WD 2010/ 126721PCT/ US2010/ 031301 POLYMERI C COMPCSI TI ONS USEFUL AS RHEOLOGY
MODI FI ERS AND METHODS FOR MAKI NG SUCH COVPOSI TIONS US PRIORITY 5[ 0001] Thi s
appl i cat iwo 20l0i2eR1t he priority to and the benefit fromPUOBRN2@02/031i381 528,
beari ng attorney docket number 2009EMD79, filed on April 28, 2009, USSN

61/ 173,501, bearing attorney docket nunber 2009EMD82, filed on April 28,
2009, and USSN 12/569, 009, bearing attorney docket nunber 2009EM210, filed

on Septenber 29, 2009, all of which are incorporated herein by reference in
Cheir enti r BOLYNERIGEOMEOSKENNS HS FEU I FEDRNSHOL O SK@DIFHRRS 1D o

application is relat / i docket nunber
2010EMO23, filed on ﬁgﬁy$§&@ﬁ%&@ﬁsgﬁ6&1ﬂﬁ@3?ﬁsbeari ng attorney
docket number 2010EMD12, filed on January 22, 2010, which are herein
incorporated by reference in their entirety. 15 FIELD OF THE | NVENTI ON

[ 0003] Th&%ﬁ&é&ﬂ%venti on relates to polyneric conpositions useful as

r heol Qgy i1 ers; : ods;f.0 rm{%;]} it I

parti gul a[m] t hgﬁﬁsﬁ%ﬁ?iﬁ?% érigllngsttglg to {S%rtr%g{s;@tﬂl&gna 1y ﬂ(fiplggjesrgs%e) 6%@73’3%?1 C
conposi t ilasn@rtbdmey cloylsdt alumber 2P0UENEOE, sklepainy April 28.c20093IISN03/1T7AA01 ar e

For maki gt pesBip el Bisber SRpRerBEREes-on pet Ryt e85 12158386
[ 0004] LubfchRd b@dinty Ubdet alRbaPRI0veN IS HRANLADMQEbGUYf 2065 i eKidE ard he

friction between such surfaces, thereby inproving efficiency and reducing
wear . Lulbin¢asperited hietein b reférsnceohtteir énimetyi on to di ssipate the heat

gener ate e aces, 28] | e of lubrication fluid is
a pet@ol -';‘j“‘ LH RELATERS m—m& conmbusti on engi nes.
Lubri cat i[0002}i | sTaspplicutddds kélvesd toMiSSIN BELP9. B e Ueubitig addriney dothet hombave a
certain viscosi t))( %if a given tenperature. In general, the viscosity, of

| ubri cat 9 0BM0Z3 o fépds piyilauagy &9, 39éq’s@dyUééhlgﬁHéﬂ?ﬁ%]pol?‘Faflé%ﬁétPQ%eﬁr ckgthen
the tenp I [ ' [ i(5 0 i i h
i de gamaif PO MR, 880 b TliehL 5% 130 BRICERE e e R b g™ e
vi scosi t yindiensentinetfy] ui ds general Iy increases. For internal conbustion

engi nes, e, it i irable to have | ower viscosity at |ow
tenpelrsat uﬁ@éﬁé ot Iﬁ@ﬁ!ﬁgne starting during cold weather, and a

hi gher vijggesityTat dit@hein@mbeNeld&MRES @If)ﬂ{e?ﬁ YhBPoditsi GREIIOR RRQISHL | es
typically decline. WO 2010/126721PCT/ US2010/031301 [ 0006] Such additives
for | ubrinsedifion #ndumgthodsdonimakingnsichdeomprstionsy Moti parsicslarlyndieuivagfion

vi scosity _jnde V1) i.apraver.s. VI inproving conponent derived fr.om
oty ene-relltSre. SapesTREY G rRBRIGRY (o PTRER chiotn SHlits, Gifse

i ncrease goEndritdédngiitions He0ard Yseftd Ml nfod R ah&riveloRi@e paipaics bF SaRS] ind
over the range of tenperatures over which the 5 lubricant is used. Higher
et hyl¥ne reeghedsfer BslinRyHeT corerasitionent | y pronote oi |l thi ckeni ng and shear
stabilityg, 8N ey thﬁnﬁ ntent copolyners tend to floccul ate
or aggr eqa%mm%n%ﬁms—pgdi ng to extrenely viscous and in the
i mt sol[0004]or mihbdi¢atios . fluitd ard ypiliedl beywbappenmgaturfittd entreduce hbdiitticnt
conditions of controlled and, qui escent gooling. This deleterious property
of ot her e&%eegm%ﬁ%%&stﬁﬁﬁeghémp@mﬂ %fﬁélee@hﬁ%fedvsngg IRty Lﬂbﬂ?ar‘ﬂﬁpdﬁ’é‘ii% is
measur ed v JRA hERANA LIBaR UL R IcIAROY BEte NAlhOUREIEIEdi es have been
proposed for these higher ethylene Content Tcopol yne ornmulations to

over cone (00051 t i Qat eyrchnfduipnapensivid/istagwdnotisint-besedl dubrebiiomoibusdd fgh internal

viscosity flocculated mater.ials. .[0007] Conventi onal, yapadi um base

71 gl o - 1St ieje Tphefpiogs PPy gt ies pOR 1D TN p3 oo have
copol ymers.GRPOREski19f at & SivéE ey RAuR! ORY@RRIOME Yisc¥ity 8f ROPANOTESS afd
15et hyl ene and hi ghei al pha-ol efins, such as butene, may be produced, such
copol ynerftuids are lipversebddensndénd sipom topnegathicg W herethi y¢reperatpemefelubrication fluids

0008] Met.al.| -based cat b t dyce. hi gher - al :
ol o1 i cONtSRET Or Sronar oy e edferthBeesfosB ANl @STERBRAR: i

U. S. ddat efetrebied, hedAfoditl of Wethdhiidy geneRgi9ripatake d Foemeirial Rynibabteinedigtnes,

20[ 0009] The performance of VI inprovers can be substantially inproved, as
neasur ed By cxaeplehit dk defiiabledprhayp dowgr (ITEpitn il lavn emappaaipres tta iy qﬁ&agﬁ X (S
Sl), by Jolo] ol d f i,pul at i -

by over i ayh o BCVERRE! b TR’ BhocRly B Mgk AEHE dhfp@inlotgiitn

di st ri butlulicatibn prpertiz oypecadlyatedliidhe chain architecture are controlled and
segregated into at |east two conpositionally disperse and/or crystallinity
di sperse polyneric 25 popul ati ons. These di sperse polyneric popul ati ons may
be achi eved by the use of a special synthesis process that enploy

net al | ocene-based catal ysts in the polynerization process.

[ 0010] Met al | ocene-based catal ysts used in continuous feed stirred tank
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[0018] I n anot her aspect, the invention relates to a lubrication oil
conposition conprising: (a) a lubrication oil basestock, and (b) any one of
t he pol ymeoi2e10cianpesi tions of this invention. 20[0019] | mCanistéen3gspect ,
the invention relates to a process for naking a polyneric conposition
conprising the steps of: (a) copolynerizing ethylene and a first conononer
conponent in the presence of a first netall ocene catalyst in a first

pol ymeri zati on reaction zone under first polynerization conditions to

produce d0996lst eneh dditivennior i Wibrigations ifluids andhyeibsnénchstsorhepbeeyofmaedifirs,

i nvention; NIRALZ : n : nent
n"the pracdhe RO e R A AT AT o oo
react i on atgiaeoltfind espat@aondmpadify mer ihzelbieal ebadiot tomsrdage fhicdabrixantivisasind
ef fl uent caonprising a second ethyl ene copol ynmer of the invention; and (c)
forning £NPoP POt @ BRSNS VIHOSIh @VE{entangR, OfwiaETaEh OVET Mdrichy i
second p - - NEE [ ! - up
S R b o SR A B

t he firstshewrdtabeagndiqraivynbrghzatthplene eadtntaopalymess ané ta flosetatesr, aggnegate

Il el tl . WD 2010/126721PCT/ US2010/ 031301 BRI EF CRI PTI ON OF
o DRaw e o TR B0R s e SHRAY Torantyh dkoBmty oe iR por oy
t enper at Uy giciIBr higpend BVARAbikNEorABa MBI LG ditéhsRH oRBbIIE 8dcehOfbolin.

PAO-4 | ubricat’ion basestock at a concentration of 2.5 wt.%froman_
Ant on- Par¥his tistatestoas . propot W Feiamese advareepss dhgher ¢thyless casteat fvisgesityon

of strain _for the inventiVve and canparative pplymeri¢. conpasi tions in PAO-4
iy Bat 1B sto S B ERH e G bRt | G EOT AR Ry B
DESCRI PTIgebpdskd TétEhbNMENTr @hy1¢d20cdalchb eopulpaenformileithd @Moveedodieesr tigate

pol ynmeric conpositions useful as rheology 10 podifiers conprising

pol ymer i chisdrensaity omardsithe farampen obiigh Niseosityaceated magigdosi ti onal | y
di sperse |gahHMer [ Gn GOmBRS Ja}delﬁm%gé&ie%[e% oo c'ﬁ%{si’s b zﬁéaﬁ@ rHQ_Jtt XS
conpositions that are useful 1 n nodityiAg the rheaologic properties o

| ubri cat ipahyrhdrivins copbitenas npopbiddosfadthylenk spepoeyleat ynBr i Whilonppslyticonofar e
formed from at leaéi;[g two discrete conpgsitions qQf ethylene copolyners. The
f

crystial | isintsnegphbigher dfahdsalefing Wehpge dufsngnmay S pyp P opebIgAre AL

copol yﬁerlﬁm'f@inb@Hos%tha}zﬁg%ightei’\@th icgSL&lt&tval ues of residual crystallinity.

The invention also relates to t hods of maki ng such conpositions.

[ 0023] Thel 0PR8I or vt cafe-bashy e alysty asgderisediogyydupdiighceaiphawlafin domppnoirer s

is neasured. by the ratio, of . .the TE i i e al i eye
hat tho CoigBal o v Rl sy Bt SBpbradd” aed Y4 RARN SR S dpepy SR

det er m nege BrpbRate MG ecindtrcfit@er ethylene 20 content is preferred
because of its TE. Wile increasing ethylene content of rheology nodifiers
| eads20t o [PAPHovedhTprifgmange pby'| improyeesran dgdybstentiafly iepsived, asrpeasaradityi ty
of the olgfin,c I | easi.ng .cr 1 ni ver racts fq.om
t he perf c}gerrltahrll%kee%gl %fﬁglelrl??'e@%g@a rtr%egls ?%?ta@é{yam%}yfsrr%g%’ea%pﬁo g%%s%% Ghrethf?
crystal | imenipahtydtesfsht etnettire of kiecelingireyereiwaaiivddisdoverrdehat8actoperfotmance
associatioon with _ other conponents of the lubrjcation oil and precipitate
out 25 dPPEeiss sk ithedistRuiien of thepweamgpend the ehagsarghigecipp arcesontraded @y ons

(0.5, gorRBya o BRI Aokt B 8RR oS phd ol SRRy SRkl o

passagewgppulfadond h€hdsu hlispeat ipotynidrigi phpahdonamal dadichiovdiabyrtlendeiof asspoeal

causes failuyre of rvang rTZchi nehx.eﬁ]% 024 Wi | e .noE beli n% .bound by any
par ti cul a¥"PREBPIPCCISFISIRgY WERYOGHET A Hereial y§ieia B NBCHBHIONPER S SY or
l'ubricatijgpid] Ui S tARRPHI-54sBY cRAINYIBILE i BRGRIoUL 90 WH BN aRK Scactor lead to

conposi tional'ly disperse and/or crystallinity disperse will be | ess prone
to the deltlstlerd opslfidrectlsclofirecneenpstopildy aryrewadndi Irerci omoshpbhblt enarrow

sol ution Jreasur ed t he change .in the r.heol.o f the fluid saolution
conpar ed (ﬁ%rlgﬁloébﬁ 1'\1}8¢%§ r gﬁ@{k}ﬁt gB(f,h & cgpcf?éxplgangfi}.?%/béﬁl n\ﬁmolecular welgHt and
2010/3h26 7 dipeditibiS LR B33kt GRBO hy ieissref contionSRITE tIRVET agfoe@nposi tion as
the conpositionally disperse blend. It is also believed that these .
conposi t i[88BNI y na/setutionyopesed ris the i pebkadpeof wrsrzhons 1and Hepé-crysigdline
crystalligahion. 0 6eal kagubaem B &addhsS Wi ARl Mol HFREH ALML Eylenc.
resul tingi‘n et rer Tow enperature flow properties in solution as conpared
to equi vareplerosaposinidro Ak Wy forrihéredsad I H @Sy Neisteaipeiturt vidcosBl g& rbince

wei ght and TE. These polyneric conpositions and their use in lubrication
oi |l conpositions with basestocks can quﬁjstinguished from ot her
conpositionally nonodi sperse ol efin copol ymers by physical separation of
the conpositionally disperse polynmer into conponents as well as by a higher
ratio of the nmelting point by DSC to the heat of fusion than would be
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dg/mn of the first ethylene copolyner. [0042] As used herein, the term

"M B" neans the nelt index in units of g/10 min or 10 dg/mn of the second
et hyl ene wopolwrer21 [ 0043] As used herein, the term " MhAPCRES2G100BE01
nunber - aver age nol ecul ar wei ght of the first ethylene copolynmer as neasured
by GPC. [0044] As used herein, the term"MWB" neans the nunber-average

nol ecul ar wei ght of the second ethyl ene copol yner as neasured by GPC

15[ 0045] As used herein, the term"MVvA" nmeans the meight-average nol ecul ar
wei ght ofandpeur peisk See.19\8-<AS- Befget Nerer -408.2dhi20d 5 3P 1 §1 arsddprercen Peisphoof
pol ystyr ¢ J | e term"MMB" neans
t he meigﬁ?@§$§?ag§qﬁ%%§@5 §€g&gﬁﬁkggéghﬁﬁn&¥ﬁ%m§§§§%gﬂ%%ﬁyIene copolynmer in
uni ts of [@0BTs/ nWehave famdsthaf coolryst tpr theetcachsngyeiasthe edt, 20erayis GPgreferred

[ 0047] As used herein, the term"MAD' neans the ratio of Mv to M. [0048]As
used her dFRUORYID thefWizonnEng japPUBbi FRTMPITELS ap emﬁfegh@gtwiié%m o4 niRgdiscrete

pri ncispal 4; A S ] (e

Cecond ml o R R T AR s P R PRI bR o
al 1" of tWeimpowrnalhislrdhtionshy leadsen déyldne-bmsahalphealeén copapmes witichhafe t he
total anmount o he internal olefin contained in the higher ethyl|le

copol ymor SUURLAPUSHE g walerbers nafly Buh T35 orPHET B AR TAMBURL DR Tt e

i nter nal ptRkdrig@NSS. Ngde icRofch & haARha RN¢HH RNE, PRPINER: WRHRPREN laffect

[ 0050] As 'used herein, the term"negligible anbunt™ iS intended to nean |ess
than 10 3ohatpropastics pétheothgplo ifigrf suchensi selubiilitall pastredten TdoardiSHéd It 15 t he
pol YIB! Goe 18\%0%5‘[:[ he nﬂdignﬁj ok g@ﬁa-t Pe%%s %1aWti' OéodgiftiOB qgadttgtaalﬁlrtﬁ%e%%eeooff cloﬂ%rglr nal
ol efin contal ned in fhe tow etnyl’ene® 8ol yner °Conponén

2010/ 12673 ¥RE o2 16k 03 1B lthhOBelichsl oS effstaBinttynwill be diffnidhe@aindeRes theans
nmononers or. polynmers having two or nbre unsaturations, i.e., dienes,
trienes, fhaditt picthe pelationsgogtymag theaglregre il be gehangedn " pol ypropyl ene” nmeans
a pol ymer e o 09 n (18, r . t . 70%
o opy! ondVUEHlE s Th, FaRThs. B Hcd, HIRRULE R R BB E AR ef cobBBghol
pr ef er ablgpnatristattthPefe pidplphendefimbised comenomorsesupildé ésralsk yin Ml impasiterO95%
propyl ene units, or 100% propylene units. [0053] As used herein, the term

" subsant't4Fl @Wq Heapogehydtigh & ??e‘éﬂﬁgpatr?fian %ﬁeprfqrrcgfnpomélpﬂwélﬂe SEll simer
and/ or the,s8canth %Hyﬂe%ﬁﬁciﬁpl%w Wilierdtgre Pﬁﬁi%ﬁtrﬁédlégﬂggw%eﬁﬁk’.' NGid gsnddan 1

branch point pendant wth a carbon chain |arger than carbon atons per

200 car bonectOthat adetladronedsa backbone. [ 0054] When a pol yner or copol yner is

referred éI?l\/lzﬁAf&nBi?JﬂJ glbﬁpliﬁ][f(f)i\ln i ncluding, but not limted to

et hyl ene,=pfopyrene,—ara—bdterre,—the ol efin present in such polyner or

copol ynmer[od 4]t herpedey4¥psdt za6 ifvehiid el dtdiao Al gy riericRAMPTBIbE c6RPESEEL | ons

15[ 0055] I n one aspect of the invention, the rheology nodifiers for

| ubriation fl(a) ds alwpethglencenpobanarihgriael y di sperse pol yneric conpositions
and crystallinity disper pol ri Lt hons. .These I i C
conpositions conpr i'se a a%leErAs]?l té?ﬁaﬁllgg ﬁré%ggr%%tF{/{rlr%? %E) FEH ggodz' %%tl Srggﬁ%ne%roe% al

et hyl ene copol yner. Unl ass0pidder wi se specified, all references to first

et hyl ene copol yner and second et hyl ene copol¥ner refer to both the

conposi tional |y 20di-spersMpdtfyensthan areapyde i PGRL:and crystallinity

di sperse poly ic.C P&gﬁ' ' he. first ethyl ene copol yner having
relatively lo ; etf§ enQ&%%%%%%Pbgg§ghg§%glyner of ethylene, an

al phasol efi n cononaner, aark} iaphé cngt frpnagreatat tanmatl cqplaéfd 35 @ridssapdn @analubly a
pol yene, such as a diene. g0057]The second et hyl ene copol ynmer havi ng
relatively higher ethyléﬂé-c%ﬁkent 25copol yner is a copol yner of ethylene,
an internal ol efin,;an al pRa-dthakinnamtgepti onal ly a polyene such as a

di ene. [0058] The referenced pol yneric conposition conprises a first

et hyl ene [88Hd| ymbr anophres faspreabithe iavertwagtlatss tav potyoiteria chinpeditiet tophpmreng:

copol ynmer based, on t@ﬁ qﬁ%ght of ,the .polynmeric conposition, and a second

et hyl ene copol@her 2 ISEFRYIERT (PPREE Y B8 | ess of a 30 second et hyl ene
copolymer based on jt he waighin @ rid}R fRh LR ChaTRQTAILtb Do 1453 tBH®: equal
enbodi ments, the first ethyl ene copol yner conprises 60 w.% of the first

et hyl ene copol yner and 493é1m@%0f t he second et hyl ene copol yner of the

pol ynmeri c conpositi.on; | th i s, the first ethylene copol yner
conpri ses 70 mﬂ.@bd? théﬂ¥%@§ﬁﬁggﬁgﬁgggﬁg@polyner VO

2010/ 126721 PCYbUS2 i1t 313l canebpdOmvdr hiwiah: t he second et hyl ene copol yner
of the polyneric conposition; in still other enbodi ments, the first

et hyl ene copol yner conprises 80 w.% of the first ethyl ene copol yner and 20
W . % of the second ethyl ene copol yner of the polyneric conposition; in
still yet other enbodinents, the first ethylene copolyner conprises 90 wt.%
of the first ethylene 5 copolyner and 10 wt. % of the second ethyl ene
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heat of fusion HA of the first ethylene copolyner may be | ess than the heat
of fusion HB of the second ethyl ene copolynmer. 25[0075]1n sonme enbodi nents,
t he crystwDI2orvt2y72di sper se pol ynmeri c conpositions nay becCthse@oarsozed by
the difference in the heat of fusion, HB and HA. In sone enbodi nents, HB -
HA > 4; in other enbodinents, HB - HA? 8; in still other enbodinents, HB -
HA? 12; in still yet other enbodinents, HB - HA? 16. In sone enbodi nents,
the difference in the heat of fusion, HB and HA, is in the range of 8 < HB
- HA < 10; in ot herl- embcdifhetitthe range fignt greptehthan 30 te lesHban Apeqyal 10560 and

[ 0076] The conpositi:onal l I / linity di sperse polyneric
conposition nmay be Furt h%wgﬁog?%%?g?ﬁ%gggﬁabl;é ?ﬁ’gadr)'ati o MAMB. In sone
enbodi men0816|M AliMsBmics ecthbsdinichian tie petyuadrict co@poditt@s hahameoor eaaral oft the2,

| ess t han ﬁr equal to 1. WD 2010/126721PCT/ US2010/ 031301 [0077] The

conposi t iT8HAVINg NIPRSESse and/ or crystal linity di sperse pol yneric

conposi tions may be furthet chahgckerized by the absolute value of the
difference in the nelt index of the first ethylene copolymer MA and the
mel t i ndex of the secondmdihlebethen tppol yner M B. I n sone enbodi nents, | MA
- MBI < 3.0; in at.her odj.ment I MA. - BIl, <25 instill 5 yet
ot her enbodi nents, 't M&elgflf‘}\//ﬁ)!égﬁes% Tl@feﬂ‘?f‘lé‘??/'llor afbt ot her enbodinents, |
MA- MBIl < 1.5 jand shé Wei%f@tpe%ﬂt%f femdl aBRkse cdpdMrier isMr&itdr thad tHe
and still yet other enbodinents, | MA- MBI < 1.0. [0078] The MFR of the
conposi tional |y di sperseveighl/ percant yadt te| sepondy chiylspe ravpolysley rerthe polymeric
corrpol%i tions will be int %;nrr%(sji'ig}le to the MFR of the | ower and hi gher

et hyl'ene content 10 copocl yners when these copol yners have different M-Rs.
The | over[oelTy! ene se8t@iBodanRNd YiMkhe palyntaicecaipdVitRnfthd figy &d2tht seddnd The
hi gher ethyl ene content copol yner can have an MFR of fromO0.2 to 25.

[ 0079] Theetylengt capelyBerss saeth FOBIMPE ePlEY B8O oN®NE B dROEo APIPBRNESHy | Hite
and one onpn r 0, RS

ol cot od PranfRE Ry BB dpeldlF PRtk i pRCHRIP TRLiihg AURARRAGHLS dha

t her eof PRnehecathbseof.t Tiee dbpdralefihefapdeandepemitaieneecttd frosethegtag dongsnrtghe
group consj sti ng, of to 0.al pha-ol efins and m xtures thereof

Pr ef e1r5abl%f,aéﬁ@%@)ﬁlﬁﬁ%%ﬁn%%%‘ﬁeéﬂﬁe ut ene, hexene, octene or mixtures
thereof [1968§)] | NS oBuRFPAILACRS, invBRIGOTRRREEE Of hhiScakibh Sbil 2BShpdion
second ethyl ene copol ynmers further conprises a polyene nononer.In such
enbodi nermosiprising: 20 conpositionally disperse and crystallinity disperse
pol ymeric conpositiaon further .conprises, up to 5 nole % up to 4 nole %; up
to 3 mle % U toaglu%?aélo%ml:mae%kt%ldl nol e % pol yene-derived units.
[0081] I n sone gboding®int of tHeh Iynhdrit coripayiiBRgo CARThYdRIonand/ or the second
et hyl ene copol yner conprises one or nore polyner fractions having a '

di ffe&Oentlﬂﬂfm, alnliandtbereaspees thauanvaniion ralafeﬁetpemtprmﬁs Keramakigr & elynaeric MhA
is the nu r-aver .l |_ar 1 of ;the.fir t hyl ene | yper . and
N S S R e N G MR R RO g it A
[ 0082] | n waipeneittindhdprdsencetdfa fiealddgdiocomdidtalest inasfifst helynetipytidneaction
copol ymer and/ or the second copol yner polymer fractions having different
comonomerZongdBden Fst eodynasiéation FOPAIBIGRY It PERAHES et GHE e , comppaisrg, & tfirgfy

second et e I C [ Yo fld 1
conposi t iegwlﬁ{a%sw?B u %{Bgrt]l%él){a erﬁ)}?qnl g@éﬁ% ruct LA ee.tggflgrgeg%ggso ﬁg‘satgglﬁ??rgﬁ y
| i neaxs stoougouere iaf the heedents of et kocbrd enatadjpabyereatabudior dchends polyndtriestipnl ene

copolymer has less than 1 br nch@%i.nt.penda(gt. wi th a garbon chai naﬁar?er
than 19 6¥SU98160724RUPEIIN820QMSETHP CIRBHA LI NRIOPRT 206 bEIUsE LS
al ong a ﬁ{ﬂ?@,l t i ReRdast: W a 0 hd&d

| ar ger tﬁ%n 19ﬂ1%a? Sgioslgt %ﬁgle%eelr%g%lgﬁgfgrﬁgﬁe poi ntﬁgIrl ai{ﬂe(ggb )tfﬁglﬁ{n% %r@%&goi nt
pendant wionipositioardfidhe gaintioh,awhencint thanfirkd asdsbamd apadyrscypetios @0ndidivho are
atons and preferably less.th 1 branch. poin endant with.a carbon,chain
e ger o HEBPEa e G A 2roU 00 s r b o B E sy iede ity Age BB
presepnce hsdrAACRhORINtR e ah@ JcBeR polyaickiontidd rdabfort QRROMRI in (RRONBITES
Conmponent s 0085] I n enmbodi nents of this invention, suitable conmononers

i ncl ude, netallehpethasemeinited to, propyl ene (C3) and other al pha-ol efins,
such as C4 to C20 al pha-olefins (also 10 referred to herein as
"a-olefins"), and preferably propylene and C4 to Cl12 a-ol efins. The

a-ol efin conmononmer can be linear or branched, and two or nore conpnoners
can be used, if desired. Thus, reference herein to "an al pha-olefin
conononer” includes one, two, or nore alpha-olefin conononers.

[ 0086] Exanpl es of suitable comononers include propylene, linear C4 to Cl12
a-olefins, 15 and a-ol efins having one or nore Cl1 to C3 al kyl branches.
Speci fic exanpl es include: propylene; 1-butene; 3-nethyl-1 -butene; 3,3

. . o



WO 2010/ 126721PCT/ US2010/ 031301 al kane sol vent, either hexane in a solution
process or propylene in a slurry process, and to finish the polyners to
renove thwo=olwent21 [ 0095] The netal | ocene catal ysts, an@CThEso1003B0Wi t h
non- coordi nati ng ions and non-ionic activators used in the

pol ymeri zati on process, are taught in U S. Provisional Patent App. No.

561/ 173,528, incorporated herein by reference. [0096] Exanpl es of suitable

bis-cyclggentadieQ¥I net al | ocenes, include, but are not limted to, the
type di sdREHIDESGRIETION 1 TNESDRAIWINGS0: 5, 198, 401; 5, 278, 119;

S 132! 26301307 F 3 1 Bisdpds gifes Yigdaeginy ndediforEipedutebrdiinpyive,
of whi ch adeohpanitipepatydtrivycongfositionc én PADI4 lutbichGat bawrstotik atCoopoehtratarm

[ 0097] The Iubrigaglon oi | canposition according to the invention conprises
a | ubri c&fiZonWbyq ryaanienPandheometdne of the conpositional Iy di sperse
p9|y”%r'QDﬁﬂﬂposfﬁbﬁﬂzoﬁmFﬁP§sh&%eﬁk$9ﬂmaﬁqﬁ9&kﬁn¥fQﬁﬁnoﬁnt@@ nbyRhal dddi ty
di sperse polyneric conposition of this invention, an optionally, a pour
poi nt depoewsetive polyserne ewrbowitmest 8y BAQH [lulbrdatan i basesodk IHcaFpOsht iaons
have the foll ow.n perties: (a) a thickening efficiency greater

t han 1.5f”89“§$h@$8$£gﬁgﬁ%i.7, or greater than 1.9, or greater than 2.2, or
greater tHRPAZLEDDESCRIPTIONOP PHEINVENTIONP) a shear stability index

| ess than 55, or Iess than 45, or [ess than 35 or |less than 30, or |ess

t han 25, [8923]lessThhaneot ioyenfies sretatrsntol Holyardicoeompsetjanscesepless vhendesi ty
a3 C RAaiiER %ohBfling Py Ric GRS N3RS ARAuaBE. 33 TR 10 0 1%183511 fhan
100, or I'e¥S'tRan B0 "6’ Péss P e i 4TS Hangi@lcen I st'okes F%@? onaty

[ 0098] Thelidpebsei sty ieic @bmpestimBsiddancrpseliatatlispeasenulytase Lofpitidas @at 1. 5
w.% or 1.0 wt.%or 0.5 w.%of the conpositionally disperse and/or

cryst al | i%¢ vsefi ia peedityinghihg rheqlegied mpersriigsor . lubmsragon duise TheroBweptianslby

form ng td}%ghs%gﬁﬁ&@g%oeyog?@ﬁeﬁ Fl’ég&}l@c{ G ieSe rlEef’s‘?dm)Behﬁéf‘\LgtreLU&Ha&s"i‘tﬁdrﬁgofg |

Basest ock t he Ication oIl bases use i1nt
i nvent i orethyledeuckenolyonidrs ar Ehenotysfailmityedisparse polyercat @nipesiaind sy fomedd Gom | s
such as pol y-a-ol efins, polyol esters and pol yal kyl ene gl ycols. A m neral
oi | o a SidsE GepolRE haItGR! et WG rIpEE I cVadRgs ot rﬁfﬁ@l@ﬁ apiaflingy.  The

el oy ed. ook B AkicR1d whhodeBEhALhY stttdnfblRhnsubl ected to purification

such as dewaxing. Alth h mneral oifs are divided into several classes

accor di nd0028]t he Tperpeifocmbnan ofrettindche-psnd rihkdlypgy seddifisrsaasi Vieimproyiets is

i menat | ShORWEAd D aftorf s ol BesSts 1 sp el i Hip (h omHorfion of
2010/ 126484 BleFnUssfdh &330 Lived S SICRRc - abidtthiats @ns TE[ QRd @ddt Hiph@N®hylene

enbodi ment, the polyneric conposition is used as a VI inprover for an oi
conpo¥i t icontentThe pp@%lyfrﬁe beerppp@iits oF. hd¥hikoingpiasingycthyleng [copeniapf [reepdegy10
w. % Fraom 49. wt . 0% IS meesition. is incorporated:.i.nt

pasest ook gty Gotipye Thi iR g Bd Ry obEEBURE DRt Bhtheng
upon whetdigfin thgolgasi. r edr@sdugystalfinidy,f iowsbe dephad dedm aic perf@etintd Ve the
concentrate. The anpunt of the VI inprover is an amount which is effective
to i npr ovBeIPLhBaArier eha WimgrovehReqghscedy Helking pplymerstend g {loeculpds. ejther by

i mprovin [ . I ' I S, ¢ 210N . . %
or o t1 i EhahRy e arption PSRy okt BB SRR Brifoib et
conpasi t iadnthe lubridatieh tods.naltheve preoyptatek iant appaéntCasOtgion® (4.86 Otundf4’) &6 haghd
alternative u erIiMIﬁ of 15% or .10% .i n other e,O%HEMS.FQHES(ﬁ VI

i nprover YAERNENF aASPHAKY cﬁ‘?ff&’i_ M5/ oPlIERIC i (3-8 Ie6er 214 R S b AriPesf e
reci ted yp&hold &P dusnRla8d WtHeR bRk shdl&vass ERanOTubkf e S8 3hd Y RAY t@Rar one
skilled in the art can readily determ ne the appropriate concentration
range basedompoauschiluta éfrravengolaghineny. properti es. [00102] Basestock oils

oresont iIEEH T oM ol RaimetEund By e e Bhar TSGR oyel g i g st losy
| ubrigat ipedifibks foer IshRdakon 9Hdi®d a@ﬂpggg?r 5K JdintRAitions eriath  are

conmbusti on engi nes, such as autonobile and truck engines, marine and
rai | r oad c@impesitionallyi disecrse aed/pherysiallmity Adiseantcaydbls lessspipee tauthe delgtgrious

achi eved by £l BYL g bNeal iTREGY A «FATRBRIGH ANSn Ol tiey PTESERNL Ty gRt f on
in basestock ol S ¢onvant f'ona Vy enpl oyed T'n and/ or “adapt ed tor use 'as
power tr afsstogy iofight | flliid softioh asmPfediud ammbidvilerdnsibssi ehaf dindlelssthtléract or
fluids, universal tractor fluids and hydraulic fluids, heavy duty hydraulic
fluids, power steering fluids and the Lu*p. Cear lubricants, industria
oils, punp oils and other lubrication oil conpositions can al so benefit
fromthe incorporation therein of the additives of the present invention.

[ 00103] The lubrication oils to which the products of this invention can be

N ~r o o o o -



Enbodi ment 5: The pol yneric conposition of Enbodinments 1 to 4, wherein the
et hyl ene content of the first ethylene copolyner (EA) or the ethyl ene

cont ent ovothw/werond et hyl ene copol ynmer (EB) is in thePcangeonasnygr eat er
than or equal to 35 to less than or equal to 85 based on the wei ght of the
pol ynmeric conposition. 10 Enbodi nent 6: The pol ymeric conposition of
Enbodinents 1 to 4, wherein the absolute value of the difference between EB
and EA is greater than or equal to 5 wt.% Enbodi nent 7. The pol yneric
conposi t iROMCENRfFhE pnt gveragesompogiien as Fhetaerpppifigpalbt digncaseedlensh df irdio
and/or t . o] I > [s..e Torngo] o' .
comnomer g BB SRR TRl AR B LR SR S M8 lower
consi st i ngysdlliadtiphan coblinglfiei asibandtosubtamigsntt th@peatures] hguhingha-bettef lons
are independently selected fromthe group conpsisting of a C3 to C20 .

al pha- ol FPRE Rk IR RIgPEdcy H’e%%tfom*%ﬁecoavmgi] 8 %‘ilIlY?ge“atrCme?Pélle@Ier?mBHF’ene,
hexene, ] ) di tn s g TRl iL1on
o Enpod s B e R o R R P PBp AR an O HRP S ona
et hyl ene isopdingaees ¢ilir céreposctomsr ivets Esgrddoke neamobo ndistingmshe@ O fiohe other

pol yneric conpositijon further conprises to 5 nmole % pol yene-deri ye

ot o EroOURERbl.  ROPOUNTEs: | DRTB: ICORONEISE! + PO PEat: SERGSCqh) o the

| ubri cat i @mpeitioRABLSHLRE pARdeliRlo @MYpoRBSs tab%eﬁ@%gj'arfﬁ%ﬁ& rdtid &F the afelt

pol yneric conposition.” The lubrication oil conposition having a physica
property poatdutlRSC o bmbetiof dgnoepthen meiugt baepserfved for)a momudispersgmedsinegr of zn or
equal 10 J 5 Ll oSl cof ol easy LNanBBhaand Llilil) a complex viscosity at
-31C D50 e 4L P RAR TS equa? to %53 cSt. 50Py9er %ﬁalyses [00112] The

et hyl ene [0028]ent Dalstcasbl@idiy| TnBesoengbitiveahespty (odifrs Wspla9ra hipgceThydnane
copolyners were determ ned according to ASTM D1903. [00113] DSC .

Measur emeAtver Beat yigbibythamtheir sapmparatiyesngs dhasipyilar avrgagegompesition agridpdo not

t enper at . . I f S|

| mot et SO NET B8P pRESK IO ARRLY TR g e PRI LACUE IR Bty
pan w t h peroenmetias nidashracbly ta@ladatvissusoy bhtheisabtionnaidw témpaatatrd r ogen

envi ronnen t he_saml e s first caooled to -100C at 20C/ mn. |t was heated
Co 220 d00AGC e A ade YeRRE b IPYSHISR thHAY9 afunuak ey @f theysternal

20107 126 743G éé%%%%@%ﬂag%e Ehp yﬁ’épy&gﬁgh&fs‘%]mﬁdt O Sibgeéﬁghérhﬁ& of

behavi or under as-recelve [ y thernal

condi tf ons, can be influen
hi st ory dbe wetinalagleBampkle Ippkgpatigtiermncapetymout . cotitpensrdmgh eharvlimity Heninvention
equilibrate t 0C tq. erase its thermal history. ystal ].i zation data
st ooty verd canlialt bt iohg VBl albRe 1 (B oo et Sholghe o
10C mi n anchppastit! a@rﬁéﬁg Al of the ml&ﬁz@-o_lé'ﬁrﬂiﬂ'thé’hi?heﬂ’@@yl&%o@glyﬁ%'cﬂmb@ne%zoC
at 100 mn to acquire additional nelting data (second heat). The

endotXer rRefinitions ng transition (first and second heat) and exothernic
crystalli jon transitiaon irst _cool) e _anal yiz for . 1 ure
oo ar ea O AP BRI RCHIGPh AR Elhg sP: YRGdor B RRENihS T B
hi ghest pe&ky araRred.pri nci pal and secondary nelting peaks as determ ned by
DSC durinﬁ the second nelt, discussed above. 10 The thermal output is

recor ded [H928Ihe Apewscdniraring flee dam i aYMPlERKVisHostye M| % fregpgneh-degendent
typical |y, : L k .at . al : > n
the t orpa apeRe SRR A e br SR ARthed ERtdREoREEHen AEHEEET
i n Jauil esstrass, an neaAs usfe Padcal-freohdsatthaf isf etpiabno thbeliffedehé¢anfetp@entthe slyhewar ded

as the tenperature of th reat est heat .absorption within the range of
mel ting SN Sitibe @m—qér'%eﬁimosw?@%ﬂ}%w A BheoTPRleY Jhteskyer age ol ecul ar
vei ght, Ngpag)umbak-a¥emaesen, b 86 aCoMbahbn DYRribafch BRlAGH LRI WRCHIBT) s

di stribution, MV M or MAD) were determ ned using a H gh Tenperature Size
Excl usi orde@nedmatioyrRupdnt (N tShd2, (300 mhthit ie hereBy ripaorperiated bor reRoénoeerCDBI is

Laboratorj es equi pped. Wi th ifferential refractive index detector

(on sy 2 ordefiiba 28 s RS dichveal of bt et ol RS e, F e DimmBRs cBhient
Experjomenyiain b aiok shdledidas6tal BRMarb@InfMome? Qohtdsd. UhO TDBMott heoplsllBeF & S
were calibrated, are described in: T. Sun et al., "Effect of Short Chain

Br anchi nge#shlyt dtcropned piilveing ivenk kegwipdgohsiques fey isplamng urdividelufracions of a
Macr onol ecul es 3 I e 19 . 6 - 1) . hr ee
Pol yner I_Sgﬁ]B?GaP (f)ylﬁ)ée;ég&_lﬁélﬂ' 1 mﬁ’r%] R}IIC% ege-%ﬁmg% l%%n@%\?pgrraé&ég@é?ng%@%%%ﬁlﬂrﬁgqoﬁ | ow
rate was (PREFg, desdribed amtl. Wik, o, Ralitl¢dfBatintfationl ofBraiéhsn SO G triblutionhih
various 25 transfer lines, colums and differential refractoneter (the DR
detector) were contained in an oven mai nfained at 145C. Solvent for the SEC
experinment was prepared by dissolving 6 grans of butylated hydroxy tol uene
as an antioxidant in 4 liters of Aldrich reagent grade 1, 2, 4

trichl orobenzene (TCB). The TCB m xture was then filtered through a 0.7 um

o o o o ~ oA T o o —— —— g p—




poi nt s/ decade and 1 second per point. [00126] The nunber of branch points
was determ ned by neasuring the radius of gyration of polyners as a
functi on wb 20tee126mhiecul ar wei ght by the nmethods of si zePexalSesioos301
chromat ogr aphy augnmented by | aser |ight scattering. These procedures are
described in the 10 publications "A Study of the Separation Principle in
Si ze Excl usion Chronmat ography,” by T. Sun et al., in the journal

Macronol ecul es, Vol ume 37, Issue 11, pp. 4304-4312, (2004), and "Effect of
Short Chdiotyatederchpity Ediylense Copplymersned@ir6is oofobstey olcérires Pelvmpn dfuesics

Sol uti on" T.vuURnelinahar (f J1our r | 5. 1.V sue
19, pp. 6%?%@6%@; Q? 2@8‘1%‘4}1 \g\}’lgl%gé’l Qgge@'gb?ﬁ{ elnj[r\@%r' %g@ agt%é) ’ &ﬁ/ﬂcrhe? llgr gﬁ%éératéds
15[ 00127]heBrimbe néfagneaed pol ymers havi ng narrow, and nost probably, |ow

pol ydi spersity index wth essentially uniformintranol egular and )

Pt er ol dOBIYY dist P?@&utheﬁﬁan,oﬁhecdﬁ%siqomswﬂal& <BSEedeBERD i OV RS
ratiosof dfipolifioh CoBiis MIRPRAG B RUFAL cthpRid RR Y Oy Rnd B dhGlmeR. ues
of this paraneter indicate |ow |l evels of branching vvh?lle | ow | evel's

i ndi cat e [90bHt antisaised berelns thef tebm &noilymger’20§100$28ly pohyreemizivegtvar or more
conposi tion distribution, unlike CDBI, contenplates weight percent of

copol ymer™¥Yeht within a smaller range froma nedian total nolar
cononomer[pg)t enfas @ec@-herdth ! theNtedn “M‘ys%lﬁﬁitﬁﬁ@?@t@e” RRan&%apRl Berié Heads a
Gaussi an conpositional distribution, 95. 5% of the polyner, used herein for
t hi s examslenese c@opsiEon Fermaprisednof, af keagii twoi athgnatbasedeeapplyones dvingetweoean
i f thl% staqpccljee{r gal%evéfart iiﬁﬁ‘alics s&a?l%ii The i nternol ecul ar 25conposition

di st ributdOn Tor the Po ymalfy faction i s 20 wt . % et hyl ene for such a

sanpl e, i[0633] 10%sstadacdinethicatdr@n “Yisgdrels 2awd .that MHcelcORIpBIHdRY include
conposition distribution. [00129] Conpasitional Heterogeneity, both .

i nt er nol enstgpentmolymeerifrrctensor el haye Efceeah coapeseians pnder dilerend cpsi AEtyNVR.

Convent i | e i ques: I L r 0] r- ngl:

et anol oig) dns B, M el FRARUL R BhE AR EIS] fffof Whtreront mopomer
entitl ed @thpolidCnNRsAn@hyesdistribfitié@snposi ti onal Heterogeneity in

Et hyl ene- Propyl ene Copol yners, " Vol uype 24, |ssue 8, pp. 1724-1726, (1991),
and i tﬁgﬁﬁ‘ﬁm B ehhaREy BiRPER UF ssmees th 3t H?TC%‘thftthé(éFne"%meé units

"I nterprefaid /R &B%I%ﬁg:c mEPIERCE t@é%&eﬁéﬂl@'&ﬂl&%@iﬁﬁer@é&ﬂéﬁgﬁbﬁr opyl ene WO

2010/ 126721PCT/ US2010/ 031301 Copol yners e W th Het erogeneous Catal ysts",

Vol une 2J0034sueA8 usgpherdid3the 124a} ;' B 11983ts. th§ 00130 perGertaf athyjgnealsnyehtinional
car bon- 13f VR maa(iu[h ment s g dibad nd.tri a&ﬁd%ﬁ%ri ution is used to

char act erd! 2% {HROETHY FRHENIRT 8%%%9‘&%W61 ¥ GRS Gt PS8 hni que for
nmeasur i nqg36|bon AL 3y MR heRYn, DeheUttdrhd Z@thyldner c6podyhbe, nRhAY lBnetlasehased
copol ymer sanples are dissolved in a solvent, e.g., trichlorobenzene at 4.5
wt . %20oncenelyater eempried of aihybame 28d RIMROBpOISt qomoapECEbt ai ned at el evat ed

t enper at €. 0 .14 n.a NVR.spectro [ 100 MHz ... An.exennpl ar
spect romdPBy71F s St oo U AN AR RS e e Bl s ST et
Deut er i atefirsomdit ohiherfobasmigdaraopslypleaced in a 10 coaxial tube to maintain
an internal |ock signal. The follow ng instrument conditions are utilized:
pul se andP®38175 Aspysedskergisy thy terps W chgens the HeatSif fasen i ypats of joplesearaman
sweep w = peak area neasurenents were
determ ng[hggir/&g%g%tfra Se?%ﬁe%ﬁ%??%%&%%' and triad concentrations were

cal culsat §@039jom Akeused|hatcirgnbe peres einteegio lcnulvia compaditaru g ibukak'l gatee€CDadr. |
entitled . "13C NVR er.m nati on of. Mononer uence 15 Distrjbution.jn

Et hyl ene-'PREBSIFEHY E3pdicy ﬁéP?SW&éﬁP@BOW?W%&ﬁO@%@% é%r%)ﬂfcfﬁmp%mﬁle

15, | ssugefbrofeityt Io Yermbs 3 cthyi@R2ontdie aﬂb@? pBRthek Ich@ids CANGLBLFakiLRS ther e
then nornmalized to give a nole fraction distribution. Polymer conposition
was cal cuhaimedmfdeymatipheanmbigoanéo petdudardt desiatmenhinl termes peaksght aendenthuhydersd

bal ance. fTheﬁﬁ%val ues | be cons'.derfed i ndi vi dual Ig or lgn aﬁe(g{age Ffd t he
three val (88 "Wa§ " BEEULTY TR A MPATRYY Tt hEeG" 20P St W PHIEE, "FRTS apiti®Edt i on
utilizmes gave@we%ﬁgger@émt(hem@ t6tar Espotphstesmpl vhi@sidl Jitainé® by RePluEPBRAYuEd to
conventi onal nodel eg%atlons as disclosed in the above references. [00131]

One aspectcight frastigns fremshnte gedi & thadistagionh d hgelesiatpmacsdrptdic sypunctrical.
reactivit i j . nerizatjo t r . STIY

eyl ene- $HEEH S at Ehindlsgh e ol CRIAS BT Rl M BBy cisepgion

Pol yer s oftiisclt. Ytashell anca@rtp® frgdrasfahe pedigevogensgiative detitias. For example, at 50

i ntranol ecul ar or internol ecular, have a nuch larger reactivity ratio than
t he polyners which have only a snall opsppgligible anount. [00132] W't hout
being limted to theory or one nethod of calculation, it is believed that
an one exenplary nodel for, so called ideal copolynerizations, is described
by the term nal copolynerization nodel: 30m= MriM+ 1)/(r2+ M (1)

“Alz o~ o b1 . o - - o o



MFR 4, 230C Mv (kg/ nol ) Mw/ Wh 2.16 Kg 21.6 Kg Kg/mol 1-A 63.6 9.2 175 82
1.84 1-B 70.5 13 238 71 1.85 1-C 59.0 15 280 75 1.81 1-D 69.2 12 239 71
1.87 1- Ew0.28101262%9 76 1.93 1-F 74.2 15 277 69 1.90 1- @&CHUS3018/0813084 89
1.94 1-H 60.7 7.9 159 91 1.82 [00140] The tenperature of nelting data and
heat of fusion for the ethylene copolyners of Exanple 1 are shown in Table
2. WD 2010/ 126721PCT/ US2010/ 031301 Table 2 DSC Exanple 1st nelt 2nd cool
2nd nmelt Melting Ter’rP (Tm C Heat of Fusion (Hf) J/g Crystallization Tenp
(T,) C Hexlk Yoo ntermelesh a(moynpypyélo%qh@qr%th@ rfbe ("FpAsuEMent  is akin to conventional

composition distribution breadth index.

[0040] As used herein, the term “intramolecular composition distribution” (IntraCD or

intramolecular CD) defines the compositional variation, in terms of ethylene, within a
5 copolymer chain. It is expressed as the ratio of the alpha-olefin to cthylene along the

segments of the same chain.

[0041] As used herein, the term “MI,” means the melt index in units of g/10 min or

dg/min of the first ethylene copolymer.

[0042] As used herein, the term “MIg” means the melt index in units of g/10 min or

10 dg/min of the second ethylene copolymer.

[0043] As used herein, the term “Mn,” means the number-average molecular weight of
the first ethylene copolymer as measured by GPC.

[0044] As used herein, the term “Mng” means the number-average molecular weight of
the second ethylene copolymer as measured by GPC.

15 [0045] As used herein, the term “Mw,” means the weight-average molecular weight of
the first ethylene copolymer in units of grams/mole in terms of polystyrene, as measured by
GPC.

[0046] As used herein, the term “Mwg” means the weight-average molecular weight of
the second ethylene copolymer in units of grams/mole in terms of polystyrene, as measured

20 by GPC.

[0047] As used herein, the term “MWD” means the ratio of Mw to Mn.

[0048] As used herein, the term “melting point” means the highest peak among principal
and secondary melting peaks as determined by DSC during the second melt, as discussed
herein.

25 [0049] As used herein, the term “mostly all” of the internal olefin is intended to mean
greater than 90 wt.% of the total amount of the internal olefin contained in the higher
ethylene copolymer component, and greater than 5 wt.% of the total amount of the internal
olefin contained in the higher ethylene copolymer component.

[0050] As used herein, the term “negligible amount” is intended to mean less than 10

30 wt.% of the total amount of the internal olefin contained in the polymeric composition, and
less than 2 wt.% of the total amount of internal olefin contained in the low ethylene

copolymer component.



Heat of Fusion (Hf) J/g 1-A 3.2 26 -2.0 29 -2.5 27 1-B 24,46 38 14 41 31 33
1-C -13 21 -16 21 -14 17 1-D 23,44 41 13 43 27 41 1-E -3.0 28 -5.7 22 -4.3
23 1-F 21W0R068M124B126 49 37 48 1-G -15 18 -18 20 -17 21PCTRS20043001 - 13 23
-11 25 Table 3 Exanple TE* SSI (KO-30 pass)* (% 1-C 1.92 17.86 1-D 2. 02
15.23 1-E 1.99 18.26 1-F 1.97 14.14 1-G 2.11 23.32 1-H 2. 15 23.4

[0051] As used herein, the term “polyene” means monomers or polymers having two or

more unsaturations, i.¢., dienes, trienes, and the like.

[0052] As used herein, the term “polypropylene” means a polymer made of at least 50%

propylene units, preferably at least 70% propylene units, more preferably at least 80%
5  propylene units, even more preferably at least 90% propylene units, even more preferably at

least 95% propylene units, or 100% propylene units.

[0053] As used herein, the term ‘“substantially linear structure” means that the first

cthylene copolymer and/or the second ethylene copolymer is characterized as having less

than 1 branch point pendant with a carbon chain larger than 19 carbon atoms per 200 carbon

10  atoms along a backbone.

[0054] When a polymer or copolymer is referred to as comprising an olefin, including,

but not limited to ethylene, propylene, and butene, the olefin present in such polymer or

copolymer is the polymerized form of the olefin.

Polymeric Compositions

15 [0055] In one aspect of the invention, the rheology modifiers for lubrication fluids
comprise compositionally disperse polymeric compositions and crystallinity disperse
polymeric compositions. These polymeric compositions comprise a first ethylene copolymer
blended with a second ethylene copolymer. Unless otherwise specified, all references to first
cthylene copolymer and second ethylene copolymer refer to both the compositionally

20  disperse polymeric compositions and crystallinity disperse polymeric compositions.

[0056] The first ethylene copolymer having relatively lower ethylene content is a
copolymer of ethylene, an alpha-olefin comonomer, and optionally an internal olefin and
optionally a polyene, such as a diene.

[0057] The second ethylene copolymer having relatively higher ethylene-content

25  copolymer is a copolymer of ethylene, an internal olefin, an alpha-olefin and optionally a
polyene such as a diene.

[0058] The referenced polymeric composition comprises a first ethylene copolymer,
preferably at least 51 wt.% of a first ethylene copolymer based on the weight of the
polymeric composition, and a second ethylene copolymer, preferably 49 wt.% or less of a

30 second ethylene copolymer based on the weight of the polymeric composition. In some
embodiments, the first ethylene copolymer comprises 60 wt.% of the first ethylene copolymer
and 40 wt.% of the second ethylene copolymer of the polymeric composition; in other

embodiments, the first ethylene copolymer comprises 70 wt.% of the first ethylene copolymer
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5[ 00141] The TE* and SSI* values in Table 3 were neasured for a 1 w.%

pol ymer concentration of the ethyl ene copolyners of Exanple 1 in a Anericas
Cor e 150 weizng/an72ExxonMbbi | Group | basestock stock w PhTiUseooBI30W ng

| ubricant properties: ASTM D445- 5, Kinematic viscosity @O00C = 5.189 cSt;

ASTM D445- 3, Ki nemat ic viscosity @0C = 29 cSt mn.; ASTM D2270 Vi scosity

I ndex = 95 m n. ASTM D92 Fl ash point COC = 210C 10 min.; ASTM D97 Pour

poi nt = -15C max. ; and ASTM D5800 Noack vol ati | ity = 20 W % nmex, le 2
[00142] Tasl¥ wt. %@ﬁ/\&leﬁﬁ@néo%sd@mq @me}fmfgr Q;ﬂ th%@@@@leamomwémam innfitlt”yo er

di sperse é?ﬁb%'aq‘getﬁ% tltlé]ﬁ‘ﬁs? Etgyleﬁg & rycrgﬁ{ W#ﬁh&ﬁrggﬁﬁﬁngk U%Itﬁgr of

bl ends were ende es usi

di ff er entanddl(y wefs pf dic &cbmeiyadnurcepofynﬁ%th@ p&l‘yﬁ@nfcwonﬁ)otsmoﬁ m mll §st in
an Brabender m xer having an internal cavity of 250 shear

bl ades r QB “ﬁﬁboé’tlm?ﬁ%e@ecf\?“tl%thﬁ’lﬁn?GOP‘HWel‘rﬁ%mE’ElWI %‘%«‘é"tc/es)ﬁgq%%f Herenc
pr ot Gt eckoflifyhiie ahd180 VKb Nfle ORBHALINenBYofiAYinBdo @B SBEAE cBlpBkfdn.and by
the addition”of 1000 ppmof a 3:1 m Xture | rganox 1076 and frgafos 168
before m[Q05. Traldnee etan::mte ol&ldleEtompoelrmGn@bfpdllsmnmaldtw&dystatllmiak@sperse

Co t al | tal l P | e Par t
of Each GBATSARermRE i M (RNERGrY 8 1Heis: Ay eae £ord B B PRB ! o
1-E Exa”moﬁl Slﬁogéi@?éa%rlﬂl@h Eﬁ@-%l%ﬂ e'flzle%t Rf thé %90091@ ethyleﬁ’e BoopchmgrlQl the

2-C 240 _ 210
polyrnerlc composition.

10 [0060] For compositionally disperse polymeric compositions, the first ethylene
copolymer is characterized by ethylene weight percent (Ea).
[0061] For crystallinity disperse polymeric compositions, the first ethylene copolymer is
characterized by a heat of fusion (Ha).
[0062] The first ethylene copolymer may be further characterized by a melt index (Ml,),
15  anumber-average molecular weight (Mny), and a weight-average molecular weight (Mwa).
[0063] The Ea of the first ethylene copolymer is in the range of 35 < Ex < 65; in some
embodiments, in the range of 40 < Ex < 60; in other embodiments, in the range of 45 < Ex <
55; and in still yet other embodiments E4 is about 50.
[0064] The Ha of the first ethylene copolymer is in the range of 0 < Hx < 30; in some
20  embodiments, in the range of 0 < Hx < 15; in other embodiments, in the range of 0 < Hp <
10; in still other embodiments, in the range of 0 < Ha < 5; and in still yet other embodiments,
Ha is about 2.
[0065] The first ethylene copolymer may be characterized by a weight-average molecular
weight (Mw,) of less than or equal to 130,000, or less than 120,000, or less than 110,000, or
25 less than 100,000, or less than 90,000, or less than 80,000, or less than 70,000. Preferably,
the Mw, 18 from 70,000 to 95,000.
[0066] The first and/or second ethylene copolymers may be characterized by a molecular
weight distribution (MWD). The first and/or second ethylene copolymer has a MWD of less
than 3.0, or less than 2.4, or less than 2.2, or less than 2.0. Preferably, the MWD for the first
30 ethylene copolymer and/or the second ethylene copolymer is in the range of greater than or
equal to 1.80 to less than or equal to 1.95.
[0067] For compositionally disperse polymeric compositions, the second ethylene

copolymer is characterized by ethylene weight percent (Eg).
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[0068] For crystallinity disperse polymeric compositions, the second ethylene copolymer
is characterized by a heat of fusion (Hp).

[0069] The Egp of the second ethylene copolymer is in the range of 35 < Ep < 85; in some
embodiments, in the range of 40 < Eg < 80; in other embodiments, in the range of 45 < Ep <
75; in still other embodiments, in the range of 50 < Eg < 70; and still yet other embodiments,
55 < Ep < 65; and still yet other embodiments, Eg is about 60.

[0070] The Hp of the second ethylene copolymer is in the range of 30 < Hg < 60; in some
embodiments, in the range of 35 < Hp < 55; in other embodiments, in the range of 40 < Hp <
50; and still yet other embodiments, Hg is 45.

[0071] The second cthylene copolymer may be characterized by a weight-average
molecular weight (Mwg) of less than or equal to 75,000, or less than 70,000, or less than
65,000. Preferably, the Mw, is from 65,000 to 75,000.

[0072] In some embodiments of the compositionally disperse polymeric composition, the
cthylene weight percent E5 of the first ethylene copolymer may be less than the ethylene
weight percent Ep of the second ethylene copolymer for the polymeric composition.

[0073] In some embodiments, the compositionally disperse polymeric compositions may
be characterized by the difference in the ethylene weight percent, Ez and Ex. In some
embodiments, Eg - Ex > 5; in other embodiments, Eg - Ex > 10; in still other embodiments,
Eg - Exo > 15; in still yet other embodiments, Eg - Ex > 20. In some embodiments, the
difference in ethylene weight percent, Eg and Ej,, is in the range of 8 < Eg - Ex <10; in other
embodiments, the difference in Eg and E4 is 9.

[0074] In some embodiments of the crystallinity disperse polymeric compositions, the
heat of fusion Hy of the first ethylene copolymer may be less than the heat of fusion Hg of the
second ethylene copolymer.

[0075] In some embodiments, the crystallinity disperse polymeric compositions may be
characterized by the difference in the heat of fusion, Hg and Ha. In some embodiments, Hg -
Hya > 4; in other embodiments, Hg - Hy > &; in still other embodiments, Hg - Hx > 12; in still
yet other embodiments, Hg - Hy > 16. In some embodiments, the difference in the heat of
fusion, Hp and Ha, is in the range of 8 < Hp - Ha < 10; in other embodiments, the difference
in Hg and Hy is 9.

[0076] The compositionally disperse and/or crystallinity disperse polymeric composition
may be further characterized by the ratio MIo/Mlp, In some embodiments, MIo/Mlg is less

than or equal to 3, less than or equal to 2, less than or equal to 1.
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[0077] The compositionally disperse and/or crystallinity disperse polymeric compositions
may be further characterized by the absolute value of the difference in the melt index of the
first ethylene copolymer Ml and the melt index of the second ethylene copolymer Mlg. In
some embodiments, | MI, - Mlg | < 3.0; in other embodiments, | MI, - Mlg | <2.5; in still
yet other embodiments, | MI, - Ml | < 2.0; in still yet other embodiments, | MlI, - Ml | <
1.5; and still yet other embodiments, | MI, - Ml | < 1.1; and still yet other embodiments,
| MI,-MI; | < 1.0.

[0078] The MFR of the compositionally disperse and/or crystallinity disperse polymeric
compositions will be intermediate to the MFR of the lower and higher ethylene content
copolymers when these copolymers have different MFRs. The lower ethylene content
copolymer can have an MFR of from 0.2 to 25. The higher ethylene content copolymer can
have an MFR of from 0.2 to 25.

[0079] The first and/or second ethylene copolymers each comprise ethylene and one or
more comonomers. Preferably, the comonomer is independently selected from the group
consisting of alpha-olefins and mixtures thereof.  Preferably, the alpha-olefins are
independently selected from the group consisting of a Cs to Cy alpha-olefins and mixtures
thereof. Preferably, the comonomer is propylene, butene, hexene, octene or mixtures thereof.
[0080] In some embodiments, the comonomer of the first and the second ethylene
copolymers further comprises a polyene monomer. In such embodiments, the
compositionally disperse and crystallinity disperse polymeric composition further comprises
up to 5 mole %; up to 4 mole %.; up to 3 mole %, up to 2 mole %, and up to 1 mole %
polyene-derived units.

[0081] In some embodiments, the first ethylene copolymer and/or the second ethylene
copolymer comprises one or more polymer fractions having a different Mny, a different
Mwa, or a different Mwa/Mny distribution; Mn, is the number-average molecular weight of
the first ethylene copolymer, and Mwy is the weight-average molecular weight of the first
ethylene copolymer.

[0082] In some embodiments, the rheology modifier has first ethylene copolymer and/or
the second copolymer polymer fractions having different comonomer insertion sequences.
[0083] In some embodiments, the first or second ethylene copolymer of the
compositionally disperse polymeric composition has a substantially linear structure.

[0084] The substantially linear structure of the first ethylene copolymer and/or the second

cthylene copolymer has less than 1 branch point pendant with a carbon chain larger than 19
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2010/ 126721PCT/ US2010/ 031301 [00143] The properties of the conpositionally
and crystabl2oniy72di sper se bl ends nmade in Exanpl e 2 arePshasponion3iBabl e 5.
Table 5 Conposition Melt viscosity (dg/10m GPC Exanple No. W.% C2 MFR
4,230C Mv (kg/ nol) Mw/ Wh 2.16 Kg 21.6 Kg kg/mol 2-A 62.5 13 244 76 1.84
2-B 63.2 14 275 73 1.82 2-C 65.5 9.5 210 80 1.9 2-D 65.6 9.6 211 78 1.93

2-E 65.0 9.7 198 78 1,90 2-F 65.5 10 219 79 1.86 2-G 64.7 13, _
carbon atoms per 200 carbon atoms along a backbone, less than 1 branch point pendant with

a carbon chain larger than 19 carbon atoms per 300 branch points, less than 1 branch point
pendant with a carbon chain larger than 19 carbon atoms per 500 carbon atoms and
preferably less than 1 branch point pendant with a carbon chain larger than 19 carbon atoms

5  per 1000 carbon atoms notwithstanding the presence of branch points due to incorporation of
the comonomer.

Comonomer Components

[0085] In embodiments of this invention, suitable comonomers include, but are not
limited to, propylene (Cs;) and other alpha-olefins, such as C4 to Cy alpha-olefins (also
10 referred to herein as “a-olefins™), and preferably propylene and C, to Cy, a-olefins. The a-
olefin comonomer can be linear or branched, and two or more comonomers can be used, if
desired. Thus, reference herein to “an alpha-olefin comonomer” includes one, two, or more
alpha-olefin comonomers.
[0086] Examples of suitable comonomers include propylene, linear C4 to C;, a-olefins,
15 and a-olefins having one or more C; to C; alkyl branches. Specific examples include:
propylene; 1-butene; 3-methyl-1-butene; 3,3-dimethyl-1-butene; 1-pentene; 1-pentene with
one or more methyl, ethyl, or propyl substituents; 1-hexene with one or more methyl, ethyl,
or propyl substituents; 1-heptene with one or more methyl, ethyl, or propyl substituents; 1-
octene with one or more methyl, ethyl, or propyl substituents; 1-nonene with one or more
20  methyl, ethyl, or propyl substituents; ethyl, methyl, or dimethyl-substituted 1-decene, or 1-
dodecene. Preferred comonomers include: propylene; 1-butene; 1-pentene; 3-methyl-1-
butene; 1-hexene; 3-methyl-1-pentene; 4-methyl-1-pentene; 3,3-dimethyl-1-butene; 1-
heptene; 1-hexene with a methyl substituents on any of Cs; to Cs; 1-pentene with two methyl
substituents in any stoichiometrically acceptable combination on Cs or Cy4; 3-ethyl-1-pentene,
25  l-octene, 1-pentene with a methyl substituents on any of C; or Cy4; 1-hexene with two methyl
substituents in any stoichiometrically acceptable combination on C; to Cs; 1-pentene with
three methyl substituents in any stoichiometrically acceptable combination on C; or Cg; 1-
hexene with an ethyl substituents on Cs or Cy4; 1-pentene with an ethyl substituents on Cs and
a methyl substituents in a stoichiometrically acceptable position on C; or C4; 1-decene, 1-
30 nonene, 1-nonene with a methyl substituents on any of Cs to Co; 1-octene with two methyl
substituents in any stoichiometrically acceptable combination on C; to C;; 1-heptene with

three methyl substituents in any stoichiometrically acceptable combination on C; to Cs; 1-
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261 74 1.89 2-H 65.9 13 258 76 1.88 2-1 64.2 11 257 76 1.89 2-J 64.4 13 245
75 1.87 2-K 65.5 76 1.93 2-L 63.4 9.0 182 83 1.93 2-M63.6 8.6 181 81
1.96 2- N w0.2610812472185 86 1.85 2-0 61.8 8.6 184 84 1.93 PCP/UB018/031361 185 86
1.90 2-Q62.1 9.5 195 83 1.99 2-R 63.0 82 1.99 2-S 60.7 8.9 195 83 1.93
2-T 62.7 11 216 80 1.97 [00144] The tenperature of nelting and heat of
fusion for the conpositionally and 5crystallinity di sperse bl ends of

Exanple 2 are shown in Table 2. ) ) )
octene with an ethyl substituents on any of Cs to Cs; 1-hexene with two ethyl substituents in

any stoichiometrically acceptable combination on C; or Cg4; and 1-dodecene.

Polvene Components

[0087] The polyenes particularly useful as co-monomers are non-conjugated dienes,
5  preferably they are straight chain, hydrocarbon di-olefins or cycloalkenyl-substituted alkenes,
having about 6 to about 15 carbon atoms, for example: (a) straight chain acyclic dienes, such
as 1,4-hexadiene and 1,6-octadiene; (b) branched chain acyclic dienes, such as 5-methyl-1, 4-
hexadiene; 3,7-dimethyl-1,6; (c) single ring alicyclic dienes, such as 1,4-cyclohexadiene; 1,5-
cyclo-octadiene and 1,7-cyclododecadiene; (d) multi-ring alicyclic fused and bridged ring
10  dienes, such as: tetrahydroindene, norbornadiene,  methyl-tetrahydroindene,
dicyclopentadiene (DCPD), bicyclo-(2.2.1)-hepta-2,5-diene, alkenyl, alkylidene, cycloalkenyl
and cycloalkylidene norbornenes, such as 5-methylene-2-norbornene (MNB), 5-propenyl-2-
norbornene, 5-isopropylidene-2-norbornene, 5-(4-cyclopentenyl)-2-norbornene, 5-
cyclohexylidene-2-norbornene, and 5-vinyl-2-norbornene (VNB); and (e) cycloalkenyl-
15  substituted alkenes, such as vinyl cyclohexene, allyl cyclohexene, vinyl cyclooctene, 4-vinyl
cyclohexene, allyl cyclodecene; and vinyl cyclododecene. Of the non-conjugated dienes
typically used, the preferred dienes are dicyclopentadiene (DCPD), 1,4-hexadiene, 1,6-
octadiene; 5-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 5-methylene-2-norbornene,
5-ethylidene-2-norbornene (ENB), and tetracyclo (A-11,12) 5,8 dodecene. It is preferred to
20 use dienes which do not lead to the formation of long chain branches. For successful use as
rheology modifiers, such as VI improver non- or lowly branched polymer chains are
preferred. Other polyenes that can be used include cyclopentadiene and octatetra-ene; and

the like.

Polyvmerization Process

25 [0088] In another aspect, the present invention is directed to a polymerization process for
making rheology modifiers comprised of compositionally disperse polymer compositions
and/or crystallinity disperse polymeric compositions.

[0089] In some embodiments of this invention, the process for making a rheology
modifier composition for lubrication fluids comprising a compositionally disperse polymeric

30 composition or a crystallinity disperse polymeric composition comprises the steps of:

(a) copolymerizing ethylene and a first comonomer component in the presence of

a first metallocene catalyst in a first polymerization reaction zone under first
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Table 6 DSC Exanple No. 1st nelt 2nd cool 2nd nelt Melting Tenp (Tm C
Heat of Fusion (Hf) J/g Crystallization Tenp (T,) C Heat of Fusion (Hf) J/g
Mel ti ng T™wopo(of2y72C Heat of Fusion (H) J/g 2-A 2.6, 51P83/1B20Mp/03181 25 33,
-4.6 37 2-B 5.4, 47 21 7.9, -20 26 31, -3.7 17 2-C 11,46 30 -2.9 28 4.5 27
2-D 14, 46 32 0.6 31 6.7 35 2-E 13,46 22 -2.8 33 4.1 22 2-F 16, 46 23 -1.2
37 8.0 27 2-G 11,46 32 17, -7.6 31 2.5 27 2-H 14, 46 32 20, -7.7

polymerization conditions to produce a first effluent comprising any one of the
first ethylene copolymers of this invention;
(b) copolymerizing ethylene and a second comonomer component in the presence
of a second metallocene catalyst in a second polymerization reaction zone
5 under second polymerization conditions to produce a second effluent
comprising any one of the second ethylene copolymers of this invention; and
() forming any one of the polymeric compositions of this invention.
[0090] In one or more embodiments, the first and second polymerization conditions of
the invention are independently selected from the group consisting of slurry phase, solution
10  phase and bulk phase. When the first and second polymerization conditions are solution
phase, and the forming step (c) comprises the substantial removal of the solvent from the
second effluent to produce a solid polymeric composition.
[0091] In one embodiment, separate polymerizations may be performed in parallel with
the effluent polymer solutions from two reactors combined downstream before the finishing.
15 In another embodiment, separate polymerizations may be performed in series, where the
effluent of one reactor is fed to the next reactor. In still another embodiment, the separate
polymerization may be performed in the same reactor, preferably in sequential
polymerizations.
[0092] In a preferred embodiment, ecthylene copolymers are polymerized by a
20  metallocene catalyst, to form the first ethylene copolymer in one reactor and the second
ethylene copolymer in another reactor. The ethylene copolymers are combined and then
subjected to finishing steps to produce a solid polymeric composition. The first ethylene
copolymer can be made first; alternatively, the second ethylene copolymer can be made first
in a series reactor configuration or both ethylene copolymers can be made simultaneously in a
25  parallel reactor configuration.
[0093] Each polymerization reaction is preferably carried out in a continuous flow, stirred
tank reactor. When polymerizing in a series reactor layout, the polymeric product emerging
from the second reactor is an intimate blend of the first ethylene copolymer and the second
ethylene copolymer.
30 [0094] Particular reactor configurations and processes suitable for use in the processes of
the present invention are described in detail in U.S. Patent No. 6,319,998, and U.S. Patent
No. 6,881,800, the disclosures of which are incorporated herein by reference. The later

developments of the general approach is to separately polymerize the two copolymers in an
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31 6.6, 48 32 2-1 9.3, 47 29 -3.9 34 2.7 32 2-J 13, 45 39 -6.4 40 -3.3 28
2-K 14,47 29 19,-b 32 4.6, 48 31 2-L 2.2, 45 36 -12 36 -2.9 25 2-M 5.9, 46
27 8.7, -WO2mB/R4721-2.3 24 2-N 48, -7.1 26 3.9, -23 23 2#2T/0S2@0@2138+ 0 1. 2,
48 24 4.7, -21 23 36, -6.2 22 2-P 47, -8.0 26 6.5, -23 25 37, -11 22 2-Q
2.0, 46 20 8.7, -23 26 41, -6.2 23 2-R 20, 45 24 8.2, -23 33 33, -4.5 29
2-S 45,-7.1 16 18,-23 22 44, -11 25 2-T 2.5, 46 29 20, -22

alkane solvent, either hexane in a solution process or propylene in a slurry process, and to
finish the polymers to remove the solvent.

[0095] The metallocene catalysts, and their use with non-coordinating ions and non-ionic
activators used in the polymerization process, are taught in U.S. Provisional Patent App. No.

5 61/173,528, incorporated herein by reference.

[0096] Examples of suitable bis-cyclopentadienyl metallocenes, include, but are not
limited to, the type disclosed in U. S. Patent Nos. 5,324,800; 5,198,401; 5,278,119;
5,387,568, 5,120,867; 5,017, 714; 4,871,705; 4,542,199, 4,752,597; 5,132,262; 5,391,629,
5,243,001; 5, 278,264; 5,296,434; and 5,304,614, all of which are incorporated by reference.

10  Lubrication Qil Composition

[0097] The lubrication oil composition according to the invention comprises a lubrication
oil basestock and any one of the compositionally disperse polymeric composition of this
invention and/or any one of the crystallinity disperse polymeric composition of this
invention, an optionally, a pour point depressant. In some embodiments, such lubrication oil
15  compositions have the following properties:
(a) a thickening efficiency greater than 1.5, or greater than 1.7, or greater than
1.9, or greater than 2.2, or greater than 2.4 or greater than 2.6;
(b) a shear stability index less than 55, or less than 45, or less than 35, or less than
30, or less than 25, or less than 20, or less than 15; and/or
20 (©) a complex viscosity at -35 °C of less than 500, or less than 450, or less than
300, or less than 100, or less than 50, or less 20, or less than 10 centistokes (cSt).
[0098] The lubrication oil composition preferably comprises 2.5 wt.%, or 1.5 wt.%, or
1.0 wt.% or 0.5 wt.% of the compositionally disperse and/or crystallinity disperse polymeric
composition.
25 [0099] The components for forming the lubrication oil basestock are described below.

Lubrication OQil Basestock

[00100] Examples of the lubrication oil bases for use in the invention include, but are not
limited to, mineral oils and synthetic oils such as poly-a-olefins, polyol esters and
polyalkylene glycols. A mineral oil or a blend of a mineral oil and synthetic oil is preferably
30 employed. The mineral oil is generally used after subjected to purification such as dewaxing.
Although mineral oils are divided into several classes according to the purification method,
generally used is a mineral oil having a wax content of 0.5 to 10%. Further, a mineral oil

having a kinematic viscosity of 10 to 200 cSt is generally used.

-16 -



30 45, -6.2 30 WD 2010/ 126721PCT/ US2010/ 031301 Table 7 Exanple No. SSI*
(KO-30 Pass) (% SSI* (KO-90 Pass) (% TE* 2-A 10.43 13.71 1.71 2-B 8.89
12. 15 1. AR0O200/1247272 18.26 1.73 2-D 14.75 18.43 1.78 2- ECTAISOM0261307 1. 93
2-F 15.17 19.21 1.93 2-G 12.81 16.30 1.74 2-H 11.85 15.70 1.72 2-1 12.16
15.55 1.78 2-J 11.68 15.76 1.74 2-K 11.45 15.27 1.73 2-L 16.06 20.34 1.85
2-M 17.32 21.10 1.84 2-N 15.65 19.70 1.84 2-0 17.18 21.20 1.85 2-P 16.23

20.29 1.84 2-Q 17.46 21.00
Lubricant Formulations

[00101] In one embodiment, the polymeric composition is used as a VI improver for an oil
composition. The polymer composition has solubility in oil of at least 10 wt.%. From 0.001
to 49 wt.% of this composition is incorporated into basestock oil, such as lubrication oil or a
5  hydrocarbon fuel, depending upon whether the desired product is a finished product or an
additive concentrate. The amount of the VI improver is an amount which is effective to
improve or modify the VI of the basestock oil, i.e., a viscosity improving effective amount.
Generally, this amount is from 0.001 to 20 wt.% for a finished product (e.g., a fully
formulated lubrication oil composition), with alternative lower limits of 0.01%, 0.1% or 1%,
10 and alternative upper limits of 15% or 10%, in other embodiments. Ranges of VI improver
concentration from any of the recited lower limits to any of the recited upper limits are within
the scope of the present invention, and one skilled in the art can readily determine the
appropriate concentration range based upon the ultimate solution properties.
[00102] Basestock oils suitable for use in preparing the lubrication compositions of the
15  present invention include those conventionally employed as crankcase lubrication oils for
spark-ignited and compression-ignited internal combustion engines, such as automobile and
truck engines, marine and railroad diesel engines, and the like. Advantageous results are also
achieved by employing the VI improver compositions of the present invention in basestock
oils conventionally employed in and/or adapted for use as power transmitting fluids such as
20  automatic transmission fluids, tractor fluids, universal tractor fluids and hydraulic fluids,
heavy duty hydraulic fluids, power steering fluids and the like. Gear lubricants, industrial
oils, pump oils and other lubrication oil compositions can also benefit from the incorporation
therein of the additives of the present invention.
[00103] The lubrication oils to which the products of this invention can be added include
25  not only hydrocarbon oils derived from petroleum, but also include synthetic lubrication oils
such as esters of dibasic acids; complex esters made by etherification of monobasic acids,
polyglycols, dibasic acids and alcohols; polyolefin oils, etc. Thus, the VI improver
compositions of the present invention may be suitably incorporated into synthetic basestock
oils such as alkyl esters of dicarboxylic acids, polyglycols and alcohols; polyalpha-olefins;
30 polybutenes; alkyl benzenes; organic esters of phosphoric acids; polysilicone oils; etc. The
VI compositions of the present invention can also be utilized in a concentrate form, such as

from 1 wt.% to 49 wt.% in oil, e.g., mineral lubrication oil, for ease of handling, and may be
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1.83 2-R 16.00 19.31 1.81 2-S 16.95 20.72 1.84 2-T 11.73 15.28 1.83

[ 00145] The SSI* and TE* values in Table 7 were neasured for a 1 w.%

pol ymer cwocermeat2ion of the conpositionally and cryst alPCiraisegroa3sper se

bl ends of Exanple 2 in PAO-4 5 which is an ExxonMbil Chem cal synthetic
basest ock stock (SpectraSyn) with the follow ng |ubricant properties: ASTM
D445-5 Kinematic viscosity @O00C = 4.14 cSt; ASTM D445-3 Kinematic
viscosity @OC = 19 cSt; ASTM D2270 Viscosity index = 126; ASTM D92 Fl ash
poi nt  COprepapeth@ ik foms Ty ewimpapt gsi Fraction gidhe HgniamTm PU2BRPSHMEY ¢
gravity %?crg{ 5.6C = 0.820. 10 WO 2010/126721PCT/ US2010/ 031301 Table 8
Exanpl e TS (KO-30 Pass) (% SSI* (KO-90 Pass) (%9 TE* 2-A 17.56 21.55
1.95 2-B [08104]) 22h&EbdvcAbl Corhpditidns n2fy. dptiodall cérthinth3 GoRdGenfion. aditRck

20. 32 25. 31, 2. 1f2 2-F 18.87 23,59 2.09 2-G 18.46 23.57 1.97 2- I—Ll?.,OZ 21.91
1. 98 2-1 syeh ¢y fopexpnpie,ppup pging gepigssopissantipvepy agents, potiaxidans,oiher gerosity-

20. 00 524.i8dex? irgﬁro'%étly,l %?sp@?sa@tz,- Bérrésidnt inhibitors, anti-foaming agents, detergents, rust

inhibitors, friction modifiers, and the like.
[00105] Compositions when containing these conventional additives are typically blended
into the basestock oil in amounts which are effective to provide their normal attendant
function. Thus, typical formulations can include, in amounts by weight, a VI improver of the
10  present invention (0. 01-12%); a corrosion inhibitor (0.01-5%); an oxidation inhibitor (0.01-
5%); depressant (0.01-5%); an anti-foaming agent (0.001-3%); an anti-wear agent (0.001-
5%); a friction modifier (0.01-5%); a detergent/rust inhibitor (0.01-10%); and an oil
basestock.
[00106] When other additives are used, it may be desirable, although not necessary, to
15  prepare additive concentrates comprising concentrated solutions or dispersions of the VI
improver (in concentrate amounts hereinabove described), together with one or more of the
other additives, such a concentrate denoted an “additive package,” whereby several additives
can be added simultaneously to the basestock oil to form a lubrication oil composition.
Dissolution of the additive concentrate into the lubrication oil may be facilitated by solvents
20 and by mixing accompanied with mild heating, but this is not essential. The additive-
package will typically be formulated to contain the VI improver and optional additional
additives in proper amounts to provide the desired concentration in the final formulation
when the additive-package is combined with a predetermined amount of base lubricant.
Thus, the products of the present invention can be added to small amounts of basestock oil or
25  other compatible solvents along with other desirable additives to form additive-packages
containing active ingredients in collective amounts of typically from 2.5 to 90 wt.%,
preferably from 5 to 75 wt.%, and still more preferably from 8§ to 50 wt.% additives in the
appropriate proportions with the remainder being basestock oil.
[00107] The final formulations may use typically about 10 wt.% of the additive-package
30 with the remainder being basestock oil.
Blending With Basestock Qils
[00108] Conventional blending methods are described in U.S. Patent No. 4,464,493, the

disclosure of which is incorporated herein by reference. This conventional process requires
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2-N 23.28 28.33 2.10 2-0 22.40 27.41 2.11 2-P 23.44 28.24 2.12 2-Q 22.38
26.89 2.10 2-R 20.81 25.65 2.05 2-S 22.51 28.36 2.12 2-T 21.13 26.04 2.08
[00146] Twe 288/r2672and TE** val ues in Table 8 were neasuPel/User10a3BOM . %

pol ymer concentration of the conpositionally and crystallinity disperse

bl ends of Exanple 2 in an 5 Americas Core 150 which is ExxonMbil G oup |
basestock with the follow ng |ubricant properties: ASTM D445-5, Kinematic
viscosity @00C = 5.189 cSt; ASTM D445-3, Kinematic viscosity 0C = 29 csSt
min.; ASTNPIRR He yplyewsithipugh gaxexirglsr gf glevatedtompoatuce feh dpgadationcet thep10C

in.; AS . pai At = - ¥ T - i1ty =
00wk . o O b LirBh e ol SIAdiBRS: thel0IG (TN hd Wy MAAGH(Y Nl [
di sper se dekeidds pakter th patkieatze upoRASudnat fram cneanideatidmt@thehdb oWt . Beand

rheol ogically tested on the Anton-Parr rheoneter as describe bove at a
t enper at dicdeFedprtic RplymsicoompRsitionmof dhe Presebdmyaptian,ay eé?ﬂ‘%@%él%a%pfépsbé

bl ends ana(adg(f ‘Bgrma{d%g' Yty tRthdNBh L3RRI P YIB! difecGPTRRSLL RRSHENG
shown in Tables 9-13.” The conplex viscosity data for the disperse bl ends
and a netiaiproce - thibthaswdpbad yuEr-step pormesssofi therprios adi is ploayectcds Ehef satidt | on

of tenmperature in Figure 1. Table 9 ampl e, 2- A. Ex le 2-B aml.e. 2-C
e aml b Hol S dsosfiohriad e doked T R otk oy g o Bggefy T
Conpl ex \ih&£ifwl dnd deetaladdn frotlg&] C [Pas] C [Pas] 20.00 1.51 20.00 0.31
20.00 0.44 20.00 0.88 18.20 0.33 18.20 0.13 18.20 0.44 18.30 0.78 16.60

0.45 16. d00N% e The polymeszompogdons will be soluble at room temperature in lube oils at up

10 to 10 percent concentration in order to prepare a viscosity modifier concentrate. Such
concentrate, including eventually an additional additive package including the typical
additives used in lube oil application as described above, is generally further diluted to the
final concentration (usually around 1%) by multi-grade lube oil producers. In this case, the
concentrate will be a pourable homogeneous solid free solution.

15 [00110] The polymer compositions preferably have a SSI (determined according to ASTM
D97) of from 10 to 50.

Specific Embodiments

[00111] Specific numbered embodiments of the invention can further include:
Embodiment 1: A polymeric composition comprising: (a) a first ethylene copolymer
20 having: (i) an intermolecular composition distribution of greater than or equal to 50, 40, 30,
20, 10 or 5 wt.%; and (ii) a substantially linear structure; and (b) a second ethylene
copolymer having: (i) an intermolecular composition distribution of less than or equal to 50,
40, 30, 20, 10 or 5 wt.%; and (i1) a substantially linear structure.
Embodiment 2: A polymeric composition for lubrication fluids comprising: (a) a first
25  ethylene copolymer having: (i) an intermolecular composition distribution of greater than or
equal to 50, 40, 30, 20, 10 or 5 wt.%; (ii) a substantially linear structure; and (b) a second
cthylene copolymer having: (i) an intramolecular composition distribution of less than or
equal to 50, 40, 30, 20, 10 or 5 wt.%; and (ii) a substantially linear structure.
Embodiment 3: A polymeric composition comprising: (a) a first ethylene copolymer having:
30 (1) an intramolecular composition distribution of greater than or equal to 50, 40, 30, 20, 10 or
5 wt.%; (ii) a substantially linear structure; and (b) a second ethylene copolymer having: (i)
an intermolecular composition distribution of less than or equal to 50, 40, 30, 20, 10 or 5

wt.%; and (i1) a substantially linear structure.
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0.42 15.00 0.56 15.00 0.09 15.10 0.45 15.10 0.39 13.40 0.33 13.50 0.48
13.50 0.28 13.40 0.57 11.80 0.46 11.90 0.46 11.90 0.41 11.90 0.91 10.30
0.34 10. 390Qoth412412130 0. 33 10.30 0.52 8.62 0.56 8. 73 0. PETRISZN0031301 8. 72
0.90 7.09 0.85 7.11 0.41 7.14 0.49 7.11 0.84 5.54 0.46 5.56 0.63 5.54 0.74
5.55 0.77 4.09 0.81 3.96 0.38 3.98 0.67 3.96 0.60 2.33 0.89 2.36 0.28 2.43
0.79 2.37 0.77 0.91 0.69 0.84 0.73 0.81 0.86 0.86 1.02 -0.77 0.66 -0.82

Embodiment 4: A polymeric composition comprising: (a) a first ethylene copolymer
having: (i) an intramolecular composition distribution of greater than or equal to 50, 40, 30,
20, 10, or 5 wt.%; (ii) a substantially linear structure; and (b) a second ethylene copolymer
having: (i) an intramolecular composition distribution of less than or equal to 50, 40, 30, 20,
5 10 or 5 wt.%; and (ii) a substantially linear structure.
Embodiment 5: The polymeric composition of Embodiments 1 to 4, wherein the ethylene
content of the first ethylene copolymer (Ea) or the ethylene content of the second ethylene
copolymer (Ep) is in the range from greater than or equal to 35 to less than or equal to 85
based on the weight of the polymeric composition.
10  Embodiment 6: The polymeric composition of Embodiments 1 to 4, wherein the absolute
value of the difference between Eg and Ej4 is greater than or equal to 5 wt.%.
Embodiment 7: The polymeric composition of Embodiments 1 to 4, wherein the first
cthylene copolymer and/or the second ethylene copolymers each comprises ethylene and a
comonomer. The comonomer is independently selected from the group consisting of alpha-
15  olefins and mixtures thereof. The alpha-olefins are independently selected from the group
consisting of a C; to Cy alpha-olefins and mixtures thereof. The alpha-olefins are propylene,
butene, hexene, octene or mixtures thereof.
Embodiment 8: The polymeric composition of Embodiments 1 to 4, wherein the comonomer
of the first and/or the second ethylene copolymers further comprises a polyene monomer, and
20  the polymeric composition further comprises up to 5 mole % polyene-derived units.
Embodiment 9: A lubrication oil composition comprising: (a) a lubrication oil basestock;
and (b) any one the Embodiments 1 to 4 of the polymeric composition. The lubrication oil
composition having a physical property selected from the group consisting of: (i) a TE of
greater than or equal to 1.5; (i) a SSI of less than 55; and (iii) a complex viscosity at -31°C
25  of less than or equal to 500 ¢St.

Polvmer Analyses

[00112] The ecthylene content as an ethylene weight percent (C, wt.%) for the ethylene

copolymers were determined according to ASTM D1903.

[00113] DSC Measurements of the crystallization temperature, T., and melting
30 temperature, Ty, of the ethylene copolymers were measured using a TA Instruments Model

2910 DSC. Typically, 6-10 mg of a polymer was secaled in a pan with a hermetic lid and

loaded into the instrument. In a nitrogen environment, the sample was first cooled to -100°C

at 20°C/min. It was heated to 220°C at 10°C/min and melting data (first heat) were acquired.
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1.04 -0.78 0.59 -0.76 0.65 -2.39 0.67 -2.40 0.66 -2.35 0.85 -2.44 0.88
-3.96 0.76 -3.92 1.43 -3.91 0.86 -3.94 0.86 -5.42 0.78 -5.51 0.82 -5.52
0.93 -5.590200112672106 1.12 -7.07 0.94 -7.14 0.80 -7.14 @C3WUS2@0/031301 10
-8.69 1.08 -8.64 1.14 -8.69 1.14 -10.20 1.54 -10.20 1.28 -10.30 0.99 -10.30
1.53 -11.80 1.53 -11.90 1.68 -11.90 1.37 -11.80 1.33 -13.40 1.91 -13.40
1.49 -13.40 1.49 -13.50 1.62 -15.10 1.89 -15.00 1.78 -15.10 1.81 -15.10

1.87 -16.60 2.24 -16.60 2.05 -16.60 1.45 -16.70
This prov1des information on the melting behavior under as-received conditions, which can

be influenced by thermal history as well as sample preparation method. The sample was then
equilibrated at 220°C to erase its thermal history. Crystallization data (first cool) were
acquired by cooling the sample from the melt to -100°C at 10°C/min and equilibrated at
5 -100°C. Finally it was heated again to 220°C at 10°C/min to acquire additional melting data
(second heat). The endothermic melting transition (first and second heat) and exothermic
crystallization transition (first cool) were analyzed for peak temperature and area under the
peak. The term “melting point,” as used herein, is the highest peak among principal and
secondary melting peaks as determined by DSC during the second melt, discussed above.

10 The thermal output is recorded as the area under the melting peak of the sample, which is
typically at a maximum peak at about 30°C to about 175°C and occurs between the
temperatures of about 0°C and about 200°C. The thermal output is measured in Joules as a
measure of the heat of fusion. The melting point is recorded as the temperature of the
greatest heat absorption within the range of melting of the sample.

15 [00114] Molecular weight (weight-average molecular weight, M,, number-average
molecular weight, M,,, and molecular weight distribution, Myw/M, or MWD) were determined
using a High Temperature Size Exclusion Chromatograph (either from Waters Corporation or
Polymer Laboratories), equipped with a differential refractive index detector (DRI), an online
light scattering (LS) detector, and a viscometer. Experimental details not described below,

20 including how the detectors were calibrated, are described in: T. Sun et al., “Effect of Short
Chain Branching on the Coil Dimensions of Polyolefins in Dilute Solution,”
Macromolecules, Volume 34, Issue 19, pp. 6812-6820, (2001).

[00115] Three Polymer Laboratories PLgel 10mm Mixed-B columns were used. The
nominal flow rate was 0.5 cm’ /min, and the nominal injection volume was 300 uL. The various

25  transfer lines, columns and differential refractometer (the DRI detector) were contained in an
oven maintained at 145°C. Solvent for the SEC experiment was prepared by dissolving 6 grams
of butylated hydroxy toluene as an antioxidant in 4 liters of Aldrich reagent grade 1, 2, 4
trichlorobenzene (TCB). The TCB mixture was then filtered through a 0.7 um glass pre-filter
and subsequently through a 0.1 um Teflon filter. The TCB was then degassed with an online

30 degasser before entering the SEC. Polymer solutions were prepared by placing dry polymer in a
glass container, adding the desired amount of TCB, then heating the mixture at 160°C with
continuous agitation for about 2 hours. All quantities were measured gravimetrically. The TCB

densities used to express the polymer concentration in mass/volume units are 1.463 g/ml at room
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2.01 -18.20 2.71 -18.20 2.63 -18.20 2.03 -18.10 2.38 -19.70 3.04 -19.70
2.54 -19.80 1.99 -19.90 3.04 -21.30 3.53 -21.40 2.94 -21.30 2.56 -21.30

3. 14 -22.\§90281071267222. 90 3. 53 -22.90 2.75 -23.00 3. 48 -22C40s4018831384. 40
3.80 -24.50 3.40 -24.50 3.90 -26.20 4.71 -26.10 4.51 -26.20 4.22 -26.10
4.98 -27.70 5.61 -27.70 4.95 -27.70 5.69 -27.70 6.70 -29.20 6.18 -29. 20
5.82 -29.20 8.58 -29.20 9.17 -30.80 7.14 -30.90 6.30 -30.80 13.00 -30.90
13.40 -32.40 8.10 -32.40 7.67 -32.40 23.10 -32.40 16.60 -34.00 9.39 -34.00

temperature and 1.324 g/ml at 145°C. The injection concentration ranged from 1.0 to 2.0

mg/ml, with lower concentrations being used for higher molecular weight samples. Prior to

running each sample the DRI detector and the injector were purged. Flow rate in the apparatus

was then increased to 0.5 ml/minute, and the DRI was allowed to stabilize for 8-9 hours before

5  injecting the first sample. The LS laser was turned on 1 to 1.5 hours before running samples.
[00116] The concentration, ¢, at each point in the chromatogram is calculated from the
baseline-subtracted DRI signal, Ipgy, using the following equation:
¢ = Kprilpri/(dn/dc)

where Kpg;y is a constant determined by calibrating the DRI, and (dn/dc) is the same as described
10 below for the light scattering (LS) analysis. Units on parameters throughout this description of

the SEC method are such that concentration is expressed in g/cm’, molecular weight is

expressed in g/mole, and intrinsic viscosity is expressed in dL/g.

[00117] The light scattering detector used was a Wyatt Technology High Temperature

mini-DAWN. The polymer molecular weight, M, at each point in the chromatogram is
15  determined by analyzing the LS output using the Zimm model for static light scattering (M.B.

Huglin, Light Scattering from Polymer Solutions, Academic Press, 1971):

K, c 1

AR(O)  Mp(e) 2

Here, AR(0) is the measured excess Rayleigh scattering intensity at scattering angle 0, c is the
polymer concentration determined from the DRI analysis, A, is the second virial coefficient
20  [for purposes of this invention and the claims thereto, A, = 0.0006 for propylene polymers
and 0.001 otherwise], P(0) is the form factor for a monodisperse random coil (M.B. Huglin,
Light Scattering from Polymer Solutions, Academic Press, 1971), and K, is the optical
constant for the system:
_4n’n’(dn/dc)’

K
ATN,

o]

25 in which Ny is Avogadro’s number, and (dn/dc) is the refractive index increment for the system.
The refractive index, n = 1.500 for TCB at 145°C and A = 690 nm. For purposes of this
invention and the claims thereto (dn/dc) = 0.104 for propylene polymers and 0.1 otherwise.
[00118] A high temperature Viscotek Corporation viscometer, which has four capillaries
arranged in a Wheatstone bridge configuration with two pressure transducers, was used to

30 determine specific viscosity. One transducer measures the total pressure drop across the
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8.70 -34.00 39.70 -34.00 31.40 -35.10 10.50 -35.20 10.10 -35.20 62.80
-35.20 38.00 Table 10 Exanple 2-E Exanple 2-F Exanple 2-G Exanple 2-H T
Compl ex Wecowvi2g72T Conpl ex Viscosity T Conpl ex Vi scosi PETUSSo00BBR1
Viscosity C[Pas] C[Pas] C[Pas] C [Pas] 20.00 0.26 20.00 0.80 20.00 0.78
20.00 0.94 18.20 0.43 18.30 0.75 18.30 0.30 18.30 0.26 16.70 0.44 16.60
0.27 16.70 0.68 16.60 0.29 15.00 0.35 15.10 0.41 15.00 0.43 15.10 0.26

13.50 0.69 13.40 0.41 13.40 0.30 13.50 0.62 11.90 0.45 11.90 0.54 11.90
detector, and the other, positioned between the two sides of the bridge, measures a differential

pressure. The specific viscosity, ns, for the solution flowing through the viscometer is calculated
from their outputs. The intrinsic viscosity, [1], at each point in the chromatogram is calculated
from the following equation:

5 ns=c[n] +0.3(c[n])’
where c is concentration and was determined from the DRI output.
[00119] The branching index (g") is calculated using the output of the SEC-DRI-LS-VIS

method as follows. The average intrinsic viscosity, [1]ave, of the sample is calculated by:

[Mavg = Zeiln
2¢
10  where the summations are over the chromatographic slices, i, between the integration limits.
The branching index g' is defined as:
. [lavg
= M
where, for purpose of this invention and claims thereto, oo = 0.695 for ethylene, propylene,
and butene polymers; and k = 0.000579 for ethylene polymers, k = 0.000228 for propylene
15  polymers, and k = 0.000181 for butene polymers. My is the viscosity-average molecular
weight based on molecular weights determined by LS analysis.
[00120] Anton-Parr Low Temperature Solution Rheology (low temperature rheology)
experiments were done on an Anton-Parr Model MCR501 rheometer using a 1” cone and
plate setup. The cone has a nominal 1 degree angle and 50 micron gap. About 100
20  microliters of sample is deposited on the bottom plate using a syringe-pipette. The cone is
then lowered onto the plate so that the volume between the cone and plate is fully occupied
by solution. The temperature is then lowered at a cooling rate of 1.5°C/min. while measuring
the complex viscosity at an angular frequency of 0.1 radians/sec. applying a 10% strain and
recording a value every minute. The viscosity at 0.1 rad/sec is then plotted as a function of
25  temperature to observe the effect of gelation.
[00121] Melt Index (MI) was measured according to ASTM D1238 at 190°C under a 2.16
kilogram load.
[00122] Melt Flow Rate (MFR) was measured according to ASTM D1238 at 230°C under
a 2.16 kilogram load or a 21.6 kilogram load.
30 [00123] Thickening Efficiency (TE) was determined according to ASTM D445.
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0.58 11.90 0.61 10.30 0.65 10.30 0.63 10.30 0.60 10.30 0.34 8.73 0.15 8.74
0.37 8.67 0.39 8.72 0.44 7.17 0.52 7.16 0.59 7.08 0.64 7.24 0.56 5.58 1.32
5.59 0.527v6.2600/268B% 5.56 0.42 3.98 0.82 3.91 0.90 3.92 @CTUSA003B0V2 2. 44
0.73 2.36 0.62 2.40 0.79 2.40 0.90 0.77 0.73 0.78 0.60 0.82 0.68 0.82 0.61
-0.80 0.93 -0.79 0.94 -0.79 0.65 -0.76 0.81 -2.24 0.78 -2.37 1.10 -2.30
0.37 -2.35 0.84 -3.97 0.85 -3.97 1.16 -3.92 0.85 -3.92 1.14 -5.51

[00124] Shear Stability index (SSI) was determined according to ASTM D6278 at 30 and

90 passes using a Kurt Ohban machine.

[00125] Shear stress data was accomplished by first heating the sample to -15°C, and

waiting for 15 minutes. Then while measuring the shear stress, applying a logarithmically
5  increasing strain by varying the shear rate logarithmically from 107 to 10 with 20

points/decade and 1 second per point.

[00126] The number of branch points was determined by measuring the radius of gyration

of polymers as a function of the molecular weight by the methods of size exclusion

chromatography augmented by laser light scattering. These procedures are described in the

10  publications “A Study of the Separation Principle in Size Exclusion Chromatography,” by T.
Sun et al., in the journal Macromolecules, Volume 37, Issue 11, pp. 4304-4312, (2004), and
“Effect of Short Chain Branching on the Coil Dimensions of Polyolefins in Dilute Solution”
by T. Sun et al., in the journal Macromolecules, Volume 34, Issue 19, pp. 6812—6820,
(2001), which are both incorporated by reference.

15 [00127] Branching in polymers having narrow, and most probably, low polydispersity
index with essentially uniform intramolecular and intermolecular distribution of composition
can also be described by the ratio of the TE to the MFR@230°C measured at a load of
2.16Kg. High values of this parameter indicate low levels of branching while low levels
indicate substantial levels of branching.

20 [00128] Intermolecular composition distribution, unlike CDBI, contemplates weight
percent of copolymer content within a smaller range from a median total molar comonomer
content, e.g., within 25 wt.% of median. For example, for a Gaussian compositional
distribution, 95.5% of the polymer, used herein for this example as “Polymer Fraction”, is
within 20 wt.% ethylene of the mean if the standard deviation is 10%. The intermolecular

25  composition distribution for the Polymer Fraction is 20 wt.% ethylene for such a sample, i.c.,
10% standard deviation yields 20 wt.% intermolecular composition distribution.

[00129] Compositional Heterogeneity, both intermolecular-CD and intramolecular-CD can
be determined by carbon-13 NMR. Conventional techniques for measuring intermolecular-
CD and intramolecular-CD are described in Macromolecules, H. N. Cheng et al., entitled

30 “C NMR Analysis of Compositional Heterogeneity in Ethylene-Propylene Copolymers,”
Volume 24, Issue &, pp. 1724-1726, (1991), and in the publication Macromolecules, C.
Cozewith, entitled “Interpretation of *C NMR Sequence Distribution for Ethylene-Propylene
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0.92 -5.55 1.06 -5.51 1.09 -5.54 1.09 -7.08 1.28 -7.07 1.13 -7.12 0.82
-7.09 1.33 -8.72 1.12 -8.69 1.31 -8.69 0.95 -8.71 1.27 -10.30 1.22 -10.40
1.42 -10.%8020109267210. 20 1.32 -11.90 1.52 -11.80 1.66 - 1PC8M@WS2018431301. 90
1.84 -13.50 1.88 -13.40 1.71 -13.40 1.40 -13.50 2.13 -15.00 1.75 -15.00
1.87 -15.00 1.77 -15.00 2.05 -16.60 2.05 -16.60 2.12 -16.60 1.92 -16.60
2.30 -18.20 2.23 -18.20 2.58 -18.20 1.92 -18.10 2.54 -19.70 2.44 -19.90

2.84 -19.70 2.25 -19.80 .2.86 -21.30 2,60 -21.30 3.20 -21.40
Copolymers Made with Heterogeneous Catalysts”, Volume 20, Issue 6, pp. 1237-1244,

(1987).
[00130] Generally, conventional carbon-13 NMR measurements of diad and triad
distribution is used to characterize the cthylene-based copolymer. Any conventional
5  technique for measuring carbon-13 NMR may be utilized. For example, ethylene-based
copolymer samples are dissolved in a solvent, e.g., trichlorobenzene at 4.5 wt.%
concentration. The carbon-13 NMR spectra are obtained at elevated temperature, e.g.,
140°C, on a NMR spectrometer at 100 MHz. An exemplary spectrometer is a pulsed Fourier
transform Varian XL-400 NMR spectrometer. Deuteriated o-dichlorobenezene is placed in a
10  coaxial tube to maintain an internal lock signal. The following instrument conditions are
utilized: pulse angle, 75°; pulse delay, 25 second; acquisition time, 0.5 second; sweep width,
16000 Hz. The carbon-13 NMR peak arca measurements were determined by spectral
integration. Diad and triad concentrations were calculated from the equations presented in
Macromolecules, Kakugo et al., entitled “?C NMR Determination of Monomer Sequence
15  Distribution in Ethylene-Propylene Copolymers Prepared with o-TiCls-Al(C,Hs),Cl,”
Volume 15, Issue 4, pp. 1150-1152, (1982). The diad and triad concentrations were then
normalized to give a mole fraction distribution. Polymer composition was calculated from
the methane peaks, the methylene peaks, and the diad balance. These values may be
considered individually or an average of the three values may be utilized. Unless stated
20  otherwise, this application utilizes an average of these three values. The results are then
compared to conventional model equations as disclosed in the above references.
[00131] One aspect of these measurements involves the determination of the reactivity
ratios (r;r,) of the polymerization system for the ethylene-based polymers according to the
procedures in the publication. Polymers which have a compositional heterogeneity, either
25  intramolecular or intermolecular, have a much larger reactivity ratio than the polymers which
have only a small or negligible amount.
[00132] Without being limited to theory or one method of calculation, it is believed that an
one exemplary model for, so called ideal copolymerizations, is described by the terminal
copolymerization model:

30 m=MmrM+ D/rn+M ()

Wherein r; and r, are the reactivity ratios, m is the ratio of monomers in the copolymer,

my/my, M is the ratio of monomers in the reactor, M;/M,, and the diad and triad

_25.-



2.65 -21.30 3.41 -22.90 3.30 -22.90 3.67 -22.90 2.87 -22.90 3.69 -24.50
3.76 -24.50 4.22 -24.50 3.22 -24.50 4.30 -26.00 5.17 -26.00 5.14 -26.10
3.63 -26.W024108867227. 70 7.15 -27.70 6.46 -27.70 4.51 - 2PCTAIS2010431380. 40
11.20 -29.40 8.99 -29.30 6.19 -29.30 7.26 -30.80 21.30 -30.80 12.40 -30.90
9.09 -30.80 9.45 -32.40 33.10 -32.40 16.70 -32.40 14.80 -32.40 11.60 -34.00
71.70 -34.00 28.70 -34.10 27.30 -34.00 15.30 -35.20 102.00 -35.20 38.90
-35.10 41.80 -35.20 21.30 Table 11 Exanple 2-1 Exanmple 2-J Exanple 2-K *
Exanpl e Xopcentiahas &olloy {g@}sq)ngr Markov statistics. For this model, nine equations are

derived that related to the diad and triad concentrations P;, and P,;, the probability of
propylene adding to an ethylene-ended chain, and the probability of propylene adding to a
propylene-ended chain, respectively. Thus a fit of carbon-13 NMR data to these equations
5 yields P;, and P,; as the model parameters from which r; and r, can be obtained from the
relationships:
nM=(1-Pyp) /P
r/M = (1 - Py) /Py
The corresponding equations for random copolymerizations with 7,7, = 1 can also be used to
10 simplify equation (1), above, to m = r;M. The ethylene fraction in the polymer, E, is equal to
1-P;;. This allows the diad and triad equations to be written in terms of polymer
composition:
EE =F’
EE=2E(1 -F)
15 PP =(1 — E)’
EEE=FE
EEP =2E*(1 — E)
EPE = EX(1 - E)
PEP = E(1 — E)*
20 PPE = 2E(1 — E)?
PPP = (1 - E)’
[00133] Variations and extensions of these equations are provided in the references
incorporated herein, including use of catalysts with different active sites, equations for
estimating the number of catalyst species present, or complex models such as those with three
25  or more species present, ete.
[00134] From these modeling equations, and those equations presented by
Macromolecules, C. Cozewith et al., entitled “Ethylene-Propylene Copolymers. Reactivity
Ratios, Evaluation, and Significance,” Volume 4, Issue 4, pp. 482-489, (1971), the average

values of 1, r., and rr. arising from the copolymerization kinetics are given by:

30 ro=CEnfi! G/ (S G
r=Enfil G (S G)
e = (Enfi ! G) (Erafi! G (Sf 1 Gy}

-26 -



T Conpl ex Viscosity T Conplex Viscosity T Conplex Viscosity C [Pas] C [ Pas]
C [Pas] C[Pas] 20.00 1.80 20.00 0.31 20.00 0.17 20.00 1.75 18.20 0.52

18. 30 0. WO281020612105 18. 30 0.40 16.60 0.20 16.60 0.36 PETAG200M031306. 60
0.91 15.10 0.41 15.10 0.36 15.10 0.18 15.10 0.15 13.50 0.46 13.50 0.41
13.40 0.23 13.40 0.66 11.80 0.12 11.90 0.49 11.90 0.34 11.90 0.48 10.30
0.51 10.30 0.76 10.30 0.21 10.30 0.51 8.75 0.39 8.73 0.30 8.73 0.18 8.70

0.62 7.12 0.59 7.16
where Gi=rM+2+ rai/M

These equations and the models presented in the references cited above may be utilized by

those skilled in the art to characterize the ethylene-based copolymer composition distribution.

[00135] Further information and techniques for measuring intramolecular-CD are found in

5  Macromolecules, Randell, James C., entitled “Methylene Sequence Distributions and

Number Average Sequence Lengths in Ethylene-Propylene Copolymers,” Volume 11, Issue

I, pp. 33-36, (1978), Macromolecules, Cheng, H.N., entitled «BC NMR Analysis of

Ethylene-Propylene Rubbers,” Volume 17, Issue 10, pp. 1950-1955, (1984), and

Macromolecules, Ray, G. Joseph et al., entitled “Carbon-13 Nuclear Magnetic Resonance

10  Determination of Monomer Composition and Sequence Distributions in Ethylene-Propylene

Copolymers Prepared with a Stercoregular Catalyst System,” Volume 10, Issue 4, pp. 773-

778, (1977), each of which is incorporated by reference in its entirety. Such techniques are
readily known to those skilled in the art of analyzing and characterizing olefin polymers.

[00136] Temperature Rising Elution Fractionation (TREF). The determination of

15  intermolecular compositional heterogeneity was determined by the fractionation of the EP

copolymer carried out by a Polymer Char TREF 200 based on a well-known principle that

the solubility of a semi-crystalline copolymer is a strong function of temperature. A

corresponding method is described in U.S. Patent No. 5,008,204. The instrument is a column

packed with solid stainless-steel beads. The copolymer of interest was dissolved in 1,2

20  ortho-dichlorobenzene (0DCB) at 160°C for 60 min. Half of a milliliter (ml) of the polymer

solution (concentration = 4-5 mg/ml) was injected in the column and it was stabilized there at

140°C for 45 min. The solution was cooled from 140°C to -15°C at 1°C/min and

equilibrated at this temperature for 10 min. This caused the copolymer to crystallize out of

the quiescent solution in successive layers of decreasing crystallinity onto the surface of the

25  beads. Pure solvent (0DCB) was pumped for 5 min at -15°C at a flow rate of 1 ml/min

through an infrared detector. A valve was then switched to allow this chilled oDCB to flow

through the column at the same flow rate at -15°C for 10 min. The material eluted was

designated as the soluble fraction of the copolymer. At this point, the heater was on and the

solvent continued to flow through both the column and the infrared detector while the

30 temperature was programmed upward at a controlled rate of 2°C/min to 140°C. The infrared

detector continuously measured the concentration of the copolymer in the effluent from the

column, and a continuous solubility distribution curve was obtained.
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0.41 7.11 0.24 7.11 0.66 5.49 0.92 5.57 0.77 5.54 0.37 5.54 0.48 3.98 0.87
3.92 0.51 3.93 0.25 3.99 0.58 2.40 0.72 2.41 0.39 2.27 0.46 2.36 0.64 0.80
0.74 0. 79%0.2¢t/26B2 0.39 0.83 0.91 -0.78 0.51 -0.76 0. 79CTAISZ@003MBO1 - 0. 78
0.63 -2.29 0.81 -2.37 0.75 -2.41 0.37 -2.35 0.92 -3.91 0.72 -3.91 0.67
-4.05 0.54 -3.89 0.76 -5.61 0.78 -5.50 0.94 -5.49 0.39 -5.41 1.28 -7.12
0.97 -7.10 1.00 -7.08 0.36 -7.14 1.02 -8.60 0.72 -8.73 1.11 -8.68 0.54

-8.72
EXAMPLES

Example 1
Preparation of The Ethylene Propylene Copolymer of Examples 1 and 2

[00137] All polymer compositions in Example 1 were synthesized in one continuous
5  stirred tank reactors. The polymerization was performed in solution, using hexane as a
solvent. In the reactor, polymerization was performed at a temperature of 110°C-115°C, an
overall pressure of 20 bar and ethylene and propylene feed rates of 1.3 kg/hr and 2 kg/hr,
respectively. As catalyst, N,N-dimethylanilinium tetrakis(pentafluorophenyl)boron was used
to activate di(p-triethylsilylphenyl)methenyl[(cyclopentadienyl)(2,7-di-tert-
10 butylfluorenyl)]hafnium dimethyl. In the process, hydrogen addition and temperature control
were used to achieve the desired MFR. The catalyst, activated externally to the reactor, was
added as needed in amounts effective to maintain the target polymerization temperature.
[00138] The copolymer solution emerging from the reactor was stopped from further
polymerization by addition of water and then devolatilized using conventionally known
15  devolatilization methods such as flashing or liquid phase separation, first by removing the
bulk of the hexane to provide a concentrated solution, and then by stripping the remainder of
the solvent in anhydrous conditions using a devolatilizer or a twin screw devolatilizing
extruder so as to end up with a molten polymer composition containing less than 0.5 wt % of
solvent and other volatiles. The molten polymer was cooled until solid.
20 [00139] The composition, melt viscosity and molecular weight properties of the ethylene

copolymers of Example 1 are shown in Table 1.

Table 1
Composition | Melt viscosity (dg/10m) GPC
Ethylene Mw
Example Wt% MFR @?230°C (kg/mol) Mw/Mn
2.16 Kg 21.6 Kg Kg/mol
1-A 63.6 9.2 175 82 1.84
1-B 70.5 13 238 71 1.85
1-C 59.0 15 280 75 1.81
1-D 69.2 12 239 71 1.87
1-E 62.3 12 259 76 1.93
1-F 74.2 15 277 69 1.90
1-G 573 8.0 184 89 1.94
1-H 60.7 7.9 159 91 1.82

[00140] The temperature of melting data and heat of fusion for the ethylene copolymers of

Example 1 are shown in Table 2.
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30 -10.30 1.36 -10.30 1.61 -10.30 0.45 -10.30 1.49 -11.90 1.58 -11.90
37 -11.90 0.57 -11.90 1.53 -13.50 1.77 -13.40 1.63 -13.40 0.42 -13.40
20 -15.w0 20107867215. 00 1.98 -15.00 0.73 -15.00 2.09 -16C6WS2018031306. 50
38 -16.70 0.40 -16.60 2.46 -18.20 2.28 -18.20 2.30 -18.20 0.64 -18.10
74 -19.70 2.46 -19.70 2.44 -19.70 0.80 -19.80 3.12 -21.40 2.87 -21.30
83 -21.30 0.83 -21.40 3.66 -22.90 3.00 -22.90 3.38 -23.00 0.99 -23.00
02 -24.50 3.27 -24.50 3.89 -24.50 1.07 -24.40 4.49 -26.10 3.94 -26.10
Table 2
DSC
Example 1% melt 2™ cool 2" melt
Melting Heat of | Crystallization | Heat of Melting Heat of
Temp (Ty) [Fusion (H)| Temp (Tc) | Fusion (Hy) |Temp (Trm)| Fusion (Hy)
°C Jg °C Jg °C Jg
1-A 32 26 -2.0 29 -2.5 27
1-B 24, 46 38 14 41 31 33
1-C -13 21 -16 21 -14 17
1-D 23,44 41 13 43 27 41
1-E -3.0 28 -5.7 22 -4.3 23
1-F 21,48 54 18, 26 49 37 48
1-G -15 18 -18 20 -17 21
1-H -9.4 21 -13 23 -11 25
Table 3
SSI
TE* (KO-30 pass)*
Example (%)
1-C 1.92 17.86
1-D 2.02 15.23
1-E 1.99 18.26
1-F 1.97 14.14
1-G 2.11 23.32
1-H 2.15 23.4

10

15

[00141] The TE* and SSI* values in Table 3 were measured for a 1 wt.% polymer
concentration of the ethylene copolymers of Example 1 in a Americas Core 150 using an
ExxonMobil Group I basestock stock with the following lubricant properties: ASTM D445-
5, Kinematic viscosity @100°C = 5.189 c¢St; ASTM D445-3, Kinematic viscosity @40°C =
29 ¢St min.; ASTM D2270 Viscosity index = 95 min.; ASTM D92 Flash point COC = 210°C
min.; ASTM D97 Pour point = -15°C max.; and ASTM D5800 Noack volatility = 20 wt%
max.

Example 2

[00142] Table 4 shows the compositionally disperse and crystallinity disperse blends of
the ethylene copolymers of Example 1. These disperse blends were made by melt blended,
in multiple batches using aliquots of different polymers, at a temperature of 120°C to 150°C
for 3 to 5 minutes in an Brabender mixer having an internal cavity of 250 ml using low shear

blades rotating at speed of 15 to 20 rpm. The ethylene copolymers were protected during the
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4.42 -26.10 1.26 -26.10 5.01 -27.70 4.37 -27.70 4.75 -27.70 1.29 -27.60
5.61 -29.30 5.14 -29.20 6.19 -29.30 1.42 -29.20 6.59 -30.90 6.14 -30.70
7.04 -30.¥80 201031267230. 80 7.53 -32.40 7.81 -32.40 9. 04 - 3PC40S2019H3138L. 40
8.50 -34.00 10.80 -34.00 12.20 -34.00 2.13 -34.10 9.67 -35.20 12.80 -35.20
16.10 -35.10 2.19 -35.20 11.50 * Conplex viscosity neasured for a 1.0 wt. %
concentration in PAO-4. Table 12 Exanple 2-M Exanple 2-N Exanple 2-0
Exanple 2-P. T Conplex Viscosity T Conplex Viscosity T Conplex Viscosity T
Conpl ex VNE&EsPRYfato b bpviag (ap3gpe FBa%qt and[pade aditsn ¢f 1@0pppEf a 311

mixture of Irganox 1076 and Irgafos 168 before mixing.
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0.63 19.90 0.75 20.10
16. 70 0.11 16.60 0. 22
0. 30 15. MOQNB21242160
11.90 0.39 11.80 0. 37

0. 50 18.
16. 60 O.
0. 58 13.
11.90 0.

30 0.22 18.20 0.52 18. 20
47 16.70 0.41 14.90 0.68
40 0.61 13.50 0.41 13.40
40 10.20 0.35 10.30 0.52

0.16 18.20 0.42
15.00 0.57 15.10
©C89752010961301 83
10. 40 0.81 10. 20

0.39 8.71 0.55 8.69 0.51 8.74 0.32 8.69 0.35 7.15 0.49 7.19 0.71 7.14 0.48
7.07 0.28 5.52 0.79 5.52 0.83 5.53 0.74 5.60 0.76 4.00 0.48 4.03 0.79 3.99
0.55 3.89 Table 4
Example Ethylene Copolymers used to Make Compositionally Disperse and
No Crystallinity Disperse Polymeric Blends
(Parts of Each Copolymer)
Example[Examplel Example| Example|Example [Example Example| Example
1-A 1-B 1-C 1-D 1-E 1-F 1-G 1-H

2-A 210 90

2-B 90 210

2-C 240 60

2-D 210 90

2-E 240 60

2-F 210 90

2-G 240 60

2-H 210 90

2-1 90 210

2-] 90 210

2-K 210 90

2-L 90 210

2-M 90 210

2-N 90 210

2-0 90 210

2-p 60 240

2-Q 90 210

2-R 120 180

2-S 60 240

2-T 90 210

2-U 210 90

2-V 180 120

2-W 180 120

2-X 180 120

2-Y 60 240

2-7 120 180

2-71 120 180
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0.62 2.38 0.77 2.37 0.93 2.37 0.52 2.32 0.64 0.80 0.55 0.76 1.00 0.85 0.74
0.78 0.58 -0.85 0.83 -0.78 0.81 -0.78 0.94 -0.73 0.47 -2.37 0.93 -2.37 1.01
-2.38 0. 680281048672105 -3.93 1.25 -3.95 1.05 -3.97 0. 94 P8TAR2M0M31305. 52
1.41 -5.57 0.75 -5.59 0.92 -5.55 1.12 -7.11 1.34 -7.09 1.06 -7.13 1.09
-7.07 1.27 -8.72 1.57 -8.69 1.05 -8.66 1.39 -8.73 1.48 -10.30 1.78 -10.30
1.50 -10.30 1.80 -10.30 1.40 -11.90 1.88 -11.90 1.82 -11.90 1.66 -11.90

1.65 -13.40 2.09 -13.50 | . L )
[00143] The properties of the compositionally and crystallinity disperse blends made in

5

Example 2 are shown in Table 5.

Table §
Composition | Melt viscosity (dg/10m) GPC
Example Mw
No. Wt.% C2 MFR @?230°C (kg/mol) Mw/Mn
2.16 Kg 21.6 Kg kg/mol
2-A 62.5 13 244 76 1.84
2-B 63.2 14 275 73 1.82
2-C 65.5 9.5 210 80 1.9
2-D 65.6 9.6 211 78 1.93
2-E 65.0 9.7 198 78 1.90
2-F 65.5 10 219 79 1.86
2-G 64.7 13 261 74 1.89
2-H 65.9 13 258 76 1.88
2-1 64.2 11 257 76 1.89
2-) 64.4 13 245 75 1.87
2-K 65.5 76 1.93
2-L 63.4 9.0 182 83 1.93
2-M 63.6 8.6 181 81 1.96
2-N 59.7 8.4 185 86 1.85
2-0 61.8 8.6 184 84 1.93
2-P 60.3 8.6 185 86 1.90
2-Q 62.1 9.5 195 83 1.99
2-R 63.0 82 1.99
2-S 60.7 8.9 195 83 1.93
2-T 62.7 11 216 80 1.97

[00144] The temperature of melting and heat of fusion for the compositionally and

crystallinity disperse blends of Example 2 are shown in Table 2.
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79
14
58
86
66
14
22

-13.50 1.91 -13.50 1.92 -15.00 2.40 -15.00 1.90 -15.00 1.98 -15.
-16.60 2.50 -16.60 2.21 -16.50 2.42 -16.60 2.35 -18.20 2.73 -18.
- 18. W0 281061267218. 20 2. 62 -19.80 3.15 -19.70 2.88 - 19CTMAS2019431300.
-21.30 3.72 -21.40 3.27 -21.40 3.69 -21.40 3.48 -22.90 4.03 -23.
-23.00 3.68 -22.90 3.87 -24.50 4.83 -24.50 4.15 -24.50 4.35 -24.
-26.10 5.41 -26.20 4.88 -26.10 4.98 -26.10 4.99 -27.70 6.24 -28.
-27.70 5.52 -27.70 5.70 -29.30 7.19 -29.20 6.37 -29.30 6.51 -29.
Table 6
DSC
Example
No. 1% melt 2™ cool 2™ melt
Heat of | Crystallization | Heat of Heat of
Melting | Fusion Temp Fusion | Melting | Fusion
Temp (Hyp) (To) (Hyp) Temp (Hy)
(Ty) °C Jg °C Jg (Ty) °C Jg
2-A 2.6, 51 33 3.7,-18 25 33,-4.6 37
2-B 54,47 21 7.9, -20 26 31,-3.7 17
2-C 11, 46 30 -2.9 28 4.5 27
2-D 14, 46 32 0.6 31 6.7 35
2-E 13, 46 22 -2.8 33 4.1 22
2-F 16, 46 23 -1.2 37 8.0 27
2-G 11, 46 32 17,-7.6 31 2.5 27
2-H 14, 46 32 20, -7.7 31 6.6, 48 32
2-1 93,47 29 -3.9 34 2.7 32
2-) 13,45 39 -6.4 40 -3.3 28
2-K 14, 47 29 19, -10 32 4.6, 48 31
2-L 22,45 36 -12 36 -2.9 25
2-M 59,46 27 8.7,-14 29 44,-2.3 24
2-N 48, -7.1 26 3.9,-23 23 42, -12 22
2-0 1.2,48 24 4.7,-21 23 36, -6.2 22
2-P 47, -8.0 26 6.5, -23 25 37,-11 22
2-Q 2.0, 46 20 8.7, -23 26 41,-6.2 23
2-R 20, 45 24 8.2,-23 33 33,-4.5 29
2-S 45,-7.1 16 18, -23 22 44, -11 25
2-T 2.5,46 29 20, -22 30 45,-6.2 30
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6.65 -30.80 7.98 -30.70 7.30 -30.80 7.23 -30.80 7.79 -32.40 9.33 -32.30
8.32 -32.40 8.43 -32.40 8.91 -34.10 10.70 -34.00 9.75 -34.00 10.10 -34.00
10. 10 - 35w0Qow212¢21- 35. 20 11.30 -35.20 11.20 -35.20 11. POT/UAEN10/031301

2010/ 126721PCT/ US2010/ 031301 Tabl e 13 Exanple 2-Q Exanple 2-R * Exanple 2-S
Exanple 2-T Ziegler-Natta- based Conparative T Conplex .. Viscosity

Conmpl ex Viscosity |'..T..T.. Conplex Viscosity Conplex Viscosity T
Complex . Viscosity C[Pas] C[Pas] C[Pas] C[Pas] C [Pas] 20.00 1.51
20.00 1.99 20.10 0.35 20.10 1.85 20.104ablef4 18. 20 0.66 18.20 0.56 18.20

0.42 SSI* SSI*
Example | (KO-30 | (KO-90
No. Pass) Pass) TE*
(%) (%)
2-A 10.43 13.71 1.71
2-B 8.89 12.15 1.72
2-C 14.72 18.26 1.73
2-D 14.75 18.43 1.78
2-E 16.01 20.07 1.93
2-F 15.17 19.21 1.93
2-G 12.81 16.30 1.74
2-H 11.85 15.70 1.72
2-1 12.16 15.55 1.78
2-] 11.68 15.76 1.74
2-K 11.45 15.27 1.73
2-L 16.06 20.34 1.85
2-M 17.32 21.10 1.84
2-N 15.65 19.70 1.84
2-0 17.18 21.20 1.85
2-P 16.23 20.29 1.84
2-Q 17.46 21.00 1.83
2-R 16.00 19.31 1.81
2-S 16.95 20.72 1.84
2-T 11.73 15.28 1.83

[00145] The SSI* and TE* values in Table 7 were measured for a 1 wt.% polymer
concentration of the compositionally and crystallinity disperse blends of Example 2 in PAO-4

5  which is an ExxonMobil Chemical synthetic basestock stock (SpectraSyn) with the following
lubricant properties: ASTM D445-5 Kinematic viscosity @100°C = 4.14 c¢St; ASTM D445-3
Kinematic viscosity @40°C = 19 ¢St; ASTM D2270 Viscosity index = 126; ASTM D92
Flash point COC = 220C min; ASTM D97 Pour point = -66°C; and ASTM D1298 Specific
gravity @15.6/15.6°C = 0.820.

10
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18.30 0.03 18.30 0.30 16.70 0.22 16.60 0.38 16.70 0.43 16.60 0.34 16.60
0.41 15.00 0.52 15.10 0.21 15.10 0.41 15.10 0.36 15.00 0.21 13.50 0.30

13. 50 0. 680281052612144 13.40 0.37 13.50 0.48 11.70 0.49 PCTAG2002213081. 90
0.68 11.90 0.29 11.90 0.70 10.40 0.67 10.30 0.23 10.30 0.36 10.20 0.47
10.30 0.52 8.76 0.49 8.75 0.28 8.76 0.33 8.69 0.31 8.76 0.47 7.08 0.68 7.14
0.23 7.16 0.45 7.17 0.51 7.17 0.59 5.57 0.72 5.57 0.16 5.52 0.69 5.54 0.69
5.56 0.69

Table 8
SSI* SSI*
Example (KO-30 (KO-90
No. Pass) Pass) TE*
(%) (%)
2-A 17.56 21.55 1.95
2-B 18.41 22.57 1.96
2-C 21.55 26.44 2.09
2-D 21.36 26.75 2.10
2-E 20.32 25.31 2.12
2-F 18.87 23.59 2.09
2-G 18.46 23.57 1.97
2-H 17.02 21.91 1.98
2-1 19.13 24.05 2.03
2-J 16.34 20.67 1.70
2-K 16.34 20.23 1.99
2-L 20.00 24.81 2.06
2-M 22.67 27.32 2.11
2-N 23.28 28.33 2.10
2-0 22.40 27.41 2.11
2-P 23.44 28.24 2.12
2-Q 22.38 26.89 2.10
2-R 20.81 25.65 2.05
2-S 22.51 28.36 2.12
2-T 21.13 26.04 2.08

[00146] The SSI** and TE** values in Table 8 were measured for a 1 wt.% polymer
concentration of the compositionally and crystallinity disperse blends of Example 2 in an

5  Americas Core 150 which is ExxonMobil Group I basestock with the following lubricant
properties:  ASTM D445-5, Kinematic viscosity @100°C = 5.189 cSt; ASTM D445-3,
Kinematic viscosity @40°C = 29 ¢St min.; ASTM D2270 Viscosity index = 95 min.; ASTM
D92 Flash point COC = 210°C min.; ASTM D97 Pour point = -15°C max.; and ASTM
D5800, Noack volatility = 20 wt.% max.

10  [00147] The samples of compositionally and crystallinity disperse blends were dissolved
in PAO-4 at a concentration of 2.5 wt.% and rheologically tested on the Anton-Parr
rheometer as described above at a temperature of 20°C to -35°C. The complex viscosity data
for the disperse blends and a comparative Ziegler-Natta-based polymeric compositions are
shown in Tables 9-13. The complex viscosity data for the disperse blends and a metallocene-

15  based polymeric composition is displayed as a function of temperature in Figure 1.
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3.96 0.85 3.97 0.37 4.
0.59 2.44 1.25 2.39 0.
-0.79 1. 080-20107/32612150
0.28 -2.41 0.91 -2.33
-3.91 1.71 -4.01 1.52

00 0.56
60 0. 77
-0.74 1.
1.37 -2.
-5.49 1.

4.06 0.86 3.94 0.70 2.
0.70 0.75 0.18 0.83 0.
03 -0.85 1.26 -0.76 1.
26 1.07 -4.03 1.10 -3.
31 -5.51 0.42 -5.50 0.

36
66
01
90
99

0.55 2.40 0.15 2.40
0.85 1.38 0.77 1.15
PRTAB2@0/031302. 39
0.37 -3.89 1.02
-5.52 1.78 -5.50

1.71 -7.10 1.59 -7.19 0.21 -7.07 1.29 -7.11 1.95 -7.09 1.74 -8.67 1.59
-8.67 0.60
Table 9
Example 2-A Example 2-B Example 2-C Example 2-D
T Complex| T Complex| T Complex T Complex
Viscosity Viscosity Viscosity Viscosity

C [Pa-s] C [Pa-s] C [Pa-s] C [Pa-s]
20.00 1.51 20.00 0.31 20.00 0.44 20.00 0.88
18.20 0.33 18.20 0.13 18.20 0.44 18.30 0.78
16.60 0.45 16.60 0.26 16.60 0.37 16.60 0.42
15.00 0.56 15.00 0.09 15.10 0.45 15.10 0.39
13.40 0.33 13.50 0.48 13.50 0.28 13.40 0.57
11.80 0.46 11.90 0.46 11.90 041 11.90 0.91
10.30 0.34 10.30 0.44 10.30 0.33 10.30 0.52
8.62 0.56 8.73 0.29 8.70 0.27 8.72 0.90
7.09 0.85 7.11 0.41 7.14 0.49 7.11 0.84
5.54 0.46 5.56 0.63 5.54 0.74 5.55 0.77
4.09 0.81 3.96 0.38 3.98 0.67 3.96 0.60
2.33 0.89 2.36 0.28 243 0.79 2.37 0.77
0.91 0.69 0.84 0.73 0.81 0.86 0.86 1.02
-0.77 0.66 -0.82 1.04 -0.78 0.59 -0.76 0.65
-2.39 0.67 -2.40 0.66 -2.35 0.85 -2.44 0.88
-3.96 0.76 -3.92 1.43 -3.91 0.86 -3.94 0.86
-5.42 0.78 -5.51 0.82 -5.52 0.93 -5.50 1.11
-7.06 1.12 -7.07 0.94 -7.14 0.80 -7.14 0.81
-8.79 1.10 -8.69 1.08 -8.64 1.14 -8.69 1.14
-10.20 1.54 |-10.20 1.28 [ -10.30 0.99 -10.30 1.53
-11.80 1.53 -11.90 1.68 [ -11.90 1.37 -11.80 1.33
-13.40 1.91 -13.40 1.49 [ -13.40 1.49 -13.50 1.62
-15.10 1.89 | -15.00 1.78 [ -15.10 1.81 -15.10 1.87
-16.60 224 |-16.60] 205 |[-16.60 1.45 -16.70 2.01
-18.20 2.71 -18.20 | 2.63 -18.20 2.03 -18.10 2.38
-19.70 304 |-19.70| 2.54 ]-19.80 1.99 -19.90 3.04
-21.30 3.53 2140 | 294 [-21.30 2.56 -21.30 3.14
-22.90 3.71 -2290 | 3.53 -22.90 2.75 -23.00 3.48
-24.40 438 |[-24.40] 3.80 |[-24.50 3.40 -24.50 3.90
-26.20 4.71 -26.10 | 4.51 -26.20 4.22 -26.10 4.98
-27.70 5.61 -27.70 | 495 [-27.70 5.69 -27.70 6.70
-29.20 6.18 1-29.20| 5.82 ]-29.20 8.58 -29.20 9.17
-30.80 7.14 1-3090| 6.30 |-30.80 13.00 -30.90 13.40
-32.40 810 |-3240| 7.67 [-32.40 23.10 -32.40 16.60
-34.00 939 1-34.00| 8.70 |-34.00 39.70 -34.00 31.40
-35.10 10.50 ]-35.20| 10.10 |-35.20 62.80 -35.20 38.00
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8.72 1.49 -8.69 1.98 -8.74 1.86

.41
. 87
.41
.49
.81
.50

-10. 30 1.93

-10. 30 0.39 -10.20 1.49

-10.20 2.60 -11.80 2.05 -11.90 0.49 -11.90 1.80 -11.90 2.49 -11.
- 13.80 28108i267213. 40 0.49 -13.50 2.12 -13.40 3.07 - 13C3WS2012031304.
-15.10 0.48 -15.00 2.25 -15.10 3.24 -15.00 4.24 -16.60 2.75 -16.
-16.60 2.51 -16.60 3.28 -16.60 4.61 -18.10 3.10 -18.30 0.80 -18.
-18.20 3.73 -18.20 5.47 -19.70 3.48 -19.80 0.87 -19.80 3.27 -19.
-19.80 7.11 -21.40 3.84 -21.40 0.85 -21.40 3.75 -21.40 4.93
Table 10
Example 2-E Example 2-F Example 2-G Example 2-H
T Complex T Complex T Complex T Complex
Viscosity Viscosity Viscosity Viscosity
C [Pa-s] C [Pa-s] C [Pa-s] C [Pa-s]
20.00 0.26 20.00 0.80 20.00 0.78 20.00 0.94
18.20 0.43 18.30 0.75 18.30 0.30 18.30 0.26
16.70 0.44 16.60 0.27 16.70 0.68 16.60 0.29
15.00 0.35 15.10 041 15.00 0.43 15.10 0.26
13.50 0.69 13.40 0.41 13.40 0.30 13.50 0.62
11.90 0.45 11.90 0.54 11.90 0.58 11.90 0.61
10.30 0.65 10.30 0.63 10.30 0.60 10.30 0.34
8.73 0.15 8.74 0.37 8.67 0.39 8.72 0.44
7.17 0.52 7.16 0.59 7.08 0.64 7.24 0.56
5.58 1.32 5.59 0.52 5.60 0.55 5.56 0.42
3.98 0.82 391 0.90 3.92 0.77 4.00 0.72
244 0.73 2.36 0.62 2.40 0.79 2.40 0.90
0.77 0.73 0.78 0.60 0.82 0.68 0.82 0.61
-0.80 0.93 -0.79 0.94 -0.79 0.65 -0.76 0.81
-2.24 0.78 -2.37 1.10 -2.30 0.37 -2.35 0.84
-3.97 0.85 -3.97 1.16 -3.92 0.85 -3.92 1.14
-5.51 0.92 -5.55 1.06 -5.51 1.09 -5.54 1.09
-7.08 1.28 -7.07 1.13 -7.12 0.82 -7.09 1.33
-8.72 1.12 -8.69 1.31 -8.69 0.95 -8.71 1.27
-10.30 1.22 -10.40 1.42 -10.30 091 -10.20 1.32
-11.90 1.52 -11.80 1.66 -11.80 1.34 -11.90 1.84
-13.50 1.88 -13.40 1.71 -13.40 1.40 -13.50 2.13
-15.00 1.75 -15.00 1.87 -15.00 1.77 -15.00 2.05
-16.60 2.05 -16.60 2.12 -16.60 1.92 -16.60 2.30
-18.20 2.23 -18.20 2.58 -18.20 1.92 -18.10 2.54
-19.70 2.44 -19.90 2.84 -19.70 2.25 -19.80 2.86
-21.30 2.60 -21.30 3.20 -21.40 2.65 -21.30 3.41
-22.90 3.30 -22.90 3.67 -22.90 2.87 -22.90 3.69
-24.50 3.76 -24.50 422 -24.50 3.22 -24.50 4.30
-26.00 5.17 -26.00 5.14 -26.10 3.63 -26.00 4.85
-27.70 7.15 -27.70 6.46 -27.70 4.51 -27.70 6.04
-29.40 11.20 | -29.40 8.99 -29.30 6.19 -29.30 7.26
-30.80 | 21.30 | -30.80 12.40 | -30.90 9.09 -30.80 9.45
-32.40 | 33.10 | -32.40 16.70 | -32.40 14.80 | -32.40 11.60
-34.00 | 71.70 | -34.00 | 28.70 | -34.10 | 2730 | -34.00 15.30
-35.20 | 102.00 | -3520 | 3890 | -35.10 | 41.80 | -3520 | 21.30
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-21.30
-24.50
-26. 00
-27.70
-29.40
- 30. 80
-34. 00
12. 80

7.93 -23.00 4.44 -23.00 0.99 -22.90 4.14 -22.90 5.60 -22.90 8.41
4.96 -24.50 1.09 -24.50 4.93 -24.60 6.15 -24.60 10.00 -26.00 5.70
1. 80 200061280215. 54 -26. 10 7.15 -26.10 11.40 -27. 60P6TA%26018/036B01 1. 53
6.27 -27.70 8.09 -27.70 13.90 -29.20 7.31 -29.20 1.48 -29.30 7.09
9.43 -29.20 14.80 -30.90 8.84 -30.80 2.05 -30.90 8.40 -30.80 10.70
17.40 -32.40 9.76 -32.40 2.28 -32.40 9.83 -32.40 11.90 -32.40 18. 20
11.60 -33.90 2.80 -34.00 11.30 -34.00 13.60 -34.00 20.80 -35.20

Table 11
Example 2-1 Example 2-J Example 2-K * Example 2-L
T Complex T Complex T Complex T Complex
Viscosity Viscosity Viscosity Viscosity
C [Pa-s] C [Pa-s] C [Pa-s] C [Pa-s]

20.00 1.80 20.00 0.31 20.00 0.17 20.00 1.75
18.20 0.52 18.30 0.19 18.20 0.05 18.30 0.40
16.60 0.20 16.60 0.36 16.60 0.14 16.60 091
15.10 0.41 15.10 0.36 15.10 0.18 15.10 0.15
13.50 0.46 13.50 0.41 13.40 0.23 13.40 0.66
11.80 0.12 11.90 0.49 11.90 0.34 11.90 0.48
10.30 0.51 10.30 0.76 10.30 0.21 10.30 0.51
8.75 0.39 8.73 0.30 8.73 0.18 8.70 0.62
7.12 0.59 7.16 0.41 7.11 0.24 7.11 0.66
5.49 0.92 5.57 0.77 5.54 0.37 5.54 0.48
3.98 0.87 3.92 0.51 3.93 0.25 3.99 0.58
240 0.72 241 0.39 2.27 0.46 2.36 0.64
0.80 0.74 0.79 0.71 0.82 0.39 0.83 091
-0.78 0.51 -0.76 0.79 -0.76 0.19 -0.78 0.63
-2.29 0.81 -2.37 0.75 -2.41 0.37 -2.35 0.92
-3.91 0.72 -3.91 0.67 -4.05 0.54 -3.89 0.76
-5.61 0.78 -5.50 0.94 -5.49 0.39 -5.41 1.28
-7.12 0.97 -7.10 1.00 -7.08 0.36 -7.14 1.02
-8.60 0.72 -8.73 1.11 -8.68 0.54 -8.72 1.30
-10.30 1.36 -10.30 1.61 -10.30 0.45 -10.30 1.49
-11.90 1.58 -11.90 1.37 -11.90 0.57 -11.90 1.53
-13.50 1.77 -13.40 1.63 -13.40 0.42 -13.40 2.20
-15.10 1.78 -15.00 1.98 -15.00 0.73 -15.00 2.09
-16.60 1.80 -16.50 2.38 -16.70 0.40 -16.60 2.46
-18.20 2.28 -18.20 2.30 -18.20 0.64 -18.10 2.74
-19.70 2.46 -19.70 244 -19.70 0.80 -19.80 3.12
-21.40 2.87 -21.30 2.83 -21.30 0.83 -21.40 3.66
-22.90 3.00 -22.90 3.38 -23.00 0.99 -23.00 4.02
-24.50 3.27 -24.50 3.89 -24.50 1.07 -24.40 4.49
-26.10 3.94 -26.10 442 -26.10 1.26 -26.10 5.01
-27.70 4.37 -27.70 4.75 -27.70 1.29 -27.60 5.61
-29.30 5.14 -29.20 6.19 -29.30 1.42 -29.20 6.59
-30.90 6.14 -30.70 7.04 -30.80 1.57 -30.80 7.53
-32.40 7.81 -32.40 9.04 -32.40 1.75 -32.40 8.50
-34.00 10.80 | -34.00 12.20 | -34.00 2.13 -34.10 9.67
-35.20 12.80 | -35.20 16.10 | -35.10 2.19 -35.20 11.50
* Complex viscosity measured for a 1.0 wt.% concentration in PAO-4.
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-35.20 2.88 -35.20 12.80 -35.20 16.00 -35.10 24.30
measured for a 1.0 w.%concentration in PAO-4. WO
2010/ 126 RORCIV1382010/ 031301 [ 00148] The sanpl es of compogiuscanabi3gl

di sperse and crystallinity disperse blends and a Ziegl er-Natt a-based

pol ynmeric conposition were also investigated for shear stress and strain as
shown in Tables 14 -18. [ 00149] Shear stress as a function of strain
for the disperse blends and a netal | ocene-based 5Spol yneric conmposition is
di splayed in Figure 2. Table 14 ExanpKableld Exanpl e 2-B Exanpl e 2- C Exanpl e
2-D . Strain Shear Stress . Strain Shear Stress . Strain Shear Stress .
Strain Shear Stress [%9 [Pa] [ [Pal [%9 [Pa] [94 [Pal] 0.0679 0.01 0.0785

* Conpl ex viscosity

0.02 0.0844 ) 01 0.0723 O D2 0.586 0.02 (.602 0.01 0.601 0.01 0.598 (.01
1.42 0.02 1.4 0402 1 2.7 76|0. .02 2.76
0,05 5 57 0. ba BBFG2M 5 seEtrifieg sy § oBgnigs %0 Barkplt2-P
T Complex T Complex T Complex T Complex
Viscosity Viscosity Viscosity Viscosity
C [Pa-s] C [Pa-s] C [Pa-s] C [Pa-s]
20.00 0.16 20.00 0.63 19.90 0.75 20.10 0.50
18.30 0.22 18.20 0.52 18.20 0.16 18.20 0.42
16.70 0.11 16.60 0.22 16.60 0.47 16.70 0.41
14.90 0.68 15.00 0.57 15.10 0.30 15.10 0.32
13.60 0.58 13.40 0.61 13.50 0.41 13.40 0.89
11.90 0.83 11.90 0.39 11.80 0.37 11.90 0.40
10.20 0.35 10.30 0.52 10.40 0.81 10.20 0.39
8.71 0.55 8.69 0.51 8.74 0.32 8.69 0.35
7.15 0.49 7.19 0.71 7.14 0.48 7.07 0.28
5.52 0.79 5.52 0.83 5.53 0.74 5.60 0.76
4.00 0.48 4.03 0.79 3.99 0.55 3.89 0.62
2.38 0.77 2.37 0.93 2.37 0.52 232 0.64
0.80 0.55 0.76 1.00 0.85 0.74 0.78 0.58
-0.85 0.83 -0.78 0.81 -0.78 0.94 -0.73 0.47
-2.37 0.93 -2.37 1.01 -2.38 0.62 -2.46 1.05
-3.93 1.25 -3.95 1.05 -3.97 0.94 -3.97 1.19
-5.52 1.41 -5.57 0.75 -5.59 0.92 -5.55 1.12
-7.11 1.34 -7.09 1.06 -7.13 1.09 -7.07 1.27
-8.72 1.57 -8.69 1.05 -8.66 1.39 -8.73 1.48
-10.30 1.78 -10.30 1.50 -10.30 1.80 -10.30 1.40
-11.90 1.88 -11.90 1.82 -11.90 1.66 -11.90 1.65
-13.40 2.09 -13.50 1.79 -13.50 1.91 -13.50 1.92
-15.00 2.40 -15.00 1.90 -15.00 1.98 -15.00 2.14
-16.60 2.50 -16.60 2.21 -16.50 242 -16.60 2.35
-18.20 2.73 -18.20 2.58 -18.20 2.61 -18.20 2.62
-19.80 3.15 -19.70 2.88 -19.70 2.94 -19.70 2.86
-21.30 3.72 -21.40 3.27 -21.40 3.69 -21.40 3.48
-22.90 4.03 -23.00 3.66 -23.00 3.68 -22.90 3.87
-24.50 4.83 -24.50 4.15 -24.50 435 -24.50 4.14
-26.10 5.41 -26.20 4.88 -26.10 4.98 -26.10 4.99
-27.70 6.24 -28.50 6.22 -27.70 5.52 -27.70 5.70
-29.30 7.19 -29.20 6.37 -29.30 6.51 -29.30 6.65
-30.80 7.98 -30.70 7.30 -30.80 7.23 -30.80 7.79
-32.40 9.33 -32.30 8.32 -32.40 8.43 -32.40 8.91
-34.10 10.70 | -34.00 9.75 -34.00 10.10 | -34.00 10.10
-35.20 12.70 | -35.20 11.30 | -35.20 11.20 | -35.20 11.70
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0.04 9.38 0.05 9.38 0.05 9.37 0.05 15.4 0.06 15.4 0.06 15.4 0.07 15.4 0.08
25.1 0.09 25.1 0.09 25.1 0.12 25.1 0.12 40.5 0.13 40.5 0.12 40.5 0.18 40.5
0.19 65 OW0208%51267216 65 0.29 65 0.30 104 0.26 104 0. 24 PO4/US204p/03341 0. 52
167 0.43 167 0.37 166 0.88 166 0.91 266 0.65 266 0.57 266 1.64 266 1.34 424
1.00 424 0.91 424 2.51 424 1.74 677 1.52 677 1.37 677 3.01 677 2.22 1,080
2.26 1,080 2.01 1,080

Table 13
Ziegler-Natta-
Example 2-Q | Example 2-R * | Example 2-S Example 2-T based
Comparative
T Complex T Complex T Complex T Complex T Complex
Viscosity Viscosity Viscosity Viscosity Viscosity

C [Pa-s] C [Pa-s] C [Pa-s] C [Pa-s] C [Pa-s]
20.00] 1.51 [20.00] 199 ]20.10] 0.35 [20.10f 1.85 20.10 0.14
1820 0.66 [1820] 0.56 |1820]| 042 |18.30| 0.03 18.30 0.30
16.70] 022 [16.60]| 038 ]16.70| 043 [16.60| 0.34 16.60 0.41
1500 0.52 |15.10] 021 |15.10| 041 [15.10] 0.36 15.00 0.21
13.50] 0.30 [13.50] 0.63 |13.50| 044 [1340] 0.37 13.50 0.48
11.70] 049 [1190] 022 |1190| 0.68 |[11.90| 0.29 11.90 0.70
1040 0.67 [1030] 023 ]1030| 036 [10.20| 0.47 10.30 0.52
8.76 049 | 8.75 0.28 8.76 0.33 8.69 0.31 8.76 0.47
7.08 0.68 | 7.14 0.23 7.16 0.45 7.17 0.51 7.17 0.59
5.57 0.72 | 5.57 0.16 5.52 0.69 5.54 0.69 5.56 0.69
3.96 085 |3.97 037 | 4.00 0.56 | 4.06 0.86 3.94 0.70
2.36 0.55 |2.40 0.15 240 059 | 244 1.25 2.39 0.60
0.77 0.70 ] 0.75 0.18 0.83 0.66 0.85 1.38 0.77 1.15
-0.79] 106 |-0.75] 050 |-0.74| 103 |-0.85] 1.26 -0.76 1.01
2431 0.77 [-239] 028 |-241| 091 |-233| 137 -2.26 1.07
-4.03] 1.10 |-390| 037 |-389| 1.02 |-391| 171 -4.01 1.52
-549 ] 131 |-551| 042 |-550| 099 |-552| 1.78 -5.50 1.71
=710 1.59 |-719| 021 |-7.07| 129 |-7.11| 195 -7.09 1.74
-8.67| 159 |-867| 060 |-872| 149 |[-8.69| 198 -8.74 1.86
-10.30) 193 |[-10.30f 0.39 [-10.20] 1.49 [-10.30] 241 -10.20f  2.60
-11.80) 2.05 |[-11.90] 0.49 [-11.90] 1.80 |-11.90] 249 | -11.90| 2.87
-13.50] 2.37 |-13.40{ 0.49 |[-13.50] 2.12 |-13.40] 3.07 | -13.40{ 3.20
-14.90| 2.41 |[-15.10] 0.48 |-15.00] 225 |-15.10] 324 | -15.00] 4.24
-16.60) 2.75 |-16.60] 0.49 [-16.60] 251 [-16.60] 328 | -16.60] 4.61
-18.10) 3.10 |-18.30] 0.80 |[-18.20] 2.81 |[-18.20] 3.73 -18.201 5.47
-19.70) 3.48 |-19.80] 0.87 [-19.80] 3.27 [-19.70] 4.50 | -19.80] 7.11
-21.40) 3.84 |-21.40f 0.85 [-21.40] 3.75 [-21.40] 4093 -21.301  7.93
-23.00) 4.44 |-23.00f 0.99 [-2290| 4.14 [-2290] 5.60 | -22.90] 8.4l
-24.501 496 |-24.50] 1.09 [-24.50] 493 [-24.60] 6.15 | -24.60] 10.00
-26.00) 5.70 |[-26.00] 1.34 [-26.20] 5.54 [-26.10] 7.15 | -26.10] 11.40
-27.60) 6.64 |-27.60] 1.53 [-27.70] 6.27 [-27.70] 8.09 | -27.70] 13.90
-29.200 731 |-29.20f 1.48 [-29.30] 7.09 [-29.40] 943 -29.201 14.80
-30.90| 8.84 [-30.80] 2.05 [-30.90] 8.40 |-30.80] 10.70 | -30.80] 17.40
-32.400 9.76 |-32.401 2.28 [-32.40| 9.83 [-32.40] 11.90 | -32.40| 18.20
-34.00) 11.60 |-33.90] 2.80 [-34.00] 11.30 [-34.00] 13.60 | -34.00] 20.80
-35.20] 12.80 |-35.20] 2.88 [-35.20] 12.80 [-35.20] 16.00 | -35.10] 24.30

* Complex viscosity measured for a 1.0 wt.% concentration in PAO-4.
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3.54 1,080 2.90 1,720 3.35 1,720 3.04 1,720 4.49 1,720 3.86 2,750 5.08
2,750 4.63 2,750 6.27 2,750 5.39 4,380 7.84 4,380 7.19 4,380 8.87 4, 380
7.73 6, 988028122621980 11.20 6,980 12.60 6,980 11.20 7, 8¢0/Uk301903i30840 12.5
7,840 13.80 7,840 12.30 8,810 15.10 8,810 13.9 8,810 15.10 8,810 13.50
Tabl e 15 Exanpl e 2-E Exanple 2-F Exanple 2-G Exanple 2-H . Strain Shear
Stress . Strain Shear Stress . Strain Shear Stress . Strain Shear Stress

%4 [Pa] 0.0805 0.00 0.0792

[ 9 Pa Pa] [9¢ Pa
[ [Pal [)q 8[| the s/glrnl[)les ]of compositionally disperse and crystallinity disperse blends and a
Ziegler-Natta-based polymeric composition were also investigated for shear stress and strain

as shown in Tables 14 -18.

[00149] Shear stress as a function of strain for the disperse blends and a metallocene-based
5  polymeric composition is displayed in Figure 2.
Table 14
Example 2-A Example 2-B Example 2-C Example 2-D
. Shear . Shear . Shear . Shear
Strain Stress Strain Stress Strain Stress Strain Stress
[%] [Pa] [%o] [Pa] [%] [Pa] [%o] [Pa]
0.0679 0.01 0.0785 0.02 0.0844 0.01 0.0723 0.02
0.586 0.02 0.602 0.01 0.601 0.01 0.598 0.01
1.42 0.02 1.43 0.02 1.43 0.02 1.44 0.01
2.75 0.02 2.76 0.03 2.76 0.02 2.76 0.02
5.57 0.04 5.59 0.03 5.58 0.04 5.59 0.02
9.37 0.04 9.38 0.05 9.38 0.05 9.37 0.05
154 0.06 154 0.06 15.4 0.07 154 0.08
25.1 0.09 25.1 0.09 25.1 0.12 25.1 0.12
40.5 0.13 40.5 0.12 40.5 0.18 40.5 0.19
65 0.19 65 0.16 65 0.29 65 0.30
104 0.26 104 0.24 104 0.47 104 0.52
167 0.43 167 0.37 166 0.88 166 0.91
266 0.65 266 0.57 266 1.64 266 1.34
424 1.00 424 0.91 424 2.51 424 1.74
677 1.52 677 1.37 677 3.01 677 2.22
1,080 2.26 1,080 2.01 1,080 3.54 1,080 2.90
1,720 3.35 1,720 3.04 1,720 4.49 1,720 3.86
2,750 5.08 2,750 4.63 2,750 6.27 2,750 5.39
4,380 7.84 4,380 7.19 4,380 8.87 4,380 7.73
6,980 12.20 6,980 11.20 6,980 12.60 6,980 11.20
7,840 13.50 7,840 12.5 7,840 13.80 7,840 12.30
8,810 15.10 8,810 13.9 8,810 15.10 8,810 13.50
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-0.01 0.0708 0.02 0.0773 0.01 0.597 0.01 0.588 0.00 0.597 0.02 0.603 0.01
1.43 0.01 1.42 0.01 1.43 0.03 1.43 0.02 2.76 0.02 2.75 0.01 2.76 0.03 2.76
0.02 5.58%70.208/868% 0.04 5.57 0.04 5.58 0.03 9.36 0.06 PCIAISRI0H3IBNB7 0. 06
9.38 0.05 15.4 0.09 15.4 0.07 15.4 0.08 15.4 0.07 25.1 0.15 25.1 0.11 25.1
0.12 25.1 0.11 40.4 0.24 40.4 0.17 40.5 0.17 40.5 0.18 65 0.39 65 0.28 65
0.24 65 0.27 104 0.69 104 0.51 104 0.36 104

Table 15
Example 2-E Example 2-F Example 2-G Example 2-H
. Shear . Shear . Shear . Shear
Strain Stress Strain Stress Strain Stress Strain Stress
[%o] [Pa] [%] [Pa] [%o] [Pa] [%] [Pa]
0.0805 0.00 0.0792 -0.01 0.0708 0.02 0.0773 0.01
0.597 0.01 0.588 0.00 0.597 0.02 0.603 0.01
1.43 0.01 1.42 0.01 1.43 0.03 1.43 0.02
2.76 0.02 2.75 0.01 2.76 0.03 2.76 0.02
5.58 0.03 5.55 0.04 5.57 0.04 5.58 0.03
9.36 0.06 9.35 0.05 9.37 0.06 9.38 0.05
154 0.09 154 0.07 154 0.08 154 0.07
25.1 0.15 25.1 0.11 25.1 0.12 25.1 0.11
404 0.24 40.4 0.17 40.5 0.17 40.5 0.18
65 0.39 65 0.28 65 0.24 65 0.27
104 0.69 104 0.51 104 0.36 104 0.41
166 1.27 166 0.84 166 0.55 166 0.65
266 2.40 266 1.23 266 0.86 266 0.94
424 345 424 1.65 424 1.28 424 1.31
677 3.90 677 2.15 677 1.90 677 1.81
1,080 4.36 1,080 2.84 1,080 2.73 1,080 2.59
1,720 5.37 1,720 392 1,720 392 1,720 3.70
2,750 7.35 2,750 5.51 2,750 5.72 2,750 5.32
4,380 10.30 4,380 7.84 4,380 8.43 4,380 7.72
6,980 14.60 6,980 11.30 6,980 12.50 6,980 11.30
7,840 15.90 7,840 12.50 7,840 13.80 7,840 12.5
8,810 17.30 8,810 13.70 8,810 15.20 8,810 13.8
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0.41 166 1.27 166 0.84 166 0.55 166 0.65 266 2.40 266 1.23 266 0.86 266
0.94 424 3.45 424 1.65 424 1.28 424 1.31 677 3.90 677 2.15 677 1.90 677
1.81 1, 08W040B612472080 2. 84 1,080 2. 73 1,080 2.59 1, 720 PCIUS219261381 92
1,720 3.92 1,720 3.70 2,750 7.35 2,750 5.51 2,750 5.72 2,750 5.32 4, 380
10.30 4,380 7.84 4,380 8.43 4,380 7.72 6,980 14.60 6,980 11.30 6,980 12.50
6,980 11.30 7,840 15.90 7,840 12.50 7,840 13.80 7,840 12.5 8,810 17.30
8,810

Table 16
Example 2-1 Example 2-J Example 2-K * Example 2-L
. Shear . Shear . Shear . Shear
Strain Stress Strain Stress Strain Stress Strain Stress
[%] [Pa] [%] [Pa] [%o] [Pa] [%] [Pa]
0.0703 -0.01 0.072 0.00 0.0673 0.02 0.0657 0.01
0.593 0.00 0.595 0.00 0.594 0.01 0.589 0.01
1.42 0.01 1.43 0.01 1.43 0.01 142 0.03
2.75 0.02 2.76 0.01 2.76 0.02 2.75 0.02
5.57 0.01 5.57 0.03 5.59 0.02 5.57 0.03
9.37 0.03 9.37 0.04 9.39 0.01 9.37 0.05
154 0.05 154 0.06 15.5 0.02 154 0.06
25.1 0.07 25.1 0.09 25.1 0.03 25.1 0.09
40.5 0.12 40.5 0.13 40.5 0.03 40.5 0.12
65 0.19 65 0.21 65.1 0.04 65 0.20
104 0.29 104 0.33 104 0.08 104 0.29
166 041 166 0.50 167 0.10 166 0.47
266 0.65 266 0.79 266 0.16 266 0.73
424 1.00 424 1.14 425 0.25 424 1.11
677 1.44 677 1.64 677 0.38 677 1.68
1,080 2.13 1,080 2.41 1,080 0.60 1,080 2.55
1,720 3.16 1,720 3.53 1,720 0.94 1,720 385
2,750 4.77 2,750 5.22 2,750 1.47 2,750 5.94
4,380 7.14 4,380 7.81 4,380 2.31 4,380 9.16
6,980 10.90 6,980 11.70 6,980 3.69 6,980 14.20
7,840 12.00 7,840 13.00 7,850 415 7,840 15.80
8,810 13.40 8,810 14.40 8,820 4.64 8,810 17.70

* Shear stress and strain measured for a 1.0 wt.% concentration in PAQO-4.

-43 -




13.70 8,810 15.20 8,810 13.8 Table 16 Exanple 2-1 Exanple 2-J Exanple 2-K
* Exanple 2-L . Strain Shear Stress . Strain Shear Stress . Strain Shear
Stress . 8oraioz28hear Stress [ [Pa] [A4 [Pa] [%A [ Pa] PC¥usp®Raj3Bo0703
-0.01 0.072 0.00 0.0673 0.02 0.0657 0.01 0.593 0.00 0.595 0.00 0.594 0.01
0.589 0.01 1.42 0.01 1.43 0.01 1.43 0.01 1.42 0.03 2.75 0.02 2.76 0.01 2.76
0.02 2.75 0.02 5.57 0.01 5.57 0.03 5.59 0.02 5.57 0.03 9.37 0.03 9.37 0.04
9.39 0.01 9.37 0.05 15.4

Table 17
Example 2-M Example 2-N Example 2-O Example 2-P
. Shear . Shear . Shear . Shear
Strain Stress Strain Stress Strain Stress Strain Stress
[%] [Pa] [%] [Pa] [%o] [Pa] [%] [Pa]
0.0758 0.02 0.0752 0.00 0.0683 0.03 0.0673 0.02
0.593 0.03 0.59 0.02 0.596 0.02 0.584 0.03
1.42 0.04 1.43 0.02 1.43 0.02 142 0.03
2.75 0.04 2.76 0.02 2.76 0.03 2.75 0.03
5.58 0.05 5.58 0.03 5.58 0.04 5.58 0.03
9.37 0.06 9.38 0.04 9.38 0.06 9.37 0.05
15.4 0.08 154 0.05 15.4 0.08 154 0.07
25.1 0.10 25.1 0.08 25.1 0.09 25.1 0.09
40.5 0.15 40.5 0.10 40.5 0.14 40.5 0.13
65 0.23 65 0.15 65 0.19 65 0.17
104 0.34 104 0.25 104 0.29 104 0.28
166 0.52 167 0.39 167 0.41 167 0.41
266 0.80 266 0.61 266 0.67 266 0.64
424 1.22 424 0.97 424 1.03 424 0.97
677 1.87 677 1.53 677 1.57 677 1.51
1,080 2.80 1,080 2.39 1,080 2.36 1,080 2.38
1,720 413 1,720 3.77 1,720 3.60 1,720 3.72
2,750 6.17 2,750 5.98 2,750 5.54 2,750 5.82
4,380 948 4,380 941 4,380 8.60 4,380 9.19
6,980 14.60 6,980 14.90 6,980 13.40 6,980 14.40
7,840 16.30 7,840 16.7 7,840 14.90 7,840 16.20
8,810 18.10 8,810 18.7 8,810 16.70 8,810 18.10
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0.05 15.4 0.06 15.5 0.02 15.4 0.06 25.1 0.07 25.1 0.09 25.1 0.03 25.1 0.09
40.5 0.12 40.5 0.13 40.5 0.03 40.5 0.12 65 0.19 65 0.21 65.1 0.04 65 0. 20
104 0. 29 wO0400/12872104 0. 08 104 0.29 166 0.41 166 0.50 1ECTAES2@M0DEB00D. 47 266
0.65 266 0.79 266 0.16 266 0.73 424 1.00 424 1.14 425 0.25 424 1.11 677
1.44 677 1.64 677 0.38 677 1.68 1,080 2.13 1,080 2.41 1,080 0.60 1,080 2.55
1,720 3.16 1,720 3.53 1,720

Table 18
Ziegler-Natta-
Example 2-Q | Example 2-R * | Example 2-S Example 2-T based
Comparative
) Shear . Shear . Shear . Shear . Shear
Strain Stress Strain Stress Strain Stress Strain Stress Strain Stress

[%] | [Pa] | [%] | [Pa] | [%] | [Pa] | [%] | [Pa] | [%] [Pa]
0.0755| 0.01 |0.0625| 0.02 [0.0743 | 0.01 | 0.0756| 0.01 |0.0741 | 0.00
0.594 | 0.01 | 0589 | 0.02 | 0.592 | 0.02 0.61 0.00 | 0.598 0.00
1.43 0.00 1.42 0.03 1.42 0.03 1.44 0.01 1.42 0.02
2.76 0.01 2.75 0.04 2.76 0.03 2.76 0.01 2.75 0.02
5.58 0.02 5.58 0.02 5.58 0.03 5.58 0.03 5.57 0.03
9.38 0.02 9.38 0.03 9.37 0.05 9.37 0.05 9.36 0.05
154 0.05 15.4 0.04 154 0.06 154 0.06 154 0.09
25.1 0.09 25.1 0.03 25.1 0.10 25.1 0.11 25.1 0.14
40.5 0.13 40.5 0.04 40.5 0.12 40.5 0.16 404 0.22
65 0.19 65.1 0.06 65 0.19 65 0.24 65 0.37
104 0.30 104 0.09 104 0.28 104 0.39 104 0.66
166 0.49 167 0.15 167 0.46 166 0.61 166 1.28
266 0.74 266 0.18 266 0.71 266 0.99 266 2.21
424 1.17 425 0.28 424 1.08 424 1.50 424 2.89
677 1.79 677 0.44 677 1.64 677 2.15 677 3.28
1,080 | 263 | 1,080 | 0.68 | 1,080 [ 2.54 | 1,080 | 3.06 | 1,080 | 3.86
1,720 | 391 1,720 | 1.04 | 1,720 | 392 | 1,720 | 4.33 | 1,720 | 4.97
2,750 | 592 | 2,750 | 1.68 | 2,750 | 6.08 | 2,750 | 6.24 | 2,750 | 6.83
4380 | 9.12 | 4,380 | 2.61 | 4,380 | 9.49 | 4,380 | 9.29 | 4,380 | 9.59
6,980 | 14.10 | 6,980 | 4.11 | 6,980 | 14.80 | 6,980 | 14.10 | 6,980 | 13.70
7,840 | 1570 | 7,850 | 4.61 | 7,840 | 16.60 | 7,840 | 15.70 | 7,840 | 15.00
8,810 | 17.60 | 8,820 | 5.19 | 8,810 | 1850 | 8,810 | 17.50 | 8,810 | 16.40
* Shear stress and strain measured for a 1.0 wt.% concentration in PAO-4.

[00150] These above data demonstrate that polymer compositions of the present invention
5 can be processed into lubricant formulations having properties similar to those of

formulations made from components prepared by more complex and more expensive multi-

step methods.

[00151] Exemplary embodiments of the invention are provided as follows:

(1) A polymeric composition comprising:

10 (a) a first ethylene copolymer having:
L. an E, in the range from greater than or equal to 35 to less than or equal
to 60; and

11. a Mwy of less than 130,000; and

(b) a second ethylene copolymer having:
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0.94 1,720 3.85 2,750 4.77 2,750 5.22 2,750 1.47 2,750 5.94 4,380 7.14
4,380 7.81 4,380 2.31 4,380 9.16 6,980 10.90 6,980 11.70 6,980 3.69 6,980
14.20 7, %0 2000/126727, 840 13.00 7,850 4.15 7,840 15.80 8, 8C0/UB2014038p810
14.40 8,820 4.64 8,810 17.70 * Shear stress and strain neasured for a 1.0
wt. % concentration in PAO-4. Table 17 Exanple 2-M Exanpl e 2-N Exanple 2-0
Exanple 2-P . Strain Shear Stress . Strain Shear Stress . Strain Shear
Stress . Strain Shear Stress [%4 [Pa]l [A4 [Pa] [%A [Pal ;9@ [PaL 0. 0758
0.02 0.0752 0.00 0.10683 a.Bgnghgemge froppeigatsythan or equal to 35 fo less than or equal

to 85; and
11. a Mwg, of less than 70,000.
(2) The polymeric composition of embodiment (1), wherein the first ethylene copolymer
5  and/or the second ethylene copolymer have a substantially linear structure.
(3)  The polymeric composition of embodiment (1) or (2), wherein the first ethylene
copolymer and/or the second ethylene copolymer have a MWD of about 2.4 or less.
4) The polymeric composition of any one of embodiments (1)-(3), wherein the MWD of
the first ethylene copolymer is in the range from greater than or equal to 1.80 to less than or

10 equal to 1.95, and/or wherein the MWD of the second ethylene copolymer is in the range
from greater than or equal to 1.80 to less than or equal to 1.95.

(5) The polymeric composition of any one of embodiments (1)-(4), wherein E4 is less
than Eg for the polymeric composition, and/or wherein the difference between Eg and Ej is
greater than or equal to 5.

15 (6) The polymeric composition of any one of embodiments (1)-(5), wherein MIo/Mly is
less than or equal to 3.0 for the polymeric composition.

(7 The polymeric composition of any one of embodiments (1)-(6), wherein the weight
percent of the first ethylene copolymer in the polymeric composition is greater than the
weight percent of the second ethylene copolymer in the polymeric composition.

20 (8) The polymeric composition of any one of embodiments (1)-(7), wherein the Mwa is
less than 90,000 and/or the Mwg is less than 60,000.

) The polymeric composition of any one of embodiments (1)-(8), wherein the first
and/or second ethylene copolymers comprises ethylene and a comonomer selected from the
group consisting of propylene, butene, hexene, octene, and mixtures thereof.

25  (10) The polymeric composition of embodiment (9), wherein the comonomer of the first
and/or the second ethylene copolymers further comprises a polyene monomer, and the
polymeric composition further comprises up to 5 mole % polyene-derived units.

(11) A lubrication oil composition comprising:
(a) a lubrication oil basestock; and

30 (b)  the polymeric composition of any one of the preceding embodiments.

(12)  The lubrication oil composition of embodiment (11) having at least one of: (a) a TE
of greater than or equal to 1.5; (b) a SSI of less than 55; and (c) a complex viscosity at -31°C
of less than or equal to 500 ¢St.
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0.03 0.59 0.02 0.596 0.02 0.584 0.03 1.42 0.04 1.43 0.02 1.43 0.02 1.42
0.03 2.75 0.04 2.76 0.02 2.76 0.03 2.75 0.03 5.58 0.05 5.58 0.03 5.58 0.04
5.58 0. 03w0.2810/26126 9. 38 0.04 9.38 0.06 9.37 0.05 15.4 @CO/S2H0430005 15. 4
0.08 15.4 0.07 25.1 0.10 25.1 0.08 25.1 0.09 25.1 0.09 40.5 0.15 40.5 0.10
40.5 0.14 40.5 0.13 65 0.23 65 0.15 65 0.19 65 0.17 104 0.34 104 0.25 104
0.29 104 0.28 166 0.52 167 0.39 167

(13) A process for making a polymeric composition comprising the steps of:

(a) copolymerizing ethylene and a first comonomer component in the presence of
a first metallocene catalyst in a first polymerization reaction zone under first
polymerization conditions to produce a first effluent comprising the first

5 ethylene copolymer of any one of the preceding embodiments;

(b) copolymerizing ethylene and a second comonomer component in the presence
of a second metallocene catalyst in a second polymerization reaction zone
under second polymerization conditions to produce a second effluent
comprising the second ecthylene copolymer of any one of the preceding

10 embodiments; and

() forming the polymeric composition of any one of the preceding embodiments,

wherein the first and second polymerization conditions are independently selected

from the group consisting of slurry phase, solution phase and bulk phase; and

wherein the first and second polymerization reaction zones are in series, in parallel or

15 the same.
(14) A polymeric composition comprising:

(a) a first ethylene copolymer having:

L. an Hy in the range from greater than or equal to 0 to less than or equal
to 30; and
20 11. a Mwy of less than 130,000; and

(b) a second ethylene copolymer having:
L. an Hg in the range from greater than 30 to less than or equal to 60; and
11. a Mwg of less than 70,000.
(15)  The polymeric composition of embodiment (14), wherein the first ethylene copolymer
25  and/or the second ethylene copolymer have a substantially linear structure.
(16) The polymeric composition of embodiment (14) or (15), wherein the first ethylene
copolymer and/or the second ethylene copolymer have a MWD of about 2.4 or less.
(17)  The polymeric composition of any one of embodiments (14)-(16), wherein MWD of
the first ethylene copolymer is in the range from greater than or equal to 1.80 to less than or
30 equal to 1.95, and/or wherein MWD of the second ethylene copolymer is in the range from
greater than or equal to 1.80 to less than or equal to 1.95.
(18)  The polymeric composition of any one of embodiments (14)-(17), wherein Hy is less

than Hpg for the polymeric composition.
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0.41 167 0.41 266 0.80 266 0.61 266 0.67 266 0.64 424 1.22 424 0.97 424
1.03 424 0.97 677 1.87 677 1.53 677 1.57 677 1.51 1,080 2.80 1,080 2.39
1,080 2. 30o2pB262138 1,720 4.13 1,720 3.77 1,720 3.60 PCTAG2B.0/021381 750
6.17 2,750 5.98 2,750 5.54 2,750 5.82 4,380 9.48 4,380 9.41 4,380 8.60
4,380 9.19 6,980 14.60 6,980 14.90 6,980 13.40 6,980 14.40 7,840 16.30
7,840 16.7 7,840 14.90 7,840 16.20 8,810 18.10 8,810 18.7 8,810 16.70 8, 810

18. 10
(19)  The polymeric composition of any one of embodiments (14)-(18), wherein Hp is in

the range from greater than or equal to 0 to less than or equal to 10.
(20)  The polymeric composition of any one of embodiments (14)-(19), wherein MIa/Mlg
is less than or equal to 3.0.

5 (21) The polymeric composition of any one of embodiments (14)-(20), wherein the weight
percent of the first ethylene copolymer in the polymeric composition is greater than the
weight percent of the second ethylene copolymer in the polymeric composition.

(22)  The polymeric composition of any one of embodiments (14)-(21), wherein the Mwy is
less than 90,000 and/or the Mwg is less than 60,000.

10 (23) The polymeric composition of any one of embodiments (14)-(22), wherein the first
and/or second ethylene copolymers comprises ethylene and a comonomer selected from the
group consisting of propylene, butene, hexene, octene, and mixtures thereof.

(24) A lubrication oil composition comprising:

(a) a lubrication oil basestock; and

15 (b)  the polymeric composition of any one of embodiments (14)-(23).

(25) A process for making a polymeric composition comprising the steps of:

(a) copolymerizing ethylene and a first comonomer component in the presence of
a first metallocene catalyst in a first polymerization reaction zone under first
polymerization conditions to produce a first effluent comprising the first

20 ethylene copolymer of any one of embodiments (14)-(23);

(b) copolymerizing ethylene and a second comonomer component in the presence
of a second metallocene catalyst in a second polymerization reaction zone
under second polymerization conditions to produce a second effluent
comprising the second ethylene copolymer of any one of embodiments (14)-

25 (23); and

() forming the polymeric composition of any one of embodiments (14)-(23),

wherein the first and second polymerization conditions are independently selected

from the group consisting of slurry phase, solution phase and bulk phase; and

wherein the first and second polymerization reaction zones are in series, in parallel or

30 the same.

[00152] When numerical lower limits and numerical upper limits are listed herein, ranges

from any lower limit to any upper limit are contemplated.

- 48 -



WO 2010/ 126721PCT/ US2010/ 031301 Tabl e 18 Exanple 2-Q Exanple 2-R * Exanpl e
2-S Exanple 2-T Ziegler-Natta- based Conparative . Strain Shear Stress .
Strain Shweroinrers . Strain Shear Stress . Strain SheaPCHUSe®9/03138t r ai n
Shear Stress [%4 [Pa] [A4 [Pa] [“4 [Pa] [ [Pa] [A4 [Pa] 0.0755 0.01
0.0625 0.02 0.0743 0.01 0.0756 0.01 0.0741 0.00 0.594 0.01 0.589 0.02 0.592
0.02 0.61 0.00 0.598 0.00 1.43 0.00 1.42 0.03 1.42 0.03 1.44 0.01 1.42 0.02

2.76 0.01 2.75 0.04 2.76 0.03 2.76 0.01 2.75 0.02 5.58 0.02 5.58 0.02 5.58
[00153] All references, patents and documents described herein are incorporated by

reference herein, including any priority documents and/or testing procedures to the extent
they are not inconsistent with this text. As is apparent from the foregoing general description
and the specific embodiments, while forms of the invention have been illustrated and
5  described, various modifications can be made without departing from the spirit and scope of

the invention. Accordingly, it is not intended that the invention be limited thereby.
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0.03 5.58 0.03 5.57 0.03 9.38 0.02 9.38 0.03 9.37 0.05 9.37 0.05 9.36 0.05
15.4 0.05 15.4 0.04 15.4 0.06 15.4 0.06 15.4 0.09 25.1 0.09 25.1 0.03 25.1
0.10 25. iwO0.2010/126721 0. 14 40.5 0.13 40.5 0.04 40.5 0.12 20TAISR01063101 4 0. 22
65 0.19 65.1 0.06 65 0.19 65 0.24 65 0.37 104 0.30 104 0.09 104 0.28 104
0.39 104 0.66 166 0.49 167 0.15 167 0.46 166 0.61 166 1.28 266 0.74 266
0.18 266 0.71 266 0.99 266

CLAIMS
What is claimed is:
1. A polymeric composition comprising:
(a) a first ethylene copolymer having:
L. an E, in the range from greater than or equal to 35 to less than or equal
to 60; and
11. a Mwy of less than 130,000; and
(b) a second ethylene copolymer having:
L. an Ep in the range from greater than or equal to 35 to less than or equal
to 85; and

11. a Mwg, of less than 70,000.
2. The polymeric composition of claim 1, wherein the first ethylene copolymer and/or
the second ethylene copolymer have a substantially linear structure.
3. The polymeric composition of claim 1 or 2, wherein the first ethylene copolymer
and/or the second ethylene copolymer have a MWD of about 2.4 or less.
4. The polymeric composition of any one of claims 1-3, wherein the MWD of the first
ethylene copolymer is in the range from greater than or equal to 1.80 to less than or equal to
1.95, and/or wherein the MWD of the second ethylene copolymer is in the range from greater
than or equal to 1.80 to less than or equal to 1.95.
5. The polymeric composition of any one of claims 1-4, wherein E, is less than Ep for
the polymeric composition, and/or wherein the difference between Ep and E4 is greater than
or equal to 5.
6. The polymeric composition of any one of claims 1-5, wherein MI/Mly is less than or
equal to 3.0 for the polymeric composition.
7. The polymeric composition of any one of claims 1-6, wherein the weight percent of
the first ethylene copolymer in the polymeric composition is greater than the weight percent
of the second ethylene copolymer in the polymeric composition.
8. The polymeric composition of any one of claims 1-7, wherein the Mw, is less than
90,000 and/or the Mwg is less than 60,000.
9. The polymeric composition of any one of claims 1-8, wherein the first and/or second
cthylene copolymers comprises cthylene and a comonomer selected from the group

consisting of propylene, butene, hexene, octene, and mixtures thereof.
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2.21 424 1.17 425 0.28 424 1.08 424 1.50 424 2.89 677 1.79 677 0.44 677
1.64 677 2.15 677 3.28 1,080 2.63 1,080 0.68 1,080 2.54 1,080 3.06 1,080
3.86 1, 7280208112472720 1.04 1,720 3.92 1,720 4.33 1,720 2CIMS2018581361 92
2,750 1.68 2,750 6.08 2,750 6.24 2,750 6.83 4,380 9.12 4,380 2.61 4, 380
9.49 4,380 9.29 4,380 9.59 6,980 14.10 6,980 4.11 6,980 14.80 6,980 14.10
6,980 13.70 7,840 15.70 7,850 4.61 7,840 16.60 7,840 15.70 7,840 15.00
8,810 17. 1%0 8’"18h260polymeric composition of claim 9, wherein the comonomer of the first and/or the

second ethylene copolymers further comprises a polyene monomer, and the polymeric

composition further comprises up to 5 mole % polyene-derived units.

11. A lubrication oil composition comprising:

(a) a lubrication oil basestock; and

(b) the polymeric composition of any one of the preceding claims.

12.  The lubrication oil composition of claim 11 having at least one of: (a) a TE of greater
than or equal to 1.5; (b) a SSI of less than 55; and (c) a complex viscosity at -31°C of less
than or equal to 500 cSt.

13. A process for making a polymeric composition comprising the steps of:

(a) copolymerizing ethylene and a first comonomer component in the presence of
a first metallocene catalyst in a first polymerization reaction zone under first
polymerization conditions to produce a first effluent comprising the first
ethylene copolymer of any one of the preceding claims;

(b) copolymerizing ethylene and a second comonomer component in the presence
of a second metallocene catalyst in a second polymerization reaction zone
under second polymerization conditions to produce a second effluent
comprising the second ethylene copolymer of any one of the preceding claims;
and

() forming the polymeric composition of any one of the preceding claims,

wherein the first and second polymerization conditions are independently selected

from the group consisting of slurry phase, solution phase and bulk phase; and

wherein the first and second polymerization reaction zones are in series, in parallel or

the same.

14. A polymeric composition comprising:

(a) a first ethylene copolymer having:

L. an Hy in the range from greater than or equal to 0 to less than or equal
to 30; and
11. a Mwy of less than 130,000; and
(b) a second ethylene copolymer having:

L. an Hp in the range from greater than 30 to less than or equal to 60; and

11. a Mwg, of less than 70,000.
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5.19 8,810 18.50 8,810 17.50 8,810 16.40 * Shear stress and strain
nmeasured for a 1.0 w.% concentration in PAO-4 [00150] These above data
denonst r awe 20tva6T2el yner conpositions of the present i neemttisenod3isan be
processed into lubricant fornulations having properties simlar to those of
formul ati ons made from conponents prepared by nore conplex and nore
expensive nmultistep nethods. [00151] Exenplary enbodi nents of the invention
are provided as follows: (1)A. polyneric conmposition conprising: 10(a)a
first ethyl enelteopdyeris coraRaseipn of claim Hp wherein dhe Grigethyleamegpelsmer andiei or
equal to t " of less than

130, 000; tg‘%%éc??)% g@?@%%‘%"’%ﬁ%ﬁ% acsg%sg y“r%eﬁ?‘ﬁf%%d&ﬁ%g?t

2010/ 1267151 PCTYHdSlia£103 t&@positionast EBim 14 tond 51 ahgeif thenfiigr ethylenc toygutyraer
equal to 35 to less th or equal to 85; and ji . MMB of | ess than 70, 000.
(2) The pBAPRERS Coshys Flfq‘&POB?“%%B%I?%WP‘(fjla)b,ou@né%}eﬁs-the first ethylene
copol ymer| andiy pdififesecanofhdly bERS, 6APE ¥h, MAUE, AnsiuhShARD 8t Ink drnear
structure. (3) T%e pol ymeric conposition o en%odl nment (1) or (2), wherein
the fir stetlgtlénd epelyompad yntbe rangd/foom ghetes dvona egublytb dntd) todpol thareor ¢ranmbtoa

MAD of abo 2.4 or, |ess. 4). .The po i ¢ conposition. of any.one of

ebodi ok - (0o heriiR MBI OF B O TY IS PPV TR hy Phe e Aot |

t he rangenhid e@hesdtieso bNan toh f4ail 2.95. 80 to I ess than or 10 equal to

1.95, and/or wherein the MAD of the second ethyl ene copolyner is in the

range fr ol gr eltearolyhenic epmpepitzin efoany. @@ efoclbisssl4-hanwlbrreiadiials fess thanils

(5) The &ﬁ%%@%{gic co 0(r)][ﬁjit-i-on of any one of enbodinents (1)-(4), wherein EA
the

is less t Xor'a Bts)lltlglrlferi c conposition, and/or wherein the

di f f er enci®. betmrefoliaBe@d dodapodittorgbaiyesnd bafladis EAUS| whered. Hl3s (BhEhenge

pol yneric_conposition of any one of enbodinents (1)-(5), wherein MAAMB is
| ess t harftap gegtpathanor3quelita P to jrss e prequat tabhposi tion. (7) The pol ymeric
conpositi of . i ; 1 j . i1gh rcent
of The 112051 URMCLARECcorBIRAMTRhT Shedf Hilins MRES MO RMAUETE 1BSIER

t han t he oreggditto P cent of the second et hyl ene copolynmer in the polyneric

conpositign. 20 (8)The. polynerjc conpositjagn of a ne .of enmhodi ment s
(1)-(7), Mher el m)laémqu@qsg@g Ot%ﬁa}ﬁ Sgpoldomrdr ot V@ﬁéﬂm yaehtgsecephah
60, 000. (83 Fik& ARIHIRLLSIyFRIRPRlelioRinGic AMpRRenal gﬁém?%dﬁetﬂé %ﬁ% Pofbnt

wherein the first and/or “second ethyl ene copol ynerS conprises ethylene and
a cononondrthssicent elyltnocpohengrio the mdyrsérst ¢amgpositiopr opyl ene, but ene,

hexene, ten and m xtures thereof. 25 0) T ol yneri nposi tion of
orboa e (6) TheRPBI rabing et off of fatmy 2P aiiTah i ER0RR Iy Reh

et hyl ene gpogRl MARK Sthé MWDRMNe& RN 4(56®. a pol yene nononer, and the polyneric
conposition further conprises up to 5 nole % pol yene-derived units. (11) A
| ubri cati2n oiThecpokposiic icompesitipn iofi any: ocaph claims i 1dad2, ovhasein thadust aekor and
30(b)the I iG C sition of. an n f,th [ ing.e i rent s.
(12)” The TN EEar CORP Gk SBuPlind oo it EnBhSES AR BOR R AP one
of : (a) aohfistrg efpeapeend bavdnQheedidadeténe, dAndinixtines thel®f. of | ess than 55;
and (c) a conplex viscosity at -31C of |ess than or equal to 500 cSt. WO
2010/ 126721 PCT* Bbrisator0a L sNPqsitin ®pYsEss for making a pol ymeric
conposition cctgj)ri sailﬂgriéatﬁ%n%til%%%s%ck {f) copolymerizing ethylene and a
first conononer’ conponent 1 n the presence of a first netall ocene catal yst
in a first pol(byerithapolgmerieacmpaditiaoofeanyroae of tiaist 14908ymeri zat i on

condi ti ong to roduce. a fjrst eifl uent congri sing the first Sethylene

copol ymersof  ahyrashe 19F MEKEE 3 RobERs L BHROS GORERMETISIDE YIRS mer i zi ng

ethyl ene and g,f ec%ﬂol%ﬁ{éﬁgﬂg%ﬁlgﬁ&{é%ﬂeanﬁrs{ EorhHonRr @BRP6Eer?in theSRERA of
net al | ocene catal yst in a second pol ynerization reacti on zone under second
pol yneri zat i on condi fifso netallocgreoditad st an seforstnpblpftizegion reantionizohagnddreirst
second et hyl ene copolyner of any.one of th recedi ng, 10enbodi.nent s; .and
() oy the poligiiprizsfenotn A8, rrdfihd st SHHERG FacatRg e 5
enbodi ments, wher eidihiliR dopbSincaBHasesRut chehyMenizzati on conditions are

i ndependently selected fromthe group consisting of slurry phase, solution
phase and bul I{bbhasﬁ@POlHﬁt@ﬂm&reélbgelteWéldfai Jes@n e OEH OMOPRARE {1} thgthresgnce
reaction zones are jh ries. .in | ] el 1 (14 i C
conposition conpri solfnag:ggC 3? rget? %l?cs%ﬁé 3? tta%a}]ISte(f?lI{e acsge[%{); dyﬁglgﬁ}?g\%t}%l: féla.gtgénlygﬁyﬁ n
the range fromgreater than or equal to O to | ess than or equal to 30; and
20ii.a MvA of |ess than 130,000; and (b) a second ethyl ene copol yner
having: i. an HB in the range from grez_agfr_ than 30 to |l ess than or equal to
60; and ii. a MM of |less than 70, 000. (15) The polymeric conposition
of enbodi ment (14), wherein the first ethyl ene copol ymer 25and/or the
second et hyl ene copol yner have a substantially linear structure. (16) The

o " o,



What is clainmed is: 1. A polyneric conposition conprising: (a)a first

et hyl ene copol yner having: i. an EA in the range fromgreater than or equal
to 35 to wessiwnerrior equal to 60; and ii. a MvA of | es®Crhsr0108813000; and
(b)a second et hyl ene copol yner having: i. an EB in the range from greater

than or equal to 35 to less than or equal to 85, and ii. a MM of |ess than

70, 000. 2. The polyneric conposition of claim1, wherein the first ethyl ene
copol ymer and/or the second et hyl ene copol yner have a substantially |inear
structure. 3.The pdigfirsceondo ﬁm%ﬂmbfmﬁmqw1t<brpr9duc\ﬁmér &¢qengd heffhicpts ¢
et hyl ene copol yner \ about
2.4 or |less. 4. TheC% §§%gﬁgg%%ﬁgggﬂYE%%&%gpﬁn&qgﬁéygﬁé8r§¥§€%f¥¥9a§gerein
the MAD of thdcfi rsbrrmhgyﬂleaptﬂyme@@qumsuum ofrant loee bAcigiend 14ep3,gr eat er t han
or equal to 1.80 to | ess than or u to 1.95, and/or wherei e MAD of
the second et HYIuFB B8 HFtyﬁ%ip sqegnd o &%erkzaﬁﬁ% CP?@H?% w5t g eneﬁgwtgf S to
1.80 o 1SS URaR Rl orBieinskind oP Surrd pRAR. RRANHEIHAC: GRMMAR phisalrpl any one
of clainms 1-4, eré% Ss tha EB for the polynerit conposition,
and/ or mhereiHMMm@ndhéﬁst@mtembmiwdgnmﬁanamdeEmOngogﬂﬁaeerﬁnh&nnqwnébha1 to
5. 6. The polyneric conp05|t|on of any one of clains 1-5, wherein MA/IMB is
| ess than or €4ud™%o 3.0 for the pol yneric conposition. 7.The polyneric
conposition of any one of clainms 1-6, wherein the weight percent of the
first ethylene copolyner in the polynmeric conposition is greater than the
wei ght percent of the second ethyl ene copolyner in the polyneric
conposition. 8.The polyneric conposition of any one of clains 1-7, wherein
the MvA is | ess than 90,000 and/or the MMB is | ess than 60,000. 9. The

pol yneric conposition of any one of clains 1-8, wherein the first and/or
second et hyl ene copol yners conpri ses ethyl ene and a conononer sel ected from
the group consisting of propylene, butene, hexene, octene, and m xtures

t hereof . WO 2010/ 126721PCT/ US2010/ 031301 10. The pol yneric conposition of
claim9, wherein the conononer of the first and/or the second ethyl ene
copolynmers further conprises a polyene nononer, and the polyneric
conposition further conprises up to 5 nole % pol yene-derived units. 11. A

| ubrication oil conposition conprising: (a) a lubrication oil basestock;
and (b) the polyneric conposition of any one of the preceding clains.

12. The lubrication oil conposition of claim1l1l having at |east one of: (a)
a TE of greater than or equal to 1.5; (b) a SSI of less than 55; and (c) a
conpl ex viscosity at -31C of less than or equal to 500 cSt. 13. A process
for maki ng a pol yneric conposition conprising the steps of: (a)

copol yneri zing ethylene and a first conmonomer conponent in the presence of
a first netallocene catalyst in a first polynerization reaction zone under
first polynerization conditions to produce a first effluent conprising the
first ethylene copol yner of any one of the preceding clains; (b)

copol yneri zi ng ethyl ene and a second conononer conponent in the presence of
a second netall ocene catalyst in a second pol ynerization reaction zone
under second pol yneri zation conditions to produce a second effl uent
conprising the second et hyl ene copol yner of any one of the preceding
clainms; and (c) formng the polyneric conposition of any one of the
preceding clainms, wherein the first and second pol ynerization conditions
are independently selected fromthe group consisting of slurry phase,

sol ution phase and bul k phase; and wherein the first and second

pol ynmeri zation reaction zones are in series, in parallel or the sane. 14. A
pol yneric conposition conprising: (a)a first ethylene copol ynmer having: i.
an HA in the range fromgreater than or equal to O to less than or equal to

30; and ii. a MwvA of |ess than 130,000; and (b)a second et hyl ene copol yner
having: i. an HBin the range fromgreater than 30 to | ess than or equal to
60; and ii. a MMB of less than 70, 000. WO 2010/ 126721PCT/ US2010/ 031301

15. The pol yneric conmposition of claim14, wherein the first ethylene

copol ymer and/or the second et hyl ene copol yner have a substantially |inear
structure. 16. The polyneric conposition of claim14 or 15, wherein the
first ethyl ene copol yner and/or the second ethyl ene copol yner have a MAD of
about 2.4 or less. 17.The polyneric conposition of any one of clainms 14-16,
wherein MAD of the first ethylene copolynmer is in the range from greater
than or equal to 1.80 to less than or equal to 1.95, and/or wherein MAD of
the second ethyl ene copolyner is in thgéagnge fromgreater than or equal to
1.80 to less than or equal to 1.95. 18. The pol yneric conposition of any one
of claims 14-17, wherein HAis |ess than HB for the pol yneric conposition.
19. The polynerlc conp05|t|on of ~any one of clains 14- 18 mhereln HA is in
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