POLYMERI C COVPCSI TI ONS USEFUL AS RHEOLOGY MODI FI ERS AND METHODS FOR MAKI NG
SUCH COVPCSI TIONS US PRI ORI TY 5[ 0001] This application clains the priority
to and the benefit from USSN 61/ 173,528, bearing attorney docket nunber
2009EMD79, filed on April 28, 2009, USSN 61/173,501, bearing attorney
docket nunmber 2009EMD82, filed on April 28, 2009, and USSN 12/569, 009,
bearing attorney docket nunber 2009EM210, filed on Septenber 29, 2009, 10
CROSS REFERENCE TO RELATED APPLI CATIONS [0002] This application is related
to USSN 61/ 299, 816, bearing attorney docket nunber 2010EMXR23, filed on
January 29, 2010, and USSN 611297, 621, bearing attorney docket nunber
2010EMD12, filed on January 22, 2010, 15 FIELD OF THE | NVENTI ON [ 0003] The
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nodi fiers and nmet hods fgETERSTY If ﬁ&rﬁﬁiébﬂ{}%ﬂﬂ?ﬁ\% particularly, the
invention relates to conp05|t|ona I sperse polyneric conpositions and/or
crystallinity disperse polynerlc conpositions that are useful in

nodi fyi ng t hegiraoRegy cal properties of fluids, and 20 nmethods for making
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typically ha@asns Bibrsbi gﬁxas a6 2HpIRA TS m ﬁgfdgmasya%o Qdqu&ORL HRkibed and

gui escent cgolln This del eterious property ot herwi se advant ageous
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of ethylene and ene only. Wile copol ymers of et hyl ene and hi gher

al pha- ol ef i @d3§ 5”%HT@W%Wmﬁﬁ?mB%mﬁr3ﬂﬁﬁgﬁﬂm§ﬁ@ﬁﬁﬁgﬁ$PVﬁ%? Quidy e |inited
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[ 0009] The plér ¢xemplanitis defirall tq hﬁw ot wiseosity dhdoves wmstretnm tl facyhtatprpmgmed as
measur ed bystddi &uhhgtk&mw@gheefaha le@gﬁ@yv&&;@y ABGndNenbRICRMpSiAR Whday | ndex
(SSl), by 3@? g@rlate and careful manipul ation of the structure of the VI

i nprover. rifaHPB PEPLGiR derlife- such per f or mance i nproves when t he

di stribution of the nononers and the chain architecture are controlled and
segregated into at |east two conposit-ilonal |y disperse and/or crystallinity
di sperse polyneric 25 popul ations. These di sperse polyneric popul ati ons may
be achi eved by the use of a special synthesis process that enploy

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

[ 0010] Met al | ocene-based catal ysts used in continuous feed stirred tank
reactor |lead to ethylene copol yners which are conpositionally narrow and
have a nost probable narrow distribution in nolecular weight. Such a
conconltant dlstrlbutlon of nDIecuIar melght and 30 conp05|t|on mould be
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(b) any one of the polyneric conpositions of this invention. 20100191In
anot her aspect, the invention relates to a process for nmaking a polyneric
conposition conprising the steps of: (a) copolynerizing ethylene and a
first conononmer conponent in the presence of a first nmetall ocene catal yst
in a first polynerization reaction zone under first polynerization
conditions to produce a first effluent conprising a first ethyl ene

copol ymer of the invention; (b) copolynerizing ethylene and a second
conononer 25 conponent in the presence of a second netall ocene catal yst in
a second polynerization reaction zone under second pol ynerization

conditions t r.odu econ ffluent i sin se d et ene

copol yner of ?Q(ﬁ@ i n%’é}hﬁdg‘ﬂyes ‘(b(i‘fa“f”i’)rfm“ﬁng'é’ g’ﬁ'@fiﬁf cfg?g’ﬁ%dg?%ef?n of the
i nventi on, wheilding visdosityfindes (VJaxmbrcszens oﬁﬂurpaodvgugenmmbnm deriyedfiorh etbylsnear e

i ndependent | ¥ sol ution
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i nventive an tive nmeric corrposr tions | n ri ca?r on
basest ock at Thig Fetetgrioug peqmreeﬂ oRewis agvantagepugthigher pioiae| EEDESSRIIPTI ON OF

THE | NVENG| Qbprdv@l® %Zi&heedwya&@ RimpkraMRNbiufdh thedIcHly € 37akiSus RAhSAVE hidve been

conposi tion ef 113 nDd fie r n ol yneric
coggog:t:onéxgﬁﬁgl dﬁﬁ@kggﬁF8§§FcWWﬁV YF%rkﬂﬁﬁﬁggr%ﬁ% gp? B se

pol ymeri ¢ cohipospdnsignewadsdicibrmationsif igh visiobiyy fiticayesdsmiqpial.y neri ¢ conposi ti ons
t hat t

i do. - The W7, oo CPRENIOMBehyhilf 5:d8 9001 RBk EORELT LEBIR It BEAER 2"

I sperse orned from
at | east twdolmsEsing @p@lmqsegqmpmfﬁ@f eihylereww ereevle@pvale Tl coppfyaners of

crystal | iii te}hyii»h§%r1§ cPAPMIBRILSE 6D Bitedd, @Ry 3k BrolifiedBYcH dopiyriketlY| ene
copol yners Qavrn i screte val ues of residual crystallinity.

The invent i off&¢ 6“?%& P%E@‘%“ P66 maki ng such conposi tions.

[ 0023] The pdodosy nameell@tneehadey baaipsishas deluset @qiraiyye highe-ippifiagontéht in mpr over s
i's measured t 0, t y belleved
that the con\gégﬁaﬁéﬁ{ﬁ% OQth%];er g %;ENEO%% ?ﬁ?rﬁ‘”{g Pd@{/gﬁr%{éﬁb%l ely
determ nes the TE, and that higher ethylene 20 content is preferred

Ibecguste af immﬂg Tﬂélyi:lexlf&mh&G Bﬁﬁﬁhﬁitﬂav@r& M'&@@osﬁrﬂﬂ@ Rthpré¥ed, 9 @RhQEY b0 ?: fi e[ S
eads to | it als ncreasin allinity
of the ol efi g‘ﬁ ﬁfgflem?' %@)é%tihﬁﬁ‘e?frs g‘flﬁ’l he eﬁr( %3)’ lbmirm’er gﬁéﬁgg‘it s from

t he perf or meagigulgion bh:ae sthuetole @0 the NDikipkdver Véshage ¥Mbcovériat that @uch lpaﬁmrsee

crystal ['ine; n%%%%ﬁ tﬁe%%bh@on olfﬁng i %cﬁxg S any h{g%ﬁaﬁn Q’Xhﬂ% ErFrg lcy g@llegrané n
association wth mponent rication ol recipitate
out 25 of ﬁ%@g‘ftWFliO@atGPSé ﬁvqﬂorngosurphe@ehsmretqnﬂr% aryedlingy disppigsanolyrerias regi ons

(e.9g., "dsumpspulatici. hh@bdlyﬂeﬁsgayrh&xc%pmsme@arelaym&em ak %seiﬁ'a's%'cfa{ ﬁ ation
P U S and ot ner

(e.g., "gels") and can | ea | ogs, and b] ockages

passageway s POFS T 5t ‘fyl ?If"feg‘? B“S%iirfataéﬁtﬁml eapd’lyf'ﬁ“ PHPHRTSSE i n sonme
causes farlEﬂHﬂofhmmmnmg&uaﬁhmm@myu&ﬁG@Z&#Mhmk&wdemuﬂemmgehnnmﬂdby any
particul ar I s for

I ubri cat | On&&&gé Spoymel‘s wl&% Are? X&&O&Q&t‘aﬂ); Hﬁﬁ}%oé{sn:aqxglz OB ¥ho t‘?bgcﬁ)gﬁg 'n‘ctrrow

conposi t i ondiftikptien mpefrlgcelararrezfrsr SE@M&‘M“FW&“}“&%@Q@@W‘M wiight priss pr one
to the del efofpbitisn w%ﬁrhes&zﬁra&fmmssra%&ewcsmgm&bambvzatpr&e indilute

sol ution asﬂgﬁ?sured Qé t he ch Qgg? é?ﬁ %hcg of the fluﬁ% sol ution
conpared td Qg SP16HeR PEORBRSALS BF U5 &6 WE%E CBPRTPIMR L EBGPYIREY of the
sane aver agpﬁxyimerp@slyﬁme tfor dusbritdne oit ofpiations. OTiel dognb:dat&pefm daéleeﬂddené—t is al so
bel i eved t e pol ymer s
oo Chete! Htptehe §°§°‘F8F§F?I§°§{Srf‘§ﬁgé6‘!ﬁ¥egﬁdégr ] b Qebokin bBRLAE, PO )
tenperatures, resulting in better |ow,tenperature fIOM/propertres in
solution as conpared to equival ent co&posrtlonally uni form5 pol yners of
simlar nolecular weight and TE. These pol yneric conpositions and their use
in lubrication oil conpositions with basestocks can be distinguished from
ot her conpositionally nonodi sperse ol efin copolynmers by physical separation
of the conpositionally disperse polyner into conponents as well as by a

hi gher ratio of the nelting point by DSC to the heat of fusion than would
be observed for a nonodi sperse polynmer of the 10 sane average ethyl ene
content, nelt vrscosrty and conposrtron fOOZSlD Iute solutrons of these
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the first ethyl ene copolynmer as neasured by GPC. [0044] As used herein, the
term"MhB" neans the nunber-average nol ecul ar wei ght of the second ethyl ene
copol ymer as neasured by GPC. 15[ 0045] As used herein, the term"MvA" neans
t he wei ght - aver age nol ecul ar wei ght of the first ethylene copolyner in
units of granms/nole in terns of polystyrene, as neasured by GPC. [0046] As
used herein, the term"MM" neans the wei ght-average nol ecul ar wei ght of

t he second et hyl ene copolyner in units of grans/nole in terns of

pol ystyrene, as neasured 20 by GPC. [0047] As used herein, the term"MAD"
means the ratio of Mvto Mh. [0048] As used herein, the term"nelting point"
nmeans t he hi ghest peak anong principal and secondary nelting peaks as

det er ni ned by PEPOHBITRFCCHEe Us%egﬁﬁtﬂ A 702,233 aefl 5§46 dndfareean PaBNI049] As
used herein, tgesgkerm"nostly all"™ of the internal olefin is intended to

mean greater Ihﬁgﬂ QQ, W % ofd Ytl?hte total anount, of t?Pe internal olefin
cont ai ned in t'he*hi ghér ‘éﬁt%’We & CBHEP YREte CUAPBhENTS 8oy et PBEfrehan 5
W . % of the t atlationshipp bietwecof the hagnoimit esmmbitial efid mokontaiveight oM thehéisdadtgher

et hyl ene copo l%%ﬁti&?%%@@me-gggﬁsﬁgﬁ%ﬁﬁﬁ @%St}v%{eg :%@e’g fir]i {ﬁg g!ﬁl?xg%]c "o?e%gsl tioxgi bl e

amount” is intended to mean |ess al “anount of
the internal off&Rrvesodbigretrdenship loadsdo pbylneseied alpbelefisi copabymersawhich hews t han 2
W . % of the t atcattroBsdyspilatioh of AbRMRAIsudl ik ithasd '09§§fdnaanwﬁ thOYe gthyl ene

copol ymer conponent . 10/ 126721PCT/ US2010/ 031301 [ 0051] As _used herein,
the term "po F?Eﬁ%m"ﬁﬁ%ggsz § ‘I"es"%ﬁe %}aﬁ@i&ﬁaww e %%Q‘B?Jehﬁ?”eaffe“
unsat ur at i onsothgr, propertigi efiths theslogyemaiifjer awvtl ab lsatullilitk @arafh@852E Asd 8Sledt Ber ei n,
the term "ol ¥aLARW.LMAETBAR %alﬁa@%h?@ Eﬁ‘z{ey B8R Q feallo d ﬁﬁﬁe} de}?%of co‘%Ex&py' ene

né unit erably a

units, preferably at |east 70% propyle 'S, nore pre | east
80% 5pr opy| ent® fifpelxmer chain syeh that Hhedpwt abprystajiinity el tbe ggninighed pyd Ewe theni t s,
even nore pr eflddighif he adlutoRashtailBehp pSIPMére R bdBhtasoed.OF 100% propyl ene units.
[ 0053] As used OP ei Dyerd he term "sug‘st ant ihtal Ige/ Li nelgr struycture" means that
the first ¢ ﬁ’?/l enaTE SEBIWnie Po%n FPEFr HET 2R ARFORE PIodlE" COBSFYMEr i s
char act er i zedcomwrised of eltyldne grsl dharvlfintbamd chmqpomers syitetiel fontisevih Vhingpravasbon
chain | ar 6er iManlOulaielll, ALRTS EimARD & B00: JALATEH#.006 @packbone.
mer to as conp g an Bl

[ 0054] When a pol yner or, copo.Y IS referre prisin efin

i ncl udi ng, buAIUHYent [ theit sgefici! lopnigmessasure palwioy Irkeplogy prapkrtisst Ehis mvettien ol ef i n
present in sundtspald #86ther@keds.Opol ymer is the polynerized formof the ol efin.
Pol yneric Cbgﬁ&@kéh&gﬁip%ghggég one aspect of the invention, the

r heol ogy nodi fluids conprise conpositionally

di sperse pol y#Hdi ¢ benposict, the iycmianl refates t agolyinmtit songbstparcedprisaky Mer i ¢
conpositigns. Th p ! htil.0ns conprise a first ethylene

copol yner bIendegﬁﬁﬁt%h%ﬂgékg%gﬁggﬁéﬁgﬁgﬂcopolyner. Unl ess ot herw se
specified, all referehces?®tBshjthegtnge fipm) Septer thess pqprie 3atedessberonidawt hyl ene
copolyner refer to both tksocséapositionally 20di sperse pol yneric
conpositions and crystallinjty.di sperse I I ¢ conpositions. [0056] The
first ethylene copol yfer ﬁgﬁﬁﬁﬁgfﬁﬁﬁffvaﬁ3’¥§3@’ ethyl ene content is a
copol yner of et hyblenes seamd ethyiéne calobfrienhagibgononer, and optional ly an
nternal oglefin and apti Okl ud ROl HiGroudWhh oA8A 1S538 R hAQR Ll secONC
et hyl ene copol ynmer having rel ativel'y higher ethylene-content F5¢ pol ymer is
a copol yner of ethyl ene, B¥%i¢ ernal ol efin, an al pha-ol efin and optionally
a pol yene such as a di.enea MQ0H58s Har70,6d0er enced pol yneric conposition
conprises a fhisSt €t hylene copol [ eferaply.at |east 51 wt.%of a
first ethyle@gﬁiopg?vﬁégﬁﬁggé e'ﬁgﬁﬂgﬁaéféﬁ?g§¥¥?ﬁﬁmﬁﬁﬁyﬁﬁVm%m%%nposition
and a second et h{d) ene fcbpbylsnewepolypreetiagingbl y 49 wt. % or |l ess of a 30 second
et hyl enesgopol yner based t; i i ptign. In
Some. embodi ment . tha 11 rapat o Sram Bt nRRlh 0 & EATRIS ST 1o
first ethyl ene copol yner %Al 2%0 wt. % of the second ethyl ene copol ymer of

t he pol ynmeric conposiit i oMW ofAéshtn B301006li nents, the first ethylene

copol yner conpriges 70 wt. % of the first ethylene copolymer WO
2010/126721PCT/U%SO16ﬁ6§f§géggﬂﬁm§8mﬁf@@@%f the second et hyl ene copol yner
of the polyneric conposition; in still other enbodi ments, the first

et hyl ene copol yner conprises 80 Wt . % 6f “the first et hyl ene copol yner and 20
wt. % of the second ethyl ene copol yner of the polynmeric conposition; in
still yet other enbodinments, the first ethylene copolyner conprises 90 wt.%
of the first ethylene 5 copolyner and 10 wt. % of the second ethyl ene

copol yner of the polyneric conposition. [0059]1n sone enbodi nents of the
conpositionally disperse and/or crystallinity disperse polyneric

conposi tion, the weight percent of the first ethyl ene copolyner in the

pol ynmeric conposition is greater than the weight percent of the second
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[0074] I n sone enbodi nents of the crystallinity disperse polyneric
conpositions, the heat of fusion HA of the first ethylene copol yner may be
| ess than the usi on HB of the second ethyl ene c

25[0075] I'n soxgﬁgk%gg?aents, the crystallinity disperse go ;#E@@gsm
conpositions may be characterized by the difference in the heat of fusion,
HB and HA. In sone enbodinents, 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 some émbodimininghe rmpas fpinf greatastiees 30 o fesehdnenrqut tof6Gsindn, HB
and HA, is in the rangg of Bym, B Hh & 4«7 @bher enbodi ments, the
difference 30in HB and HA is 9. [0076] The conpositionally disperse and/or
crystal l'initylMil&perBesqies yrbedimentsnpo giotvimsric rayppetidnyhashere eharaetoérthy ed
by the ratio MifyMLbRpelkiBs;Some enbodi nents, MA/ML13 is less than or equal
to 3, less than or "equal to 2, less than or equal to 1. WD

2010/ 126721PCT/ US2010/ 631301 Ex0osp eTthe: conpositi onal |y di sperse and/ or
crystallinity disperse;pol Byl g Gopngsitions my be further characterized
by the absolute value of the differencé in the nelt index of the first

et hyl ene copol ymer M Alland & HevM# lessithigex copl toR; awlcond et hyl ene copol ymrer
M B. In sonme enbodi nents, | ‘ ot | i I A -
MB 1< 2.5 in still %ﬁyetth%eg?t Mrnlof e 8 o bﬂﬂyl&ﬁﬂé{poﬁnggpﬁg‘%%?hﬁ“ﬁh% X
yet other enbodi nents, | Mveight pegent<ofiths scepndl cdwiong coradyrenr Harthe pplydichent s,
I MA - MyB 1 < 1.1; and sbhbbsitt ot her embodi ments, | MA - MB I11.0.
100781The MFR of the conpositionally disperse and/or crystallinity disperse
pol yneri c con¥85ilt i dissofie| qmbsdinchts i fbglipaly Betio cermresiViR B¢ fiH e ghge pecar

hi gher et hyl esg/igent&lymbR camokyimiss Whakhet RS @nE OROMYREISmBRMERdI f g ent
MFRs. The | ower ethylene content copolyner can have an MFR of from 0.2 to
25. The hi ghePmepeiite Ay s itdsprndediyorlyttet frearihheow eppsivim falrhewialios and o

25. [0079] Themfivi&tihaddt/ Ohe ﬁﬁ%%n@hﬁ%'b@ DRcARAY GBS SdGRBNE QP L&Risting

et hyl ene and one_or nore cononomners. Preferably, the conononer iIs

i ndependeht | yie&p & tudlrhi-slk{ibyad ghyuiss thesokonsi sting of al pha-ol efi ns and
m xtures thergefs; Prigf gfoaRl Yaspdchemadl phanehefdns & @ indenshdsntdopsaliget ed
fromthe group cansisting of a Cs to C20 al pha-ol efins and m xtures thereof
Preferably, tNePt8Mdnomer is propyl ene, butene, hexene, octene or mixtures
thereof. 100801l n(gone; pokadb®NbSestdcR@ngonononmer of the first and the
second et hyl ene copol yners further conprises a polyene nononer.|ln such
enmbodi ments, the 050 dﬁ%ﬁﬁ%?@?%H%W??w§P@B%W§@S%ﬁﬁ“éPV@F@IIinity di sperse
pol ymer i cocconpmsi ti O ahothéNBHek OMPrih&8HolRIL® B IMBlResKfothaki@g4h PRBe ; Up
to 3 mole % up to.2 nole % and up.to 1 nole % pol yene-derived units.
[0081] I n somE RRBYPNEAPESINg His $505 of &DHFPPYIREC Lot R dy Pt ¢Hmenedeond
et hyl ene coRp@RhyiNahic FREGAED 58 fiRhBcRllod¥E GatflMt VAR Mirdt HAG eANSIoN ML NG
different MA, a qgffeyenEIZS MwA, or. .a different %N#V A di stribution; MA
i s the nunber®% BHE oeET ZloReORH NS or IHRIUCT s “%?%gﬁﬁﬁ@”@8ﬁ8$?ﬁﬁﬂ, and
MVA is the wettghhe aypiyage offihk @Gudhidh; WS icahdlymfrizing&tHyldhs inded hyben@ntapalby mer .
[0082] I n sone enbodinegtst t he rheol og npﬂ%;ier,gas.f[rst ethXIene _

copol yner>andP8Po¥ e sk Eé’hﬁe‘%ﬁ)cgldy?f’é‘?n‘%ﬁw G FARYY dR S TERAdnRP TS RNt
COﬁDngnErhiP$@&ﬁ&ﬂﬁofﬁqu@ﬁC$ﬁmﬁB@@9ﬂ&3&ﬁ&}&ﬂﬁ??@ﬁg@ﬂbﬁﬁﬂ&ﬁa %ﬁ@uﬁkﬁﬁkmﬂr
second et hyl ene copol yner .o e conpositiona .di sperse_pol yneric

conmposi tion KASPE! %§?§HQF3WF?6FPH%%?“§F1ﬁ%fﬂ?é%miﬁggﬁéT@En@ BsPAHRsTig |y

| i near st r uctkothpostfontdiehd inksitioat Widreinahe RO laydredcond @biomerifators es@RdbnetiRy| ene
copol ymer has |ess than 1 branch point pendant with a carbon chain |arger
Chan 167" W Tty ST RS0 e FOuE SomTCar BbAVEY GRS I 900 SArBb R ke o
al ong a bracklpbase, addesbertinahe Lirddraa Ghcopdipotynperdidntremtibh zenes afb oN s&hai i

| arger than 19 rbon atons per 300 branch points, less than 1 branch point
pendant mﬁthp?a@ipb%ﬁé%%%in | arger than 19 carbon atons per 500 carbon
atons and preferably less than 1 branch point pendant with a carbon chain

| arger than 19 carbon atonms per 1000 carbon atonms notw t hstandi ng the
presence of branch points due to incorporation of the conmononer. Conononer
Conmponents [0085]1In enbodi nents of this invention, suitable conononers
include, but are not linmited to, propylerf (C3) and other al pha-olefins,
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 conononer can be linear or branched, and two or nobre conobnoners
can be used, if desired. Thus, reference herein to "an al pha-ol efin
conmononer” i ncludes one, two, or nore al pha-ol efin cononomers.

[ 0086] Exanpl es of suitable conononers include propylene, linear C4 to Cl12
a-olefins, 15 and a-ol efins having one or nore C1 to C3 al kyl branches.

~



devel opments of the general approach is to separately polynerize the two
copol ynmers in an al kane sol vent, either hexane in a solution process or

propyl ene in rocess, and to finish the pol yrer t he
sol vent . [009% tad 'gl | ocene catal ysts, and their use %1%(%251%?1}(&
non- coor di nati ng |ons and non-ionic activators used in the

pol ynmeri zati on process, are taught in U S. Provisional Patent App. No.
561/ 173, 528. 100961Exanp|es of SU|tabIe bi s-cycl opent adi enyl netal | ocenes,
i ncl ude, but BRE S N © AMENG scl osed in U S. Patent Nos.

5, 324, 800; 5, | 40 ; 8

4,871, 705: 4, @%ﬂ ]19s19F ‘g'?f ?}gg’pééﬁco“g’ie%%‘“gg{gd“gﬁ%ﬁ“n O%em@”g‘%fodg%ﬁn’é‘mve

278, 264; 5,296M4@mpmam@I@b@@ﬂc@mmW%mwniuhRAQaﬂNUWM@mHMSanbQiapqmmnﬁawn
[0097]TheIthgf§%%p%mm4n§¥g cﬁa&&&ﬂﬁgccordlng to the invention conprises
a lubrication ol basestoc any one of the conpositionally disperse

pol ymeri c Toni§B&liti ofigwé 2 Hisglaysnshemt btows and/ Hinctanyofosiwirofort the ieyopStcakid nity
di sperse poly, LG 0 S i i Y,

01 nt . dopr eseanpeiR FBRTHL Abnbubith in RARRY cadth BRLBAPHIIST Y ons
have the fol | owagatpnepestitds: (a) a thickening efficiency greater
than 1.5, or gpfRhgip bidERIPFIORDIFIERISVENGNL- 9. O greater than 2.2, or
greater than a shear stability i ndex
less than 55,0832 esdict prassniaSiversion| kskaiestthappl@BericogoninegigonshassfiB s eolpssss
than 25, ¢ lrﬁ&ﬁﬁ&b@&‘n&@mg%&yhﬁﬁ§ c&ﬂ%&n&@’ m@fﬁg{ngrbug%tqpnﬂteﬁqmt)ﬁ os% oﬁgl Ity
at -35 C of less than 0, | ess 450, | ess than 0, t han
100, or |ess ditpaie 591ymerric Peem@ens }d/qrewtadlmam dmereemlwgl@we@nmepyb that
[0098] The | ubgi gaki ana&ynfgqnp%blb%eﬂ pRIpEHie! @fhha{.cgmdlaem% cém}s\’ssm&a@r 1.5
w.% or 1.0 wt.%or 0.5"w e conpositionally di sperse and
crystallini t)ﬁl“@Fféi)é’Pb’élCﬁ@)IWW@W@%@”W@@P% foem @SG?OG%FTFhfeteCW@ﬁem*soﬁ or
formng the | a£Q%§ﬂﬁn&i|1@@%%%&955%Qﬁ$a§@%&&h9%§c&%&ﬁ%&n%ﬂpﬁh&éih%& o)
Basestock [00100 | es of the rication oil bases for use in th

i nventi on!s nc,elthyéfée mlywre hywing |4 dsletiva disaricnedugd o egdugh@rstphmKet i Eheoi | s
such as pol y-i&Qli&f didSelaROlo ¥ behaiNdcPnyBlikylsene gl ycols. A m neral
oil or a blend of a mneral oil and synthetic oil is preferably 30

enpl oyed. Thd¥#3her dihe drerfon%dngceﬂéreéhnlwﬁgeé Aeeley swdjiert ad Molpueyers #at i on
such as dewaxhdd@iedhyt MOV JMuRerialo @t kS, ak § h&hl@%%h'e%%é%h’e%o%lpoﬁh@é&es
according to the g#rlflcatlon nmet hod, generally used is a mneral oi

having a wax ! Forgfyngsr it ta()‘%l‘i%%SIFfﬁFg?lhé’Ptc"am?ﬁ therldl apd [thah Aighpigethylene

ki nemat i cyovi %GIQ&lttl)( fork@ 5RadPQrGRITE S \@ﬁfheﬁrﬁ}claéﬁnél%%g}cne Wtent of rheology
2010/ 126721PCT/ US2010/ 031301 Lubri cant . For nul ati ons 0101] In one

enbodi nent, tHEI5E s PimpEROIESShAntos sk lends & v&crqawﬁ% sweipllingy ofgheoi |
conmposi tion. okig PRIYHB! GOERAS &l @Mihgs hsRveRidkirds frdm @hd pPfordinct 8asle 10
wt.% FromO. 001 to 49 w.%of this conp05|t|on i S |ncorggrated into

basest ock oi Ieology modifier iy Y Liawprayar teruse prysfalline pRIgPee Srhinfecadpte. fdgdwdi ng

upon whet her tiidhiReld@sheshsatiadH Glithi 3heR corhFinSME B AE AHEA0Rbil dRd BREpltY But
concentrate. The anmpunt of the VI inprover is an anmount which is_effective

to i nprove off HEdriFattieoNt Biest RECBAYESHBERPHGI &5 e (G8vi ¥eBs) ©f high
i mproving ef fveeasnye)radmunemy @ern%talsblydlrctahbrs (@@Dugab h Snd rc@rml&dqelclég@ #Q W .

for a fInISh pro %T g& fully forqg ted lu rlcatlon

conposi tion) waatgﬁ* P H i e PEREE YR e Bibrigig @ni%nd?adlt@/&wrfban&nd
alternative uppeic chistd faBur@bf hodmOmaddléy. i n ot her enbodlnents Ranges of WV

i nprover conf Erat n froma % t he reC|tegklower h é ﬁ, f the
recited uppet®®thi t Fé‘o’&/\lief% uphy Wy gplicnier PRy Bdertved Avkheicsheolomid one
skilled i thedareis can n@aeitby deider omgridife apﬂhawlain@oaemenmatl ol
range based on t he uI dmate O|UtI§E'B’$Fertle [0010W£ estock oils
sui tabl e for %”th SPEESRGn h%“?ﬁ AL PR C YIS 1 @ﬂ5TH@““T?S
present i nvestficanof rﬂ&‘dr(bbd@n& h%@lll@e@i@)ieﬂtdﬂ@tﬁabﬂuﬁoreE@ﬂn@%&&d&@ taE ali’dﬁg@-%ﬁthc

| ubrication qils for r ni ted and conpressi nlte intern
combust i on eﬁﬁi’lﬁ@é o i A b o Rt Fk B of frinple Ahdene

railroad di esel engines, and the |Iike. Advantageous results are al so

achi eved by enploying the VI inprover corpositions of the present invention
i n basestock oils conventionally enployed in and/ or adapted for use as
power transmtting fluids such as 20 automatic transm ssion fl uids,
tractor fluids, universal tractor fluids and hydraulic fluids, heavy duty
hydraulic fluids, power steering fluids and the |ike. Gear |ubricants,
industrial oils, punp oils and other lubrication oil conpositions can al so
benefit fromthe incorporation therein of the additives of the present
invention [00103] The Iubrlcatlon oils ‘to mhlch the products of thls

L, o




of the first and/or the second ethyl ene copolyners further conprises a

pol yene nononer, and 20 the polyneric conposition further conprises up to 5
nol e % pol yene-derived units. Enbodinment 9: A lubrication oil conposition
conprising: (a) a lubrication oil basestock; and (b) any one the

Enbodi ments 1 to 4 of the polyneric conposition. The |ubrication oi
conposition having a physical property selected fromthe group consisting
of: (i) a TE of greater than or equal to 1.5; (ii) a SST of |ess than 55;
and (iii) a conmplex viscosity at -31C 250f |ess than or equal to 500 cSt.
Pol ymer Anal yses 1001121 The et hyl ene content as an et hyl ene wei ght percent
(C2 w.% for the e%gylene copol yners, were determ ned_according . to A STM
D1903. [ 00113‘1"13%% e SR AYFiPee CB’F‘P‘ISH'QH eyihsomppsitientvdisresilieftal ek Te, and
melting 30 tlehped dhithes cbmﬁﬁsttxﬁlfdllj’z ht&l/cﬁtch?jﬂamﬂ@/ dlﬁ}:pﬁb YoRiss Well @avieBasddr ed

using a TA g T mer was
sealed in a p%’ {aH'g%ﬁxtl gn hooggrﬁa? r?b §%S b%‘l‘)‘*"a“gé“‘y ]"tat%retg resqlgm%t r%ﬁgﬂ?‘x In a
ni t rogen enviteensrebust flow prepestéesin @imsa#qommred:@@h@dalt% cori®@@iforatly 200fmi n. |t
was heated; t B 0 Bdimil D GlolEhlarAREbn BRI tTEN Ornel@ é’@lyﬁlglll(; Smpb&@in) aMBh&: AE Ui T ed.
WO 2010/ 1267 1 CT/ [ JSZOlO/ 031301 " Thi s provi des information on the nelting
behavi or unddt HRICA08 e PY cMPBHPNE | WHs PasrHPER @AnthSISRBYIEh B P her nal
hi story as webthposiioAyTphenodisppar alefion cdspatyhed b}h@hya;a-aml sepawaisnt BE Nihe
equilibrated, hi st at i n dat a

(first cool) oqtggn%%as & %ogymetr§ t(;[ coglpgrﬁents as welfara }6¥ %o o% %‘tf mtel 2 100C at

The e
10C/ mi n and eefuiblyiDSCde @dh@t0fﬁ§10n11@6@0u1¢b¢1<§’§¢ryedlfm a\mofhamsenblmpﬁhet 0 220C

at 100/ m @ t nRGHHde SthAekli bR el TREdsinha dahRsitigecond heat). The
endot herm ¢ F‘§'z.5t1' ngwtgr ansition (first ‘and second heat) and _exot her mc
tr

crystallizat ferselyHons of Fb§i° iBesBiye Hirolasy Am04ifys difplag e bisbet ifper at ur e
and area undiwved shenr petility thihheit emparatieh htlﬂtbg;nm&r Mferage aﬁnpuﬁﬁm Wiidh&lb et 1 S t he
hi ghest peakg; a ndar det er m ned by
DSC during t)hielgn%s?gg ]B{ﬁh&g 0%&5’ i ggeulzlse 6}’6’5*38@?64 Jll%eg‘fp e?rrlr% temtﬁ’?m it is
recorded as Paermgness measered byeduges visconify péthisobttionsigblow semmiemturanhi ch is

typical l ysat [om;mx Y IRRE B sttpe @tﬂfﬂytmét&& %ocha@%e(# 5&uﬁadof%%ttﬁa;bet ween
t he tenperat es of ahbout 0OC and about 200C. The ther nal outé(s) I's neasured

in Joul es aso'diinR gl ok thgethyligee qqpolymes comppapriysuchrihat et {5 qpyengaderircs & 1 ecor ded
as the terrpethamtmﬁl 6léfint ik eheQiighart @iglend epblymbis@mpbriean Mittellinit, tHaenvemioge Of
nmelting of t l.e 0114] M h weli -aver a nol ecul ar
wei ght, M, ‘DO% Z"g?e? enejigfgbqe am?JeHE:SU fa}n% C'Ille\t%al %I ic 10‘8 qu' "Su‘i"% ﬁtﬁél ght

di stributi orFoth»eM ang mosiAnBil ofibe eted?ettéerfmnn@dhla@r nfgylaletqmgﬂwrﬂéecqmp@mm e Size
Excl usi oy CiepiiRip0r aph (e| ther fromWters Corporation or Polyner
Laboratorie equipped with a differential refractive index detector
(DRI), an o Ezﬁle | Fyraurpees of &4 iRypniiqns pndyive é@tﬂ&rtheraﬁdhadtfnge%ﬁ Byth

Experi ment alveldetasiuseal. not descri bed bel ow, 20 | ncl ud| ng how t he detectors
were cali br ae crib “ . "Effect of  Sh rt Chaln
Br anchi ng oi&ﬁﬁ] uge %ﬁgﬁéﬁgen{ser%f 0‘15110‘1% oYlecto s nl‘lerztm | utluengro?eﬂ?'%

Macr onol eculVesﬂﬁfWﬁmme d@ﬂrmmes}siuengli©r064)§}nai16®mft€8Bﬂ‘anl(llQ@@:ll)atwt{ Qf()s!td?S] Thr ee

Pol yner isabekdal, o iuss Etga%tat-tecgam W8 Q1 GOBETRECAMRE BeHREH the Td)BarlM Nal
flow rate was ‘Wuﬁﬂ@p@m” and the nom nal injectiqgn volune was 300 p. L.

The vari ous V598! rolphaspscoity | (gagaarg Ayt ‘tflc?”f’@?’b‘ﬂﬁcf’%tp’) refractoneter (the
DRI det ect offp2sier eAcoad adreigthé RrAMfCan@itiom DistributieBaiditl #ké” (EDBpant for the
SEC experi r red solving 6 grans of butyl ated,ydr oxy

t ol uene asngﬁ&g%\?ﬁéglﬁp ﬁo 5t?%zgjlotsers of Al drich reagent gr aaébg}

tri chl or obefffiaerbay fh@:B)elghfrppecemGB" the renglyeenvgrgleguies rhating egomdnantsr oenggnt a 0 7 ' Am

gl ass pre- fwttlarsom@m%maguahtdtarartc%mr aonttml PheCOBH quncottntﬁtans The TCB
was t hen de%ﬁs rfg with an online degasser . before, entering SEC.

Pol yner sol toifRined ilizipe el Wnpte%tetqna far olpeeyidiyidyan fract’gma%fsa

cont ai ner, sachgiens théteo;ﬂ@&lexr € Oné B Nkchilquel @Bl"erﬁphﬁfmrd”lkaing Putloh Fragtiod Ur e at
160C with ¢ t ot es.were
neasur ed gr@ﬂh%?s rclié?:ca e W%I‘Ia’@ S(%Ltl)le% UHIOH "f%“%%%“ the Z)g‘%“lt“h%“pol
concentration in mass/vol ume units are 1.463 g/mL at room-21- WO

2010/ 126721PCT/ US2010/ 031301 terrperattﬁe and 1.324 g/m at 145C. The

i njection concentration ranged from1.0 to 2.0 ng/m, with | ower
concentrations being used for higher nolecular weight sanples. Prior to
runni ng each sanple the DRI detector and the injector were purged. Flow
rate in the apparatus was then increased to 0.5 nlm nute, and the DRl was
allowed to stabilize for 8-9 hours before 5injecting the first sanple. The
LS laser was turned on 1 to 1.5 hours before running sanples. [00116] The
concentratl on, c, at each point |n the chromat ogram | S cal cuI at ed fromthe

o ,___‘.__I [ — I | - r 1




Copol yners Made with Het erogeneous Catal ysts", Volune 20, Issue 6, pp.
1237-1244, (1987). [00130] GCenerally, conventional carbon-13 NWR
measurenents of diad and triad distribution is used to characterize the

et hyl ene- based copol yner. Any conventional 5 technique for measuring
carbon-13 NVR may be utilized. For exanple, ethylene-based copol yner
sanples are dissolved in a solvent, e.g., trichlorobenzene at 4.5 w.%
concentration. The carbon-13 NVR spectra are obtained at el evated
tenperature, e.g., 140C, on a NVR spectroneter at 100 MHz. An exenplary
spectronmeter is a pulsed Fourier transform Varian XL-400 NVR spectroneter.
Deuteriated o-dichl orobenezene is placed in a 10 coaxial tube to maintain

an internal | Belketylegpand Etylengd Gonobweisg Jeriet/ rdfeftrerc Sidrice | Sadmear 8es | i zed:
pul se angl e, Zaion, M%Tgelm(w%) 28 A8 PateRCNS 500BREN time, 0.5 second,
sweep width, 16000 Hz e carbon-13 NVR peak area neasurenents were
det er m ned by spectral integration. Diad and triad concentrations were
cal cul ated frstlhe /Aquseii binsgn,pthestemt chbmpasitiodhitst cispn!’ emerng, & 'pplyiterikugo et

al ., entitlked, §1eag{é, ne i bution

i n Ethyl ene- PrOE)Il %%%% teﬁ;/f‘r?\e}rIg % "j‘”?g‘ég‘%%%gﬂﬁ&% %3 %affdlég%lé%g " Vol une
15, Issue 4, B 115@1@ riry, §hg @py “copplmel” gludsiny Polererr BaYiREROIARIBNS wer e
t hen normal i zgghokRrsgi Ve a nol e fraction distribution. Polymer conposition
was cal cul ate omt t han a l,ene eak and the di ad
bal ance. Thes@"%2 | uds ‘f‘?ﬁ‘{;ﬁ tﬁ%%ﬁe?@ﬁ"ﬂ”ﬁﬁ%ﬂ%" ' ?pﬁgfh'ﬁ’%fnﬁﬁ‘é of the

t hree val ues puigynebe corpdsitize dompdsdded st ddesitterd ethBnectalbedr sapalpmert hingngatypl | cat i on

utilizes agl a&g&;aeg‘gl A ABRE ARGy val ues. The results are then conpared to
conventi onal rm el elg{fa t?%?lsag %ﬁscl osed in the above references. [00131]

One aspect of 093bse Aveissdihersinthy fery GRSt Hivarfethat Mieneamponiioss inghude
reactivity r &Iohsﬁ&eﬁt&mlyﬁmr) fr&ﬁonts hficipRivy am&m&aﬁmﬁiamsms{wm diftdrent Bi9stallinity

oL e 02 U b ORS00, L0 PSR Sal, MRS o

i nt ranol ecul armpesitiond] er ssplea@distibytionave a nuch | arger reactivity ratio than

the polymgys Jmhfh RRULq ALY, A aqelak’ ﬂéag\pﬁg%@htmeﬁexﬁﬂp&mene OB erkss W thout

being limte heory or one cal cul ation I'1 eved t hat
an one exerrpl°§Fh9ﬁ’f’ﬁb%l@ﬂenﬁé?l’clywwpe@ei‘”ﬁ’é‘éﬂ"f@@ﬂﬁl'%rc?’%@ﬁ’iﬂ&‘hs i s described

by the term nedsscopal Wé@ﬁér&ﬂ-ttheqamm%f&heanﬁﬁh Reight pa;)cér(t bt?ethyNn)z—Gélr)ved/‘ﬁﬁtE einrl
and r2 are th react. {ﬁ%ratlos oners in the

copol yrer, ni°f {if Seeqpdiele °P‘§We6b7ffp%ﬁo‘ﬁ¢é$eh§°ﬂ% 1%°FYé“eF‘°e%1 RSO 1/ I\/Q and
t he di ad and [Q%ﬁ]ad AM\@s@Oh&élﬁQ&E%M#tbﬁaﬁlmmwlmmﬂ@entthﬂtm{bmdf ol | ow

first ordgr W"mﬁg&’ﬁ.ﬁg%ﬁ %t?ylen!:: 4 b SnotPAEbnonitisne equations are derived

that related to tri a concentrations P12 and P21, the
probabi ity 3P opyt eebhesinihsgermoHamannie beybofduinadn e phioulsvieran pe

probability eﬁrsp&awtwmstaﬂlﬁkquMr propyl ene-ended chain, respectively.

Thus a fit o rbop- 13, NVR I hese, equati.ons .5 1 2 and P21
as the nodel Eoﬁ’gﬁame elfs‘édlfefeérfh ‘?"gh ?1meaa'r‘15dth? a@‘gjr’;us je b “S"Pglclileﬁ(%r BT he

rel ati onshi pge first dgltof{the sedondPdtRylen tdpdlymer. (1 - P21) /P21 The

cor r espondi NfhoAuat A0S hllin AU HRARKAR! LBl Sistiehliont Hneicrd o an al s
be used to tosinplify equation (1), above, to nF r In hyl ene fraction

in the polyn@fermgteculagCRY i 2 mpegsuie g6 pompogifpnal heqroggreity, hiéﬁ’lﬂ’ﬁ 3‘8 C‘é{’i’ﬂﬂ’s‘f‘?‘iahd
equat i ons t Ohdx@ogbkidity ti Rerrdloft @HyIRe AdntaRD Iamai@rpmwpomﬁsl aNis elgfressedd theE = 2E( 1

-E) 15PP = (1.- E2(} .25, PEP =
20PPE = 2E(1™M %gﬁyﬁg‘m af'a?ogousl':tfﬁ %%1"3%1 var |mat i o(r(é ngﬁ i RStEPl s r%(%rrlles of
t hese equat i fwrs theraverpgeoattivibael conmpotitian foed givemewslyinercemplo I‘Uane@ tohigelederg,

i ncl udi ng, us v w n%& aérxaﬁ St ﬁ% tofzm G&Jofyaaemnpe%aﬁqs ShthiBsh bye&'éﬁﬁlhg Bauall OF
estimating e nu catal yst ‘species present, or cong)ﬂ ex m)dels such

as those wi t‘ﬁ‘“@bﬁ lﬂé‘é“’%%‘?m Prsh %‘“‘é pletls ‘é‘%‘“‘ﬁﬂ“@% eme dewption neqs PRl SYRMEHFhes e
nodel i ng equWhénQiapressedah atsth@eauﬁwn&w ﬁﬂﬂﬁpl@ aemmha&ubycd@e{mmh@s C

Co th et al | ed Co R t t
Corent 1 o g oah 2 A S5O SR SRR B ALY

(1971), the average values of I-, , r2, and rir, ar|5| ng fromthe
copol yneri zation kinetics are given by’:7'30: (Irif Gi) (f; @) 1-2 = (Er2f G
[ (Ef Gl) rir2 = (lra; G(Er2f | G) (Ef / where G ruM+ 2 r2ilM These
equations and the nodels presented in the references cited above may be
utilized by those skilled in the art to characterize the ethyl ene-based
copol yner conposition distribution. [001351 Further information and

techni ques for neasuring intranolecular-CD are found in 5 Macronol ecul es,
Randel |, Janes C., entitled "Methyl ene Sequence Distributions and Nunber
Average Sequence Lengt hs in Et hyI ene- Propyl ene Copol yners, " " VoI ume 11,

NN NS A NN\ 1M A SN R IR A~



Mv (kg/nol) MW M 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

60.7 7.9 159

B0

62.3 12 259 7 - F 74.2 15 277 69 1.90 1-G 57.3 8.
gvf’]zf?{%fém[ 00140] The tenperature of nelti ngp%gﬁa an

94 1-H
eat of

fusion for the ethylene copolyners of Exanple 1 are shown in Table 2. WO

2010/ 126721PCT/ US2010/ 031301 Table 2 DSC Exanpl e 1st nelt

2||

cool

2nd nmel t

Melting Tenmp (Tn) C Heat of Fusion (HO J/g Crystallization Tenp (TO C Heat

of Fusi on (HOV!}%gi%WPlieﬁ@arT@ﬁpoémfm d@tribution the measurement is akin to conventional

10

15

20

25

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
copolymer chain. It is cxpressed as the ratio of the alpha-olefin to ethylene along the
segments of the same chain,

[0041] As used herein, the term “MIA” means the melt index in units of g/10 min or
dg/min of the first ethylene copolymer.

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

[0045] As used herein, the term “Mw,a” 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 sccond ethylenc copolymer in units of grams/mole in terms of polystyrene, as mcasured
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.

[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
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 cthylene

copolymer component.



Heat of Fusion (F11) 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 21, 4 .26 49 37 48 1-G -15 18 -18 20 - “H.-9.4 21
13 23 -11 253’“°r2§b“?1e67%’8Exarrp| e TE* SSI (KO-30 pass)* (oqﬁ’%@z‘%}’g %7 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.e., 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  propylenc units, cven 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

ethylene 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
ethylene copolymer and second cthylene copolymer refer to both the compositionally

20 dispersc 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 cthylene copolymer compriscs 60 wt.% of the first cthylene copolymer
and 40 wt.% of the sccond cthylene 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

Core 150 usin nMobi| G oup | basestock stock Witlj&r ] 1 Qwi ng
| ubricant pr o%é)%p}ogéé%ASTM D445- 5, Kinematic viscosity %\%201@9#; 89 cSt;

ASTM D445-3, Kinematic viscosity @0C = 29 ¢St mn.; ASTM D2270 Vi scosity
index = 95 mn.; ASTM D92 Fl ash point COC = 210C 10 min.; ASTM D97 Pour
point = -15C nmax.,; and ASTM D5800 Noack volatility = 20 wt % nax. Exanple 2
[ 00142] Tabl eand X¥hwws of He scomp ethyteho perlolyyned pE fhe mskymand campyositiah;| in nfill pther

di sperse bl en e \ G fos )| firs '

bl onds. ver e nagstmlepE b LENGBRBAIRLA Ko AR UL i AERELLRBEREE
di fferent polandeilsyt.’atofahd expetl cthylers wholiPEB it tbe p8PA@Ccfiorom@ositions inishlityes i n
an Brabender m xe vl i nt | i 2 ,u)oi

bl ades rotati %&ae%nblsagﬁeﬂg ’O@Qﬂé‘gt%{y %gt rcg%\{y I{i‘%ecgfélf) ﬁ%?g?eWtczﬁg?@én@gts?@zlr@%e

pr ot ect ed durdonglymbeand \WDw2.04@/tH2672d PAYIcWS20EMOSAIBolsineringopsitani on by

of 1 rganox 1008 na Troct sl Bia0RbbiaRa® GERTAOE S il e
Copol yner s usidyniasic VakposCompbs ivcighhpdréopt o bpéirss ethalae: @pylymat inithé pglyDigper se
10 Baml o 1D EARn e LSRN Bl FATR G LA MR o 0T ©
90 2-B  9@lyrpic compospioT 240 60 2-D 210 90 2-E 240 60
2-F 210 96, [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 (MI),
15  anumber-average molecular weight (Mna), and a weight-average molecular weight (Mwy).
[0063] The Ea of the first ethylene copolymer is in the range of 35 < Ex < 65; in some
embodiments, in the range of 40 < E5 < 60; in other embodiments, in the range of 45 <E4 <
55; and in still yet other embodiments E4 is about 50.
[0064] The Hy of the first ethylene copolymer is in the range of 0 < Hy < 30; in some
20 cmbodiments, in the range of 0 < Ha < 13; in other embodiments, in the range of 0 < Hp <
10; in still other embodiments, in the range of 0 < Hu < 5; and in still yet other embodiments,
Hpa 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, is 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 cthylene 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, thc sccond ecthylene

copolymer is characterized by cthylene weight percent (Ep).
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[0068] For crystallinity disperse polymeric compositions, the second ethylene copolymer

18 characterized by a heat of fusion (Hp).

[0069] The Eg 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 < Eg <
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 Hg of the second ethylene copolymer is in the range of 30 < Hp < 60); in some
embodiments, in the range of 35 < Hy < 55; in other embodiments, in the range of 40 < Hp <
50; and still yet other ecmbodiments, Hg is 45.

[0071] The second ethylene 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
ethylene weight percent En of the first ethylene copolymer may be less than the ethylene
weight percent Eg 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, Ep and Ex. In some
embodiments, Eg - Ex > 5; in other embodiments, Eg - E5 > 10; in still other embodiments,
Ey - Ea = 15; in still yet other embodiments, Ez - E4 > 20. In somc embodiments, the
differencc in cthylene weight pereent, Eg and Ea, is in the range of 8 < Eg - Eo < 10; in other
embodiments, the difference in Eg and E, 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 Hy 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, Hy -
Ha > 4; in other embodiments, Hg - Hp > §; in still other embodiments, Hg - Hy > 12; in still
yet other embodiments, Hp - Ha > 16. In some embodiments, the difference in the heat of
fusion, Hp and Ha, is in the range of 8 < Hg - Ha < 10; in other embodiments, the difference
in Hp and Ha 18 9.

[0076] The compositionally disperse and/or crystallinity disperse polymeric composition
may be further characterized by the ratio MIa/MIg.  In some embodiments, MIs/MlIg is Icss

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 M, and the melt index of the second ethylene copolymer Mlp. In
some embodiments, I Ml - MIg l < 3.0; in other embodiments, l MIs - Mlg l < 2.5; in still
5  yet other embodiments, [ Ml - Mig | < 2.0; in still yet other embodiments, I MIx - Mg | <
1.5; and still yet other embodiments, IMIA - Mlp |§ 1.1; and still yet other embodiments,
| M- M5 |<1.0.
[0078] The MFR of the compositionally disperse and/or crystallinity disperse polymeric
compositions will be intcrmediate to the MFR of the lower and higher ethylenc content
10 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
15  consisting of alpha-olefins and mixtures thercof.  Preferably, the alpha-olefing are
independently selected from the group consisting of a C3 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 compriscs a polyenc monomer. In such embodiments, the
20 compositionally disperse and crystallinity disperse polymeric composition further compriscs
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 Mna, a different
25 Mwiy, or a different Mwa/Mny distribution; Mna is the number-average molecular weight of
the first ethylene copolymer, and Mw, 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.
30 [0083) In some embodiments, the first or second ethylene copolymer of the
compositionally disperse polymeric composition has a substantially lincar structure.
[0084] The substantially linear structure of the first cthylene copolymer and/or the second

ethylene copolymer has less than | branch point pendant with a carbon chain larger than 19
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60 240 2-Z 120 180 2-71 120 180 WO
2010/ 126721PCT/ US2010/ 031301 [00143] The properties of the conpositionally

and crystallinqi i rse blends nade in Exanple 2 are i n. Tabl e 5.
Tabl e 5 Oorrpg‘;sﬂt %Oglﬁé%glt viscosity (dg/10m GPC Exanpl eé%zwwﬁ%sf&z MFR
@ 230C Mwv (kg/ nol) 1Viw 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

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 prescnce of branch points duc 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 propylenc and C4 to Cy; a-olefins. The -
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 Cy» 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-
octenc with one or morc mecthyl, cthyl, or propyl substitucnts; 1-nonene with one or more
20 mcthyl, ethyl, or propyl substituents; cthyl, 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-I-pentene; 4-methyl-1-pentene; 3,3-dimethyl-1-butene; 1-
heptene; 1-hexene with a methyl substituents on any of C; to Cs; 1-pentene with two methyl
substituents in any stoichiometrically acceptable combination on Cs or Cy; 3-ethyl-1-pentene,
25 l-octene, 1-pentene with a methyl substituents on any of C; or Cs; 1-hexene with two methyl
substituents in any stoichiometrically acceptable combination on C; to Cs, I-pentene with
three methyl substituents in any stoichiometrically acceptable combination on C; or Cy; 1-
hexene with an ethyl substituents on Cs or Cy4; 1-pentene with an ethyl substituents on Cz and
a methyl substituents in a stoichiometrically acceptable position on Cs or C4; 1-decene, 1-
30 nonene, 1-nonene with a methyl substituents on any of C; to Co; 1-octene with two methyl
substitucnts in any stoichiometrically acceptable combination on Csi to Cy; 1-heptene with

threc mcthyl substituents in any stoichiomctrically acceptable combination on Cs to Cg; 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 59. 7 8. 6 1.85 2-0 61.8 8.6 184 84 1.93 2. 8.6 185 86
1.90 2-Q 62. 1“8’%“’%‘8%2@3 1.99 2-R63.0 82 1.99 2-S 60.2"7‘%@8“1?’5%3%‘3 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 C; to C7; 1-hexene with two ethyl substituents in

any stoichiometrically acceptable combination on C; or C4; and 1-dodecene.

Polyene Components

[0087] The polyenes particularly useful as co-monomers are non-conjugated dienes,
5  preferably they arc straight chain, hydrocarbon di-olefins or cycloalkenyl-substituted alkencs,
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-octadicne and 1,7-cyclododecadicne; (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 S5-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; S-methyl-1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; 5-methylene-2-norbornene,
5-ethylidenc-2-norbornene (ENB), and tetracyclo (A-11,12) 5,8 dodecene. It is preferred to
20 usc dienes which do not Icad to the formation of long chain branches. For successful usc 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.

Polvmerization 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 cthylene 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 (TO C Heat of Fusion (Hf) J/g

Mel ting Tenp at of Fusion (Hf) J/g 2-A 2.6, 51 : 25 33,
_4.6 37 2-B 5%{9"23&%1 7.9.-20 26 3| .-3.7 17 2-C 11. 46 é@@."é”’%’é%ﬁj 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 sccond polymerization conditions to produce a second cffluent
comprising any one of the second ethylene copolymers of this invention; and
{c) 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.
10092] In a preferred cmbodiment, cthylenc copolymers are polymerized by a
20  metallocene catalyst, to form the first ethylenc copolymer in one reactor and the sccond
cthylene 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 disclosurcs of which are incorporated hercin 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, -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

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.
[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,
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 240r greater than 2.6;

(b)  ashear 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 (c)  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 wi.% 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 Oil 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-u-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 ¢St is generally used.
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20, -22 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. - 72 18.26 1.73 2-D 14.75 18.43 1. 78 2- 01 20.07
1.93 2-F 15.1§&Eéy§?&??93 2-G 12.81 16.30 1.74 2-H 11.8§§?§¥5ﬂ%§3g 2. |
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
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.c., 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 altcrnative 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, c.g., mincral lubrication oil, for casc of handling, and may be
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2ingdex Popypweps, Blfspprgam@ corrosion inhibitors, anti-foaming agents, detcrgents, 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
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
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
and by mixing accompanicd 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
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
with the remainder being basestock oil.
Blending With Basestock Qils
[00108] Conventional blending mcthods 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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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 cthylenc copolymer
20 having: (i) an intcrmolecular 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 (ii) 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
ethylene 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 (i) an intramolecular composition distribution of greater than or equal to 50, 40, 30, 20, 10 or
5 wt.%; (it) a substantially lincar structure; and (b) a second cthylene copolymer having: (i)
an intermolecular composition distribution of less than or cqual to 50, 40, 30, 20, 10 or §

wt.%; and (i1) a substantially linear structure.
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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.%; (i) 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 lincar structurc.
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 E, is greater than or equal to 5 wt.%.
Embodiment 7: The polymeric composition of Embodiments 1 to 4, wherein the first
ethylene 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 Cx to Cy alpha-olefins and mixtures thereof. The alpha-olefins are propylene,
butene, hexene, octene or mixtures thercof,
Embodiment 8: The polymeric composition of Embodiments 1 to 4, wherein the comonomer
of the first and/or the second cthylene copolymers further comprises a polyecne monomer, and
20 the polymeric composition further compriscs up to 5 mole % polyenc-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; (ii) a SST of less than 55; and (iii) a complex viscosity at -31°C
25 of less than or equal to 500 cSt.
Polymer Analyses
[00112] The ethylene 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, T, of the ethylene copolymers were measured using a TA Instruments Model

2910 DSC. Typically, 6-10 mg of a polymer was sealed 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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This provides 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
sccondary melting peaks as determined by DSC during the second melt, discusscd 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, My, number-average
molecular weight, M,, and molecular weight distribution, My/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) detcctor, and a viscometer. Experimental details not described below,

20 including how the detectors were calibrated, are described in: T. Sun et al., “Effcct 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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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
injecting the first sample. The LS laser was turned on | to 1.5 hours before running samples.
[00116] 'The concentration, c, at each point in the chromatogram is calculated from the
baseline-subtracted DRI signal, Ipgy, using the following equation:

¢ = Kprilpri/(dn/dc)
where Kpgy is a constant determined by calibrating the DRI, and (dn/dc) is the samc as described
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
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
2A,
AR(G) MP(0 )+ 26

Here, AR(0) is the measured excess Rayleigh scattering intensity at scattering angle 0, ¢ is the
polymer concentration determined from the DRI analysis, A, is the second virial coefficient
[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)?

AN,

in which N4 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 thercto (dn/dc) = 0.104 for propylenc polymers and 0.1 othcrwise.

[00118] A high temperature Viscotek Corporation viscometer, which has four capillaries
arranged in a Wheatstone bridge configuration with two pressure transducers, was uscd to

determine specific viscosity. One transducer measures the total pressure drop across the
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detector, and the other, positioned between the two sides of the bridge, measures a differential

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

5 My =]+ 0.3c[nD’
where ¢ 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:

[‘n]avg = ZCl—[n]l

2.C

10 where the summations are over the chromatographic slices, i, between the integration limits.
The branching index g' is defined as:
_[Mlaye
kMY

where, for purpose of this invention and claims thereto, o = 0.695 for ethylene, propylene,

and butene polymers; and k = 0.000579 for cthylene polymers, k = 0.000228 for propylene
15 polymers, and k = 0.000181 for butene polymers. M, is thc 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 17 cone and
plate setup. The cone has a nominal | 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. whilc 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]  Meclt Index (MI) was mcasurcd 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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[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. 43044312, (2004), and
“Effect of Short Chain Branching on the Coil Dimensions of Polyolefins in Dilute Solution”
by T. Sun ef al, in the journal Macromolecules, Volume 34, Issue 19, pp. 6812-6820,
(2001),

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 Ievels 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.% cthylene of the mean if the standard deviation is 10%. The intermolecular

25  composition distribution for the Polymer Fraction is 20 wt.% cthylene for such a sample, ie.,
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 ef al., entitled

30 “C NMR Analysis of Compositional Heterogeneity in Ethylene-Propylene Copolymers,”
Volume 24, Issue 8, 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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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, cthylenc-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. Deutcriated 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 area 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 J-TiCl;-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. Unlcss 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,7;) of the polymerization system for the ethylene-based polymers according to the
procedures in the publication. Polymers which have a compositional heterogencity, 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=M{rM+ 1)/(r, + M) (O

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

my/m;, M is the ratio of monomers in the reactor, M;/M,, and the diad and triad
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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 4.22 -24.50 3.22 -24.50 4.30 -26.00 5.17 -26.00

5.14 -26.10 3@%8%-%28910 4.85 -27.70 7.15 -27.70 6.46 - 2}627@%%5?/%3‘%6&_73;080

6.04 -29.40 1 40 8.99 -29.30 6.19 -29.30 7.26 -
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 Exanple 2-J
Exanpl e 2-K *C(qu;xﬁpqi(@s XollowT first order 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 ; and r; can be obtained from the
relationships:
rM = (1—-Pp) /P
ro/M = (1~ Py) /Py
The corresponding equations for random copolymerizations with 7,7, = 1 can also be uscd 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 = E
EE=2E(1-E)
15 PP = (1 - E)*
EEE = F°
EEP = 2E*(1 — E)
EPE = E*(1 - E)
PEP = £(1 — E)’
20 PPE = 2£(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, etc.
[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, Tssue 4, pp. 482-489, (1971), the average
values of 1, 2, and ru- arising from the copolymerization kinetics are given by:
30 o= Erfil G (! G)
o= (Sl GY (i G))
rue = (Enfil G (Trfi ! G (S G
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Compl ex Viscosity T Conplex Viscosity T Conplex Viscosity T Conpl ex
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 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

where Gi=rM+2+ ¥a/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, Issuc

1, pp. 33-36, (1978), Macromolecules, Cheng, HN., 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 Stereoregular Catalyst System,” Volume 10, Issue 4, pp. 773-

778, (1977). 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 temperaturé. 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 (oDCB) 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 controlied 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.

-27-



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 2.40 0.72 2.41 0.39 2.27 0.46 2.36

0.64 0.80 0.74.0 ) 71 0.82 0.39 0.83 0.91 -0.78 0.51 - -0.76
0.19 -0.78 o.gvé’z-OZ“?‘%%Z‘o. 81 -2.37 0.75 -2.41 0.37 -2.35 o?‘gré‘?s-g%‘gfﬁ{‘g?i 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

EXAMPLES

Example 1

Preparation of The Ethylene Propylene Copolymer of Examples 1 and 2

[00137] All polymer compositions in Example | were synthesized in one continuous
5  stirred tank reactors. The polymecrization 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-tricthylsilylphenyl)methenyl[(cyclopentadienyl)(2,7-di-tert-
10 butylfluorenyl)Thafnium 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 50 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 propertics of the ethylenc

copolymers of Example 1 are shown in Table I.

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 57.3 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.



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 . .00 1.98 -15.00 0.73 -15.00 - 60 1.80
-16.50 2. 38 -%’21998““ 67% - 16. 60 2.46 -18.20 2.28 -18.20 %‘%ZUS?‘%@."%‘“O. 64
-18.10 2.74 -19.70 2.46 -19.70 2.44 -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
Table 2
DSC
Example 1* melt 2" cool 2" melt
Melting Heat of | Crystallization | Heat of Melting Heat of
Temp (Tw) |Fusion (Hy)| Temp (Tc) | Fusion (Hg) |Temp (Ty) | Fusion (Hy)
°C J/g °C Jg °C Jg
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
I-F 21, 48 54 18, 26 49 37 48
1-G -15 18 -18 20 -17 21
1-H 94 21 -13 23 -11 25
Table 3
SSI
TE* (KO-30 pass)™*
Examplc (%)
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 2.15 234

5 [00141] The TE* and SSI* values in Table 3 were measured for a | 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

10 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,
15  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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3.94 -26.10 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 1.57 -30.80 7.53 -32.40 7.81 -3 32. 40
1,75 -32. 40 8"8G'EH7H 10. 80 - 34.00 12,20 -34.00 2.13 2"§%5{?g‘“&"%§°1 35. 20
12.80 -35.20 16.10 -35.10 2.19 -35.20 11.50 * Conpl ex viscosity neasured
for a 1.0 w. % concentration in PAO-4. Table 12 Exanple 2-M Exanpl e 2-N
Exanple 2-0 Exanple 2-P T Conpl ex Viscosity T Conplex Viscosity T Conpl ex
Viscosity T GomplgeopeMiigc OpihtyingCa hPags bl@hePandshy Be[afditig] ofCl {0Papps] 020300

mixture of Irganox 1076 and Irgafos 168 before mixing.
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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 O. 5. 10 0.32 13.60 0.58 13.40 0.61 13.50 3 40 0. 89
11.90 0. 83 11%86%8@%8“11.80 0.37 11.90 0.40 10.20 0. 35 %ﬁﬁé@*ﬂwgﬁm’o.4o
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

Table 4
Example Ethylene Copolymers used to Make Compositionally Disperse and
No Crystallinity Disperse Polymeric Blends
(Parts of Each Copolymer)
ExamplelExamplel Example | Example| Example [Examplel Example| Example
I-A 1-B I-C 1-D I-E 1-F 1-G I-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-J 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-Z 120 180
2-71 120 180
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0.55 3.89 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 62 -2.46 1.05 -3.93 1.25 -3.95 1.05 - 0.94 -3.97
1.19 -5.52 1.X%§W%@g%2b.75 -5.59 0.92 -5.55 1.12 -7.11 f§§§E¥QP@§3%_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
[00143] The properties of the compositionally and crystallinity disperse blends made in

Example 2 are shown in Table 5.

Table 5
Composition | Melt viscosity (dg/10m) GPC
Example Mw
No. Wt.% C2 MFR @230°C (kg/mol) Mw/Mn
2.16Kg 216 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-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-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

5  crystallinity disperse blends of Example 2 are shown in Table 2.
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1.79 -13.50 1.91 -13.50 1.92 -15.00 2.40 -15.00 1.90 -15.
2.14 -16.60 2.50 -16.60 2.21 -16.50 2.42 -16.60 2.35 -18.
2 - 2.61 -18.20 2.62 -19.80 3.15 -1 - 19.
PRI 305 31 40 3 27 21 40 3 60 .24 HEIY,
3.66 -23.00 3.68 -22.90 3.87 -24.50 4.83 -24.50 4.15 -24.
4.14 -26.10 5.41 -26.20 4.88 -26.10 4.98 -26.10 4.99 -27.
6.22 -27.70 5.52 -27.70 5.70 -29.30 7.19 -29.20 6.37 -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 (Hy) (Te) (Hp) Temp (Hp)
(Tm) °C Jg °C Jg (Tm) °C J/g
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 9.3,47 29 -3.9 34 2.7 32
2-] 13,45 39 -6.4 40 -33 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 5.9,46 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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6.51 -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 - 20 12.70 -35.20 11.30 -35.20 11. - .70 WO
2010/ 126721Pc%dé§)6‘i%?’031301 Table 13 Exanpl e 2-Q Exanpl eTéqQSg‘”ﬁBﬂ%“;lnm e 2-S
Exanple 2-T Ziegler-Natta- based Conparative Conplex Viscosity Conplex
Viscosity T..T..T.. T.. Conplex Viscosity Conplex Viscosity T Conplex .
Viscosity C[Pa's] C[Pa's] C[Pa's] C[Pa's] C[Pas] 20.00 1.51 20.00 1.99
20.10 0.35 20.10 1.85 20.10 0.14 18.20 (abg718.20 0.56

SST* 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-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 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* valucs in Table 7 werc 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 ¢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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18.20 0.42 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 13.50.0.63.13.50 0.44 13.40 0.37 13.50 0. 48 9 11.90
0.22 11.90 O. ZR%@g%Zb.zg 11.90 0.70 10.40 0.67 10. 30 é%aﬁgfﬁwéﬁs .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

Table 8
SS* 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 2191 1.9%
2-1 19.13 24.05 2.03
2-] 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 27.41 211
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 mcasured for a 1 wt.% polymer
concentration of the compositionally and crystallinity dispersc 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 bascd polymeric composition is displayed as a function of temperature in Figure 1.
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5.56 0.69 3.96 0.85 3.97 0.37 4.00 0.56 4.06 0.86 3.94 0.70 2.36 0.55 2.40
0.15 2.40 0.59 2.44 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. 06 -0.75 0.50 -0.74 1.03 -0.85 1.26 -0, -2.43 0.77
-2.39 0.28 -2% f%ﬂggﬁzlz.33 1.37 -2.26 1.07 -4.03 1.10 3%%85%88%9“§3.89
1.02 -3.91 1.71 -4.01 1.52 -5.49 1.31 -5.51 0.42 -5.50 0.99 -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

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 [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 16.60 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 0.41 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 0.89 236 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 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] 178 ]-15.10 1.81 -15.10 1.87
-16.60 224 |-16.60| 2.05 |-16.60 145 -16.70 2.01
-18.20 2.71 -1820 1 2.63 |-18.20 2.03 -18.10 2.38
-19.70 3.04 [-1970| 2.54 |-19.80 1.99 -19.90 3.04
-21.30 353 | -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 |-2440| 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 2770 | 495 [-27.70 5.69 -27.70 6.70
-29.20 6.18 |-2920| 582 ]-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 8.10 [-3240| 7.67 [-32.40 23.10 -32.40 16.60
-34.00 939 |[-3400]| 870 |-34.00 39.70 -34.00 31.40
-35.10 10.50 |-3520] 10.10 ]-35.20 62.80 -35.20 38.00
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4 1.86 -10.30 1.93 -10.30 0.39 -10.20

-8.67 0.60 -8.72 1.49 -8.69 1.98 -8. .
.05 -11.90 0.49 -11.90 1.80 -11.90

7
1.49 -10.30 2.41 -10.20 2.60 -11.80 2
2.49 -11.90 2,87 - 0 2.37 -13.40 0.49 -13.50 2.12 -1 ' -13.40
3.20 -14.90 2?‘%’12”1“%‘26.7%0 0.48 -15.00 2.25 -15.10 3.24 - %‘%%SZ‘?I%‘? 6. 60
2.75 -16.60 0.49 -16.60 2.51 -16.60 3.28 -16.60 4.61 -18.10 3.10 -18.30
0.80 -18.20 2.81 -18.20 3.73 -18.20 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 -21.40 0.85 -21.40 3.75
Table 10
Examplc 2-E Examplc 2-F Example 2-G Examplc 2-H
T Complex T Complex T Complex T Complex
Viscosity Viscosity Viscosity Viscosity
C [Pas] C [Pas] 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 0.41 15.00 0.43 15.10 0.26
13.50 0.69 13.40 041 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 5.56 042
3.98 0.82 391 0.90 3.92 0.77 4.00 0.72
2.44 0.73 2.36 0.62 2.40 0.79 240 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 | 131 -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 -19.70 225 -19.80 2.86
-21.30 2.60 -21.30 3.20 -21.40 2.65 -21.30 341
-22.90 3.30 -22.90 3.67 -22.90 2.87 -22.90 3.69
-24.50 3.76 -24.50 4.22 -24.50 322 -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 | 2130 | -30.80 12.40 | -30.90 9.09 -30.80 945
-32.40 33.10 | -32.40 16.70 | -32.40 14.80 -32.40 11.60
-34.00 71.70 | -34.00 2870 | -34.10 | 27.30 -34.00 15.30
-35.20 | 102.00 | -35.20 3890 | -35.10 | 41.80 -3520 | 21.30
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-21.40 4.93 -21.30 7.93 -23.00 4.44 -23.00 0.99 -22.90 4.14 -22.90 5. 60
222.90 8.41 -24.50 4.96 -24.50 1.09 -24.50 4.93 -24.60 6. 15 -24. 60 10.00
-26.00 5.70 -26. 4 -26.20 5.54 -26.10 7.15 -26. 10 .27 60 6. 64
-27.60 1.53 -%gVQ%”éV%H -27.70 8.09 -27.70 13.90 -29.20%%3§%”P§éﬂ38 1. 48
229.30 7.09 -29.40 9.43 -29.20 14.80 -30.90 8.84 -30.80 2.05 -30.90 8. 40

-30.80 10.70 -30.80 17.40 -32.40 9.76 -32.40 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 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 [Pas] C [Pa-s] 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 0.19 18.20 0.05 18.30 0.40
16.60 0.20 16.60 0.36 16.60 0.14 16.60 0.91
15.10 041 15.10 0.36 15.10 0.18 15.10 0.15
13.50 0.46 13.50 041 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
712 0.59 7.16 041 7.11 0.24 7.11 0.66
549 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 2.44 -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 4.42 -26.10 1.26 -26.10 5.01
-27.70 4.37 -27.70 475 -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 | 1220 | -34.00 2.13 -34.10 9.67
-3520 ) 12,80 | -3520 | 16.10 | -35.10 2.19 -3520 | 11.50
* Complex viscosity measured for a 1.0 wt.% concentration in PAO-4.
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-35.20 12.80 -35.20 2.88 -35.20 12.80 -35.20 16.00 -35.10 24.30 * Conpl ex
viscosity nmeasured for a 1.0 w.%concentration in PAO-4. WO

2010/ 126721P 031301 [00148] The sanpl es of conpasi.t.i di sperse
and crystall ic;rg{ogﬁa’?f%%ler se blends and a Ziegler-Natta- bﬁg@sg@ﬁbir%orli C
conposition were also investigated for shear stress and strain as shown in
Tabl es 14 -18. [ 00149] Shear stress as a function of strain for the

di sperse bl ends and a netal | ocene-based 5pol yneric conposition is displayed
in Figure 2. Table 14 Exanple 2-A Exanpl#®l@lB Exanpl e 2-C Exanple 2-D
Strain Shear Stress Strain Shear Stress Shear Stress Strain Shear
Stress [%4 [Pa] [N [Pa] [%4 [Pa] [% [Pa] 0.0679 0.01 0.0785 0.02 0.0844
0.01 0.0723 0.02}0.586 0.02 0602 0.01 0.601 0.01 0.598 0.01 1.42 0.[02 1.43
0.02 1.43 0.02 1| 44xamPit 22M75| 0.Hx2mgle 26N 0. |03 ERanffle Q-D2 |2. Haaf@pl®2-F5. 57 0. 04
5.59 0.03 5.58 004 5.59 0.02/9.37 0.04 9.38 0.05 9. 38

Complex T Complex T Complex T Complex
Viscosity Viscosity Viscosity Viscosity
C [Pa-s] C [Pas] C [Pas] C [Pas]
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 0.6l 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 | 0.1 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 -16.60 221 -16.50 242 -16.60 2.35
-18.20 2.73 -18.20 2.58 -18.20 261 -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 0.24 -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

T
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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 0.19 65 0.16

65 0.29 65 O. 4 Q.26 104 0.24 104 0.47 104 0.52 167 .37 166
0.88 166 0. 91‘%@%‘% ?‘g?sl 266 0.57 266 1.64 266 1.34 424 1."%6@%"%%‘?8’1 424

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

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

Complex T Complex T Complex T Complex T Complex
Viscosity Viscosity Viscosity Viscosity Viscosity
C [Pa-s] C [Pas] C [Pa-s] C [Pa‘s] C [Pa-s]
20.00f 1.51 ]20.00{ 199 |20.10] 035 [20.10| 1.85 20.10 0.14
1820 0.66 1820 056 [1820) 042 |18.30| 0.03 18.30 0.30
1670/ 022 11660 038 |16.70] 043 116.60| 0.34 16.60 0.41
15.00] 0.52 |15.10] 021 |15.10] 041 1510 036 15.00 0.21
13.50| 0.30 1350 0.63 [1350] 044 [1340| 0.37 13.50 0.48
11.70] 049 [1190| 022 [1190] 068 [11.90| 0.29 11.90 0.70
1040 0.67 11030 023 |1030] 036 |10.20| 047 10.30 0.52
876 | 049 875 028 8.76 | 0.33 8.69 | 031 8.76 0.47
7.08 068 | 714 023 [716| 045 | 717 051 7.17 0.59
5571 072 | 557 016 |552 | 069 |554 | 0.69 5.56 0.69
396 | 085 1397 | 037 1400| 056 |4.06 | 0.86 3.94 0.70
236 | 055 240 ] 015 1240 | 059 |244 1.25 2.39 0.60
077 070 |075| 0.18 | 083 | 066 | 0.85 1.38 0.77 1.15
-0.79| 106 |-075] 050 |-074| 103 |-085] 1.26 -0.76 1.01
2431 077 [-239| 028 |-241| 091 |-233| 137 -2.26 1.07
403 110 |-390| 037 (-389] 102 [-391] 171 -4.01 1.52
-549| 131 |-551| 042 |-550| 099 [-552| 1.78 -5.50 1.71
-7.10 159 |-719| 021 |-7.07] 129 |-7.11| 195 -7.09 1.74
-8.67| 159 |-867| 0060 |-872| 149 |-8.69| 198 -8.74 1.86
-10.30] 1.93 |-10.30{ 0.39 |-10.20{ 149 [-10.30f 2.41 -10.20f  2.60
-11.80) 2.05 |-11.90{ 049 |-11.90] 180 [-11.90] 249 | -11.90] 287
-13.50] 2.37 |-13.40f 049 |-13.50 2.12 [-13.40{ 3.07 | -13.40] 3.20
-14.90| 241 |-15.10] 048 ]-15.00 2.25 |-15.10f 324 | -15.00f 4.24
-16.60) 2.75 |-16.60f 049 |-16.60] 251 |-16.60] 328 | -16.60] 4.61
-18.10{ 3.10 |-18.30f 0.80 |-18.20] 2.81 |[-18.20f 3.73 | -18.20] 547
-19.70| 3.48 |-19.80| 0.87 |-19.80] 3.27 [-19.70] 4.50 | -19.80] 7.11
-21.40; 3.84 |-21.40] 0.85 |[-21.40] 375 |-2140] 493 |-2130] 793
-23.00] 444 |-23.00f 099 |-2290| 4.14 |-2290| 5.60 | -22.90] 841
-24.50| 496 |-24.50] 1.09 |-24.50] 493 |-24.60] 6.15 | -24.60] 10.00
-26.000 570 [-26.00] 1.34 |-26.20] 554 |-26.10] 7.15 | -26.10] 1140
-27.60) 6.64 |-27.60] 1.53 |-27.70] 627 |-27.70| 8.09 | -27.70] 13.90
-29.20| 7.31 |-29.20 1.48 |-29.30] 7.09 |-29.40| 943 | -29.20] 14.80
-30.90| 8.84 |-30.80] 2.05 |-30.90| &840 [-30.80] 10.70 | -30.80] 17.40
-32.40 976 |-32.40] 228 |-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
-35.200 12.80 [-35.20| 2.88 |-35.20] 12.80 |-35.20] 16.00 | -35.10f 24.30
* Complex viscosity measured for a 1.0 wt.% concentration in PAO-4.
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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

e isidle o

Strai n Shear

11.20 6,980 1
12.30 8,810 15.
Exanpl e 2-F Exanple 2-G Exanple 2-H .

Stress Strai n Shear

[ Pa]

194 [ Pa]

ol 1

Stress

Strai n Shear

1.20 7,840 13.50 7,840 12.5 7,
3.9 8,810 15.10 8,810 13.50 T
Strai n Shear

Stress .
Stress [% [Pa] [9% [Pal [%A

0. 0805 0.00 O. 0.792 -0.01 0.0708 0.02 0.0773
[00148] The samples 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

polymeric composition is displayed in Figurce 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
937 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 0.13 405 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 0.24 104 047 104 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 0.597 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. 36 0.06 9.35 0.05 9.37 0.06 9. 38 5 4 0.09 15.4
0.07 15.4 0.0 01%8’%2%?107 25.1 0.15 25.1 0.11 25.1 0.12 g"épr%m ‘?13’331%‘6.4 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 0.41 166 1.27 166

Table 15
Example 2-E Example 2-F Example 2-G Example 2-H
. Shear . Shear . Shear . Shear
Strain Stress Strain Stross Strain Stross Strain Strcss

[%] [Pa] [%] [Pa] [%0] [Pa] [%o] [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

143 0.01 1.42 0.01 143 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 0.36 104 041

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 1.28 424 131

677 3.90 677 2.15 677 1.90 677 1.81
1,080 436 1,080 2.84 1,080 2.73 1,080 2.59
1,720 5.37 1,720 3.92 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 13.70 8,810 15.20 8,810 13.8
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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 1,080 4.36 1,080

2.84 1,080 2. 59 1.720 5.37 1,720 3.92 1,720 3 0 3. 70
2 750 7.35 2,%&5*&&@%1§,750 5.72 2.750 5.32 4,380 10.30 %5@%%“@%§$”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

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

[Yo] [Pa] [%] [Pa] [%] [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 1.42 0.03

2.75 0.02 2.76 0.01 2.76 0.02 275 0.02

5.57 0.01 5.57 0.03 5.59 0.02 5.57 0.03

9.37 0.03 937 0.04 9.39 0.01 9.37 0.05

15.4 0.05 154 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 0.29 104 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
1,720 316 1,720 3.53 1,720 0.94 1,720 3.85
2,750 477 2,750 522 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 4,15 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.
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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 . Strain Shear
Stress [ [P %, ] [99 [Pa] [949 [Pa] 0.0703 -0.01 0. 0.0673
0.02 0.0657 o@é’#"@“ﬁ%ﬁo. 00 0.595 0.00 0.594 0.01 0.589 %Tg‘%%ﬁlgﬂg‘gﬂ. 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

0.05 15.4 0.06 15.5

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

[0] [Pa] (%] [Pa] [%o] [Pa] [7o] [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 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 0.03

9.37 0.06 9.38 0.04 9.38 0.06 9.37 0.05

154 0.08 15.4 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 1.5]
1,080 2.80 1,080 2.39 1,080 2.36 1,080 2.38
1,720 4.13 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 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
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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 0.29 104 0.33 104

0.08 104 0.29 166 0.50 167 0.10 166 0.47 266 0. 266
0.16 266 0.73W%§ﬁ”%?§é’424 1.14 425 0.25 424 1.11 677 1?%%“éggwg*%‘ 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 3.85 2. 750

Table 18
Zicgler-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] [%o] [Pa]
0.0755 1 0.01 {0.0625| 0.02 [0.0743 | 0.01 |0.0756| 0.01 |0.0741 | 0.00
0594 | 001 [ 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 0.01 142 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

938 0.02 9.38 0.03 937 0.05 9.37 0.05 9.36 0.05

15.4 0.05 154 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 40.4 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 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 2.15 677 328
1,080 | 2.63 1,080 | 0.68 1,080 | 2.54 | 1,080 | 3.06 | 1,080 3.86
1,720 | 3.91 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 | 4380 | 2.61 | 4380 | 949 | 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 | 8810 | 17.50 | 8810 | 16.40

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

[00150] These above data demonstrate that polymer compositions of the present invention
5 can bc processed into lubricant formulations having propertics similar to those of
formulations made from components preparcd by more complex and more expensive multi-
step methods.
[00151] Excmplary embodiments of the invention are provided as follows:
(1) A polymeric composition comprising:
10 (a) a first ethylene copolymer having:
i. an E, in the range from greater than or equal to 35 to less than or equal
to 60; and
il. a Mw, of less than 130,000; and

) a second ethylene copolymer having:
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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 4W10520é),/ls(§1]91 15.80 8,810 13.40 8,810 14.40 8, SPQCC}

* Shear stress an
Tabl e 17 Exanple 2-M Exanpl e 2-N Exanple 2-0 Exanple 2-P .

64 8,810 17.70

fain neasured for a 1.0 wt. %concentré[{ imolP("%l%‘"PAo-4.

Strai n Shear

Stress . Strain Shear Stress . Strain Shear Stress . Strain Shear Stress

[ [Pa] [94 [Pa] [94 [Pa] [99 [Pa] 0.0758 0.02 0.0752 0.00 0.0683 0.03
0.0673 0.02 0.593 0. 03:i.0. 5anEs02thg r&@6 from greater than or equal to 35 to less than or equal

10

15

20

25

to 85; and
1. a Mwg of less than 70,000.
2) The polymeric composition of embodiment (1), wherein the first ethylene copolymer
and/or the second cthylene copolymer have a substantially lincar 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
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 Eu is less
than Eg for the polymeric composition, and/or wherein the difference between Eg and E, is
greater than or equal to 5.
(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.
) 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 sccond cthylenc copolymer in the polymeric composition.
(8)  The polymeric composition of any one of embodiments (1)-(7), wherein the Mwy is
less than 90,000 and/or the Mwp is less than 60,000.
(9)  The polymeric composition of any one of embodiments (1)~(8), wherein the first
and/or second ethylene copolymers comprises ecthylene and a comonomer selected from the
group consisting of propylene, butene, hexene, octene, and mixtures thereof.
(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
) the polymeric composition of any one of the preceding embodiments.
(12)  The lubrication oil composition of embodiment (11) having at lcast onc 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.

- 46 -



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 0.03 9.37 0.06 9. 38

0.04 9.38 0.06.0. 05 15.4 0.08 15.4 0.05 15.4 0.08 15 5.1 0.10
25.1 0.08 25. 002."%2‘%%. 1 0.09 40.5 0.15 40.5 0.10 40.5 (]}’.Cfffjsg‘ﬁ%“ 113 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
(13) A process for making a polymeric composition comprising the steps of:
(@) 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 cthylene copolymer of any one of the preceding embodiments;
®) 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 cthylene copolymer of any one of the preceding
10 embodiments; and
(c) 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:

i an Ha in the range from greater than or equal to 0 to less than or equal
to 30; and
20 ii. a Mwy of less than 130,000; and

(b)  asecond ethylene copolymer having:
L. an Hg in the range from greater than 30 to less than or equal to 60; and
i. a Mwpg 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 cthylene copolymer is in the range from
greater than or equal to 1.80 to less than or cqual to 1.95.
(18)  The polymeric composition of any onc of embodiments (14)-(17), wherein Hy is less

than Hg for the polymeric composition.

-47 -



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 4.13 1, 720. 3. 720 3.60 1,720 3.72 2,750 6.17 750
5.54 2. 750 5. ﬂﬁ@é%zé.48 4,380 9.41 4,380 8.60 4,380 §¥%§%%58@§“§4.60
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 WO

2010/ 126721PCT/ 1 TS2010/ 031301 Tabl e 18 Exanple 2-Q Exanple 2-R *
(19)  The polymeric composition of any one of embodiments (14)-(18), wherein Hy 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 MI/MIp
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 Mwy 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 cthylene 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 arc listed herein, ranges

from any lower limit to any upper limit arc contemplated.
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Exampl e 2-S Exanple 2-T Ziegler-Natta- based Conparative . Strain Shear
Stress . Strain Shear Stress . Strain Shear Stress . Strain Shear Stress .

Strai n Shear [Pa] [99 [Pa] [94 [ Pa] [9@ [ Pa] 0755
0.01 0.0625 O§g%5§§%%%% 0.01 0.0756 0.01 0.0741 0.00 O. g%éhglgikﬁQEBQ 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
[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 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 25.1 0.11 25.1
0.14 40.5 0.13 40.5 0.04 40.5 0.12 40.5 0.16 40.4 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

2.21 424 1A/ABMAS

What is claimed is:

1. A polymeric composition comprising:
(a) a first ethylene copolymer having:
i. a weight percent of ethylene-derived units (E,) in the range
from greater than or equal to 35 to less than or equal to 60; and
il. a Mwj, of less than 130,000; and
(b) a second ethylene copolymer having:
1. a weight percent of ethylene-derived units (Eg) in the range
from greater than or equal to 35 to less than or equal to 85; and
ii. a Mwg of less than 70,000,
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.

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 molecular weight

distribution of about 2.4 or less.

4. The polymeric composition of any one of claims 1-3, wherein the molecular
weight distribution 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 molecular weight
distribution 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 E4 is less than
Eg for the polymeric composition, and/or wherein the difference between Eg and E4 is

greater than or equal to 5.
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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 1,720 3.91
1,720 1.04 1,720 3.92 1,720 4.33 1,720 4.97 2,750 5.92 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, 85@. 4. 6ThZ pBHehck.ofhpbsiBidh of Buy?Onelo BN a -0 1B &R MILMBPisBeB20 5. 19

8,810 18.50 8,810 . .
than or equal to 3.0 for the polymeric composition.

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

(b) the polymeric composition of any one of claims 1-6.

8. The lubrication oil composition of claim 7 having at least one of: (a) a
thickening efficiency of greater than or equal to 1.5; (b) a shear stability index of less
than 55; and (c) a complex viscosity at -31°C of less than or equal to 500 ¢St (5

cm?/s).

9. 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 claims
1-8;

(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 claims 1-8; and

(c) forming the polymeric composition of any one of claims 1-8,

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.

10. A polymeric composition comprising:

(a) a first ethylene copolymer having:
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17.50 8,810 16.40 * Shear stress and strain neasured for a 1.0 wt. %
concentration in PAO-4 1001501 These above data denonstrate that polyner
conpositions of the present invention 5 can be processed into |ubricant
formul ati ons having properties simlar to those of fornulations nade from
conponents prepared by nore conplex and nore expensive multistep nethods.
EO?lSl]lExenplary enﬁodinaﬂkatoﬂﬁﬁhﬁihnmﬁsbf@m?aﬂgamw@whﬁﬁﬁxﬂshtm%)ﬂMs:

1) A polymeric conposition conprising: 10(a)a first ethyl epe copol yner
having: i.an EAin the raﬁlgﬁ‘eraﬂg"()ﬁf”@rgé%t@ré]?rh%e%lﬁl f@dh@ne%Sdﬂ@sort%lup ©s t han
or equal to 60; and a NMA‘?f%%pss t han 130, 000; and (b)a second ethyl ene
copol yner having: WO 2018 126721PCT/ US2010/ 031301 i.an En in the range
from greater than oriiequak Mw85ldsotHand8008&endr equal to 85; and a MaB of
| ess than 70, 000.. (2) Thﬁg ol ynmeric conBosipion of enbodi ment (1), wherein
the first ethyl 8e cBpeiWPHEIYEDTEPBYYIRENRERGNd et hyl ene copol ymer have a
substantial ly Iinearjstrugtidseof fubh id RRitD Bk YIREY GamBPL $irdti RElt Afly) in
enbodi ment (1) or (2), wherein the first ethyl ene copol yner and/or the
second et hyl ene copolherrengehizions gacatdnithasf 3(hlodess thanjormquilde $0; afdd) The
pol yneric conposition of any oneg, of .e Lyents (1)-(3), wherein the MAD of

ASFR 01 pRE 700G

the first ethyl ene cgpoly fromgreater than or equal to
1.80 to | ess thanekin i weidH pdrent.c¥The FRd/cthiylaMeesapolynidien MMDpefynidie second
et hyl ene copolynmer is in the range fromgreater than or equal to 1.80 to

| ess than &YMRRifHN psgreatgsthan thy weight percontedt; the senppdithylene efprobipyerdfe of
enbodi nent = , in EAis less than En for the polyneric
conpositioﬁ?&éﬁg&%%(m réﬁﬁﬂthe di fference between En and EA is greater
than or equal to 5. 15 (6) The pol yneric conposition of any one of

enbodi ments, (1)-(5),, wherein MA/MB is less than or. equal to 3.0 for the
pol yreri c 3! npo;fé? 2’%1%@6(1‘?)“%‘@0%8?‘9 H_EF}PHH dBrbert b fks?t%iwefzfn@pe ymer
embodi ment shd/dothé ScondVBl BB c@)ﬁﬁyﬁ‘@ﬁ ghE aRebasRtal9flinkRAsstlukiisd. et hyl ene
copolynmer in the polyneric conposition is greatef than the wei ght percent
of the second ethyl ene copolynmer in the polyneric conposition. 20 (8)The

pol yneric nposj tion of. any one. of odi pents, .(1)-(7), rei he MVA is
ess Than G5, bobhamaparrchimmmie pESERH T Yol oo it efsie.
conposi ti ogbpefyndy afier Ofhc € RRRAH Meyfent 1 Logslymetignei B nhieduldrsS tweagid/ or
second et hyl ene copol yners conpri ses ethylene and a conononer selected from
t he group ¢oEdPEen alpbept Aes\aséne, but ene, hexene, octene, and mi xtures
thereof. 25 (10) The polyneric conposition of enbodi nent (9), wherein the
conmononer of the first and/or the second ethyl ene copolynmers further

conpri ses E3.pol Tienpolymedorompasidot beé appbyeref claimomPadg] therid thetVer, is
conprises up go 5 nmole %p Ixfnerderived units. (11) A lubrication oi
conposi ti dfd %?Q’QQQ@?‘V‘QI&;% Wik s lesttthaoGP90- pasest ock; and 30(b)t he

pol ymeric conposition of any one of the preceding enbodi nents. (12) The

| ubrication oil conposition of enbodi nent (11) having at |east one of: (a)
a TE of grkat erAtlltarcaton edgampootidn Smgdwinga SSI of | ess than 55; and (c¢) a
conpl ex vi scosi at -31C of l.ess than or equal to 500 cSt. WD
2010/126721PCTN%£201 §T§5T‘¥§%¥e%9€#8%iss for making a pol yneric

conposi tion congyi sithgpbRtesit @BMpBEitiot 87 arsORR! ofRfimE i1 0g 3et hyl ene and a
first conononer conponent in the presence of a first netall ocene catal yst
in a first polynerization reaction zone under first polynerization
conditions;dto p first effl uent c tising the first 5Sethylene
copolynerﬁgf aﬁ§8gﬁéggﬁrgﬁ%%ﬁﬁ'é%ﬂ#%ﬁz%ﬁ%@%ﬁﬁ%ﬁ?%gnfgfté%%ﬁ?@%%rizing

et hyl ene and a (sgpcon@dpolmeniaigr ethorpeON@dt a i first bempr@sanceénpdneat Seabad

net al | ocene catal yst in a second pol ynerization reacti ogn zone under second
pol yneri zati on condi¥FGAE 19 %r@éﬁé’éﬁt%ll%é%%r?étaéﬁsf | igent fsh Mot mReTHGLPH e
second ethylene conglydiish Lhe MeORR Bhiy ke RIGE Eflidint A8 ROMIERNfR; and
(c) formng the polyneric conposition of any one of the p eceélng

enbodi ment's, wher ei refflimmt cbomgptisiag dhs e rthypoleyovpoiypst iobang ondiof ickanss ar e

i ndependent |y select?pgéron1the group consisting of slurry phase, solution
phase and bul k phasé;' d wherein the first and second pol yneri zation
reaction zones are in series, in parald4el or 15the sane. (14) A polyneric
conposition conprising: (a) a first ethylene copolyner having: i.an HA in
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 fromgreater than 30 to |l ess than or equal to
60; and a MMB of | ess than 70, 000. (15) The polymneric conposition of
enbodi ment (14), wherein the first ethylene copolynmer 25and/or the second
et hyl ene copol yner have a substantially linear structure. (16) The
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25(23); and (c) formng the polyneric conposition of any one of

enbodi nents (14)-(23), wherein the first and second pol yneri zation
conditions are independently selected fromthe group consisting of slurry
phase, solution phase and bul k phase; and wherein the first and second

pol yneri zation reaction zones are in series, in parallel or 30the sane.
[00152] When nuii®r i cadbpdlgwerizihg Rily$enanmhdnisebhd @bmop@aer témpdrenaletiei st ed
herein, ranges fromany lower limt to any upper lLimt are contenp| ated.
WO 2010/ 126721PCT/ | J 8r8atse s esgptond metdocoye calalys i csondopelumedzaiion
docurent s descri bed Regah) 81 uhBGOLROAR LBH hYiZh EEPEENGRUMCLL bRubaG! udi ng
any priority docunents and/or testing procedures to the extent they are not
i nconsi stent w th thssohéxtflueAs compagpathersecdrdoethylbee Eapobgoemef apeneical
description and the sggpjfic ggboginents, while forns of the invention have
been illustrated and°5d8ayi%hed aari ous nodifications can be made wit hout
departing fromihe Spirkii BORR j | ndingly, it is
not i ntended thg? thgh?w§g%F?8n be%f?%¥%§§°?ﬁg?@@?&nﬁéfﬁﬁﬁé@1@ at is
clained is: 1. Awpeteyntbeifiestaodpemint ipolynwowptiéors¢angitions preanfi¢pestdenslyhy| ene

range fr ont Rt syhffohp el B SO B RS S K Fe'Sahd ang o

MvA of | ess thawhdth HROfrsaRsld ckbond RBERELaELAYERABN AR ¥¥Eh favéng: 1. a
wei ght percent of ethylene-derived units (EB) in the range from greater

than or eqbdipllel@r 8% sa@el ess than or equal to 85; and ii. a MMB of |ess than
70, 000, wherein the weight percent of the first ethyl ene copolyner in

the polyneric conmposition is greater than the weight percent of the second
et hyl ene copolynmer in the polyneric conposition. 2. The polyneric
conposition of claim1, wherein the first ethyl ene copol yner and/or the
second et hyl ene copol yner have a substantially |linear structure. 3.The

pol ymeric conposition of claiml1l or 2, wherein the first ethylene copol ynmer
and/ or the second ethyl ene copol yner have a nol ecul ar wei ght distribution
of about 2.4 or less. 4.The polyneric conposition of any one of clainms 1-3,
wherein the nol ecul ar wei ght distribution of the first ethyl ene copol yner
is in the range fromgreater than or equal to 1.80 to less than or equal to
1.95, and/or wherein the nol ecul ar weight distribution of the second

et hyl ene copolyner is in the range fromgreater than or equal to 1.80 to

| ess than or equal to 1.95. 5. The polyneric conposition of any one of
clainms 1-4, wherein EAis less than Eg for the polyneric conposition,

and/ or wherein the difference between Eg and EA is greater than or equal to
5. 6.The polyneric conposition of any one of clains 1-5, wherein MAMB
is less than or equal to 3.0 for the polyneric conposition. 7.A lubrication
oi |l conposition conprising: (a) a lubrication oil basestock; and (b) the
pol ymeric conposition of any one of clains 1-6. 8.The lubrication oi
conposition of claim?7 having at |east one of: (a) a thickening efficiency
of greater than or equal to 1.5; (b) a shear stability index of |ess than
55; and (c) a conplex viscosity at -31C of |less than or equal to 500 cSt (5
cn2/S). 9. A process for nmaking a polyneric conposition conprising the steps
of : (a) copolynerizing ethylene and a first conononer 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 ethyl ene copol yner of any one of clains 1-8; (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 ethyl ene copol yner of any one of clainms 1-8; and (c)
formng the polyneric conposition of any one of clains 1-8, wherein the
first and second pol ynerization conditions are independently selected from
the group consisting of slurry phase, solution phase and bul k phase; and
wherein the first and second pol ynerization reaction zones are in series,
in parallel or the sane. 10. A polyneric conposition conprising: (a)a first
et hyl ene copol ymer having: i.a heat ofy fusion in units of joules/gramon a
first nelt (HA) in the range fromgreater than or equal to O to |less than
or equal to 30; and a MwvA of | ess than 130, 000; and (b)a second ethyl ene

copol ymer having: i.a heat of fusion in units of joules/gramon a first
melt (HB) in the range fromgreater than 30 to |l ess than or equal to 60;
and a MM of |ess than 70, 000, wherein the wei ght percent of the

first ethylene copolyner in the polyneric conposition is greater than the
wei ght percent of the second ethylene copolymer in the polymeric
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