibitors include oil-soluble monocarboxylic acids

30 (e.g., 2-ethylhexanoic acid, lauric acid, myristic acid, palmitic acid, oleic acid,
linoleic acid, linolenic acid, behenic acid, cerotic acid and the like), oil-soluble
polycarboxylic acids (e.g., those produced from tall oil fatty acids, oleic acid, linoleic
acid and the like), alkenylsuccinic acids in which the alkenyl group contains 10 or

-31 -



linoleic acid, linolenic acid, behenic acid, cerotic acid and the |ike),

oi | -sol ubl e pol ycarboxylic acids {e.g., those produced fromtall oil fatty
aci ds, olwoeoagiochs3l i noleic acid and the like), al kenyl pgraisnes/oemsssis i n
whi ch the al kenyl group contains 10 ornore carbon atons (e.g.,

t et rapropenyl succinic acid, tetradegenyl succinic acid, hexadecenyl succinic
aci d, dRerecadonalams (el rigraneRshyBIEMBLC 3rdyisiradessnovceinie a¢idi ds havi ng a

nol ecul | L0 s . . : phations

ther cof XSk hic e RBTAR ey 0tk bR A, ARleb R B ERIE™0 °T5 about
10 wt  %avingameleoultr Weight indhatanpd 05660 tor3000 datt@idemtl cOmbidadoabout 3% based

th t i ght of . the | t ition. Dil t 971 ; Th
ada t 1 Vagorn et pth Gy RO TR JEREEROF I8 B H0 G ror 6 ¢ han
one saddidih Yoyt BT BUBhA 346, FARGERAADS $3BoSON AalecPorPifizigl © di l uent, most

preferably a hydrocarbon oil of suitable viscosity. di luent can be
sel ect eweightofthelabgeantpomposiist.i ng of natural oils (e.g., mneral oils),
synt hetic Oisﬂ'? argd conbi nati ons thereof. Non-limting exanples of the
mneral oilsT Yide paraffinbased oils, naphthenic-based oils,

asphal ticfgy@gsed officsadaiifics AERIHRS tHRFSrrh BE A ditiNOmcbnttdid Reigxanpl es of the
synthetic base oils include polyolefin oils (especially hydrogenated
al pha- gherrithpnginegddisive) The pdditine eehcanttate carccontain shitabledidueskimiest, aromati c

T e A T T e N

nat ur althe growy Rbhesting. of Gatiedldils Ye.g§ hinedall diBN isythbticails dhdve a viscosity in
the range of 13 to 35 centjstokes at 4Q0C. Uses [ 98] The |ubricant
conposi PMgseay theeset nNesilimitiag cxanrles eldbe mirgsnl ilsdnelydeparaifingi | s (or

ST, A ST o aara Lo Al =, Pl
and/ or Norehséting dvatnplesaifithd §8jhetio baserdlsdndiodt pendlsfin bile(ekpezidliyant
COMRO T uon BLOY LR ULel 2.5 Mpher oL Rt A L0r gLl composi L on
ternal £OABHSLHhES, £RAVaHOxy RO RO CRbdMIy HIREIRPAR @dthinations
thereof. In some embodiments, the diluent is a light hydrocarbon oil, both natural or
synthetic. Generally, the diluent oil can have a viscosity in the range of 13 to 35
centistokes at 40°C.
20 Uses
[98] The lubricant composition provided herein may be suitable for use as
motor oils (or engine oils or crankcase oils), transmission fluids, gear oils, power
steering fluids, shock absorber fluids, brake fluids, hydraulic fluids and/or greases.
Motor oil
25 [99] In some embodiments, the lubricant composition provided herein is a
motor oil. Such a motor oil composition may be used to lubricate all major moving
parts in any reciprocating in ternal combustion engine, reciprocating compressors and
in steam engines of crankcase design. In automotive applications, the motor oil
composition may also be used to cool hot engine parts, keep the engine free of rust
30 and deposits, and seal the rings and valves against leakage of combustion gases. The
motor oil composition can contain a base oil and the ethylene/a-olefin interpolymer.
The motor oil composition may further contain at least an additive. In some
embodiments, the motor oil composition further contains a pour point depressant, a
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I n steam engi nes of crankcase design. In autonotive applications, the notor
oil conposition may al so be used to cool hot engine parts, keep the engine
free of rwetwemd2odgposits, and seal the rings and val vepcagateasiodssmkage of
conbusti on gases. The notor oil conposition can contain a base oil and the

et hyl ene/ a-ol efin interpolymer. The notor oi|l conposition may further
cont ai rﬂeﬁ‘fgqné@sdlsmrﬁa%@n@%’&e%ﬁn%ﬂ@“é%o%ff%ﬁﬂg@d@ﬁ@, #Bbr  oi |
COWOSiiﬁﬂi?ﬁoJWé&?ﬁbiﬁ%ﬂh@éoﬁ pour point depressant, adetergent, a

di spersant, an antr-wear, an antioxidant, a friction nodifier, a rust

I nhi bitor, dieaxddlonbi nation thereof. Gear oil [100] In other enbodi nents,

the lubrigcant conposition provided herein is a gear aqil_ for, either
aut onot i v@”@} i ndhSther gmbg q“t?a&‘?é‘gé@a‘f‘r@%ﬁlo@iHroﬂé?ﬁ)%‘g?lpilf)?\ may be used

to |5ubrgeﬁla&iﬁfog%ﬁﬁ&auf(ﬁﬁ(;tiv_@grﬁﬁius@fléi hi{Shs! MRS osfiopal drive

axl es, "accessories In agricultura d construction equipment, gear
housi ngsayaredused ¢d brbeidate Igadrs, rdari axées, auftmogeatramsinissomspiing] driveaxlan contai n a

base oil and.the ethyl ene/a- olefin interpolyner. The ar .oil, conposition
oy oPerRotiss it agte e G pomiSiidh CyEhER, 2t hensis ot eIt e oear i
conposichhiairfves.t TS n%é‘a‘?BIl%bH@oﬁﬂo@Eﬁd WRBin a BAsOif ARTBe BILGRAVLE agent, a rust

I nhibitor, or a conbination thereof. Transmi ssion fluid [101] In further

enbodi redefirsinterpyingt r Theagear oid spopeditieammpy duthee dotfeingit feastsana t r ansmi ssi on

fluid. The transm ssion,.fluid,conposition may Jbe used in either automatic
{1 oo bRk BYST ShBotitchls n€ BB OH donibs TR it Sl of ahSC .2 e
t r ansmvei,Gi dxtreing pEEsRe SigbhtONruSBidhibMol,ar A cantbasgiofitheredtd t he

ethyl ene/a-ol efin_interpolyner. The transm ssion fluid conposition may
further contEiapsmissionflaidan additive. In sone enbodi nents, the transm ssion

fluid 'COWp‘ﬁy ' 0rlnfftﬁftﬁég%b%ﬁﬂﬁ&'ts“ﬁleﬁuﬂﬁéaﬁ &&ﬁ?&ﬂ%xf br§lide@ndghgigent. a

di spersant, an anti oxi dant, an anti-wear agent, an ‘extrene pressure agent,
a pour trasmissideafluid sEnd tramsmissidn fldid@ompesitian mag bemsédinicithéror or a

conbi nati on t hereof.. G ease 102L In further enbodi nents, tL}ﬁ | ubri cant
conposi A BALSIEARSISTIORSF Siaupidragsgission Lo IRuge frAnSpYsSiony S¥pltfEat i ons where

ext endeghnkMRiondhi®BorthSosifdiian @dn@iith Y8R and the ethylene/a-olefin
interpolymer. The transmission fluid composition may further contain at least an
additive. In some embodiments, the transmission fluid composition further contains a
friction modifier, a detergent, a dispersant, an antioxidant, an anti-wear agent, an
20 extreme pressure agent, a pour point depressant, an anti-foam, a corrosion inhibitor or
a combination thereof.
Grease
[102] In further embodiments, the lubricant composition provided herein is a
grease used in various applications where extended lubrication is required and where
25  oil would not be retained, e.g., on a vertical shaft. The grease composition can
contain a base oil, the ethylene/a-olefin interpolymer and a thickener. In some
embodiments, the grease composition further contain a complexing agent, an
antioxidant, an anti-wear agent, an extreme pressure agent, an anti-foam, a corrosion
inhibitor or a mixture thereof. In some embodiments, the thickener is a soap formed
30 by reacting a metal hydroxide (e.g., lithium hydroxide, sodium hydroxide, potassium
hydroxide, calcium hydroxide, zinc hydroxide and the like) with a fat, a fatty acid, or
an ester. In general, the type of soap used depends on the grease properties desired.
In other embodiments, the thickener may be a non-soap thickener selected from the
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oil would not be retained, e.g., on a vertical shaft. The grease
conposition can contain a base oil, the ethylene/a-olefin interpolyner and
a t hi ckengo.2006mos@Be enbodi nents, the grease conpositi orcirustésnoment ai n a
conpl exi ng agent, an antioxidant, an anti-wear agent, an extreme pressure
agent, an anti-foam a corr05|on inhibitor or a m xture thereof. In sone
enmbodi rEseHmsconsising gxl Apysn sitica gelg, carhey Masknuariany syrthetic ergamic net al  hydr oxi de

hyar oxi A A YR (A0 T R S o RELTRR R QUL ORAAES ©0 i

est er. dombjeitien af sodphend ymesadp thiokeenssed depends on the grease pr operties
desired. In other enbodiments, the thickener may be a non-soap thickener

sel ect daenerahk ‘f“l‘ié‘ij?%?fpp%ﬁ?i“gfll%‘cépt gempesitiony j ca gel s, carbon bl ack,
varisous s eti I ?Mdﬁ%@{@ In furt her
enbodl rrenp%i]t heGrt r?%?éeg% tsg?]lrl\lg a co n%??%ﬁ%?re@%gﬁgﬁ)fgﬂd non- soap

t hi ckeneetbod KGeoven &l a Isarsmmfsndnnmfy sRilkimethe ar fdxnmmlnghlbrlcammmlst ilons [ 103] The

| ubricant co sitio vi ded r.ej n ar met hod known
Lo s R dnent s AL Dl Bl e o ek e bR e or 1. T
sone enhRdi Weitas leaEtrtﬁleeaHHMﬂv@”ﬁ{ &e‘éh%tlﬂnéﬂi‘é HHRR ﬂﬁ@%()m &igordi | can be

bl ended or mixed with at | east one additiveé hi the enbodi ments, where the

corrposmoiltﬁmsm@mﬂlalil angyastditiven the addlélvaszldﬂetaldd@d totthe cthgiléne/ovadefimr e added to the

eth Iene efln | base oij | |v i du one._ or, nore

ottt oo dhst B FR TRy 888 8 ke st e sds BBl or e s ¢ he
sol ubi Imamﬂgrdéf Irm)nmmddﬁﬁsms thé Rulsitibink f eleardaltiiet t thet er pol ymer base
oil can be assisted by heating ‘the m xture to a tenperature between about

25 and sibdene/polsfic inferekmagdase gbcambr asisied bydeatingthemigiwatoout 75 and
about 4g00Gutdd ethe@lbdl 55 08 Qo bR HALBMSPIRNbdSPPYRCLA 2 Person. of
ordi nary e art may Used for bl endi ng, mXxing or solubilizing
t he i ndi@diabaity5 afiiebbitdddiGg, m xing or solubilizing nmay be carried out
with a bl r, ap agitator, a disperser, a mxer ss doubl e

pl alet ar yW‘ier s “g%‘%@’t}Pg et @ép%?‘agné‘ﬂ‘&PW% Knopyto aé’eﬁi?%rﬂéé 1Y (e.g.

Gaul i n s‘RﬂI‘H&ﬁé‘th%?arysoe%Qd f@ﬁ'yﬂén%ﬂéo Hir&iah 8k 86ilizin gtﬂé in ddfen®s. -THeo! | O d mil I,
ball mll and sand"mll) or any ot her mX| ng or di spersing equi pnent known
i n t he Wending, mixing or solubilizing may be carried out with a blender, an agitator, a

disperser, a mixer (e.g., Ross double planetary mixers and Collette planetary mixers),
a homogenizer (e.g., Gaulin homogeneizers and Rannie homogeneizers), a mill (e.g.,

20  colloid mill, ball mill and sand mill) or any other mixing or dispersing equipment
known in the art.

[105] The following examples are presented to exemplify embodiments of
the invention but are not intended to limit the invention to the specific embodiments
set forth. Unless indicated to the contrary, all parts and percentages are by weight.

25  All numerical values are approximate. When numerical ranges are given, it should be
understood that embodiments outside the stated ranges may still fall within the scope
of the invention. Specific details described in each example should not be construed

as necessary features of the invention.
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[ 105] The follow ng exanples are presented to exenplify enbodi nents of the
i nvention but are not intended to limt the invention to the specific
enbodi nrenwe 2w&10b@8t h. Unl ess indicated to the contrarypcaiis2@antssand
percentages are by weight. Al numerical values are approxi mate. Wien
nunmerical ranges are given, it should be understood that enbodi nments
outside the stated ranges nmay EXAMRIES within the scope of the invention.
Specific details described in each exanpl e should not be construed as
necessary features of the invention. EXAMPLES ATREF [ 106] Anal yti cal

t enper at ure ATRERg el ution fractionati on (ATREF) anal ysis i s conducted
according _to the nethod described jn &J S. Patent No. 4,798,Q08 .1 and W/ de,
L.: Ryle, 190k - K’H@iﬁ@}"é]cqqmpﬁa@!r‘? ripagelutiongractippation APTREFY ANY¥SiBr anchi ng

Di stri i i : ‘?ﬁk@hé‘lﬂ&k WA L e1Ralym Sci., 20,
441%452§]%dlr%g%e{1g‘\iﬁ?‘(ﬁ:ﬁgg@éﬁei ncor porsgltﬂg%hg;@frs'e e%ﬁ{gﬁ@gg}g% a?Jri\ their

ent i r etWilde[he RydepbBi;tKmrbetooh de. Canday, AR; Detediimatibn efiBianching chl or obenzene
and all.owed t.o crystallize i ol u ont ai nj an i ner ort

(ot ni SR A e iy e R . PRBBE s HEUS00C at

cool i E%lgﬂaﬁaﬂfch Qrd iﬁéd’fb@rate'ﬁhﬁr refekdHEB hbRirPRUh&IP 8tirdkyt 'T_h%%oh%%éiﬁbﬁd detector.
An ATREF chromat ogram curve i's then generated by eluting the crystallized

pol ynerto baandlyzefrindissdlecdiol triehiotoperieaahyd allaweaskisicngstallice in@rgolman ure of the
eluting solvent (trichlo enzen fir 20 tn 1200C at .a rate of 1.5C/ mn.
T donnRo R I b oo GREIES R ol e B e dhErdle el y 36
of a 500%0ata ¥ddlihg ratk of 0l1P@kiihoTae thlaffrid eduippddwith emlmdrehienzene to 0.4 g
sanple in a 10 mm NVR tube. The sanpl es are di ssol ved and honogeni zed by

heat i ngletestors HpeAHREF cheomategramcyrveds tiwpgenaraied dxwelitingdhe ol | ected using a
JEQOL Ecli I : i 400MHz
spect r%%s?ﬁegé,etd Séﬁggggﬁlgfeﬁg&?éﬂﬂa}f%&“%ﬁ%ﬁ%& rsléﬂ{%{}%%%e@ p%?e&ﬁrg?é)f 5 MHz. The
dat a artke eatitg scddent $tiriochloddHAzdnenfriome2(t to 1267C dted mtd ofl Ie5°G/min.a 6 second pul se
repetition delay. To achi eve m nimum signal -to-noise for quantitative
anallsysi s, multiple data files are added together. The spectral width is

25, 000 & NNTRMARalpRifl mum file size of 32K data points. The sanples are

anal yzed at

[107] The samples are prepared by adding approximately 3g of a 50/50

mixture of tetrachloroethane-d*/orthodichlorobenzene to 0.4 g sample in a 10 mm
NMR tube. The samples are dissolved and homogenized by heating the tube and its

20  contents to 150°C. The data are collected using a JEOL Eclipse™ 400MHz
spectrometer or a Varian Unity Plus™ 400MHz spectrometer, corresponding to a *C
resonance frequency of 100.5 MHz. The data are acquired using 4000 transients per
data file with a 6 second pulse repetition delay. To achieve minimum signal-to-noise
for quantitative analysis, multiple data files are added together. The spectral width is

25 25,000 Hz with a minimum file size of 32K data points. The samples are analyzed at
130 °C in a 10 mm broad band probe. The comonomer incorporation is determined
using Randall's triad method (Randall, J.C.; JMS-Rev. Macromol. Chem. Phys., C29,
201-317 (1989), which is incorporated by reference herein in its entirety.

30 Catalysts
[108] The term “overnight”, if used, refers to a time of approximately 16-18 hours,

the term “room temperature”, refers to a temperature of 20-25 °C, and the term “mixed

alkanes” refers to a commercially obtained mixture of Cq.9 aliphatic hydrocarbons available
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130 0OC in a 10 mm broad band probe. The conononer incorporation is

determ ned using Randall's triad nethod (Randall, J.C.; JMS-Rev. Macronol.
Chem Phwso0,206629215301-317 (1989), which is i ncorporat ed poy/usedosinessse herein
inits entirety. Catalysts [108] Theterm"overnight i f used refers to a
time of apprOX| mately 16-18 hoyrs, term"” roomterrperatur refers to a

t enper agereh @fra@@dezgr@tlolakep%rrfe ﬁ@FhEX}Fﬁkodb?éIQbﬁﬁwl PEYDENS Rndhgevent

fﬁgr?: g%@ﬁ%%s' gna SH(()%%&? &(E? n)of:c? rom @Qﬁ%n% e Sgﬁgﬁ?@@eoﬁ%gunder

t he evatructuisd refpaemntaﬁoxasmmtmu Tersynthesio e alh afetat ovihpleres andtthe st ruct ur al
representati on th reof,. the sIruct ural representatiagn shal I g@:,gt rol.. The

synt he r&Pagrtiog of a FIgFNIAG P BRI e (CAE1SH i HY BfiygHtrege At OSRIeE Sy
expeari rr y box
Fohni oo A e BT e P BB A5E Y e
use. [ 109]10&MAO MIVEAO l‘efcrsﬂpdncbdlﬁcﬂ mt}tyidlmhw:amxammlscﬂoutyﬂalumumm yodifiedi num

di fied net | | abl Akzo- Nobl
Cor por ausi AR s e Bmeritally SPMEEor et CorpmdofE onduct ed as
follows. p1OPT eparatyr ﬁfon(df‘c&i@ly@b’{]?ﬂ)%’&drﬁuct@d By g% 3, 5-di (" t-butv

phenyl ) met hyl i m ne [HI -Di-t-b I'sal i cyl al dehyde (3 00 g) i s added to
10 nL of i sdhropRreperation ofig-methylethub(2-bydrokyy3 Srditt<bubylinke :

stlrrlng nbi a rem)vd unde
vadtum CoBETa AR LGBt bR Al ?@7"128?& SRRy Rl
Pr epar althe@mmfonlraﬁdm Mé’b@m iyellowutAfta Reifit gemesnbiedt Nethbsratuiy Fathlidyrs,
| nm no) met hvi y(2- oxoyr) zirconiumdi benzyl [112] A sol ution_of

n‘et w;?iaélﬂ CompyRe Bnder yaguug (@ yisld wlarmhL ar91|19w,n¢rﬁﬂal(he950h@ (ODporcgitol ) i n

gne Is slowy added to a solution O Zr(CH2Ph)4 (500 ng, 1.1 mmol)

| n 50 toI uene. The resulting dark yellow solution is stirred for 30 m n.
Sol vent iB) rRremvatbnofdel-bieBus-dit-putgihendena)(M(D t he desired product as a

r eddi sh- br own i d 1 3 The, pr.eparation of talyst (B2) is conducted as
follPows. o) edeibimaiimetnR5 B8 Bl don R deeR Y < (5

Jethyl) ( Z[ﬁ&j)yl ?A5sdiht§6rpl&fvapﬁgﬁ‘yfétﬁy1j(my&1%%§l3 ﬁdi\/%ﬁﬁy )ﬁbléh'yﬂlﬁﬁff%' egosne
(8.44 nL, 64 mol ) is dissolved’in nethan
di-t- bung;l%&trmmall)deﬁymb tohen® & gowlhadied owl S)oluts)namfdélﬂCHa’li’i@4 (EHcmigoh. 1

mxture,| 81) in 50 mL toluene. The resulting dark yellow solution is stirred for 30 min. Solvent is

removed under reduced pressure to yield the desired product as a reddish-brown solid.
20 [113] The preparation of catalyst (B2) is conducted as follows.
a) Preparation of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3.5-di(t-

butyl)phenyl)imine
[114] 2-Methylcyclohexylamine (8.44 mL, 64.0 mmol) is dissolved in methanol (90
mL), and di-t-butylsalicaldehyde (10.00 g, 42.67 mmol) is added. The reaction mixture is
25  stirred for three hours and then cooled to -25°C for 12 hrs. The resulting yellow solid

precipitate is collected by filtration and washed with cold methanol (2 x 15 mL), and then
dried under reduced pressure. The yield is 11.17 g of a yellow solid. 'H NMR is consistent
with the desired product as a mixture of isomers.

Preparation of bis-(1-(2-methylcyclohexyDethyl)(2-oxovl-3.5-di(t-

30  butyl)phenyl) immino)zirconium dibenzyl

[115] A solution of (1-(2-methylcyclohexyl)ethyl)(2-oxoyl-3,5-di(t-

butyl)phenyl)imine (7.63 g, 23.2 mmol) in 200 mL toluene is slowly added to a solution of
Zr(CH,Ph)s (5.28 g, 11.6 mmol) in 600 mL toluene. The resulting dark yellow solution is
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stirred for three hours and then cooled to -250C for 12 hrs. The resulting
yellow solid precipitate is collected by filtration and washed with cold
met hanol W8 206ld2158), and then dried under reduced presggras20bmogssel d is
11.17 g of a yellow solid. 1HNVMR is consistent with the desired product as
a mxture of isomers. Preparation, of

bi s- (| stizedrir Hyhosy el BHiex by selhlien sxlilbicdfurtberswigh 63 bmiplykas(prgive a
'”“‘“0)551 LSﬁﬂé&i c&%‘ %thclqjngﬁioo%% U“O“ of

- (2- et 2-oxoyl=-3,5-di (tbutyl) phenyl)imne (7.63 g,
23 2 nmol |)116]1 ZOQZOthtdlyﬂtUeAenmmrs bbmlethyb({® 6l gtk d)agmhetinrasaled ofZr ( CH2Ph) 4
(5. 28 mmpl ) in 600 ni tol uen The resulting darkgﬁellow sol.ution

.11
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t ol 116
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Cocat a 1 A mxture amoni um sal'ts o
tet raki[s[@i@sﬁsaﬂ mtbstapﬂmé}yyds)immaecbnﬂﬁ&l’é $918; 9383 eEx ar meeni um bor at e)

d t t | Kyl ami A t M2HT,
Bvar bl cli7bm AGHRabtR MR G1i% e i ptronen 891SE s hnt 1 ol [y as
di scl 0%%%risﬁaei¥§ﬁuéro%ﬁ&1ﬁf§§maﬁé<)-2 -gnddcHirhldaZOcd, ﬁe)sﬁﬁed%cé\dr&ﬁg &Pl 8

al kyl di met hyl anmoni um sa
bi s(t r i6sPeéntlaEx.uldx ophenyl ) - al umane) - 2- undecyl i m dazol i de, prepared

di USP 5 671 1. 118] .Sh ' Th tl
20dfts entitBlea S gent, s FiimagtoEiplorel ARSI e BER) | "
dl (n- hwl))cﬁ(lrbmﬂ%ﬁa (SA)) (ﬁ(lhﬂé)@ll)dfﬂcr(SKBI EEAhy@Mmumr(mAg ghal,um num (SA5),
triethylgallium (SA6), i-butylalum num bis( dlmathl(tbut§/ S|onane)

( SA7) , tﬁl@%ﬂﬁmn@rm(ﬁﬁﬁ} Eﬁl%tbﬂg@ilﬂmr@ﬂﬂllsbmﬂﬁl}lm%ﬁl%@m (- oct yl al um num
d d t
- bot y PR GE] f hud H BrOHGRAR O US), WA bk

b| s( 2, ﬁi(@yﬂmnblﬁ-mbtﬂnbmde)(qs@@)) l(lé{ﬁékﬂ:)tademyi)ltbdtﬁhlumnmum(SAIO) i-butylaluminum
B BT L5 g B Sy tphenoride) 5412,
g: g??%@%%%ﬁ@%%%ﬁ%hﬂﬁﬂ %gé%@j‘%ﬁﬁﬁdé{iﬂfgi)ﬁﬁl n- (oct yl al um num
bi s( 2, 3u@)ﬁn¢tmm4de}é&@h®c¢tbﬁebmanmrdn(b@lums»hylﬁby,l)anndn)t(%émm num
b| S(dl gﬁ’é’%% butg}é %h %) %}i gﬁ I %(!lrpl{:des ESAGI(S rpgg@glﬁnenom de) (SAl
bis(2,3,6,7-dibenzo-1 -azacycloheptaneamlde) (SA17), n-octylaluminum bis(dimethyl(t-
20  butyl)siloxide(SA18), ethylzinc (2,6-diphenylphenoxide) (SA19), and ethylzinc (t-butoxide)

(SA20).

General High Throughput Parallel Polymerization Conditions
[119] Polymerizations are conducted using a high throughput, parallel
polymerization reactor (PPR) available from Symyx technologies, Inc. and operated
25  substantially according to USP’s 6,248,540, 6,030,917, 6,362,309, 6,306,658, and 6,316,663.
Ethylene copolymerizations are conducted at 130°C and 200 psi (1.4 MPa) with ethylene on
demand using 1.2 equivalents of cocatalyst 1 based on total catalyst used (1.1 equivalents
when MMAO is present). A series of polymerizations are conducted in a parallel pressure
reactor (PPR) comprised of 48 individual reactor cells in a 6 x 8 array that are fitted with a
30 pre-weighed glass tube. The working volume in each reactor cell is 6000 pL. Each cell is
temperature and pressure controlled with stirring provided by individual stirring paddles.
The monomer gas and quench gas are plumbed directly into the PPR unit and controlled by

automatic valves. Liquid reagents are robotically added to each reactor cell by syringes and
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General H gh Throughput Parallel Polynerization Conditions [119]

Pol yneri zati ons are conducted using a high throughput, parall el

pol yner i aabi20es/messt or (PPR) avail abl e from Synyx t echnetcegisess/obssss and
operated substantially according to USP' s 6,248, 540, 6,030,917, 6,362, 309,
6, 306, 658, and 6, 316, 663. Ethylene copol ynerizations are conducted at 1300C
and 206hexsseryair solyent)is wited aleames. e hee gdeirmddtionds mixer apkangs saluent (¢ mlby

cocat al I d..( i YAl : is

o cacnd] Vit EB5Efe bl (FAUT abShaly it oncheda R NAUAD SIS ML Sir e
r eact oragéRPINd caciyst b eflalgst i tureldWiied wahixtiera of cscatdyst $ and MMB.XoiBa ar r ay

that are fitted wth a pre-weighed glass tube,. The workjng valu I n each
r eact oMIEBIE of vosesealysig is “E%fﬁﬁhecréf"geni%sarf’ SFfaixed m%snaﬁhwair ]é‘g@?fﬁ%teg’edﬁ’cqrol | ed
Wth stirki: i by di i L L gas and
Guench ©Adilth RIRX EB(r MG NAEHPLs CHhEL L AREHIRS: (B0 IPRRSFEL

aut onmatadditioalivethervtiseomaintaireesg ol snerizatiomdare camducied doicggpreometetshl 2eact or
cell by syringes andthe reservoir solvent is mxe kanes...The.order of
ddi 1 SHEes gL e drieansed S5 B orsmmpts prgahRt AbeSRRBre SiliTer ¢ 1
nM) . copatcatisitard co¥led APhakss rubtdMBGnBadtdll Bhe MBSY drb trafkfa@&NMo.a and

catal yst or catalyst mxture. Wien a m xture of cocatalyst 1 and MVAO or a
m xt ur eenfiftgedvacataldyging unis, and eldied tfitrel 2 lmageatt & °4L. cTlprtebésxcodtainingddedl | vi al

imrediately prior, o, addition to the reactor. \Wen_a reagent i.s omtted in
2 iycp Db Wb Bbhe peee bafureh b H-ie ARG e THIRTHEL oA daF net
Pol ymerjaabEpaignRt.e conducted for approximtely 1-2 mnutes, until

pr edet érm ned ét hyl ene.consumt_i ons are reached. After quenching with CO
t he react Bi28] ar e Tdsditbricaatsdnadedn gtensdance vath emhwdimedadeidie imveationbes ar e

transferred to a centri el vacuum drying unit. and.dried for Jours at
b0 C S P RS T o e T Pt E sn RGBSR B IR e
bet weennthbs cfRtithegnd the tare wei ght gives the net yield of polyner.
[ 120] The lubricants nmade in accordance with enbodi nents of the invention

nmaylShave one or nore of the fol | owEX8mpdhnt ages: i nproved shear stability;
oxi dative stability; and cost effectiveness. Exanple 1 [121] The inventive

o ol Cci 1 v 8o I SLERLHTTLy 8 By U STR  BPLEng) Sl corL Y
DSC peafiefitetdpolignddGating @fcombolite 1-actea@toréntfofi 85 aN. %f a denbity,of B30 eiciml e, a
wel ght ]5%/8 E)éa emelting point of -10°C, a heat of fusion of 2 J/g, 2000 g/mole, a weight average
20  molecular weight of 4500 g/mole a Brookfield viscosity at 100°C of 15 ¢ST and a pour point
of -5°C. It has an average block index of 0.65 and has at least three ATREF fractions that
have a block index of at least 0.5 (0.6; 0.8; and 0.8). The copolymer is useful as a lubricating
oil.
[122] While the invention has been described with respect to a limited number of
25  embodiments, the specific features of one embodiment should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the compositions or methods may include numerous
compounds or steps not mentioned herein. In other embodiments, the compositions or
methods do not include, or are substantially free of, any compounds or steps not enumerated
30 herein. Variations and modifications from the described embodiments exist. Finally, any
number disclosed herein should be construed to mean approximate, regardless of whether the

word "about" or "approximately" is used in describing the number. The appended claims

intend to cover all those modifications and variations as falling within the scope of the
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nol ecul ar wei ght of 4500 g/ nole a Brookfield viscosity at 1000C of 15 cST
and a pour point of -50C It has an average bl ock index of 0.65 and has at
| east t hrwe 2006RBE1sBr acti ons that have a bl ock i ndex of atThsasis/o6sss (0. 6;
0.8; and 0.8). The copolyner is useful as a lubricating oil. [122] Wile
the invention has been described with respect to a |imted nunber of

enbodi AEYNEONE he specific features of one enbodi ment shoul d not be
attributed to other enbodiments of the invention. No single enbodinent is
representative of all aspects of the invention. In sone enbodi nents, the
conpositions or nethods may include nunerous conpounds or steps not
mentioned herein. In other enbodinents, the conpositions or nethods do not
i nclude, or are substantially free of, any conpounds or steps not
enunerated herein. Variations and nodifications fromthe described

enbodi nments exist. Finally, any nunber disclosed herein should be construed
to nmean approxi mate, regardless of whether the word "about" or

"approxi mately" is used in describing the nunber. The appended cl ai ns
intend to cover all those nodifications and variations as falling within

t he scope of theinvention.Wat is clained is: 1. A lubricant conposition
conprising a base oil and at |east one oil additive, wherein the base oi
conprises an ethylene/a-olefin interpolynmer having a nunmber average

nmol ecul ar wei ght of |ess than 10,000 g/ nol and wherein the S ethylene/a
-olefin interpolynmer has a nol ecul ar fraction which elutes between 400C and
1300C when fractionated using TREF, characterized in that the fraction has
a nol ar conononer content of at |east 5 percent higher than that of a
conpar abl e random et hyl ene interpol yner fraction eluting between the sane
tenperatures, wherein said conparable random et hyl ene interpol yner has the
sane conononer(s) 0 and has a nelt index, density, and nolar conononer
content (based on the whole polyner) within 10 percent of that of the

et hyl ene/ a-olefin interpolyner. 2. A lubricant conposition conprising a
base oil and at |east one oil additive, wherein the base oil conprises an
et hyl ene/ a-olefin interpolynmer having: (a) at | east one nolecular fraction
whi ch el utes between 400C and 13Q0C 5 when fractionated usi ng TREF,
characterized in that the fraction has a block index of at least 0.5 and up
to about 1 and a nol ecul ar wei ght distribution, Mwv M, greater
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than about 1.3 or (b) an average bl ock index greater than zero and up to
about 1.0 and a nol ecul ar weight distribution, Mwv M, greater than about
1.3. 0 3.woheodwmbrsscant conposition of claim1 or 2, wheceius2008009855

et hyl ene/ a-ol efin interpol yner has a nunber average nol ecul ar wei ght range
from about 1,000 to about 5,000 g/nole. 4. The lubricant conposition of any
of cl aWkatis plaimp@isei n t he ethyl ene/a- ol efin interpolyner has a nol ecul ar

wei ght di stributi . . Q&h 1 R dhgelogbr i cant
conpositi onlbf aﬁ%g%@%ﬂgg?ﬁﬁé&ﬁ@? ergsgll&né ?zﬁsé oetaﬁglaglr?g/ a- egl efin

| Nt er pQUNITRE, Wiksein (1R ek bil ebiiptises @agtityyenefo-aleGintinterjoly3@ hagingat 1000C. 6.
The | ubricant conposition of any of clains 1-2, wherein the ethylenela-

ol ef i nninmber aysragamnolpeudar avesghtiof ks thand 0,098 z5moband wherig the; ~ The | ubri cant

conposi i on of of cl.ai 1- b DL e = in
I nt rpShgﬁeélF%%@i%ﬁ £y egoéﬁﬁg‘ﬁaﬁ@%%?%@g%%\&t@q%%h %1%% ?%gwlr?t@n gg?posi tion of
any of ,54 23076 viheh frivfiohabdudihe TRERY tiensdterizled itat ihetfeicioh iaea conpri ses a

C6-Ci 8 a-olefin.9. The lubricant conposition of any of cl%i ns 1-2, wherein
the et myllaremenemer ponteniol pilens) Faercebhiigherdhantherolaemmpardlersin. 10, The

| ubri cant, co | 1] ' < | yl ene/ a-ol efin
I nter p5 r?t%lr&g@%%% ilng«%g&ggggﬁ%&{oil%hﬁ@eﬁ\ﬁ%% ﬂgg%ﬁéc% og‘litlﬁe%n of any of
cl ai s whetein ¥dié ceinpartable raddoyl etheleae nitebolymenhey thokyme comonpréréds dodecene.

12. The | ubricant i tion of f clains 1.2, wherein the b il
F it hoang B ebandse. Bt rd ey Pasomeg ottt ben SR WB9a bace. st ock
of AP .p@fﬁx‘rb‘?z}gviﬂéirr]ﬂl'o Ol%elréelnt of fat of tROSLSRAD LA AiPRerbOGARR! . 13. The | ubri cant

conpositi'on y claims 1-2, wherein the base oil further conprises is
a natural oi2, a gyhibtientcompositon eomprishngiabasewitandraglspst ong oilThe | ubri cant

Comos e SRl R b e AT AR b or s, o
depressant, @ deighddhé ifblecdst Ridkibn WRIR elfte§ BERRSA A0PC 4Hfd 130LOr , an
anti - wear aé@nt , an
15  when fractionated using TREF, characterized in that the fraction has a block index of
at least 0.5 and up to about 1 and a molecular weight distribution, Mw/Mn, greater
than about 1.3 or
(b) an average block index greater than zero and up to about 1.0 and a
molecular weight distribution, Mw/Mn, greater than about 1.3.
20 3. The lubricant composition of claim 1 or 2, wherein the ethylene/a-olefin
interpolymer has a number average molecular weight range from about 1,000 to about
5,000 g/mole.
4. The lubricant composition of any of claims 1-2, wherein the ethylene/o-
olefin interpolymer has a molecular weight distribution range from about 1.5 to 4.0.
25 5. The lubricant composition of any of claims 1-2, wherein the ethylene/a~
olefin interpolymer has a Brookfield viscosity of about 5 to 30 cSt at 100°C.
6. The lubricant composition of any of claims 1-2, wherein the ethylene/a-
olefin interpolymer has a pour point of below about 0°C.
7. The lubricant composition of any of claims 1-2, whetrein the
30 ethylene/a-olefin interpolymer comprises a C3-Cap a-olefin.

8. The lubricant composition of any of claims 1-2, wherein the

ethylene/a-olefin interpolymer comprises a C4-Cig a-olefin.
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antioxidant, a rust inhibitor, a thickener, or a conbination thereof. 15.
The | ubricant conposition of any of clains 1-2, wherein the additive is a

vi scosi t ywondexioerspr over. 16. The | ubricant conpositi onpofr/usheicndsss
wherein the viscosity index inprover is a higher nolecular weight
et hyl ene/ a-ol efin bl ock copolyner. 17. The | ubricant copposition of any of

clai ns 1- 2, Ywher dihg lahsisant gomposition of apnel ¢laiss §-3, whergipdhe oj 1, a
transm gsion, fluid,. a i .a popmer~steqrdng fluid, a shock absorber
f1uid, S&57% -off'ar%ing?rpgﬁﬁii/eéggﬁippgesfq uiodcz8¥a Ogé%lgease. 18. The | ubri cant

conposi tion1of Cl@emibkicald@niositio®f kbpof €laiMs Lo Whatinithel is a notor oil.
19. The lubricant conposition of claim 18, wherein the notor oil further
conpr i styleneloi-slsBgiintgrpoliaest comprisesedecere. pour poi nt depressant, a detergent,
a dispersant, an.anti.-wear, an anti oxidapt;,. icll difier, a rust

i nhPbi tor ottla cgﬁlﬁﬁ‘ﬁlﬁ}ﬁa@d%@é’?g’&f‘:&?ﬂf Ogﬂ%m%u{i?i ‘_’é’fé(lhr?ﬁctggrrpo_si tion of claim
19, wheRidheld1Blelintite AR RBRMEkéI Wlctdned transm ssion fluid. 21. The

| ubri cant” conposition of claim20, wherein the transm ssion fluid further

conpri ses a 12 scddietlybricaniesonipasitionet any of elpims bA, yberei the basg adlet er gent |

adi spersant, an .antioxj dan n_anti-wear. n r pressure agent,

a pour qﬁtcoﬁlgb‘?%ssagé’ﬁfts,eﬁﬁ#’d&ﬁ% E5AR cogs%fgr gitsali l%a%e isn)élk ?5%% or a

comnbi nq}lbgﬁg I, e @ afv, V2ahd cbaghihdtdhs eiRpdofconposi tion of claim 7, wherein the

| ubri cant conposition is a gear_ oil. 23. The |ubricant qﬁogposi,ti on of claim
fi

22,Y0nher ei n 18he degdulyicant epnenesitionsry §E§135n5_\/1'§g:\¥§?r?91 e qﬂnp_r over, an
anti - "‘%&l}g{%@ﬂi&e‘ﬂs{sﬁg‘ﬁ PEQ;%% %?g%%grﬁﬁ&k’oilaorr HmbifdHoR h@Eo©r @ combination

t her eof . sition of claim1/, wherein the |ubricant
conposi tion l4s a WredalwcanPompdsitiondfang afitlamonh@swherein thé additiveris24, wher ein

the grease further. conprises a viscQsity index.inprayer, a thi.ckener, a
compl et itpoRbHiex APPIANes BAFISEUF. A4HPDSArG Addsticnjarfiicn s PAYt Pl pr essur e
agent, Rprediihnt, of RAMIsiBerCH HRSERAM, a corrosion inhibitor, an anti-wear agent, an
15 antioxidant, a rust inhibitor, a thickener, or a combination thereof.
15.  The lubricant composition of any of claims 1-2, wherein the additive is
a viscosity index improver.
16.  The lubricant composition of claim 15, wherein the viscosity index
improver is a higher molecular weight ethylene/a-olefin block copolymer.
20 17.  The lubricant composition of any of claims 1-2, wherein the lubricant
composition is a motor oil, a transmission fluid, a gear oil, a power steering fluid, a
shock absorber fluid, a brake fluid, a hydraulic fluid or a grease.
18.  The lubricant composition of claim 17 wherein the lubricant
composition is a motor oil.
25 19.  The lubricant composition of claim 18, wherein the motor oil further
comprises a viscosity index improver, a pour point depressant, a detergent, a
dispersant, an anti-wear, an antioxidant, a friction modifier, a rust inhibitor or a
combination thereof.
20. The lubricant composition of claim 19, wherein the lubricant
30 composition is a transmission fluid.
21. The lubricant composition of claim 20, wherein the transmission fluid

further comprises a viscosity index improver, a friction modifier, a detergent, a
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inhibitor or a m xture thereof.

WO 2006/102153 PCT/US2006/009855

dispersant, an antioxidant, an anti-wear agent, an extreme pressure agent, a pour point
depressant, an anti-foam, a corrosion inhibitor or a combination thereof.

22.  The lubricant composition of claim17, wherein the lubricant
composition is a gear oil.

5 23.  The lubricant composition of claim 22, wherein the gear oil further
comprises a viscosity index improver, an anti-wear, an extreme pressure agent, a rust
inhibitor or a combination thereof.

24.  The lubricant composition of claim 17, wherein the lubricant
composition is a grease.
10 25.  The lubricant composition of claim 24, wherein the grease further
comprises a viscosity index improver, a thickener, a complexing agent, an
antioxidant, an anti-wear agent, an extreme pressure agent, an anti-foam, a corrosion

inhibitor or a mixture thereof.
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