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FI ELD OF THE | NVENTI ON [ 00021Enbodi nents descri bed generally relate to

et hyl ene- propyl ene copol yners, lubricating oil conpositions containing the
sanme, and net hods for making them More 10particularly, enbodi nents

descri bed rel at@POLVNMERS) QYOMPOSITIONS THWPRBOF| ANDaVBTHODSSFOR MAKING

et hyl ene- propyl ene copol yners and | ubri gatEmg oi |l conpositions contai ni ng
the sanme. BACKGROUND OF THE | NVENTI ON [ 0003] Many natural and synthetic
conposi tions YoRf Lt grontadditives that nodify rheol ogy. For exanpl e,
| ubri cant oi | —=erh generally contain viscosity index 15 inprovers
derived freom p)ot)ugl ettimsmﬂtlaatonlrnm?int Yribfeab egil ¢iad bddefayti OSSN mﬁ9$ﬁf@\l§ﬂecbeen
nmany attenpts to ol efi itives t t hi ckeni ng
Tt crency w o 21 g BF HE BB aPuiel imypanb Bun e B b i Ghol 1y
to chain SC|ssnnﬂ)OEdHﬂZHh@ENTH$@004]Nhny conventional polyolefin

additives, ffer fr favora har acteristics such
AT N -1 05 SRR g gl L e i e
i nduced degr adbdidaom oft cbhposltm;lnecwrhtamngﬂhegbdme aﬁ&@&tmmsmhktmgﬁ&ehﬁv&to&ﬂ

unfavorablethlck fficienc abll in SS ratio in
that ¢ hey havitr e B e R RE PR P o Rog P B &) e S oihg pyoridia
preparation thtyhlcrmpmp@h:m anpalymeataad udtisatinghil cdmmpeint @ donbding tie siamead

pol ydi sper si EQS oJdle itional distribution. Blends of
anor phous andgsggt blyctéﬁ? 4§3§éﬁ@iﬁgﬁ§ ns have a significant and
predeterninedﬂ@Bbroadﬁﬂnmgnﬂhndh&ﬂmﬁ&ydh@pmbsim%/Mmdﬁﬁﬁamdﬂhh&eﬂmnhaﬁ@tar
conposi t I onal ?t ST oGS onelxg% i531'1t rmugm(t))nes deseraltla contam SCOS
pol yol ef i n addi¥i%es Chat Alige WEFM | t B E- RN AR a § é&nﬁﬁ%tely
annrphoustio1npnwmbﬂenmdmemqmbmnﬁ3sﬂmﬂmnmﬁmhmeEQUMG&mnnThhehbaSﬁmommsr
Such pol yners ve hav S|t|e and are t

extremely di fHr¢ \Aﬁ td(’()w%%t’na? éOll ]érlt\rl1 tahld %(Vcaltﬁgtﬁl m s Hi }ﬁéh gh BT o eq.}p e Whthou
30[0006]Accon@mngﬂyawﬂh&mﬂwkma&mmanaﬂhemdpémﬂywwsnmswmmnmndmxmmnprOV|ng
conpositions pr.onote th ubri.cant oil avi a
| ow et hyl ene [Eélﬁ%ﬁ en tl\? 0y Conyet onﬂnptﬂﬁola L dgcgknéespeh]owe%cr,hanf? rom unfavordbpeg
char act eri st icbsactr@)icsasuptpnse () @risghameleauiles eeht gtaqmve suca thoat d&gl arcam(ge affécted

t t K t f
thet hi ckgn g arr TRLRICE UG RN S B Vs o nerolBidobokal © ©
SUMVARY OF THEfaIVNeENTthRdmng@ﬁﬂs?ﬁ]ném (Eshpin obiliet ilnsktxe(r$§1)mampy!l &mtethqoh@leyan'er
and ”?t hod f (IE]WJrBTEICE%I a&ﬁm%c% f3f ?VI d d?SIl %8%1%%1%%?5 o%g/cngtonal cata{_ysté
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5propyl ene d e

di scernabl e E%%ﬁlngﬂ6%ﬁnb§@?#%gS§%%/ fgggéﬁg;ﬁgﬁﬁ%%&?kkﬁggd?%d%g%hggbcn/
M 21.6 ki; 23@®mrcgfof@ttmmtyd380rary imtrend aitaroblecddrappwitght! bdiegigendiut i on
(MAD) of fro ut 0.8 i t. 0.

rad/ sec neas E‘?@EP at I%&@”%h%t laggl%ll)%fge%%@ﬂc a[?O h)gete%ﬁl{no trgggntf(l:é{ ]%ag?:ﬁvsgp )hgtle

1. 2* 1061 MFRI my3@llinwher a¢ ponyi¢Rely gmpipbousad mifimew integpa@ioandith fvat molehdessotipl ex
10vi scosity % seQ)tlQl ﬁtdéosfﬁffetg%%%w&qla% lonogttlk L’Q‘Q&ﬁ cL Qndagre tde %ncpg'&re%g cific
enbodi nment , e net conpri'ses: reacting ethylene and propylene in
presence of dﬁﬁ@ﬂhyhgwkyhémEM(ﬁ@ﬁnmmn@hy@%cycIopentadlenyl)

(cycl odo cyI 0) tl t L I e
[(cyclopgﬁtadﬁghgl)%f%ﬁ@h%ydhggl? dgy?f%ﬁgggﬁ&ng$]f&%apﬁfﬁﬁkdl G% ﬁﬂ
condi tions sdﬁfmamémttmﬁﬁﬁbwg%omu@@mantawbhﬁhbu@wmﬁpbth@ﬂW&QWwDWSMngwof
from about 4 u 9 de out
60 wt. % to aggﬁ%ﬂﬁaigkﬂpg &oﬁghéﬁgﬁ%§%$¥% Rﬁﬁlﬁ%5gn rgg&%%gfgg?gﬁfgggg by
havi ng no di Swed rat ef rmtpt:tahlgwsqoﬁw) npragedntbasuviedefhyicn8Cndan) WERRCe( Mtio(d. 16
kg, 230Q)/ Mhe%c%én}ﬁg ofRrl9) (e ﬁqout 38 or nore, a nolecular weight

di stribution rontabout .5 to about 2.5, and a shear viscosity n*
at 0.01 rad/sec neasured at 2070C that satisfies the relation Il |

?*1(70C, 0.01 radisee) > 1.2*106 * IMFRI-77, wherein MFR is the nelt flow
rate and if is the conplex viscosity at 0.01 rad/sec neasured at 70C.

[ 0009] An oil conposition and nethod for making sane are al so provided. In
at | east one specific enbodinent, the oil conposition includes a base oi
and an anor phous et hyl ene propyl ene copol ymer conprising of from about 40
wt.%to about 60 wt.% ethyl ene derived 25 units, and of from about 60 w.%
to about 40 mt Wbpropylene derlved unlts mhereln the copolyner |s

[T ,;__I‘.. o T NN o




30MFR is the nelt flowrate and if is the conplex viscosity at 0.01 rad/sec
nmeasured at 70C, wherein the anorphous ethyl ene propyl ene copol yner is
present in an ampunt sufficient to WO 2(111/094057PCT/US2011/ 020858

provi de an oi WOHE3Y T i on having a thickening effici encRFTHS2UYBHES1. 7 to
about 2.2; and a SST of about 15%to about 35% DETAILED DESCRI PTI ON
[0010]According to one or nore enbodi nents provided, the ethyl ene-propyl ene
5 copol yner is substantially, or conpletely anorphous. As used herein, the
t erm " subst anSUBIMARSIONF PHOUNVENEON | ess t han about 2.0 wt.

crystallinit ere hous scer nable meltin
p0|ynt as meagwp % ‘bé‘&"fpﬁn‘}c)‘oe?‘ﬁ%épi}opy %Coé‘tOHWGé CFB]F;%‘B@ (BRI B S cag
have a cryst a;brbwm:ct yIn(af lehesﬁe taific ahbmmm&ltahu\/boﬁ%yn{ees& ihktade &f foniboUs 40 ess
than about 1.0 S %,
cryotaltini cy P Bt iR bndbeRe et ani e Yrdim e ALOE S Brleertd o
mel t |h ng po:; n]Epralsylwma&mcgigm\ila\% (Bﬂtﬁ: co[pemaau] cabhise el’gj]i’@doﬁ@(&l- Py apyhe ne éﬁsemiwcrm_rrh
can have of fr 0 e ive i e
et hyl ene- pr opqulr%poé% SO MyARFedc bérﬁ%cla ﬁ%@“ﬁ (2 Iotﬁgﬁ‘n %gr? g? “ﬁ’gﬁ II;J(S(}C;B{)U
70 W . % et hyl #bne 38er imvedla tolccdar Waighs dﬂﬁIb&tﬁﬂhC(MWBnchfrorﬁ Jﬁﬁ)uEI hwl afbﬁﬁ xpBvient
canrangefromalowo about 35 w.% 40 w % hof
ot 50 15us YEEER R B Ol 3] T (B A R B FUgT Sk o

copol yner can,hgveofi( r»orma:qwt wh&ct MPR i tRbaut 168 M. Mupt Q@)ﬂllce&ﬁnﬁj&“ ved
units. The ethyl ene-propyl ene copol yner can al so have of from about 30 wt. %
to about 60 vbﬂsc%“ﬁrdbg9 | BHecBsPVeda it s. In some enbodi nents, the

propyl ene conbeus] Can af RANYEnd Hefti@cthWiddnt, QM&th&chMpu%s A:Qct <Py 1cRE a0
wt.%to a high of 20abouh 40 wt. % 50 wt.% or In one or
rmr e enbodi meRRYeE hell etthy/| SFECISE oI eﬁ@e@bb‘bﬂ?ﬁer(@@ﬂ‘ql‘%l ﬁ&‘éoﬁﬁbtafhényib

. % of one QEycﬂH@lb&c?ﬁiﬂ%) comam[ﬁrer Qimeduilt abt e &@ﬂ@@@ﬂﬁnﬁpﬂeﬂm udgetyiedeef i ns
haV| ng of fr3m4 to carbon atons, Suitable a-olefin conongners can be

| i near or (e flapenta WHYQ {0/~ BirterBptflyorsp-aeyDy héfBH‘Hh@Wé?hgl HgAngony srificient

desired. For teyampdean Shdrhiatab eo@n@heefcbxﬂpns;’@ SO QHERE 30 GAY, to&oude) a«n% one
or nore |inear olefin one or drcrore Cl-
T1

I n
al kyl branché&dy egf)é:%ivﬁi Enitsan P’élg‘bi)‘ﬁ%P d‘ﬁe’“ %ﬁ‘f@ﬁ %Drﬁ@f ¢y derivied gy é‘Hie
3, 3- di et hylis thabhutegnd; by Inpief he BB cerlabREMI BRSOt bhm@mrc@rbymeamﬁm (Mlet hyl

ngg: IO'Pﬁlent S?ﬁé % p-gé§ / @Eﬁ%gﬁge2ﬁog}%fo %Wg{ WWFHEO?%%Q e%x;lar % 1str1but10n

substi t uent s vivOLdraREn Wolihl ORLaRLE D Ia8d E{@ﬁéi}/{/lbco@fft)hﬁL 200,01 B/ AOYhred at
substltuents 1-nonene_with one or nore nethyl, g%f of., pr opy

|
subst i t uelft s;70t tyt sativfise i relBrondindetchyh seub3t 2t 1Y Rﬂeoéﬂ@relroMFR is the
1- dodecene. P f i 3-net hyl -
T butene, - 1- hgang, B RO IOARL R TERR 40 R ERE mebuRaa) APe.
3, 3-di net hyl {00081t ere oil omegritem@nd mwﬂied(émendmg hanef: gretihyprogidéss tlh eideast eneon

any of C3-05 4 ne Wi ! t.hyl
substi tuent ssgcrﬁlfgne&@so'tagr?e%?%ng?rzlﬁé P%gg%%éa&%ggﬁec gﬁq (?Egtdwgﬁmgl%'%re 4,
3-ethyl - 1-permpekes CUJ?Okmeemnpu]:ms@ﬁﬁemeabwtt% vet- e byolut 6yt dtindene slegyedany
of C3 or : h t tl Lo .

st oi chi or%eg:fr i l(]:-lg g%&gﬁgé\d{]taggft\é&c\gpn%h %aﬁ’ ?Lg%%o‘!# @%’%l&g dé’é\)r/?deurr;gs W hteﬁem ﬁm

met hyl subst p@n@émes i crhalaﬁtyl@sidwélhwagrm disecanabie ra@tz@omrmde meBsugadnityi PSE.iaon on
& or A4, 1- W@%Wﬂl% k%mﬁ)t"bylMISMb§E%t2'§§d@)%f%ug$8 9f m%’ a ?mf%‘éﬂ&ﬁ@&gw th
an ethyl substituents on C3 and substituents in

st oi chi onet r digaibhjonadt¥ph abirem pbwittlison abeut €3, erd Chear \—l@eewn@, at D-0doné'se,

1- nonene wit stituents og¢ oM t

met hyl subst Pe%sél%sapi%ncztﬁg Satfbtgl c h%erlr% IE:XWOF)?OldEEé%tS%‘bﬁg cg\?nlg[snatl geﬁe%n
C3-C7, -Jhepwmaswbtdmelt mb’ve&tdm{dhyhb &ub&hplwamosxty @t (eyradtinebpeeitroaal |y
acceptable 1 ITEI nati on o C6, 1l-octene with an.ethyl substituents on
any of C3-C7) “f“ﬂé FHBOTRRKUA °t H%P‘P?WC%%‘PS’§E"|YF%HtP§°*r% ‘afy Amotnt Sulfcient 10
stoichionetrically acceptabl e conbination on C3 or C4, and 1- dodecene.

O her suitable comononers include internal ol efins, such as cis 2-butene
and trans 2-butene. [0014] O her suitable conononers include one or nore
pol yenes. The term "pol yene" as 15 usederein is nmeant to include
nononers having two or nore unsaturations; i.e., dienes, trienes, etc.

Pol yenes particularly useful as co-nononers are non-conjugated di enes,
preferably are straight chain, hydrocarbon di-olefins or

cycl oal kenyl -substituted al kenes, having about 6 to about 15 carbon atons,
for exanple: (a) straight chain acyclic dienes, such as 1, 4-hexadi ene and
1, 6-oct adi ene; (b) branched chain acyclic dienes, such as 5-nmethyl-1,4- 20
hexadiene 3 7 dlnethyl 1,6 S|ngle rlng allcycllc dlcnes such as




10 g/10 mn. The HLMFR can al so be from about 100 to about 800 g/ 10 m n,
fromabout 100 to about 600 g/10 mm or from about 100 to about 500 g/ 10
mn. In one or nore enbodinents, the HLMFR is from about 100 to about 1000
g/ 10 nmin; or YPGM'ABBIX 200 to about 600 g/ 10 min. [001AGTHSEHE Y 8nor e
enbodi nents, the copol yner can have a ratio of the nelt flow rate 15at 21.6
kg; 230Cto the nelt flowrate at 2.16 kg; 230C (MFRR) of about 30 or nore.
Preferably, the MFRR is nore than 35, nore than 40 or nore than 42. In one
or nore enbodproEn &, 01[d®ﬁlp6@tﬁkﬁﬂ Henip a ckchiay effidich@tdf @bt 1 7heavsel 1.2;fhowssat e

at 21.6 kg; 230§ L he nel low rate at 2.16 kg; 230C (MFRR) of about 200
or less. Pref® ‘BI@SA’“IIébO is less than 100, less than 80 or |ess than
60. I n one orDRVAEL EDDESCREPTEONt he MFRR can range 20 froma | ow of about

25, 30, or 35 a hjgh of about 45, 70, r 85. In o re enbodi nents,
Che VR can VA Phdide Bucht dnbat ssbuivn s, e Mgk GRoRINT 5o
62, or 72.s [%ib&}fﬂnﬁr i D stAfitiallPr c@:ﬂfmadnymamlﬁoust I»eu@@imkcyﬁmrc teran'sﬁlaweuary

wei ght - aver age egul ar we in, ter | ystyre syred
MR et 5 e e A R Bl it e
t he wei ght ave¢ageoMicesable mal@ipopdint44l, ABHQuled BODSC. 6@&pﬂiﬁ€gmrthé remmea&out

70,000 to about 300, 000. Even nore fer t, avera

{om about 701GV BRI CI08 b PO Bite 6! TR e O L CY. o he
copol ymer canchanm aboinuind et 9 awss age abauk ecsuI/tazr, welbsghlﬁan(d\mw O/a&ymastyr&d by
GPC, of from 3} out 10, 000 t o about h40 c% 0 30t range gltH %%8

20, 000 t o' abdUP ' FEE BYET SPOYRT HB rvgﬁlaéh%rma SRS GEa* Fsmaanr 25bo, ooo.
[0020] I n one [(mlrmr aherasb@dnﬂpmpﬁcnetdmeolgzmaodaym&re csfarnnhalmt a5 Mt Mo bMWD’ )  of
about 5.0 or ) ess, as
roasur ed by e oSl ERGH yili e B bR s deSkame bt S prsial 8 Ean
2.8, or |ess 40hatts2o &bomrml e5% etthyicmeZdeﬁwed mszomﬂmwemwsﬂemma@%s
or less than 2.3 / Mh
’5 of rom asgubr £8rES Epb o o fogt %5 PE% 260TP §r EREAEG liSeoteBSipty 1T
about 2.015tovabﬁtﬁ>ﬂu2‘/4prmwﬂ% from about 2 1 to about 2.3. [0021] Mz, M,
and Mh can b sur ) atlon hro | so
known as si zzoe gl uglﬁonh!létﬁ yol%f%am Oyr(lglféﬁl “Ieh? c%8p¥5u§g5)t| Ialb%gsé%a

i nstrunent conf’/ammpmlgna:(bdrumhsmpacklmdetwwm m@yiﬂﬂs cb}ﬁaydsqr cam aBb ukvoof 8ahvent ,
and detector |n 0 e f different srz s. In
a typical meagurtce)jrr(%e\r‘{{/0 asb %Pé?l ns &légpe{le em Iéﬁ%. 3\%ters gﬁ’?%naflo ﬁlaph
equi pped W t Ipmpb/tunasinwlmcgehn@cﬁIommbwcqfebratt é@l wato, #45C%, Dheo et. Ut tb ermighalfvent
used is trich or obenze O‘I/'he ol.yms are calibrated using sixteen 10

pol ystyr e{ne skangg?g% g(fwfor e%ﬁ@ VTtyﬁrl:nown nol ecul ar weights. A correlation
of pol ystyreh@didet et orgror vokaumebodincaisntgel cthylom-irbey | st aopbdynaks cart ocltiteeup to
retention vol 00 I [ t i ght.
[0022] Aver agd it s ARG cpiightel' Shtss bR RAK TR SEHl Aot &'
The desired MMohudrie2D ombéreatgns. Satalh aenieﬂvmbtvmom@b tdméaerlat:ar@rbfantﬂae and
correspondin e MAD:, , | he
art and is d?‘gé\:/lasse§ C?%le&rlgce ﬁ%&e%n&mbe ;%i?/lﬁgd%g]rrrpl e, Oréf(él@llé ﬁgﬁ)\li—_gn ﬁ%ﬁ%

Pol ymer NBI ecuheondsi ghtiglidarty bie orveere EheaDékKer ¢- olkfis, and\role(ilOFE)ng qup.

pub. o p. . - PO ruay R AGeE. St g B B B L s s G BT

et al., MacrdmslotlibesneVbpenta; (-1988Y , witp.ong360 1887 2ucti2d] OB]or rprome or

nor e enbodi h I r Vi s * A :

rad/ sec rreagﬁ& tétzln”ler;t 36\%9%%%3{ ‘!ﬁg’é“% ?ggfggﬂeﬁ?@ r IQ{ ID I\éfﬂ}l7¢1 %%&&gw%&&iﬁ%\w@& 37,
, %, (70C OowElormentt sedyL whik @ipropyFRbitgudhe Loette Withwerareramdhgl, ethd or
conplex Vil SC Ye 1 0 I o .

cnbodi ment s, TEpa B RS HBEE R IRESLRER, AlnfCEny ) S A TBERy sy o
measured at W@yt ¢ratimstaylsybitivwcd hdeaced. at |11§Indcr0@( mgf@rrcct)ccmrlonpraerss;e@dcﬁ-
167106 * MPRlcr: Thons® MIEHALMMER 1 Scide Tolln it Q0hGR! & ARt npehdnd e
conpl ex vi scosrty 6.0 sec neasure 70¢ Tn one or re

enbodi nent s, 3t'5+dem@bsr§dl-lgm@p» cheptdnaviehaerheil a\meslbfbSLIWW@L‘*OIB@HVO).%?B-@%W sec
measured at 70C that satisfies the relation 111*1(70.c; 001 radisec) > 1.8*
106 * IMFRIm 77 wherein MFR is the nelt fiow rate and r is the conpl ex
viscosity at 0.01 rad/sec neasured at 70C. 30[0024]1n one or nore

enbodi ments, the copol yner can have a heat of fusion on a first nmelt of
fromabout 0 to about 60 J/g, or fromabout 0 to about 50 J/g, or from
about 0 to about 40 J/g, or fromabout O to about 35 .T/g, or |less than
about 30 Jig, or less than about 20 J/g, or WO

2011/ 094057PCT/ US2011/ 020858 | ess than about 15 J/g. En a preferred
enbodlnent t he copolyner IS substantlally anDrphous and can have no

o 1. a ~ o F A/




20 systens for ligands that forma sandw ch conplex with the netal and can
be free to rotate (unbridged) or can be |locked into arigid configuration
through a brid |nﬁ ?roup The Cp ring ligands can be like or un
unsubst i t ut edVO2B 't ut ed, or a derivative thereof sucﬂxggmgan?ﬁﬁocyclrc
ring systenrmhrch may be substrtuted and the substitutions can be fused to
form other saturated or unsaturated rings systens such as

t et rahydr oi ndenyl, indenyl, 25cyclopentanaphthyl or fluorenyl ring systens.

These Cp conppeaxeswhiawe miteylganenalts fnanstbahiofedpicd!lyRicgiplR8 R(apiaitdp)oXg( 1)

LPehCRY ohd! o b e o o R R B b kR D R T BE B P el o3

hydr ocar byl , hhdxesawbly bwo mEthﬁllHnB‘ttlltlteUiséld a:k}asltme}ambeythcagp@uqeptat»lltcannhmﬂgmtm to

about 20 carb tons, mis.0,to 5 d/ or
R0 subst & uert 5Con aapae o chiBorufondrtnd af rorta S oat iRl o
with can be jamnmeﬂnctro@efher C#,0l -fioaemn withr arnghﬁ@tﬂisalumtngn 8 @mC4, Ipexﬁdmoushthzo

and (Cozrop) 1 gD e s RFEa BT BT B elu i R A g BE vabn

the two IigandsmamdnCSOEmnnnke@erl&ﬁ@ma®mbmm8wubae&ewah%yu&muamanyH[E&
2011/ 094057P 1S 011/ 0858 0 i.ndic

bri dgi ng grou % dggr h§L%§MI %r“ﬁﬁnﬁ‘q“%“g“rﬁﬁ (38?b¥ 8m9§mf

pr eferably f ranni“gﬂduphéptcrﬁs wmhr tlﬁcmﬁlcﬂlhbsm)sﬂtuamdsl m anabdt@clocﬁmctthelllelaemmble and
|'s prefer ﬂpl Yeol rP)matl n g (9?8? -oc nga\?\gl hoalrll su Stl s on 2 oif%3 -C7, 1-hexeng with.

non- cycl opentadi eny endant nﬁa ogen’or ‘a ﬁ dri de
or a hydr ocartwytethyswlbsttmdmtrednmdcloo:raeftbgdlly ac@pﬂabllboo:tabxba}tiop o0 rC3sulisit urtcm—ed

hal ocar byl gr i.ni t o _about, 20 car to the
val ence of MOBHRGL 2 Trédgagiefﬁmo%“h%b B ‘“te’f“ap&&?“b R %becgoin%lt?n% g fh&t has
only one Cprﬁbmpﬁysten1 i.e., type 2, forns a hal f-sandw ch conplex wth

t he et al b ee t i r eq, | " r
confrguratroﬂmﬁﬁrou%lrlerr 1@59co%%%m%guﬁﬂﬁkc%gﬁg%8%6%b§%¥cgﬁ %%ﬁﬂ%ﬁkpg and.

10 The prrrngaIMQamdaceanbeuuh@ubwnmhusedﬁm§uh5@imdﬁedwmamumsdmwuh@mbve

t her eof such 8 te S e e e and

t he substltut?%ﬁs %gn %ﬁﬁ% g%mf%ggbgﬁﬁgt%%&pg%?ﬁgg af H&P&% §%ﬁ§éﬁaﬁbrln S
systens suchrméﬁﬁwymahddn@nnﬁenthhmmd@myhpkﬁycbnpemm&naﬁhvhyhn@ha&ﬁm@renyI
ring systemns .ng, | e t al
and optronalHth%Mﬂﬁ{§%§%§8qkgﬁg@ﬁ%ggbﬁnfh%ﬁg grn Sggﬁlcggﬁgkﬁg?eggatom
15 itself |saam4dEUWMMwamihﬁod@hdmnﬁﬁb@ndndemammhqmweeSWmUWﬁgndmp1%5 or a
coor di natj,on Q%Q 1 i adic, f .

ol ement s. OTh érgpgd%ﬁg ?O’; di %rgu'%l vge&l@ QIEC ergrgcrsa kgl? r%f(j_ll é/?ﬁ))h&aglcnct, h%
(Cpl1R1,,,)R3 b(/d’ﬁmtadlw dn4(12) cmvelpdﬁcrdl@gr (OOﬁnltlttrreng iagartc (Gpd Rid hydeadings a
Cp ring, Rl i Jdepenpdent |y, ydr Hﬁﬁﬁ ut ed
hydrocarbyl,dEE%ocagﬁ or sﬁﬁ”@?&ﬁ%@ haﬁg%gﬁégwn rogFc gg%fg}nrn h% to
about 20 car ld@mclamqntﬁdlené’ m' (QPID; t bigcloaBd. larhypt@ﬁé Cmﬂesub%kqnvhen@lkylmne
adj acent car I igned
R e e I SN
bri dgi ng Gr ooperetvae- n@r:horr@nfal §-popropdigese-3-herb¢rapeRPH(H-capldp iR )R- nlorbgmqnhs "n"
i's the nunber_Qf; BB &g 1. an eyt SKeno and
is an |ntege? ?%8%%8qﬁné ngﬁglg{a ?fﬁ@e} $§&%ﬁ%9é 0 Pn%?cg%gggghgmgbsence
of the bri dgptﬁ)gwgreeulek)mesr\ﬂuslsdavmsrlam@dterm e esrclcrlilamnmgvuefl vedlengisae, dfviflom 3
to 6, prefer @@ (}ﬁef(J ?”51 1%980&’@@&1 a9c[ Vﬁi ptyctldlf?)d&@ﬁé Qﬂd fhe tr@plcgnjﬁ)gatetdhc(ﬁenes

el ements and 1s inits hig hést”oxi dat i on st at e, 'S

het er oat om i #/Pigh %N%théhehélte&ﬂ’@ét(bm% §r0aﬁlceql‘m¢e‘lﬂ}@hew t@plﬁ)bddrhﬁxn@fﬂeon nunber

of three Bromtgaﬁerépa%rm 13- &Q&ﬁdlenwd%etﬁmb%ammw@nrerh%hemmoﬁn@ne
preferably nitro phor ous 30 oxygen, or sulfur, IS Y has

a coordrnatrénHHBW@eﬂf@ﬂmﬁWﬂeefﬁﬁd and sciFpstel @ lwienS.§ ﬁ%@c%mcdﬁmdﬁﬁétron
nunber of t V‘@n%ﬁ'mﬂ tﬂlb apg Lcaruoh %LZCL’YM@%Q)!% !:"asno"ﬁ c%ﬁ’géﬂécﬂﬁedo B MRS 2 Ofiscf hr ee
and nis 0, or 'S (reani n sent has a coordi nation
nunber of twt%idunwabls Iﬁeﬂﬁr@mqézo b dienesriighgio eéllf@ér%rﬂc fareptiag of tangcpon
hydrocar byl , substituted hydrocarbyl, WD 2011/094057PCTPUS2011/ 020858

hal ocar byl , or substituted halocarbyl groups, and each X is a
non-cycl opent adi enyl ligand and is, independently, a hal ogen, a hydride, or
a hydrocarbyl, substituted hydrocarbyl, hal ocarbyl, or substituted

hal ocar byl group containing up to about 20 carbon atons, "s" is equal to
the valence of Mmnus 2, L is independently, an olefin, diolefin, aryne,
am ne, phosphine, ether, 5sulfide |igand, or any other neutral Lew s base
and t represents the nunber of L bonded to Mwheret is 0, 1, or 2, and
optronally any L and any X may be bonded to one another [0028]A preferred

T Y | o Y



10i soner of pentadi ene or hexadi ene. [0031]1n a preferred enbodi nent, the
cycl opent adi enyl (Cp) conpl exes of the first type, i.e typel isa

di (p- tr|ethyIS|I§Iphe I)nethyleneRcycIopentadlenyI)(Z

butyl f1 uoren-¥ A4 i um di met hyl .~ Exanpl es of ot her §EFF§HF€“ﬂV§ Cp
nmet al | ocenes of the type described in type 1 above are disclosed in U S
Patent No. 5,324,800; U S. Patent No. 15 5,198,401, U S. Patent No.
5,278,119; U.S. Patent No. 5,387,568; U S. Patent No. 5,120,867; U.S.

Pat ent No. 5, @4ntchdsl4Foru&essRatents MO impgko Bt hor 08 loWlySraRate pilyda. chdinb42, 199;
U S Patent No._. 4,6 752 597, U. nt No. 5, at ent No.
5,391, 629: U, Beopit dfperglyonss gkfé“t}éfi usegh ‘%mdéﬁ"z‘?ﬂcmﬁé‘énea‘ng?@d*%dzrcneu S.

Pat ent No. 5,R286ic4¥4ipeatidgd U. S. Patent No. 5, 304,614. 20 [00321A preferred

hoi f whi ch | t
SO S he o © e B B e S ethe DR B TS oS st g B
gr ﬁug 4 transctstmcarmmett}aksstal 1eettledz3t)‘rcomﬂ§|kg) &t framdbddf 3 tdRbous23 %rdermgn?a?t It yéI

rogen, _ Stitute
gt | ORI s e B 0 R S L P 2 R st S R B8 s AR st g

up to about 2@bntadaofitoabeurs? gh0aiept | onal ly any two 25 adjacent R may be

| i nked toget oformarin taining from4 t abo t. 20 ca n at ons,
R s a bet agTM or dBsm Bbs ArRg T S fifeopy Pt fa G My il GRARY §C"
group 15 het e(rHHMGRt)BanasucaitryameIPm (@G@°€d7fﬁbgmcaf@nmbputd@nshm& h@oof Cl

P20, ML OSSR ST FOA SR, Pl SROIER B B kS

is a non- CyC|€d)ptﬁﬁﬁ'09.gﬂQIﬁyﬂl okﬁgarwouarldo to&tbomtrjdegehdemtllnwpe ar m30 chhbdigetts, a
hydri de, or h a o]}
nydr ocar byl - SUoHE VPR e BB RS B0 R RO bR syru 20niapptiegg &0

or ganonet al | onid. or hal ocar byI substituted organomet al l oid group contai ning

up to about rbqn at ons, and o t|o al | the N2

t oget her . véﬁ%@fl/gﬁﬂﬁerﬁtﬁtﬂﬁﬁﬁtg §%1 ﬁéﬁ ‘%ﬁfgmfﬂho?ﬁwrae
pr ef err edischei e&6dd; &ﬂﬁﬁt&phnmdpmewesmwmadhk@a@ﬁf6nhﬁmmn®f@pnnBﬁgwsygten]
i.e., type 2 trans n_net onponent . o

wherein Mis mesra%l E@ i|‘s ni ro enbg Or|estﬁ€la|nn e%gn er% nyjlzse eclte o ’%‘(r)[)gm
hydr ogen, rretehgbbqhmnts GhEhg,dpplyaﬁdcdml Have & ratie @ffereanadf (lqy opydt 2a10ckebA0yE to B2 i s
Eﬁ!{ ;ft ege];],: )C/)Im eneéow ate ?5 q%’ k(% ﬁgﬁ?wm{lﬁgoﬁéwut g&dore}ébb b%geg%i); th%fl\gpﬁﬁ Fylebs
adamant yl, nolndnolr@g)l lbbbmnh%q qxherrayﬂla,n @i rtetOhcyhxplhemwlmboemhytb pheMHRR can range

di et PK;Fgﬁ)Py:ﬁgﬁr{;r LB RO 2210, 8 B OPYLPICHY buaus |, SE1SCL Aol G hore
cyclotetrane&h@b@nembHVHMﬁéRxmycmg@émmaﬁeWhﬁMeme%2ByhuﬂétombghwfametSL

1, 2-ethyl ene,, t% 10 propyl ene, 1, 1-dinethyl nethyl ene,

1,1- drphenylnet Fene, X is independently selected fromchloro, fluor,

br on, hydrrd@HShethymw<bemmy@mxuhmmmhwbaMM@eﬁrdhemhqhanEwene@gemokhﬂa
toget her may r_any. | ] i

[0034] The modtt e B2 I Bina Bk AT Bl o R 8 e R AEA 3000 1
ring system aboue 800 tJ(s}q@eMz)re pslardbdy, tomoe<iCt avergs iMw on firet shoutcHhdnte rebowf
formula (4) { b I fe !

sel ected f ro\r?pt?g(r%t& ditd Fbou;% %da)ngggbwwq%oso eeEéy Ehe CFg!bg}c%her(%1 m}ééf%%cyl
cyclododecylh@h@fbenﬁybeHEOWSMMHh%whWQS|Ierne each Xis nethyl or both X
together is i ene, AR el pgptadiens. L, hexadi .
[0035]Exarrp|2[“)t E sﬂffﬁ 1 né%o§%%§@8ﬁ% exgs 2?9 npe descri eév?%ptype
2 above are dﬁ&@hbsedgMHNMJSSm%%wwﬁbw@PCBﬁdQﬁlﬁggt1 )08, to Phue AP0.9¢Y; or in

5, 055, 43 O indhSran5A4 €08 N90005 2661488000,

RE37, 788;%‘)RE§§ “‘ggro?%oé%ﬁgto gér)n‘t‘b%“%@!sog s 1n62§ran% Patent N §°é gég 338;
U.S. Patent K920, 68B08ST: mefcSmbpdimsnts. e ComIBR, oe@tnav«madvulve ("PEYBAtofNo.
&hfgﬁ ﬁjse O%?o%@li b %Sﬁe?h%rut ggé,?st@g@re gfn’%} ugst *aﬁze*tt)t&@ a%ctt'att%%#‘com' exes
di et hyl si | yloemr(nncet ¢ralrfﬁéltrhgrttﬁes}rell\é\péﬁt e@peﬁyts)tldzg(geytwdb}me?&yhawdbatt?r 4.ani um
di rethyl. WD 2011/ 094057PCT/ US2011/ 020858 [0037] I n one or nore

enbodi nents, copol ynerization techni ques-x£an utilize nore than one
catalyst, i.e., two or nore bis-Cp catalysts, or two or nore nono-Cp

catal ysts, or one or nore bis-Cp catalysts with one or nore nono-Cp

catal ysts. Activators 5100381The catal yst precursors enployed in the
present process can also be activated with cocatal ysts or activators that
conpri se non-coordi nati ng anions or they can be activated with Lewis acid
activators, or a conbination thereof. 100391l onic activators conpri se

non- coordlnatlng anlons The ternt noncoordlnatlng anlon (NCA) means an

o " . . . T

. o



25[ 0040] Descri ptions of ionic catalysts for coordination polynerization
using netal |l ocene cations activated by non-coordi nati ng ani ons appear in
EP- A-0 277 003, EP-A-0 277 004, W?92/00333, U S. Patent No. 5,6198,401, and
U.S. Patent NFOI9985119. These references teach a prefftfSe WRPRSd of
preparation wherein netall ocenes (bis-Cp and nono-Cp) are protonated by an
ani oni ¢ precursors such that an al kyl/hydride group is abstracted froma
30 transition netal to nake it both cationic and charge-bal anced by the
non- coor di nat érrigss @tah Qrs, ofnlae thBe2. Df InlodBbZinbiG ehdbdithe®MOMRAEn Odf feani@uni ng

cat fon and a HORCOBPHE AT Gbh & §eAr 2o Klalhieaee (CAR Pt e

637 EP- A-0 57304(3] toarbdhttZBS Patent No. 5,387,568. Reactive catr ons WO
2011/ 094057PCJ/1S2011/ Q20858 at her. t han B onsted aci abI e of i.zi ng
Che ot al | 0coME T onpBards: FHAThAE becPrEEnin £ PEREyRCAPBB keAralfE
triethyl sidyldgo lumvﬁal; Ll@dﬂchlL[sBﬁlkﬁr]oﬁny)gfﬁ@h}a{SEﬂb ITErTsaéchmqﬁi: mapedadremefunfcﬁr m ng
a coordi nation cor esi st nt to e trto (ﬁ tWﬁ g r ot her
B oot ed or LSS gkt SR B! BofiEah o B oh b ke
second acti Vaicpa‘rateﬁdimmuﬂdolecﬁltbbahfferemﬁzab SInIal’ly}lhd‘.Hﬂﬁ],eabbtﬂneﬁt[ ehe [GNC ihétrinteed t O,
al um num gold | at,i num . and t he ids include t are
ot |t ed 15t Bof SO HBE R frCeib M SREATioRBHRS ppdgaRat 147!

addi ti onal nerteoduth srmicnm@oﬁ he tmc(hl’d)lmbcmhcal it $olmses amomhbrartg wmgomktccrpr e-
cursors (Lewi s acid agtivarars) which are ioitially neutral, Lot s acl
formthe CatiSn & e(?es i of" 8?( i Vr‘r’f’tzroneéuregc Bn W E 4 RE Sty TWScene
conpounds, f oeteﬁmmplmc ctbranne(i rftent @t btaotacishenlyd jetdptsovohacd of thopaistradctd an

al kyl, hydride Qi Sl o%’mermoﬁ’ %In r¥t' eld a netal |l ocene cation and

st abi i zi ng noh- coo‘?& nat i necuanr A see, e.g., EP-A-0 427 697 and EP-A-0
520 732. |1 oni[@0224at alArstage frrm)rtecalddwtughm Npo&ryhendm[amddoﬁmrmam\m soréeopr eplar ed
by oxidati on f ”M?W%eﬁm t10 nt e]gf9 n K/Pz}ﬁw}ls?he I‘dth the o eo%pl? Ww&‘e'son' ¢
precursors con? ai ni ng 50x1 di Zi ng groups a th 't he ani on
groups, see %a&ar&nd@ﬁ Blwxd l\fIWMS]w‘é\h énevit inehenza't aid ib dlgcambé in moteuldail halforde

noi eties, for_ex

[ di met hysr | yl é?r“é@ t'e ladei‘net ﬁchyc‘l)[BnpcelnMg f‘é‘%nyV terpt‘mb]lljt yim?ri %gokf(erzmcdonr um

di chl ori de], (WHi5gppa28E-3061Relaipedsl B, Bincipdesi of iPpigmabSysteas t3rdetl. Ufdesphsie dablar d
O L1 0S| IR 80 RExSErYET o M AuknoM.d) Kyl ALLRISEeagt! ona, Wil f.

or ganonet aI lic corrpou su | thi"um or "al um num drrdes or

al kyl's, al kyll\éAcmm)tca:nles Voar2il gl 884, prpeb?@@fﬁﬁ%z etc. Processes describing the
reaCti on . ?b&%l allrlfl(r)?lenu%ocroe g nts\M[hteQ C!)I %elrlcgeha%ejlg%ﬁc!ar[ \L}lgc%gl rrEt %l l cene
corrpounds pritor-to or drtron o?pa?'trva ing anionic cy?rpoun s are
found i n EP- @e@seB%d&% at Eﬁh@ﬂmﬁsdﬁms %Z”elat&didmﬁl%ﬂ(prﬂm Q812 1268)° *HMFR$9(75,TTD| e,
an al um num al kyl conpound m xed with the netallocene prior to its

i ntroduct i on Y&t VR i @seﬁtd%w?ﬁriﬂ & theerninier vigssily) 4 (01 érfﬁﬁf A al so

suitabl e as a; $Pavangs! od thére ‘é§1@0d1ﬁu§§( GRSSpOlmtN&h HARY MebrYVlscoslty % at 0.01
stoichionetrically required for al kylation of the netall ocene W | permt

i ts additionradsee mesasuesdct 7976 e spevites Wictrblatidndnrietcal o ocene | 65HOSUNER™”,

Nor mal |y, ,.al t, be ad vord
PR b S G A R T (o S R

t he presenceaof0°Chédn pad yHresr zmb«bcemﬁmnohmro@olymhemcaﬁemw ngheasvikodity rﬁOﬁ@éﬂlenger

and alkylatrn activatar. a y also ful fill as erar -
function,  100RATSTRLEHIY 70°S g ARty BE GG 4 [ esrsoune capatl o GER"T

al kyl ating t RBclHask tid @0 ¥RIRL GRURY 8Xis BUSIMpIRALiscWh§ Nt U@edadmc aRAtQat i on
wth an activator, an active catalyst is fornmed. Co-activators include

al unoxanes saci’ (és met hyl al unoxane, nodified al unoxanes such as WO

2011/ 094@5?%66&&4820%1&{%2&8&&@ CMHEM_@:Q trrreaobmymal é{hm@d"@hcaaﬂﬂfu@rbhl% RUTR:

al kyl's such trinethyl al nurn triethyl alum num

and tri-isopPSpyl framam%erﬁ dbebt (é)c'f& %%? gboar %twprnc‘?gﬂ &yoru%%ahorrt CEmbPHat i on
with Lew s aah dgastionAdiRhiso Andodt3RiIIG, satds VidhabsutWheR, §rhes plafnbaik ad Yglorl S
not a di hydrocarbyl or dihydride conplex. 5100451Known al kyl al unoxanes are
additionally suitable as catalyst activators, particularly for those

met al | ocenes conprising halide |igands. -fhe alunpxane conponent useful as
catal yst activator typically is an oligoneric al um num conmpound represented
by the general fornula (R Al1-0)11, which is a cyclic conpound, or
R(R-Al1-0)"AIR2, which is a linear conmpound. In the general alurnoxane
formula Ris a Cl to C5 alkyl radical, for 10 exanple, nethyl, ethyl,
propyl, butyl or pentyl and "n" is an integer from1 to about 50. Mbst
preferably, Ris methyl and "n" is at least 4, i.e., nethylalunoxane (MAO).
Alunpxanes can be prepared by varrous procedures knomn in the art For

T Y | . o o -



30t etra(perfluorophenyl)borate, trisperfluorophenyl boron or
trisperfluoronaphthyl boron. [0048]Wen a Lewis acid activator (excluding
al unoxancs) or an ionic activator is used, the

cat al yst - pr ecP8H % Yacti vat or nolar ratio is from 1: 10G13/S301102083814 ¢ o
10:1; 1:10 to 2:1; 1:10 to 3:1; 1:10 to 5:1; 1:2to 1.2:1; 1:2 to 10:1; 1:2
to 2:1; 1:2to 3:1; 1:2to 5:1; 1:3 to WD 2011/094057PCT/ US2011/ 020858
1.2:1; 1:3 to 10:1; 1:3 to 2:1; 1:3 to 3:1; 1:3to 5:1; 1:5to 1:1; 1:51to
10:1; 1:5 to Rsskhanlibbuitls JB: In a peBerted embddimdiitlth epdlyhne®is sibsentially amorphous
catal yst - precurdsor t 0- co- aCtdial ahi%r PDJ ar ratiois from1:100 to 100:1; 1:75
to 75:1; 1:50° ¥GUEHV RO pedRraplghsg o Uit g 5 15:1: 1:10 to 10:1: 1:5 to
5:1, 1:2 to 2Cdalyd: 100 to 1:1; 175t011 1:50 to 1:1; 1:25 to 1:1; 1:15
to 1:1; 1:10 1,15 to 1:

100401pr of o r GRT: 1 vAisPe Ruaiel LBy Aedbatpui o ebfsticbre fuimbragine

net hyl al unbxamay;, berostidf ioegheppd hgh&lahaapmpg&m, comlymu:rseﬁrbﬂcfabtpepdﬂyxhlahmﬂ@xaﬁes wth

di net hyl ani | nmt t af h | ) bar at " ,
et aki s( pent At UrBhaBHT o) BOPEeER st paht SFGoPSBIRIT) bBF I Hnd
m xtures of IffedataiyeBf'hatld ‘Ghasationenmn @ualgst ipiesmbmt yds @kedi Mcreitmratbit B compounds

dlrrethylanlllnlumtetrakls r orate n|I|n|um
tetraki s( pentBf 00T oan%anﬁlttlﬁrg% Bor <'31twelt%oa?Pefa ?G% 0}11? Iﬁé 5??‘3%%%%@2%? 8 gt one

[ 0050] I N sonmecerbddicnedicsy!-dsitax diggidny aocbnqmumis ham@atumecd)ntmmdg ugemﬂ S/Rig,l d
act | vat or T Orthe R gs @?t Ic\{)g‘ltfora%d to X/Pan% cor ea 8'&{ m'lnrpmcl)rlilbel A va en S th nents
useful as scaven represent edBY tHe"generar "fornui‘a

where J is almnnltwmecmtab@trmmmﬁ‘ S drs g,me@]ly@Z@traalcklylblemadluca/ﬂlen ﬁ@nvate&amcplae,
met hyl , et hyl 0 tyl entyl, hexyl. heptyl,  .gctyl and isomers

t her eof , and 8850?1 %X.catal &d%ggn%eﬁ t?('f/ 'ﬂ%}a@ée% 8%5?’%”@1@ d%f:m SRt %oaﬁ‘i c
| i gand such asgadnaiegién co@blex Brith b )vacaal Icwﬂidaio@()ﬂx)than@ntdmerdhnatee mqm,sand
preferred al S t hyl al um_n
chloride, tr :‘f)%});is]r{(‘)éméea‘%lgtﬂb fhpﬁlﬁ%ﬂg el£1£ %d?dl%% kn%rt% or 1 fegtlbﬁrr X ?fbd mix re of,

n- hexyl al BUm matglloteni mmymw efdithemaradath Qﬂ‘ube foillk‘&mg Brpes:efln egcliyenedicnl! Kgh)s

i ncl ude trlet \Y/ ou u nes
nodi fied al umt;l))ﬁl ngersSQ\f%ﬁCg%g t%%%rpe%?qgu%gg a%yﬁ%%qdp%ltg ‘I@ uradxane
Pol yneri zat i epmPlege @sls(2] m@mymhﬁn@d@wlymplemmﬂm pot yrmelonez@pi rmg\ ssatem #ngl e,
well stirred,t [ i viscosity of the

sol ution duri 3%(%5‘%?@%%%%‘?‘3%%@%@%5“@ 8%‘8%cps or less than 7000cps,
and pr ef er abli$026kss CWH&WHE@@QﬂS(CpTFWM@(amfdhC fist prrefier, &y, hivguivd Cpiriniged,
cont 1 nuous Tl LG8 BANKhSACIRLPLAYIA 08, bl RaRK LB AG babulandom
copol yner pI’OdSUCtI on.~ S0 , NMDNOMers, catalyst are fed to the
reactor. Whetubndged) Ommgaberleé@d ors a gl mnﬁgurz@cdl thmglver’@tldgm@g@ﬂer ghe &ind/ or
catalyst is f@ % £hdl E'eﬁl Jc i@ br %ﬁ&gtﬂ]}gubgﬁtu{eg Sggl&ltlgéd Q}D£ g 11379%%&!:0‘?@9&1 as a
reactors. [005 eact ors nmay act or ets or cooling coils
autorefriger é@tpl@ﬁycllprle&:Wﬂeh@@ihlﬂe'@@bstﬁub@mﬁtﬂ pat the ﬁé)bfdfltltmb cart erfeedtofoabs or b
the heat of {he. exLR&S 0:C RALYIE ! X@E ?yrhtern%a%ého% LRI ELihd G 2Ly 1,
react or cool I@W? requi res the presenc

2011/ 094057 Pelausgianaphi 2108 Sigonghid sie g mtenheTheeqa@m ermployds bdyathiegenasadorong: wi t h

prechilled feeds are pr %[?krnggzng@z&m vl the pol yneri zati 09 yexothermis
absorbed by pernmittin uré& rise of t he, pol ynerizing | |qU| d

[ 0053] Use of Whyramcfgbﬁ?tlgﬁnééﬁp Rob) andCacel igeandkGgRE,) ey poeeaweathddandrR” is,
reduced, if néel%ﬁ&énﬂgda hal{)g@n bEARRTcab ATRBLALKE B R4 HE & Or CLfRL the
nDIecuIar weli fraction produced seri es ‘operation,

this gives r hfg@cdfhyl %rovmm@pramwrewdbcﬂﬂ 8P en mmnoﬂ@awm? & fahdinyitgo

hel pful fior gonty@! A% nekiRRAY BR® dj%?&%o"i\ratd’t\ﬁs‘ &mﬂe ch AQp4lReact f%re wqm)(,eaﬁ ature
can be sel ected dependi ng upon the effect of tenperature on catal yst

deact i vat i onbyiatned imetherap javmra rplrg@p@tﬁw%mmw@mé%@ &#borodtorp Ro feefy bridging

depl etion. V\Qx%ﬂp thgtpoﬂ-t'l%hc{"lg b'irgéc% tﬂ(h@@ ©n ﬁan&i?@ﬁ*{@ N ligBRIQE{ [@ltﬂc)/nulhﬁ)gpcﬁr BV i S
shoul d not exceed poi nt at e concentration of catalyst in the
second react@ﬁcm§“ﬂﬁ§aﬂﬁﬁﬁﬁ@ﬁﬁ‘W@lﬁﬁméfwﬁeb@@sM%Eﬁﬁﬁ619ﬁbﬁ grelepolehto Bn t he
desired amount. Therefore, reaction tenperature can be determ ned by the
details of the catalyst system [0055]In7general, a single reactor or first
reactor in a series will operate at a reactor 15 tenperature from about 0C
to about 200C, or from about 40C to about 180C, or from about 60C to about
180C. Preferably, reaction tenperatures are from about 80C to about 160C
When using one or nore additional reactors, the additional reactor
tenperature will vary from 40C 200C, with 40C 180C preferred, and 80C 160C
nore preferred. Ranges fromany of the recited lower limts to any of the
reC|ted upper Ilnlts are 20 contenplated by the |nventors and wi thin the

Y oy -, = o e



WO 2011/ 094057PCT/ US2011/ 020858 particularly for series operation with
progressively increasing polynerization tenperature, by usi ng bi s-Cp

catal yst systens containing hafniumas the transition metal, B)em ally

t hose havi ng ¥O8VAPEN . single atom bridge coupling the"CtTMZ%H P$¥gs.

[ 0058] Particul ar reactor configurations and processes suitable for use in
the processes 5descri bed herein are described in detail in U S Patent No.
6, 319,998. [0059] Branching is introduced by the choice of polynerization
catal ysts or (heees sndickie teogRbia®If itzabiiddihgDFroaOSS! BBy trasitish Méthihhadhg a
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t he 15invention in oil as previously described. Conventional O Additives

[ 00641The lubricating oil composition cart-optionally contain one or nore

conventi onal additives, such as, for exanple, pour point depressants,

antiwear agents, antioxidants, other viscosity-index inprovers,

di spersants, corrosion inhibitors, anti-foam ng agents, detergents, 20rust

inhibitors, friction nodifiers, and the |ike. [00651Corrosion inhibitors,

al so known as anti-corrosive agents, reduce the degradation of the netallic

parts contacted by the lubricating oil conposition. Illustrative corrosion

|nh|b|tors |nclude phosphosulfurlzed hydrocarbons and the products obtalned

. g, .



1,969, 324. 1006610xi dation inhibitors, or antioxidants, reduce the tendency
of mneral oils to deteriorate in service, as evidenced by the products of
oxi dation such as sl udge and varni sh- WD 2011/ 094057PCT/ US2011/ 020858 | i ke
deposits on tW82WELE ' ’surfaces, and by viscosity grow h.PCEISHIERHEL i on

i nhibitors include al kaline earth netal salts of al kyl phenolthioesters
having C5 to Cl2 al kyl side chains, e.g., calciumnonyl phenate sulfide,

bari um octyl phenate sul fide, dioctylphenylam ne, phenyl al phanapht hyl am ne,
phosphosul f urhareebgl orsubstititédzatbchydreagas, honsich &tica nét- i‘yefoperﬁacﬁehiydl@ahd)md

i nhibitors or. an i oxi dants .usef i.n thi sol u
copper  compouidbierUEHDAb HEer BUER R LR b OO b G b
[0067] Fricti asn smﬂt&ddﬁfd&cﬁﬁy’lvgﬁodp_ocohmgtuﬁtheib@.l‘tdpmarbf)ﬂi botns OR" is equal to the

characteristic brlc t il compositio ch as auto

transm ssi on t$ﬂ ﬁ@%? SL qﬁ%?95g@§gﬁ$?%§ gfﬂ%#h?Qﬁﬁ gnPPtgﬁﬂgﬁwh%ﬁ?Tlers
are found in shltfﬁc ltE&idedSTtanNOthcﬁ)cﬁﬁﬁ,Lﬁﬁgi bavdind h raprseltobe surhilsd by L aciddd esher s
10 and ami des; at ent .. 4,176, 07 es nol bde num

corpl exes of HSISAsBHavengtd SueeTAe E Ak e R R AR " Pat ent
No. 4, 105, 5771p028hi c ﬁﬂc&&b@ﬁl&ﬁcegifywmhtaﬁsﬁyﬂ?((Sp)@f)mplllexmrolf pedirftaficyi.aaies;

uU. S Patent ”8. 3177 C928fuwh|ch dISC| g ne phosphonic acid salts;
U.S. Patent e SR pstallgsp e o 8 ¢ %?m ¢tion products of a
phosphonate with an ol eamide; U S. Patent No. 3,852,205, which discloses S
15 carboxyal kyl ene hydrocar byl sue0|n Ri de, S-carboxyal kyl ene hydr ocar byl
succinam c acid and m xtures ther U.S. Patent No. 3,879, 306, which

di scl oses N(hydroxyal kypal kenyl s ati ¢ acids or succininides; US.

Patent No. 3,932,290, which disc|o eg\reaﬁtlon products of di- (Iomer al kyl)
phosphites and epOX|des and U. & 5 . 4,028,258, which discloses the
al kyl ene oxi de adduct of phosphos.lfﬁ iz N-(hydroxyalkyl) al kenyl 20
succi nimdes. Preferred friction S ;are succinate esters, or neta
salts thereof, of hydrocarbyl &\ )t ed succinic acids or anhydrldes and
t hi obi s- alkanols such as descrlb) U. Sr” Pat ent No. 4, 344, 853.

[00681Di spersants maintain oil T nsOFD £s, resulting frontoxidation during
use, in suspension in the fluid, tRus preventing sllldge floccul ati on and
precipitation or deposition on 25 metal parts. Suitable dispersants

i nclude hjgh cul.a h u I Lol €55 td
reaction pr oéivlr}q(é:)'teﬁ1 t?t ‘of FI%%%IQU% sghogloﬁq%ls%lg&%pﬁr@ﬁlei?%é%(?ﬁ?cd%n yg‘r ;steIt{vm dh

et hyl ene anlﬁesmsmdﬂwabnﬁﬁtidﬁﬂh&@eﬁekgemtaname@awdbbbn@b@@H@thQOWﬁadeof.
Hi gh nol ecul h { est er f|n
substituted 258%?39 &~£Bﬁ§m&i§ﬂ8%H%bgﬁ%p ﬁgﬁm%rlc%a P%%%f?%%gfgg oI %
Manni ch basesptianeliy hiyghvoolj@eut] R RieRGHR’, aII Rymat/évd linR@¢! piethalts fPrmes ulngi ng
fromthe con f a [ henol
anal kyl ene. Soltonk A ot SoIRSEHCR, 0% oA ) SRR IS, RORRCL:
as d|sper@anﬂ§orMEGSQ@mRmd%hpemnnCﬁemﬁeeeamﬂbg%ﬁpp@h)mdthemﬂyseMKmemm as

tube oil flow i r e i flow
or can be poﬁ$&3£ §y§1§M?¥§- eb%%ﬁ?&%gpﬁgﬁ&vi)gg% ?@g4§5%%%T%% 5%%%%%%0858
depr essant kgmmncpﬁmnhetmﬂpabenZwemd@edwnsowubmawpue;ﬂedxﬂaﬁhe%pbvhmﬁﬁint
depressants ipghyde, but are not limted to, one or nore Cs to Cu

di al kyl fumarat’e vinyl acetate copolyners, polymethyl nethacryl ates,
al kyl met hacr Ji03%les AnehevaxefaphtivadceneyclppordicFodfnt eeronloles @atheb@spiyoui ded

by any ong og n@g@haagts thgfbféa(gﬁx[ﬂ&tﬁlloc@rg % ﬁ@t&eﬁa&tm@ ema% M@Ch%‘[éﬁmmj
Yy

pol ysi | oxane ne oils di meth | oxane

Ant i - wear agéﬁ@@ﬂmgddteRmée@mbR W@Famipémﬁehnﬂbv$e§éﬁ@étmveéc@ﬁﬂwlem
conventi onal MERL I [ S
dlaryldlthloggﬂgte ﬁﬂgﬁsﬁﬁgeé%'gkggﬂ §¥§ﬁf%§§?§gﬁt&y?bof%8%bter ents
and metal ru8t Nﬂhl@kt@ds ﬁ%@lu@ewﬂweﬂﬂeﬁal<hﬁmﬂﬁﬂbﬁm8ulQW&WH@“&@W@@ﬂe 10
al kyl phenol s, il £Ediabiy! RGBS MYl 58 | lnt‘cttty@etles 1 Napfthenat es
and ot her oi I’ sol ubl e’ nono? I carboxylic acid basi'c (Vi z,

over basedy newaﬂb%ales, sbéﬁﬂe§BWm@hﬂymhaS|c alk&Hﬁﬁemeﬁhﬁﬁwnetal di(p-

sul fonates (especially Ca and My salts) are frequently used as detergents.

[ 0073] Conpositions when containing these® conventional additives are
typically blended into the base oil in anmounts which are effective to
provide their normal attendant function. 15 Thus, typical fornulations can
include, in amounts by weight, a VI inprover (0.01-12%; a corrosion
inhibitor (0.01-5%, an oxidation inhibitor (0.01-5%; depressant

(0.01-5%; an anti-foam ng agent (0.001-3%; an anti-wear agent (0.001-5%
a friction nodifier (0.01-5%, a detergent/rust inhibitor (0.01-10%, and a
base oil. 100741V%en other addltlves are used |t may be de5|rable
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20 non-limting exanples. Exanples 1-14 are ethyl ene-propyl ene copol yners
according to one or nore enbodi nents provided herein. The inventive

exanpl es mere ared using either a "G /A" or "C2/A2" catal yst system
where "d " W‘l‘%ﬁ‘t"i’iﬂ/lSlIyIene(tetramsthylcyclopentaollPe,gr'ﬂ}lsj"“/0208<8
(cyclododecylanldo)tltanlun1d|nethyl "Al" was 1V, N-dinethylanilinium

t et raki s(perfl uorophenyl) borat e; "CT' was di (p- 25
triethylsilyl phenyl)nmethyl ene
Rcycl opent adi ﬁlmbﬂsiﬂﬂp%ﬂﬁihmdﬂ@ﬂénebm yd fr{deHnefﬁ‘rtIQ y¢lerted hadnmi ditorali fimtrdly bromand

"A2" was NA- I|n tetrakls | u aph borate.. Th
conpar ati ve g§<y§‘a Z\XAE Hneﬁl}yé%fieegpe I . %%Q?v%%%f ey Eﬁ‘sk}‘gi‘(ﬁ?ﬂe’
[ 0077] Tabl es &wﬁy&hmmuﬁbanhmmkoVMﬁaﬁ&wty data of the inventive and
conparative

pol.ymers ws the t nin ffIC n nd
shear stabili®P%nde eéﬁﬁﬁﬁmg?Fﬁ dﬁﬁ%p%Wﬂ‘ éﬁgp%% %&'i P5f the
i nventive an?maoﬂnara&nmeMpobymﬁmgcm&mam@aﬁsdfShmam(ﬁhﬂnﬁgmgdﬂ@@%ﬂ&{ﬁé
i nventive po 3 rease r thinn vi denced hy the
(BT of the NeRe R FORraE i anTdey s oin e RS yl’feﬁ‘&\fxf"%adméwéfr%l. 6
kg | ZSPC ( MFRR)prod, lagd b\llje@ aﬁlm[?%?éimc{cwwmﬁmmf 7t8aﬁérajfd‘ﬁdaia?d agh &’ i :‘har row
mol ecul ar wei sibution (Ta 0 e i ntiv yners
i's generallyt%%%W?lig ﬁﬁmkgaﬁf ? fWﬁ%h¥ %Wﬁﬁgﬁ]FmP%@y@EﬂﬁngﬁfgéP?
pol yn‘er s. TabtiethillsiExsi e mCayahy sthch XNkRicthybLdvl UethVK RRER tidn i{ RiRhgicddvof any) Mz

(DR!) % etagwn nventive 1 CL/Al 2.1100.9 49.0 50, 259 109, 555
201, 489 114, 6%“%’? grefitagiyng of S’h"ue\‘}% 2 O /Al4.7204.4 43.1 43,974 92,036

160, 110 98, 898@3109 InZ@uﬁﬂmémmbmﬁm&nQMdeM®@ﬁﬁ&55«Eﬂcompkmmofmgﬁthpc
ie, type 1, is a di(p-tricthylsilylphenylymethylene[(cyclopentadienyl)(2,7-di-tert-
butylfluoren-9-yl)Jhafnium dimethyl. Examples of other suitable bis-Cp metallocenes of the
type described in type 1 above are disclosed in U.S. Patent No. 5,324,800; U.S. Patent No.

15 5,198,401; U.S. Patent No. 5,278,119; U.S. Patent No. 5,387,568; U.S. Patent No. 5,120,867,
U.S. Patent No. 5,017,714; U.S. Patent No. 4,871,705; U.S. Patent No. 4,542,199; U.S. Patent
No. 4,752,597, U.S. Patent No. 5,132,262; U.S. Patent No. 5,391,629, U.S. Patent No.
5,243,001; U.S. Patent No. 5,278,264; U.S. Patent No. 5,296,434; and U.S. Patent No.
5,304,614.

20 [0032] A preferred choice of mono-Cp complexes which have only one Cp ring system,
i.e., type 2, is the mono-Cp transition metal component of formula (4), where M is a group 4
transition metal selected from Ti, Zr and Hf, R" is independently, a hydrogen, halogen, or a
hydrocarbyl, halocarbyl, hydrocarbyl-substituted organometalloid or halocarbyl-substituted
organometalloid group containing up to about 20 carbon atoms, and optionally any two

25  adjacent R' may be linked together to form a ring containing from 4 to about 20 carbon
atoms, R’ is a bridging group containing a group 13, 14, 15 or 16 element, Y is a group 15
heteroatom, R” is a radical selected from a group consisting of C; to C,o hydrocarbyl radicals,
substituted C; to Cy hydrocarbyl radicals, wherein one or more hydrogen atoms is replaced
with a halogen atom, and X is a non-cyclopentadienyl ligand and is, independently, a

30 halogen, a hydride, or a hydrocarbyl, oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted
organomectalloid, oxyhydrocarbyl-substitutcd organometalloid or halocarbyl-substituted
organomctalloid group containing up to about 20 carbon atoms, and optionally, the X’s may

be linked together.
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45. 3 46,902 101,946 190,067 105,0732.17 1.86 Inventive 4 C/A19.5 no data
no data 39,323 83,550 149,594 88,9372.12 1.79 Inventive 15 Cl/ Al 8.9342.0
40.2 38,798 82,177 145,886 87,4522.12 1.78 Inventive 6 C I/A 123.5 no data
no data 32, 5890281488571 31, 759 73, 2182. 16 1.87 I nventive FETESPRIY/E088309 6
38.4 39,657 84, 146 146, 323

R3
N\ /// N,
|
R? 4
[0033] Another preferred choice of mono-Cp complexes which have only one Cp ring

system, i.e., type 2, is the mono-Cp transition metal component of formula (4) wherein M is
titanium, Y is nitrogen, R is independently selected from hydrogen, methyl, or ethyl, and all
5 isomers of propyl and butyl, R? is selected from methyl, ethyl, phenyl, benzyl and all isomers
of propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl, decyl, undecyl, dodecyl, adamantyl,
norbornyl, methylphenyl, dimethylphenyl, ethylphenyl, diethylphenyl, propylphenyl and
dipropylphenyl, R? is sclected from dimethylsilylene, diphenylsilylene, methylphenylsilylene,
cyclotetramethylenesilylene, cyclopentamethylenesilylene, methylene, 1,2-cthylene, 1,3-
10 propylene, 1,1-dimethylmethylene, 1,1-diphenylmethylene, X is independently selected from
chloro, fluoro, bromo, hydride, methyl, benzyl, dimethylamide, diethylamide, or both X
together may be butadiene, or any isomer of pentadiene or hexadiene.
[0034] The most preferred choice of mono-Cp complexes which have only one Cp ring
system, i.c., type 2, is thc mono-Cp transition metal component of formula (4) wherein M is
15 titanium, Y is nitrogen, R' is methyl, R is selected from tert-butyl, 1-adamantyl, cyclohexyl,
cyclooctyl, cyclodecyl, cyclododecyl and benzyl, R* is dimethylsilylene, each X is methyl or
both X together is butadiene, or any isomer of pentadiene or hexadiene.
[0035] Examples of suitable mono-Cp complexes of the type described in type 2 above
are disclosed in U.S. Patent No. 5,026,798; U.S. Patent No. 5,055,438; U.S. Patent No.
20 5,096,867; U.S. Patent No. 5,264,405; RE37,788; RE37,400; U.S. Patent No. 5,955,625; U.S.
Patent No. 6,265,338 U.S. Patent No. 6,638,887, U.S. Patent No. 7,163,907; and U.S. Patent
No. 7,569,646.
[0036] In a preferred embodiment, the choice of mono-Cp complexes which have only
onc Cp ring system, ic., type 2, is dimethylsilylenc(tetramethyleyclopentadicenyl)

25 (cyclododecylamido)titanium dimethyl.
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88, 8042. 12
86, 9982. 38
85, 8962. 48
94, 3292. 39
87,3762. 41

15

20

30

PR PR

.74 Inventive 8 C2/ A28. 47 338.73 40.0 35, 946 85, 405 166, 492
.95 Inventive 9 C2/ A29. 04" 370.97 41.0 33,463 82, 848 163, 640

| nventive 10 C2/ A25.92 270.2 45.6 37,846 90,324 178, 137

. 98
YR PHEENE T ve 11 C2/ A29.72409. 27 42.1 34, 70T EGISBHENES 369
.96 I nventive 12

[0037] In one or more embodiments, copolymerization techniques can utilize more than
one catalyst, i.e., two or more bis-Cp catalysts, or two or more mono-Cp catalysts, or one or
more bis-Cp catalysts with one or more mono-Cp catalysts.

Activators

10038] The catalyst precursors employed in the present process can also be activated with
cocatalysts or activators that comprise non-coordinating anions or they can be activated with
Lewis acid activators, or a combination thereof.

[0039] lonic activators comprise non-coordinating anions. The term "noncoordinating
anion" (NCA) mecans an anion which cither does not coordinate to said transition metal cation
or which is only weakly coordinated to said cation thereby remaining sufficiently labile to be
displaced by a neutral Lewis base. "Compatible” NCA’s are those which are not degraded to
neutrality when the initially formed complex decomposes. Further, the anion will not transfer
an anionic substituents or fragment to the cation so as to cause it to form a neutral four
coordinate metallocene compound and a neutral by-product from the anion. NCA’s useful in
for the purposes herein are those which are compatible, stabilize the metallocene cation in the
sense of balancing its ionic charge in a +1 state, and yet retain sufficient lability to permit
displacement by an ethylenically or acetylenically unsaturated monomer during
polymerization. Additionally, the anions useful for the purposes herein will be large or bulky
in the scnsc of sufficient molecular size to largely inhibit or prevent neutralization of the
metallocene cation by Lewis bascs other than the polymerizable monomers that may be
present in the polymerization process. Typically the anion will have a molecular size of
greater than or equal to about 4 angstroms. NCA's are preferred because of their ability to
produce a target molecular weight polymer at a higher temperature than tends to be the case
with other activation systems such as alumoxane.

[0040] Descriptions of ionic catalysts for coordination polymerization using metallocene
cations activated by non-coordinating anions appear in EP-A-0 277 003, EP-A-0 277 004,
W092/00333, U.S. Patent No. 5,198,401, and U.S. Patent No. 5,278,119. These references
teach a preferred method of preparation whercin metallocenes (bis-Cp and mono-Cp) are
protonated by an anionic precursors such that an alkyl/hydride group is abstracted from a
transition metal to make it both cationic and charge-balanced by the non-coordinating anion.
The usc of ionizing ionic compounds not containing an active proton but capable of
producing both the active metallocene cation and a noncoordinating anion arc also known.

See, e.g., EP-A-0 426 637, EP-A-0 573 403, and U.S. Patent No. 5,387,568. Reactive cations
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C2/ A217. 38no data no data 29,893 75,544 153,239 75,1272.53 2.03 Inventive
13 C2/ A28.8379.55 43.1 35,448 81,571 154,515 85,7002.30 1.89 1 Inventive 14
C2/ A2 6.76289.49 42.8 33,736 85533 168, 054 86,8592.54 1.96 1 Conp. 1

C2/ A16. 3189. 6V83° 0483614 95, 081 165, 165 94, 3072. 18 1.74‘Eﬂﬁﬁﬂ”g3%§/A|1
5.3167.3 31.7 44,561 97,691 168, 600 98, 2372.19 1.73

other than Bronsted acids capable of ionizing the metallocene compounds include
ferrocenium ftriphenylcarbonium and triethylsilylinium cations.
[0041] Any metal or metalloid capable of forming a coordination complex which is
resistant to degradation by water (or other Bronsted or Lewis Acids) may be used or
5  contained in the anion of the sccond activator compound. Suitable metals include, but are not
limited to, aluminum, gold, platinum and the like. Suitable metalloids include, but are not
limited to, boron, phosphorus, silicon and the like.
[0042] An additional method of making the ionic catalysts uses lonizing anionic pre-
cursors (Lewis acid activators) which arc initially ncutral Lewis acids but form the cation and
10 anion upon ionizing reaction with the metallocene compounds, for example,
tris(pentafluorophenyl) boron acts to abstract an alkyl, hydride or silyl ligand to yield a
metallocene cation and stabilizing non-coordinating anion, see, e.g., EP-A-0 427 697 and EP-
A-0520 732. Tonic catalysts for addition polymerization can also be prepared by oxidation of
the metal centers of transition metal compounds by anionic precursors containing metallic
15  oxidizing groups along with the anion groups, see EP-A-0 495 375.
[0043] Where the metal ligands include halide moieties, for example,
[dimethysilylene(tetramethylcyclopentadienyl)(tert-butylamido) zirconium dichloride], which
are not capable of ionizing abstraction under standard conditions, they can be converted via
known alkylation rcactions with organomectallic compounds such as lithium or aluminum
20 hydrides or alkyls, alkylalumoxanes, Grignard reagents, ctc. Processes describing the
reaction of alkyl aluminum compounds with dihalide substituted metallocene compounds
prior to or with the addition of activating anionic compounds are found in EP-A-0 500 944,
EP-A1-0 570 982, and EP-A1-0 612 768. For example, an aluminum alkyl compound may
be mixed with the metallocene prior to its introduction into the reaction vessel. Since the
25  alkyl aluminum is also suitable as a scavenger its use in excess of that normally
stoichiometrically required for alkylation of the metallocene will permit its addition to the
reaction solvent with the metallocene compound. Normally, alumoxane would not be added
with the metallocene so as to avoid premature activation, but can be added directly to the
reaction vessel in the presence of the polymerizable monomers when serving as both
30 scavenger and alkylating activator. Alumoxanes may also fulfill a scavenging function.
[0044] Similarly, a co-activator is a compound capable of alkylating the transition metal
complex, such that when used in combination with an activator, an active catalyst is formed.

Co-activators include alumoxanes such as methyl alumoxane, modified alumoxanes such as
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Conp. 3 C2/Al' 5.3 174.5 32.7 43,401 96,912 168, 486 95, 6252.23 1.74 Conp. 4
C2/ A16.5 202.6 31.3 43,174 93,660 162,492 92,7982.17 1.73 Cbnp. 5

C2/ A17. 4254.3 34.5 43,319 93, 742 163,884 92,8402.16 1.75 . 6

C2/ A16. 8219. 6W820B/0%837334 95 150 177, 004 93. 1932.42 1. 8€Cé@ 11/620858

C2/ A15.7193.9 34.2 44 267 96,126 167, 390 95 7712.17 1.74

modified methyl alumoxane, and aluminum alkyls such trimethyl aluminum, tri-isobutyl
aluminum, triethyl aluminum, and tri-isopropyl aluminum. Co-activators are typically used
in combination with Lewis acid activators and ionic activators when the pre-catalyst is not a
dihydrocarbyl or dihydride complex.

5 [0045] Known alkylalumoxanes are additionally suitable as catalyst activators,
particularly for those metallocenes comprising halide ligands. The alumoxane component
useful as catalyst activator typically is an oligomeric aluminum compound represented by the
general formula (R-Al-O),, which is a cyclic compound, or R(R-Al-O),AlIR;, which is a
lincar compound. In the gencral alumoxanc formula R is a €, to Cs alkyl radical, for

10 example, methyl, ethyl, propyl, butyl or pentyl and "n" is an integer from 1 to about 50. Most
preferably, R is methyl and "n" is at least 4, i.e., methylalumoxane (MAQO). Alumoxanes can
be prepared by various procedures known in the art. For example, an aluminum alkyl may be
treated with water dissolved in an inert organic solvent, or it may be contacted with a
hydrated salt, such as hydrated copper sulfate suspended in an inert organic solvent, to yield

15 an alumoxane. Generally, however prepared, the reaction of an aluminum alkyl with a
limited amount of water yields a mixture of the linear and cyclic species of the alumoxane.
[0046] [lustrative, but not limiting examples of boron compounds which may be used as
an activator include tri-substituted ammonium salts such as trimethylammonium
tetraphenylborate, tricthylammonium tetraphenylborate, tripropylammonium

20 tetraphenylborate,  tri(n-butyl)ammonium  tetraphenylborate,  tri(tert-butyl)ammonium

tetraphenylborate,  N,N-dimethylanilinium  tetraphenylborate, = N,N-diethylanilinium

tetraphenylborate, N,N-dimethyl-(2,4,6-trimethylanilinium) tetraphenylborate,

trimethylammonium tetrakis(pentaffuorophenyl)borate.

[0047] Preferably, the activator is N.N-dimethylanilinium
25 tetrakis(perfluorophenylborate, N,N-dimethylanilinium tetrakis(perfluoronaphthyl)borate,

N,N-dimethylanilinium tetrakis(perfluorobiphenyl)borate, N,N-dimethylanilinium

tetrakis(3,5-bis(trifluoromethyl)phenyl)borate, triphenylcarbenium

tetrakis(perfluoronaphthyl)borate,  triphenylcarbenium  tetrakis(perfluorobiphenyl)borate,

triphenylcarbenium  tetrakis(3,5-bis(trifluoromethyl)phenyl)borate,  triphenylcarbenium
30 tetra(perfluorophenyl)borate, trisperfluorophenyl boron or trisperfluoronaphthyl boron.

[0048] When a Lewis acid activator (excluding alumoxancs) or an ionic activator is uscd,

the catalyst-precursor-to-activator molar ratio is from 1:10 to 1:1; 1:10 to 10:1; 1:10 to 2:1;

1:10 to 3:1; 1:10 to 5:1; 1:2 to 1.2:1; 1:2 to 10:1; 1:2 to 2:1; 1:2 to 3:1; 1:2 to 5:1; 1:3 to
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Conmp. 8 C2/ A16.2198.0 32.1 45,582 93,094 161, 402 92,3662.04 1.73 1 Conp. 9
C2/ A15.9191. 4 32.3 43, 483 96, 068 166, 375 95,4792.21 1.73 i Conp. 10 |
C2/ A16.2202.9 32.9 41,648 92,713 159, 550 91, 7252.23 1.72 Conp. 11
C2/ A15. 0165. OW830002835547 99, 906 159, 550 99, 2122. 15 1. 60 GUEHHEIHFS
C2/ A16. 8216.1 31.8 42,301 93,983 163,626 92,6992.22 1.74 Conp. 13
C2/ A16. 2206. 4
1.2:1; 1:3 to 10:1; 1:3 to 2:1; 1:3 to 3:1; 1:3 to 5:1; 1:5to 1:1; 1:5 to 10:1; 1:5 to 2:1; 1:5 to
3:1; 1:5 to 5:1; 1:1 to 1:1.2. The catalyst-precursor-to-co-activator molar ratio is from 1:100
to 100:1; 1:75 to 75:1; 1:50 to 50:1; 1:25 to 25:1; 1:15 to 15:1; 1:10 to 10:1; 1:5to 5:1, 1:2 to
2:1;1:100 to 1:1; 1:75t0 1:1; 1:50 to 1:1; 1:25t0 1:1; 1:15to 1:1; 1:10to I:1; 1:5to 1:1; 1:2
5 tol:1;1:10to 2:1.
[0049] Preferred  activators and  activator/co-activator  combinations  include
methylalumoxane, modified methylalumoxane, mixtures of methylalumoxane with
dimethylanilinium tetrakis(pentafluorophenyl)borate, dimethylanilinium
tetrakis(pentafluoronaphthyl)borate  or tris(pentafluorophenyl)boron, and mixturcs of
10 trimethyl aluminum or triisobuty! aluminum with dimethylanilinium
tetrakis(pentafluorophenyl)borate, dimethylanilinium tetrakis(pentafluoronaphthyl)borate or
tris(pentafluorophenyl)boron.
[0050] In some embodiments, scavenging compounds are used with Lewis acid activators
or lonic activators. Typical aluminum or boron alkyl components useful as scavengers are
15 represented by the general formula RJZ; where J is aluminum or boron, Ry is a C1-Cy alkyl
radical, for example, methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl and isomers
thereof, and each Z is independently Ry or a different univalent anionic ligand such as
halogen (Cl, Br, I), alkoxide (ORy) and the like. Most preferred aluminum alkyls include
tricthylaluminum, dicthylaluminum chloride, tri-iso-butylaluminum, tri-n-octylaluminum. tri-
20  n-hexylaluminum, trimethylaluminum and the like.  Preferred boron alkyls include
triethylboron. Scavenging compounds may also be alumoxanes and modified alumoxanes
including methylalumoxane and modified methylalumoxane.

Polymerization Process

[0051] The copolymer can be polymerized in a single, well stirred tank reactor in solution
25 where the viscosity of the solution during polymerization is less than 10000cps, or less than
7000cps, and preferably less than 500cps. The reactor is preferably liquid filled, continuous
flow, stirred tank reactor providing full back mixing for random copolymer production.
Solvent, monomers, and catalyst are fed to the reactor. When two or more reactors are
utilized, solvent, monomers, and/or catalyst is fed to the first reactor or to one or more

additional reactors.

(O8]
<=

[0052] Recactors may be cooled by reactor jackets or cooling coils, autorcfrigeration,
prechilled feeds or combinations of all three to absorb the heat of the cxothermic

polymerization reaction. Autorefrigerated reactor cooling requires the presence of a vapor
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1 33.1 no data no data no data nono datadata no data 5[0079] Table 2 shows
the oscillatory shear viscosity (eta*) at a shear rate of 0.01 rad/sec
nmeasured at 50C, 70C, 90C, and 110C. The inventive polyners have higher
viscosity desPPt81fa0ihg a hi gher MFR suggesting | ower t"%éAdeAty*¥H3col d

fl ow and easier finishing (at roomtenperature). WD

2011/ 094057PCT/ US20111020858 Tabl e 2 Exanmple MFR eta* at 50C eta * at 70C
feta * at 90C eta * at 110C Inventive 1 2.06 1, 740,000 917, 000469, 000

240, 000 | nvenfhawein2thd rehdtoll, 28QpAR0rchctors QOB ZHEh0R0 &ds 280prkRuenin waicB tik 63
1,550, 000 791}’)0 }er(l)e%izgtio?loe?(otﬁzgﬂ Psoa sgrg‘c\é r;/t Ii)e\{r?littlilnggd ?e%anr%’é&eogsoe of the polymerizing
liquid.
[0053] Use of hydrogen to control molecular weight may be avoided or reduced, if
5 desired. The reactor tcmperaturc may be used to control the molecular weight of the polymer
fraction produced. In series operation, this gives rise to a temperature difference between
reactors which is helpful for controlling polymer molecular weight.
[0054] Reactor temperature can be selected depending upon the effect of temperature on
catalyst deactivation ratc and polymer properties and/or cxtent of monomer depletion. When
10 using more than one reactor, generally temperatures should not exceed the point at which the
concentration of catalyst in the second reactor is insufficient to make the desired polymer
component in the desired amount. Therefore, reaction temperature can be determined by the
details of the catalyst system.
[0055] In general, a single reactor or first reactor in a series will operate at a reactor
15 temperature from about 0°C to about 200°C, or from about 40°C to about 180°C, or from
about 60°C to about 180°C. Preferably, reaction temperatures are from about 80°C to about
160°C. When using one or more additional reactors, the additional reactor temperature will
vary from 40°C-200°C, with 40°C-180°C preferred, and 80°C-160°C more preferred.
Ranges from any of the recited lower limits to any of the recited upper limits are
20 contemplated by the inventors and within the scopc of the present description. In
copolymerization techniques that utilize one or more bis-CP catalysts with one or more
mono-CP catalysts, a lower reaction temperature is preferred for reactions utilizing mono-CP
catalyst when compared to the bis-CP catalyst.
[0056] Reaction pressure is determined by the details of the catalyst system. In general
25 reactors, whether a single reactor or cach of a series of reactors, operates at a reactor pressure
of less than 2500 psi (17.23 Mpa), or less than 2200 psi (15.16 Mpa) or less than 2000 psi
(13.78 Mpa). Preferably, reactor pressure is from about atmospheric pressure to about 2000
psi (13.78 Mpa), or from about 200 psi (1.38 Mpa) to about 2000 psi (13.78 Mpa), or from
about 300 psi (2.07 Mpa) to about 1800 psi (12.40 Mpa). Ranges from any of the recited
30 lower limits to any of the recited upper limits are contemplated by the inventors and within
the scope of the present description.
[0057] In the casc of lcss stable catalysts, catalyst can also be fed to a second rcactor

when the sclected process uses reactors in series. Optimal temperatures can be achieved,
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315, 000 126, 000 50, 600 Inventive 5 8.9 795,000 324,000 132,000 51, 900
I nventive 6 23.49 349, 000 157, 00030, 700 24, 000 Conparative 8 6.2 372,000
276, 00066, 200 _24, 200 Conparative 11 5.0 690,000 311, 000115, 000 60, 900
[0080] Tabl e 3WHBUHE'PRe TE and SSI data for inventive pdiGAEREE24% and
conparative polymers 6, 8, 9, and 11 that were used to make a lubricating
oil conposition. To neasure 5TE/SSI, 6 grans of polyner, 0.09 g |Irganox
1076 and 0.03 g Irgafos 168 was dissolved in 593.88 g of AC 150 base oil.
Tabl e 3 ExanppatidkRy EtrhyliangefionXihgs&ires30ly passeisy p&pher(ZA0opaspesyire, by
Inventive 1 21'1591% tﬁﬁCg%aélyg“tgs%/g’tér%? containing hafnium as the transition metal, especially those
having a covalent, single atom bridge coupling the two Cp rings.
[0058] Particular reactor configurations and processes suitable for use in the processes
5 described hercin are described in detail in U.S. Patent No. 6,319,998,
[0059] Branching is introduced by the choice of polymerization catalysts or process. The
copolymerization process may occur with or without hydrogen present. However, operation
without hydrogen is preferred because it inhibits branching in the copolymers since it lead to
chain cnds which arc completcly or substantially saturated. Without being limited by theory,
10 it is believed that these saturated polymers cannot participate in the principal branching
pathway where preformed polymers with unsaturated chain ends are reincorporated into new
growing chains which lead to branched polymers.

Lubricating Qil Compositions

[0060] Lubricating oil compositions containing the ethylene-propylene copolymer and
15  one or more base oils are also provided. The base oil can be or include natural or synthetic
oils of lubricating viscosity, whether derived from hydrocracking, hydrogenation, other
refining processes, unrefined processes, or re-refined processes. The base oil can be or
include used oil. Natural oils include animal oils, vegetable oils, mineral oils and mixtures
thercof. Synthetic oils include hydrocarbon oils, silicon-based oils, and liquid csters of
20 phosphorus-containing acids. Synthctic oils may be produced by Fischer-Tropsch gas-to-
liquid synthetic procedure as well as other gas-to-liquid oils.
[0061] In one embodiment, the base oil is or includes a polyalphaolefin (PAQO) including
a PAO-2, PAO-4, PAO-5, PAO-6, PAO-7 or PAO-8 (the numerical value relating to
Kinematic Viscosity at 100°C). Preferably, the polyalphaolefin is prepared from dodecene
25 and/or decene. Generally, the polyalphaolefin suitable as an oil of lubricating viscosity has a
viscosity less than that of a PAO-20 or PAO-30 oil. In one or more embodiments, the base
oil can be defined as specified in the American Petroleum Institute (API) Base Oil
Interchangeability Guidelines. For example, the base oil can be or include an APT Group 1,
IL, IIL, IV, V oil or mixtures thereof.
30 [0062] In one or more embodiments, the base oil can include oil or blends thereof
conventionally employed as crankcasc lubricating oils. For cxample, suitable basc oils can
include crankcasc lubricating oils for spark-ignited and compression-ignited internal

combustion engines, such as automobile and truck engines, marine and railroad diesel
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I nventive 2 4.73 44.19 1.9227.29 Inventive 3 3.63 44.25 2.0230.79
| nventive 4 9.51 43.55 1.7522.91 Inventive 5 8.9 43.99 1.82123. 51

| nventive 6 52 1.7220.33 Inventive 7 8.26 45.66 1. 86, 24.
| nventive 8 %W%h‘g"%ﬁ 21 78123 26.4 Inventive 9 9.04 45. ‘Zfd”‘isz%’ﬁ?sﬁ‘ 24. 2

| nventive 10 5.92

engines, and the like. Suitable base oils can also include those oils conventionally employed
in and/or adapted for use as power transmitting fluids such as automatic transmission fluids,
tractor fluids, universal tractor fluids and hydraulic fluids, heavy duty hydraulic fluids, power
steering fluids and the like. Suitable base oils can also be or include gear lubricants,
5  industrial oils, pump oils and other lubricating oils.
[0063] In one or more embodiments, the base oil can include not only hydrocarbon oils
derived from petroleum, but also include synthetic lubricating oils such as esters of dibasic
acids; complex esters made by esterification of monobasic acids, polyglycols, dibasic acids
and alcohols; polyolefin oils, ctc. Thus, the lubricating oil compositions described can be
10 suitably incorporated into synthetic base oils such as alkyl esters of dicarboxylic acids,
polyglycols and alcohols; polyalpha-olefins; polybutenes; alkyl benzenes; organic esters of
phosphoric acids; polysilicone oils; etc. The lubricating oil composition can also be utilized
in a concentrate form, such as from 1 wt.% to 49 wt.% in oil, e.g., mineral lubricating oil, for
case of handling, and may be prepared in this form by carrying out the reaction of the
15  invention in oil as previously described.

Conventional Oil Additives

[0064] The lubricating oil composition can optionally contain one or more conventional
additives, such as, for example, pour point depressants, antiwear agents, antioxidants, other
viscosity-index improvers, dispersants, corrosion inhibitors, anti-foaming agents, detergents,
20 rust inhibitors, friction modifiers, and the like.
[0065] Corrosion inhibitors, also known as anti-corrosive agents, reduce the degradation
of the metallic parts contacted by the lubricating oil composition. Illustrative corrosion
inhibitors include phosphosulfurized hydrocarbons and the products obtained by reaction of a
phosphosulfurized hydrocarbon with an alkaline earth metal oxide or hydroxide, preferably in
25 the presence of an alkylated phenol or of an alkylphenol thioester, and also preferably in the
presence of carbon dioxide. Phosphosulfurized hydrocarbons are prepared by reacting a
suitable hydrocarbon such as a terpene, a heavy petroleum fraction of a C, to Cg olefin
polymer such as polyisobutylene, with from 5 wt.% to 30 wt.% of a sulfide of phosphorus for
Y2 to 15 hours, at a temperature in the range of 66°C to 316°C. Neutralization of the
30 phosphosulfurized hydrocarbon may be effected in the manner taught in U.S. Patent No.
1,969,324,
10066] Oxidation inhibitors, or antioxidants, rcduce thc tendency of mineral oils to

deteriorate in service, as evidenced by the products of oxidation such as sludge and varnish-
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44.79 1.7519.8 22.8 Conparative 6 6.8 44.7 1.8629.30 Conparative 8 6.2
45.7 1.8828.10 Conparative 9 5.9 45.3 1.8928.85 Conparative 11 5.0 44.6
1.93130. 85 00811 Thi ckeni ng efficiency was determ ned according to ASTM
D445. 10[ 0082] 8"t 7abi 1ity i ndex was determined accorf&ilG?t'§"REtm D6278.
Pol ynmeri zati on Exanples (HTCPU) [0083] The polyners for inventive exanples
1-7 were nade in one continuous stirred tank reactor using the catalyst
system Cl/Al. The polynerization was perforned in solution, using hexane as
a sol vent andikat depoditsamt tho mdta rspercat, Lane tyhaswsityngrdalil e Such &tidwibe nenilsirods

15propyl ene feed rates arc also listed in ble 4. 1n the.process, . .
Lemperature coapso i Bef A0e T kT s dolBRtr dusti £ 056 BEST Sl chinve

t he desired MR clhencabaflpisnate agifideattadurexb@ylpanhty $wfideh edis@dplicoylaminas
added as needed i.n_amunts effectiye aintain the target polynerization
tenperature. 1 %%Thlaﬁd L[Il(t:q%(fdg}lli/%tfﬁl ar Elo%ltéft?lfl%gt Or S\L}\%f“eze(gihé'src? ?é(agi r?¥ % olgéﬁre SO
t hat the net a<idtenendorcent ratidxatnwascfil 1 thik Onvroli@y linctvde @lrauble copper

; . . .
catal ystl act 1oarareraf FRedvgan UibPust ol s SO  num (TNOR) vas di ssol ved
i n i sohexane [806725 \tricBoramadifigs sérmd © itnhet the acipor friasonachgieavesigeto. lubkhetifgeed
reactor vas stoppul Fs iR Skt M pRBEIYER kPR R RIS ity
then devol at iffictradnesiiagac davent iLbHidtatopt KnowpBde0oviath Hisdades dntyretdhodss such
The | sohewanant ol B8" ReRCRE BhRDrs Skfidh Bl &N Men 0 LiReRE 8"t he
remai nder of pohesobwtnyéntucdimc aarhydirdewusimontirtdlone.S. Talhe Mb. s4 a7l z egitchhe
reaction par %Foggssg'lyclr%P«l:s?ersd'ofl':cffr?fg@eg fa%taci{is;'%ﬁé.iﬁé?ehpﬁo.%%%ﬁ which discloses
alkane phosphonic acid salts; U.S. Patent No. 3,778,375, which discloses reaction products of
a phosphonate with an oleamide; U.S. Patent No. 3,852,205, which discloses S-
15 carboxyalkylene hydrocarbyl succinimide, S-carboxyalkylene hydrocarbyl succinamic acid
and mixtures thereof, U.S. Patent No. 3,879,306, which discloses N(hydroxyalkyl)alkenyl-
succinamic acids or succinimides; U.S. Patent No. 3,932,290, which discloses reaction
products of di-(lower alkyl) phosphites and epoxides; and U.S. Patent No. 4,028,258, which
discloses the alkylenc oxide adduct of phosphosulfurized N-(hydroxyalkyl) alkenyl
20 succinimides. Preferred friction modifiers are succinate esters, or mctal salts thereof, of
hydrocarbyl substituted succinic acids or anhydrides and thiobis-alkanols such as described in
U.S. Patent No. 4,344,853.
[0068] Dispersants maintain oil insolubles, resulting from oxidation during use, in
suspension in the fluid, thus preventing sludge flocculation and precipitation or deposition on
25 metal parts. Suitable dispersants include high molecular weight N-substituted alkenyl
succinimides, the reaction product of oil-soluble polyisobutylene succinic anhydride with
ethylene amines such as tetracthylene pentamine and borated salts thereof. High molecular
weight esters (resulting from the esterification of olefin substituted succinic acids with mono
or polyhydric aliphatic alcohols) or Mannich bases from high molecular weight alkylated
30 phenols (resulting from the condensation of a high molecular weight alkylsubstituted phenol,
an alkylene polyaminc and an aldehydc such as formaldchyde) are also useful as dispersants.

[0069] Pour point depressants (“ppd”), othcrwise known as lube oil flow improvers,

lower the temperature at which the fluid will flow or can be poured. Any suitable pour point
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(g/10m n) Catalyst feed rate (gill) C2 feed rate (g/h) C3 feed rate (g/h)
TNOA feed rate (g/h) Solvent Rate (g/h) Cat Eff (gig) Rx Tenp (C) Inventive
1 C1/Al 44.38 2.06 0.012 118.2 199.26 0.12 3564 16301.1 105 Inventive 2
AiA 44.19 a¥P3OU/%PY 118.2 199.8 0.12 3564 16703.9 11(PCT/US2011/020858

depressant known in the art can be used. For example, suitable pour point depressants
include, but are not limited to, one or more Cg to Cig dialkylfumarate vinyl acetate
copolymers, polymethyl methacrylates, alkylmethacrylates and wax naphthalene.
[0070] Foam control can be provided by any one or more anti-foamants. Suitable anti-
5 foamants includc polysiloxancs, such as silicone oils and polydimethyl siloxane.
[0071] Anti-wear agents reduce wear of metal parts. Representatives of conventional
antiwear agents are zinc dialkyldithiophosphate and zinc diaryldithiosphate, which also
serves as an antioxidant.
[0072] Dectergents and metal rust inhibitors include the metal salts of sulphonic acids,
10 alkyl phenols, sulfurized alkyl phenols, alkyl salicylates, naphthenates and other oil soluble
mono- and dicarboxylic acids. Highly basic (viz, overbased) metal sales, such as highly basic
alkaline earth metal sulfonates (especially Ca and Mg salts) are frequently used as detergents.
[0073] Compositions when containing these conventional additives are typically blended
into the base oil in amounts which are effective to provide their normal attendant function.
15 Thus, typical formulations can include, in amounts by weight, a VI improver (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 a base oil.
10074] When other additives arce used, it may be desirable, although not necessary, to
20 prepare additive concentrates comprising concentrated solutions or dispersions of the
viscosity index 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 base oil to form a lubricating oil
composition. Dissolution of the additive concentrate into the lubricating oil may be
25 facilitated by solvents and by mixing accompanied with mild heating, but this is not essential.
The additive-package will typically be formulated to contain the viscosity index 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
30 base oil or other compatible solvents along with other desirable additives to form additive-
packagces containing active ingredicnts in collective amounts of typically from 2.5 wt.% to 90
wt.%, preferably from 5 wt.% to 75 wt.%, and still more preferably from 8 wt.% to 50 wt.%

additives in the appropriate proportions with the remainder being base oil. The final
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C/A 44.25 3.63 0.012 118.2 203.04 0.12 3564 16896.1 107
C /Al 43.55 9.51 0.012 118.2 203.472 0.12 3564 16851.6 112
Cl/Al 43.99 8.9 0.012 118.2 203.472 0.12 3564 16722.6 114
d’Vp&Pll/&a-lOgb 23.49 0.012 PCT/US2011/020858

formulations may use typically about 10 wt.% of the additive-package with the remainder
being base oil.

[0075] In at least one specific embodiment, the lubricating oil composition can include:
one or more cthylene-propylene copolymers in an amount of from 0.1 wt.% to 20 wt.%:; one
or morc basc oils in an amount of from 1 wt.% to 99 wt.%; onec or more dispersants in an
amount of from 0.01 wt.% to 25 wt.%; and optionally one or more other additives in an
amount of from 0.01 wt% to 20 wt.%. based on total weight of the lubricating oil
composition. The amount of the ethylene-propylene copolymer can also range from a low of
about 0.1 wt.%, 0.5 wt.%, 1 wt.%, 2 wt.% to a high of about 10 wt.%, 15 wt.%, 18 wt.%, or
20 wt.%. In at least one specific embodiment, the one or more base oils can be present in an
amount of from 1 wt.% to 99 wt.%; or 50 wt.% to 99 wt.%; or 53 wt.% to 90 wt.%; or 60
wt.% to 90 wt.%. In at [east one specific embodiment, the one or more dispersants can be
present in an amount of from 0.5 wt.% to 20 wt.%; or 1.0 wt.% to 18 wt.%; or 3.0 wt.% to 15
wt.%; or 5 wt.% to 14 wt.%; or 5.0 wt.% to 10 wt.%. In at least one specific embodiment, the
one or more additives, when present, can range of from 0.05 wt.% to 10 wt.%; or 0.7 wt.% to
5 wt.%; or 0.75 wt.% to 5 wt.%; or 0.5 wt.% to 3 wt.%; or 0.75 wt.% to 3 wt.%. Such weight
percentages are based on the total weight of the oil composition.

EXAMPLES

[0076] The foregoing discussion can be further described with reference to the following
non-limiting examples. Examples 1-14 are cthylenc-propylene copolymers according to onc
or more embodiments provided herein. The inventive examples were prepared using either a
“Cl/AL1” or “C2/A2” catalyst system where “Cl” was
dimethylsilylene(tetramethylcyclopentadienyl) (cyclododecylamidojtitanium dimethyl; “A1”
was N, N-dimethylanilinium  tetrakis(perfluorophenyl)borate;  “C2”  was  di(p-
triethylsilylphenyl)methylene  [(cyclopentadienyl)(2,7-di-tert-butylfluoren-9-yl)]  hafhium
dimethyl; and “A2” was N, N-dimethylanilinium tetrakis(perfluoronaphthylborate. The
comparative examples 1-13 were prepared using a C2/A1 catalyst system.

[0077] Tables 1-3 show the bulk viscosity data of the inventive and comparative
polymers. Table 4 shows the thickening efficiency and shear stability index along with MFR
and ethylene content for some of the inventive and comparative polymers.

Increascd Shear Thinning

|0078] The inventive polymers showed increased shear thinning as cvidenced by the ratio

of the melt flow rate at 2.16 kg; 230°C to the melt flow rate at 21.6 kg; 230°C (MFRR) while

21
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reacti on pardptier sC2/ Pabl 75 BX73 Cat®ll ys£514 | T°-€Cat | Fedd (Rat%é Sbidvent! Feed

Nt N

Rate C2 Fee Inventive | C2/A2 | 9.04 | 37097 | 41.0 33,463 | 82,848 | 163,640 | 85896  2.48 1.98

9

Inventive | C2/A2 | 592 | 270.2 456 | 37,846 | 90,324 | 178,137 | 94,329 239 1.97

10

Inventive | C2/A2 1972 | 409.27 | 42.1 34,708 | 83,536 | 163,369 | 87,376 241 1.96

11

Inventive | C2/A2 17.38 | no data no data | 29,893 | 75,544 153,239 | 75,127  2.53 2.03

12

Inventive | C2/A2 | 8.8 | 379.55 | 43.1 35,448 | 81,571 | 154,515 | 85,700 230 1.89

13

Inventive | C2/A2 | 676 | 289.49 | 428 | 33,736 | 85533 | 168,054 | 86,859  2.54 1.96

14

Comp.1 | C2/Al |63 | 1896 30.0 | 43,614 | 95,081 | 165,165 | 94307 2.18 1.74

Comp.2 | C2/Al 3 1673 317 | 44,561 | 97,691 | 168,600 | 98237 2.19 1.73

Comp.3 | C2/A1 |53 | 1745 327 | 43401 [ 96,912 | 168,486 | 95625 2.23 1.74

Comp.4 | C2%/A1 65 12026 313 | 43,174 | 93,660 | 162,492 | 92798 2.17 1.73

Comp.5 | C2/Al | 74 2543 345 43,319 | 93,742 | 163,884 | 92,840 2.16 1.75

Comp.6 | C2/a1 168 12196 322 39,384 | 95,150 | 177,004 | 93,193 2.42 1.86

Comp.7 | C2/A1 (57 1939 342 | 44267 | 96,126 | 167,390 | 95771  2.17 1.74

Comp.8 | C2/A1 |62 | 198.0 320 45,582 [93,094 | 161,402 [ 92366 2.04 1.73

Comp.9 | C27Al |59 [ 1914 323 | 43,483 | 96,068 | 166,375 | 95479 221 1.73

Comp.10 | C2/A1 |62 12029 329 141,648 [ 92,713 | 159,550 [ 91,725 223 1.72

Comp.11 | C2/A1 150 | 165.0 33.0 [ 46,547 [ 99,906 | 159,550 | 99212 2.15 1.60

Comp.12 | C2/A1 68 | 216.1 31.8 [ 42,301 [ 93,983 | 163,626 | 92,699 222 1.74

Comp.13 | C2/Al 6.2 206.4 33.1 no no no no no no

data data data data data data

5 [0079] Table 2 shows the oscillatory shear viscosity (eta*) at a shear rate of 0.01 rad/sec
measured at 50°C, 70°C, 90°C, and 110°C. The inventive polymers have higher viscosity
despite having a higher MFR suggesting lower tendency to cold flow and easier finishing (at

room temperature).
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Table 2
Example MFR eta* at eta * at eta * at eta * at
50°C 70°C 90°C 110°C
Inventive | 2.06 1,740,000 917,000 469,000 240,000
Inventive 2 4.73 1,280,000 577,000 259,000 53,200
Inventive 3 3.63 1,550,000 791,000 378,000 170,000
Inventive 4 9.51 794,000 315,000 126,000 50,600
Inventive 5 8.9 795,000 324,000 132,000 51,900
Inventive 6 23.49 349,000 157,000 30,700 24,000
Comparative 8 6.2 372,000 276,000 66,200 24,200
| Comparative 11 5.0 690,000 311,000 115,000 60,900

[0080]

Table 3 shows the TE and SSI data for inventive polymers 1-10 and comparative

polymers 6, 8, 9, and 11 that were used to make a lubricating oil composition. To measure

TE/SSI, 6 grams of polymer, 0.09 g Irganox 1076 and 0.03 g Irgafos 168 was dissolved in
593.88 g of AC-150 base oil.

Table 3
Example MFR | Ethylene TE SSI SSI
wt.% (30 passes) | (90 passes)

Inventive 1 2.06 4438 2.19 33.95
Inventive 2 4.73 44,19 1.92 27.29
Inventive 3 3.63 44.25 2.02 30.79
Inventive 4 9.51 43.55 1.75 2291
Inventive 5 8.9 43.99 1.82 23.51
Inventive 6 23.49 44.52 1.72 20.33
Inventive 7 8.26 45.66 1.86 24.25
Inventive 8 8.47 45.55 1.78 23 26.4
Inventive 9 9.04 45.49 1.75 21.2 24.2
Inventive 10 5.92 44.79 1.75 19.8 22.8
Comparative 6 6.8 44.7 1.86 29.30
Comparative 8 6.2 45.7 1.8% 28.10
Comparative 9 59 453 1.89 28.85
Comparative 11 5.0 44.6 1.93 30.85

[0081]
[0082]

Polymerization Examples (HTCPU)

[0083]

Thickening efficiency was determined according to ASTM D445,
Shear stability index was determined according to ASTM D6278.

The polymers for inventive cxamples 1-7 were made in one continuous stirred

tank reactor using the catalyst system C1/Al. The polymerization was performed in solution,

using hexane as a solvent and at a reaction temperature shown in Table 4. Ethylene and

propylene feed rates are also listed in Table 4. In the process, temperature control was used

(IS}



45.499.04 10 C2/ A2 132.8 0.96 35.39 3.46 5.58 8.10.015 5.96 44.795.92 11
C2/ A2 132.7 1.07 35.32 3.35 5.24 8.350.015 5.91 44.61 9.72 12 C2/ A2 135.8
1.75 35.28 3.5 5.48 7.730.015 6.10 45.04 17.38 13 C2/A2 134.2 2.19 35.22
3 59 5 62 8 32’8 261]}@9-@5707 PCT/US2011/020858

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.
[0084] The catalyst and activator were dissolved in toluene so that the metallocene
concentration was 1.14*10™ mole/liter and the activator concentration was 1.11%10™
5  molc/liter to achicve a catalyst/activator ratio of 1.03. Tri n-octyl aluminum (TNOA) was
dissolved in isohexane at 25 wt.% and fed into the reactor as a scavenger. The feed rate of
TNOA is listed in Table 4. The copolymer solution emerging from the reactor was stopped
from further polymerization by addition of water and then devolatilized using conventionally
known dcvolatilization methods such as flashing or liquid phase scparation, first by removing
10 the bulk of the isohexane to provide a concentrated solution, and then by stripping the

remainder of the solvent in anhydrous conditions. Table 4 summarizes the reaction

parameters.
Table 4
Example Cat/ %C2 MFR Catalyst | C2 | C3feed | TNOA | Solvent | Cat Eff | Rx
Activator (g/10min) feed feed rate feed Rate (g/g) Temp
rate rate (g/h) | rate (g/h) (C)
(&) | (g/h) (g/h)
Inventive
1 CL/AL 44.38 | 2.06 0.012 118.2 1 199.26 | 0.12 3564 16301.1 | 105
Inventive
2 CIl/Al 44.19 1 4.73 0.012 118.2 | 199.8 0.12 3564 167039 [ 110
Inventive
3 Cl/Al 44.25 | 3.63 0.012 118.2 1 203.04 | 0.12 3564 16896.1 | 107
Inventive
4 Cl/Al 43.55 1 9.51 0.012 1182 1203472 ] 0.12 3564 16851.6 | 112
Inventive
5 Cl/Al 43.99 | 8.9 0.012 118.2 | 203.472 | 0.12 3564 16722.6 | 114
Inventive
6 Cl/Al 44.52 | 23.49 0.012 118.2 ] 200.88 | 0.12 3564 157613 | 116
Inventive
7 Cl/AL 45.66 | 8.26 0.012 118.2 | 202.5 0.12 3564 15298.5 | 118

15  Polymerization Examples (mCPU)

[0085] The polymers of inventive cxamples 8-14 were made in onc continuous stirred
tank reactor using the catalyst system C2/A2. The polymerization was performed in solution,
using isohexane as a solvent and at the reaction temperatures shown in Table 5. The catalyst
and activator were dissolved in toluene so that the metallocene concentration was 0.1156
20 wt.% and the activator concentration was 0.1359 wt.% to achieve a catalyst/activator ratio of
1:1. Tri n-octyl aluminum (TNOA) was dissolved in isohexane at 3 wt.% and fed into the
reactor as a scavenger. The feed rate of the scavenger is listed in Table 5. The overall

pressure in the reactor was 1,600 psi (11.03 MPa) and ethylene and propylenc feed rates are

-24 -



45.93 8.8 14 C2/A2 133.8 1.69 35.35 3.58 5.61 8.1,0.015 6.04 46.43 6.76

Tabl e 6: Lube oi
Exanpl e X13 Exanpl e X14 EHC 45 (4.6Cst) BS G |1+ 53 52 59 52 EHC
(6.1Cst) BS QYANPWPSB0. 6 30.6 30.6 Inventive Pol ymer

Conmp. EX X11 Exanple X12
AR TR

conposi tions Formul ation

listed in Table 5. In the process, hydrogen addition and temperature control was 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. The

copolymer solution emerging from the reactor was stopped from further polymerization by

5 addition of water and then devolatilized using conventionally known devolatilization methods
such as flashing or liquid phase separation, first by removing the bulk of the isohexane to
provide a concentrated solution, and then by stripping the remainder of the solvent in
anhydrous conditions using a develoatilizing unit so as to end up with a molten polymer
composition. The molten polymer was discharged using a single screw extruder connected to

10 a gear pump and pelletized in an underwater pelletizer fed with chilled water. Table 5
summarizes the reaction parameters.
Table §
EX. | Catalyst | Rx T Cat Selvent C2 C3 H2 TNOA | Polymeri- C2 MFR
Feed Feed Feed Feed | Feed feed zation Content | (230°C.
Rate Rate Rate Rate Rate rate rate 2.16kg)
(°C) | {cc/min) | (kg/hr) | (kg/hr) | (kg/hry | (scem) | (kg/hr) | (kg'hn) (wt.%) | g/10mir
8 C2/A2 137.7 | 0.7 35.36 3.85 6.53 8.66 0.015 6.45 45.55 8.47
9 C2/A2 137.7 | 0.54 35.32 3.86 6.53 8.24 0.015 6.42 45.49 9.04
10 C2/A2 132.8 1 0.96 35.39 3.46 5.58 8.1 0.015 5.96 44.79 592
11 C2/A2 132.7 | 1.07 35.32 3.35 5.24 8.35 0.015 591 44.61 9.72
12 C2/A2 135.8 | 1.75 35.28 3.5 5.48 7.73 0.015 6.10 45.04 17.38
13 C2/A2 13421 2,19 35.22 3.59 5.62 8.34 0.015 6.07 45.93 8.8
14 C2/A2 133.8 | 1.69 35.35 3.58 5.61 8.1 0.015 6.04 46.43 6.76
Table 6: Lube oil compositions
Formulation Comp. EX. Example | Example | Example
X11 X12 X13 X14
EHC 45 (4.6Cst) BS Gp I+ 53 52 52 52
EHC 60 (6.1Cst) BS Gp 11+ 31 30.6 30.6 30.6
Inventive Polymer 8 mEPR 1.4
Inventive Polymer 9 mEPR 1.4
Inventive Polymer 10 mEPR 1.4
Infineum D3426 Addpkg 14 14 14 14
Infineum 9340 (400BN) Mg Sulfonate 0.7 0.7 0.7 0.7
Infineum 9330 (300BN) Ca Sulfonate 1 I L 1
Infineum V387 PPD 0.3 0.3 0.3 0.3
15
[0086] EHC 45 and EHC 60 are Group Il base oils available from Imperial Oil, Canada.
[0087] Infineum D3426 is an engine oil additive package.
[0088] Infineum 9340 (400BN) is a Mg sulfonate additive.
[0089] Infineum 9330 (300BN) is a Ca sulfonate additive.
20 [0090] Infincum V387 is a pour point depressant.
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I nventive Polymer 9 nEPR 1.4 Inventive Polynmer 10 nEPR 1.4 Infineum
D3426 Addpkg 14 14 14 14 |Infineum 9340 (400BN) My Sul fonate 0.7 0 7 0 7 0.7
I nfi neum 9330 _(300BN) _Ca Sulfonate 1 1 1 1 Infineum V387 PPD 0O

0.3 15 [00861BHH48"¥d EHC 60 are Group Tl base oils a‘iféf(‘isé?il“gz"ﬁsom

I mperial O, Canada. [0087]Infineum D3426 is an engine oil additive
package. [0088] I nfineum 9340 (400BN) is a My sulfonate additive.

Table 7: Basic properties of lubricating oil compositions of the inventive polymers at
the concentrations shown in Table 6.

Method | Comp EX | Example | Example | Example
X11 X12 X13 X14
KV 100 (cSt) D445-5 8.101 16.8 16.88 16.77
(30mL)
15W-50 | CCS @-20C (cP) | D5293-4 2460 3590 3570 3580
(60mL)
I15W-50 | MRV @-25°C | D4684-4 <35 <35 <35 <35
(yield stress) (30mL)
I15W-50 | MRV @-25°C | D4684-4 8200 16,600 16,300 16,600
visc. (cP) (30mL)
10W-50 | MRV @-30°C | D4684-5 <35 <35 <35 <35
(yield stress) (30mL)
10W-50 | MRV @-30°C | D4684-5 18100* 43,700 43,100 42,100
visc. (¢P) (30mL)
Pour Point D5949-31 -45C -41C -44C -41C
(2mL)

5 [0091] Cold cranking simulator (CCS) tests were performed at ~20°C per ASTM D5293,
[0092] Mini rotary viscometer (MRV) tests were performed at -30°C per ASTM D4684.
[0093] Pour point was determined according to ASTM D97.

[0094] Certain embodiments further relate to:
1. An amorphous ethylene propylene copolymer, comprising:
10 of from about 40 wt.% to about 60 wt.% ethylene derived units; and
of from about 60 wt.% to about 40 wt.% propylenc derived units, whercin the
copolymer is characterized by having:
no discernable melting point as measured by DSC;
an MFRR (MI (2.16 kg; 230°C)/ MI 21.6 kg; 230°C) of about 38 or more;
15 a molecular weight distribution (MWD) of from about 1.5 to about 2.5; and
a shear viscosity n* at 0.01 rad/scc measured at 70°C that satisfics the relation
IN"l70°¢; 0.01 radiseey > 1.2%10° * IMEFR[™"" wherein MER is the melt flow rate and n*
is the complex viscosity at 0.01 rad/sec measured at 70°C.

2. The copolymer of paragraph 1, wherein the MWD is of from about 2.0 to about 2.4,

20 3. The copolymer of paragraphs | or 2, wherein the MWD is of from about 2.1 to about
2.3.
4. The copolymer according to any preceding paragraph 1 to 3, whercin the shear

viscosity nx at 0.01 rad/sec measured at 70°C that satisfies the relation | |7ooc: 001 radisec) >



[ 0089] I nf meum 9330 (300BN) is a Ca sulfonate additive. 2000901l nfi neum V387
IS a pour point depressant. WO 2011/094057PCT/ US2011/020858 Tabl e 7: Basic

properties of |ubricating oil conpositions of the inventive polyners at the
concentrati on¥ OABRA ' h Table 6.  Method Comp EX X11 BExX&APIS&UAP8¥xanpl e
X13 Exanple X14 KV 100 (cSt) 0445-5 8.101 16.8 16.88 16.77  (30nL)

15W50 ccs g-20c (cP) Db5293-4 2460 3590 3570 3580  (60nl)

1.6%10° * [MFR|*”", wherein MFR is the melt flow rate and 1" is the complex viscosity at
0.01 rad/sec measured at 70°C.

s. The copolymer according to any preceding paragraph 1 to 4, wherein the shear
viscosity n* at 0.01 rad/sec measured at 70°C that satisfies the relation [n|7o0c; 0.01 rmdssec) >

5 1.8%10° * [MFR[®"", wherein MFR is the melt flow rate and 1 is the complex viscosity at
0.01 rad/sec measured at 70°C.

6. The copolymer according to any preceding paragraph 1 to S, wherein the MWD s
about 2.2.
7. The copolymer according to any preceding paragraph 1 to 6, wherein the MWD is

10 about 2.5.

8. The copolymer according to any preceding paragraph 1 to 7, further comprising a
MER of from about 2 g/10 min to about 25 g/10 min.
9. The copolymer according to any preceding paragraph 1 to &, further comprising a
MEFR of from about 6 g/10 min to about 10 g/10 min.

15 10.  The copolymer according to any preceding paragraph 1 to 9, wherein the ethylene
derived units are present in an amount of from about 40 wt.% to about 50 wt.%, and the
propylene derived units are present in an amount of from about 45 wt.% to about 60 wt.%.

11.  The copolymer according to any preceding paragraph 1 to 10, wherein the ethylene
derived units arc present in an amount of from about 42 wt.% to about 50 wt.%, and the

20  propylenc derived units arc present in an amount of from about 50 wt.% to about 48 wt.%.

12. An oil composition, comprising:

a base oil; and

an amorphous ethylene propylene copolymer comprising of from about 40 wt.% to
about 60 wt.% cthylene derived units, and of from about 60 wt.% to about 40 wt.% propylene

25 derived units, wherein the copolymer is characterized by having:

no discernable melting point as measured by DSC;

an MFRR (MI (2.16 kg; 230°C)/ MI 21.6 kg; 230°C) of about 38 or more;

a molecular weight distribution (MWD) of from about 1.5 to about 2.5; and

a shear viscosity n* at 0.01 rad/scc mcasurcd at 70°C that satisfics the relation
30 N le70o: 0.01 radisec) > | 2%10° * |MFR[“O‘77, wherein MFR is the melt flow rate and n*

is the complex viscosity at 0.01 rad/sec measured at 70°C,



15W 50 MRV@ 25C D4684-4 <35 <35 <35 <35 (yield stress) (30nL) 15W 50
MRV( cci , - 25C 04684-4 8200 16, 600 16,300 , 16,600 vise. (cP) (30ni)

10W 50 MRV@ 30C 04684-5 <35 <35 <35 <35 (yield stress) (CSOrTL(?
WO 2011/094057 PCT/US2011/020858

wherein the amorphous ethylene propylene copolymer is present in an amount
sufficient to provide an oil composition having a thickening efficiency of about 1.7 to about
2.2; and a SSI of about 15% to about 35%.
13.  The oil composition of paragraph 12, wherein the SSI is from about 21% to about
5 27%.
14, The oil composition of paragraphs 12 or 13, wherein SSI and MFR satisfy the
following relation: [SSI| < 50 [MFR|%#*,
15, The oil composition according to any preceding paragraph 12 to 14, wherein SSI and
MFR satisfy the following relation: |SSI| < 45 [MFR| ",
10 16.  The oil composition according to any preceding paragraph 12 to 15, wherein SSI and
MEFR satisfy the following relation: |SSI| < 42 [MFR| %",
17.  The oil composition according to any preceding paragraph 12 to 16, wherein the
copolymer has a MWD is of from about 2.0 to about 2.4.
18. The oil composition according to any preceding paragraph 12 to 17, wherein the
15 copolymer has a shear viscosity n* at 0.01 rad/sec measured at 70°C that satisfies the
-0.77

following relation IT]*!U()UC; 0.01 rad/scc) > 1.6%10° * IMFR|™"/, wherein MFR is the melt flow rate

and 1" is the complex viscosity at 0.01 rad/sec measured at 70°C.

19.  The oil composition according to any preceding paragraph 12 to 18, wherein the

copolymer has a shear viscosity n* at 0.01 rad/sec measured at 70°C that satisfies the
20 following relation ["1*|(70°C; 0.01 radisec) > 1.8%1 0% * |MFR]'O‘77, wherein MFR is the melt flow rate

and 1" is the complex viscosity at 0.01 rad/sec measured at 70°C.

20.  The oil composition according to any preceding paragraph 12 to 19, wherein the

copolymer has a MFR of from about 2 g/10 min to about 25 g/10 min.

21.  The oil composition according to any preceding paragraph 12 to 20, wherein the
25  copolymer has a MFR of from about 6 g/10 min to about 10 g/10 min.

22, The oil composition according to any preceding paragraph 12 to 21, wherein the

copolymer comprises from about 40 wt.% to about 50 wt.% ethylene derived units and from

about 60 wt.% to about 50 wt.% propylene derived units.

23. The oil composition according to any preceding paragraph 12 to 22, wherein the
30 thickening efficiency is about 1.7 to about 2.0.

24, A method for making an amorphous ethylene propylene copolymer, comprising:

reacting ethylene and propylenc in the presence of dimethylsilylene (tctramethyl
cyclopentadienyl) (cyclododecylamido) titanium dimethyl or di(p-triethylsilylphenyl)
-8 -



10W 50 MRV@ 30C 04684-5 18100* 43, 700 43,100 42,100 vise. (cP) (30nlL)
Pour Point D5949-31 -45C -41C -44C -41C (2nl) 5100911Col d cranki ng
simulator (CCS) tests were perforned at -20C per ASTM D5293. 100921M ni
rotary vi scon¥P{&/) tests were performed at -30C per’CASTPRAIBREYES.

[ 00931Pour point was determ ned according to ASTM DO7. [0094] Certain
enbodi nents further relate to: 1. An anorphous ethyl ene propyl ene

copol ymer, conprising: 10of from about 40 w.%to about 60 w. % et hyl ene

derived uni t smethylehe [(cyclotatiieny) @odiiterbOutyifludSei-0-ydbaftiushQiméth Papsmpyibane
derived units nerei n the copolyner is characterized hy having: no

i scer nabl e ruGosB1HE BB toao By ek b1 Boul Rl o Ao
(2.16 kg; 230&)% cMyledd d&ikd;unR36H3) fr@h abhoOWd w38 ar ativor €) wilSapwpHaeWedted
wei ght distrib%tion\QNVE%.of!;r9n1about 1.5 to about 2.5; and a shear
viscosity n* WS g01REERIEd Bbadi¥ed at 70C that satisfies the relation

5 no discernable melting point as measured by DSC;
an MFRR (MI (2.16 kg; 230°C)/ MI 21.6 kg; 230°C) of about 38 or more;
a molecular weight distribution (MWD) of from about 1.5 to about 2.5; and
a shear viscosity n* at 0.01 rad/sec measured at 70°C that satisfies the relation
M l0oC: 0.01 sadiseey > 1.2%10% % [MFR|™”", wherein MFR is the melt flow rate and 0" is
10 the complex viscosity at 0.01 rad/sec measured at 70°C.
25. A method for making a lubricating oil, comprising:
reacting ethylene and propylene in the presence of dimethylsilylene (tetramethyl
cyclopentadienyl) (cyclododecylamido) titanium dimethyl or di(p-triethylsilylphenyl)
methylene [(cyclopentadienyl) (2,7-di-tert-butylfluoren-9-yl)| hafnium dimethyl at conditions

15 sufficient to produce an amorphous copolymer comprising of from about 40 wt.% to about 60
wt.% cthylene derived units and from about 60 wt.% to about 40 wt.% propylene derived
units and is characterized by having:

no discernable melting point as measured by DSC;
an MFRR (M1 (2.16 kg; 230°C)/ MI 21.6 kg; 230°C) of about 38 or more;
20 a molecular weight distribution (MWD) of from about 1.5 to about 2.5; and
a shear viscosity n* at 0.01 rad/sec measured at 70°C that satisfies the relation
M l700C; 0.01 radisec) > 1.2%10° * |MFR|'0‘77, wherein MFR is the melt flow rate and " is
the complex viscosity at 0.01 rad/sec measured at 70°C; and
blending the amorphous copolymer with a base oil.

25 [0095] Certain embodiments and features have been described using a set of numerical
upper limits and a set of numerical lower limits. It should be appreciated that ranges from
any lower limit to any upper limit are contemplated unless otherwise indicated. Certain
lower limits, upper limits and ranges appear in one or more claims below. All numerical
values are "about" or "approximately" the indicated value, and take into account experimental

30 error and variations that would be expected by a person having ordinary skill in the art.

[0096] Various terms have been defined above. To the cxtent a term used in a claim is
not defined above, it should be given the broadest definition persons in the pertinent art have

given that term as reflected in at least one printed publication or issued patent. Furthermore,
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, ¥, In (70C, 0.01 radisec) 1.2*106 * IMFRI-0.77, wherein MFR is the nelt
flowrate andi* is the conplex viscosity at 0.01 rad/sec neasured at 70C.
2. The copol yner of paragraph 1, wherein the MAD is of fromabout 2.0 to
about 2.4, ZOWQF?H@mgﬁbolyner of paragraphs 1 or 2, wherf&'HPSPHENRB i s of
fromabout 2.1 to about 2.3. 4. The copol ynmer according to any precedi ng
paragraph 1 to 3, wherein the shear viscosity 11* at 0.01 rad/sec neasured
at 70C that satisfies the relation 1111(700c; 0.01 iad/sec) WO

2011/ 094057PCI P52 1/e02 RO & ulss6nd Gbhet  dovirPinBs/ cithér ehip dfpReatisn tdie faigyl t
flow rate and. is,g%q)cq lex<yitcos£ty‘a ghal‘[ad/sgp.neasﬁagd,@f 70C.
5. The copol yReYPREEOrdi KG 16 ay"pré e&di“ﬁcé} SPRYFapn " ORISR 1Y he
shear vi scosidpyhtatiOn &l edll jhseetinmas whid sath ifd@otdiat ispatniséd. es the rel ation

I ri*lcnc; O. adi 51.8*.106.* | MFR1l-").77, rein MFR is the ne|t
flow race andi e Sainebreugdatisdl GatintusPLEE Sl aliBao st ¢
The copol yserfuabeembbdigeitooxhy inptreioe dian e parisad mapbut Hepaotidy, fronhear dhsic 4chpe MAD
is about 2.2., 7..The copolyner..accordi 0 any precedi ng paragraph 1 to
6, wherein t h& Igngﬁg%ﬁ ?aﬁhgggx We£%%&38%1bﬁﬁﬁgﬁggCording to any
precedi ng paragraph 1 to 7, further conprising a MFR of from about 2 g/10
mn to about 25 g/10 mn. 9. The copolyner according to any preceding
paragraph 1 to 8, further conprising a MFR of fromabout 6 g/10 mn to
about 10 g/ 10 min. 1510. The copol yner according to any precedi ng paragraph
1to 9, wherein the ethylene derived units are present in an anmount of from
about 40 w.%to about 50 w.% and the propyl ene derived units are present
in an anount of from about 45 w.%to about 60 wt. % 11. The copol yner
according to any preceding paragraph 1 t o 10, wherein the ethylene derived
units arc present in an anount of from about 42 w.%to about 50 wt.% and
the 20 propyl ene derived units arc present in an anount of from about 50
wt.%to about 48 wt.% 12. An oil conposition, conprising: a base oil;
and an anor phous et hyl ene propyl ene copol yner conprising of from
about 40 wt.%to about 60 w. % et hyl ene derived units, and of from about 60
wt.%to about 40 wt. % propyl ene 25derived units, wherein the copolyner is
characteri zed by having: no discernable nelting point as measured by DSC,
an MFRR (M (2.16 kg; 230C)/ M 21.6 kg; 230C) of about 38 or nore; a

nol ecul ar wei ght distribution (MAD) of fromabout 1.5 to about 2.5; and a
shear viscosity i* at 0.01 rad/sec neasured at 70C that satisfies the
relation 3011t*1(70.c; 0.01 |ad/sec)l.2* 106 *77, wherein MFR is the nelt
flowrate and n* is the conplex viscosity at 0.01 rad/sec nmeasured at 70C,
WO 2011/ 094057PCT/ 1JS2011/ 020858 wherei n the anor phous et hyl ene
propyl ene copolyner is present in an anmount sufficient to provide an oi
conposition having a thickening efficiency of about 1.7 to about 2.2; and a
SSI of about 15%to about 35% 13. The oil conposition of paragraph
12, wherein the SSI is fromabout 21%to about 5 27% 14. The oi
conposition of paragraphs 12 or 13, wherein SSI and MFR satisfy the
following relation: 1SSIl <50 I npko.2242. 15. The oil conposition
according to any precedi ng paragraph 12 to 14, wherein SSI and MFR satisfy
the followng relation: ISSIl <45 |nFko.2242 1016. The oil conposition
according to any precedi ng paragraph 12 to 15, wherein SSI and
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MFR satisfy the followng relation: 1SSII <42 InFR 0.2242. 17. The oi
conposition according to any precedi ng paragraph 12 to 16, wherein the
copolymer has a MAD is of fromabout 2.0 to about 2.4. 18. The oi
conposition according to any precedi ng paragraph 12 to 17, wherein the 15
copol ymer has a shear viscosity g* at 0.01 rad/sec neasured at 70C t hat
satisfies diafvgs! owng relation | glom 0.01 rad/sec) > 1.6*106* | MFRI -77,
wherein MFR TS the nelt flowrate and ri* is the conplex viscosity at 0.01
rad/ sec med&wr édleimed 6C. 19. The oil conposition according to any
precedi ng paragraph 12 to 18, wherein the copolynmer has a shear viscosity
11* at 0.01 rad/sec neasured at 70C that satisfies the 20foll ow ng

rel ationlnf7o. c AnQdorplasiisesleng prdpydnkQBpolvMeRrcomprisiiger ein MFR is the nelt
flowrate . and g* is the conplex viscosity at 0.01 rad/sec neasured at

70C. 20. The oftPmeahwpbdl ¥ dntogbestr&fl wh aof clnjensrdseised nejtspandigr aph 12 to
19, wherein the D, a fo 1N t 25

g/ 10 mm 2?8&%8\6 gi&? “@ﬁnﬁ%@%ﬁgﬁf‘%é%%@g%%g%gﬁgéﬁ?@géw%‘geﬁgg#agr aph
12 to 20, wépiwndr it bigarddertaeddlyiaeinghas a MFR of from about 6 g/10 mmto
about 10 g/10 mm 22. The oil conposition according to any preceding
paragraph 12 to 219° Cﬁﬁ@’r’%‘i’lﬁ nalidng R %?ﬁ’é?as%rﬁﬁ%ﬁ% from about 40 wt.%to
about 50 wt.%eth i i 550 f 0 0 t 50

Wt . % pr opyl ene de%%sggR§§PF¥2g6§%fQ%%gwggﬁégg] 62?%F2ﬁﬁg%gg€%?%gggg’any
precedi ng par agr aphmaRculer 22jghidestebutionh@18M)hefckemi abguef {5 © @way 2is about
1.7 to about 2.0. 24. A nethod for naking an anorphous ethyl ene propyl ene
copol ymer, c3ﬂgrising: reacting ethylene and propylene in the
presence of di met hydighd yise@y (€L BB AN AL YihARENLATDEMht satisfies, the

(cycl ododecyl am do) titanium dimethyl or di(p-triethylsilylphenyl) -28- WO
2011/ 094057PCT/ US28atd0R0B58 oneiday ene*] 0ty (MBRENT ashereiyl MR is the melt
(2,7-di-tert-butyl fluoren-9-y1)] hafniumdinmethyl at conditions sufficient
to produce an anmprROGE- copol yner conprising of from about 40 wt.%to about
60 wt. % et hyl ene derived units and from about 60 w.%to about 40 wt.%
propyl ene derived units and is characterized by having: 5no discernable

mel ting pol.nt aBhaepslynsd obylabsC, whereMRRRM WD (sZrdbt akayt 22B0@bLuNN2.421. 6 Kg;
230C) of about 38 or nore; a nol ecular weight distribution (MAD) of from
about 1.5 to about 2.5; and a shear viscosity 11* at 0.01 rad/sec neasured
at 70C thag sattigfdopslyntt® of Blagh i1 0Whdibih the MWD R.fkn hslit SeChlabdidd. * 77,
wherein MFR is the nel't flowrate and i* is 10the conplex viscosity at 0.01
rad/ sec neasured at 70C. 25. A nethod for making a lubricating oil,

conpri si ng; reactin t hyl ene _and propylene in the presen of
di mbt hyl 1Ty ende ORI Py o SPsivadie mnar Voyet 8 dbaebyitnidore
titani um dj I oditfk -k f;d i AR hyi 6 % -0.77

[ (cycl opery om0 b e B P g Y e m MR 1 a
condi t i onsvheseis MFR ¢ hatmdlioflgpr cadesice an anor phous copol ymer conpri si ng of
fromabout 40 w.%to about 60 w. % ethyl ene derived units and from about
60 wt.%to about 40 wt. % propyl ene derived units and is characterized by
having: ng di scefNaNofm&! 4 89inP Q] RiheAdin TRESHEGViB0sIPG+ anoMTRRAM (2. 16
kg; 230C)/ M 21.6 kg;” 230C) of about 38 or nore; 20a nol ecul ar wei ght

di stri but inoeasgivk\B) 76C filtan mutdfratthd rdatiom [REQME. 03k GisccpPd .&F 19 &dMRR|SC0si ty
/1* at 0.01 rad/sec. asuref at 70C that satisfies the relation 1111(70C;
0.01 radr ein MER grgthe owle.wherein MFRis the nelt flow rate and 11*
is the conplex viscosity at 0.01 rad/sec neasured at 70C;, and bl ending the
anor phous copol yner with a base oil. 25[0095] Certai n enbodi nents and

feat ures Ibave Héderopasmer bbdainsbnghacinehe MWhlisebowal2.upper lints and a
set of numerical lower limts. It should be appreciated that ranges from
any lower limt to any upper limt are contenplated unl ess ot herw se
'nd'Cated7.Cerﬁ%b@ob&?@krbf&hﬁ§5,@@ﬁ@m¢héNRVEi§%&n&@ﬂﬂes appear 1n one or
nore clains below AlIl nunerical values are "about"™ or "approxi mately" the
i ndi cated val ue, and take into account experinental 30error and variations
that woul d be expected by a person hqghng ordinary skill in the art.



[ 0096] Vari ous terns have been defined above. To the extent a termused in a
claimis not defined above, it should be given the broadest definition
persons in the pertinent art have given that termas reflected in at | east
one printed publication or issued patent. Furthernore, WO

2011/ 094057PCT/ US2011/ 020858 al | patents, test procedures, and other
docunents gitedrhp ché@m@PBf bladth | P Fudie JoHlplrﬁéldgn&Mfﬂ@bﬁtfﬁ)% Byoyief gnence to
the extent such discloSure is not inconsistent with this application and
for all jumigth @doubAsgilA mi ch such incorporation is permitted. [0097] Wil e
the foregoing is directed to enbodi nents of the present invention, other
and 5further enbodi nents of the invention may be devised w thout departing
fromthe basic &"ﬁ@l@@pc%?@éﬁ@f clagR &, titiehes CORPrisMer £MFR of d@hekbdiarighy t he
clains that follow AIMS What is clainmed is: 1. An anor phous et hyl ene
propyl ene Bdptsl dhost 10 gdRprinsi ng: from about 40 wt % to about 60 wt % of

et hyl ene derived units; and fromabout 60 wt %to about 40 w % of
propyl ene derived units, wherein the copolynmer is characterized by having:
no di scerni®l e Wat topadyrne dftclzm SyRdetsie theldyhyDS(E, deaive ViR a(rMpre(saﬂI if alkg;
2300 /M (2.16 230C)) of about 38 or nore; a nol ecul ar weig

di stribut i %mO'cw%)fm@? alpqus A A ofatto ebeptS9 viyGuridths propylens deriygd umt%%s' ty
11* at 0.0 ABas ot he relation |ifluocu;
0.01 rad/s §é?ﬁlér§§rg% 106%%@%@;‘9&%%%%%0%%%8??& e nelt flowrate. 2.
The copolyner of claim1, wherein the MAD is from about 2.0 to about 2 4.

3 The cop y of claim e th r.om about 1 taq abou

TPLY Cobl SO T ot laih e Shgisan the F DheeERR Retpe pigent 38, 0. 01
r ad/ sec ”Pzﬁﬁéﬁxﬁ@f Fony Meut B2tV IBd abd R SOAS,! Sl Bihi %%ﬂyﬂéderﬂéﬁve@uﬁ)ﬁs &rad/ sec)
> 1.6* 106 * IMFRIm 77, wherein MFRis the nelt flow'rate,
copol yner mﬁse@tman@znoumefépmametihwa%mlabQ@M&W% * at 0.01 rad/sec
neasured at 70C that satisfies the relation 1111(700c, 0.01 rad/sec) > 1.8*
1061 MFR1- 77, wherein MFR is the nelt flowrate. 6. The copolyner of claim
5, wherei ni2.he M\hdtBodabfort mdkidg an hherstepe! ¥ielenef ppgidie 5copdigmet, n t he
MAD i s about 2,5. -31 - 8. The copolyner of claimb, further conprising a
MFR of fr oifdBBiRe-2 g/ 10 mmto about 25 g/10 mm 9. The copol ynmer of claim
5, further co g fro u t 0O mn.
10. The copol %?&% QMEIB Qdfnd %Bﬁ%%hgne}%/]pg%%h%er&vggﬁ fsgy%%%
present i Ntaransnod nt:ydliﬁpdhta(dlfﬂn&bol@d&yo&fﬂoﬂbq%rhﬂio)ibmﬂmuﬁﬂ ditnethy! aord difpe
propyl ene deriyv res n an_ anmount f fro %to

d t t 4
bout 60 weHyITIERenYIE 6ol irorl (B RRHER D Wi it E]@ygfu %é(mien ved
uni ts are RFGER/NLih&nAN ala’EBHdﬁhoﬁ’J sﬁﬁﬁ'i@n@btguf)roﬁacé’wano/%ﬁlgrﬂgﬁytcoggly\’ﬁer% and

the propyl ene derived units are present in an anount of from about %
t o about 4®mprisig of]fmm Abomt4odlt Yooto abaki Glywabe ethpleph dasvat imjisemd fpmopy| ene

copol yner, .co i Si e n hy e,and pr nt

o osence. dPog ReoyToia ground0(FE0 vRPE eTErS JBfs Bof oy Fitactehizid By

(cycl ododefayingm do) titani umdinethyl or di(ptriethylsilylphenyl) nethylene
[ (cycl opentadienyl) (2,7-di-tert-butylfluoren-9- y(lﬁ)éﬁgaf ni um di met hyl at
condi tions sufficierno dl@ﬁemlblau%@h@mp@mb@mww r conprising of from
about 40 wt % to abgyt | e 1 | 60 wt
% to about 40 wt %plrﬂo%?%ngM{lrl@é( gﬁqt%i @dI(,UQ h%roggﬁerqag)gldﬁgg%ﬁaw ng:
no di scerni bl e m&kii ng point as neasured by DSC; an I\/FRR (M (21

230C)/M (2.16 kg; 230C)) of about, 38 qor nore; ﬁg wei g
distribution (MAD) SfmplegHpnsight @S@WBO%EMNYD)ZO%W& out 1.5 10 %P%lh%ér

viscosity ri* gp40.01 rad/sec neasured at 70C that satisfies the relation
frilco.c; 0.01 rad/sec) > 1.2*106 * | MFR1- 1177, wherein MFR is the nelt
flow rate. a shear viscosity n* at 0.01 rad/sec measured at 70°C that satisfies the

0.77

relation In*|(70°c; 0.01 rad/scc) > 1.2%10° * [MFR|™"’, wherein MFR is the melt

flow rate.
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13. The method of claim 12, wherein the MAD is fromabout 2.0 to about 2.4.
14. The method of claim 12, wherein the shear viscosity Tr at 0.01 rad/sec
nmeasured at 70C satisfies the relation Ii*I(700c; 0.01 rad/sec) > 1.6* 106
* |MFRr.77. 15. The nethod of claim 12, wherein the shear viscosity II* at
0.01 rad/sec neasured at 70C satisfies the relation Ii 1(70C, 0.01 rad/sec)

> 1.8*%106 %3, 16Th@%tl%&ﬂﬁ'c¥d?ﬁrlzofvh€ﬂeﬂiﬁbﬁwﬂ%@f&h%&ﬁ@ (Mélabbﬁt Apout 2. 2.
17. The copol yner of claim 15, wherein the MAD i s about 2. 18. The

copolyrrer of claim 15, wherein the MFR is about 2 g/ 10 m n to about 25 g/ 10
m n. he capol r Ia| 15, V\,herlntheIVFRlsabo 10 mn to
Tbout 10 oMo RS mgEba He il Mad ety ittt vy o Re Sior Bl

copol ymer GRIRILEES (A0 isittQ i roliibd ERAML, PO Wt>°{°6@f10¢>hgwﬁ%yw?.ene derlved

units, and abouf 45 wt % to abou 3t “Y'fe” propyl ene deri'ved units.

15.  The method of claim 12, wherein the shear viscosity n* at 0.01 rad/sec

measured at 70°C satisfies the relation ln*|(70°c; 0.01 rad/sec) > 1.8% 106 * IMFR['O'77.
16.  The copolymer of claim 15, wherein the MWD is about 2.2.
17.  The copolymer of claim 15, wherein the MWD is about 2.5.

18.  The copolymer of claim 15, wherein the MFR is about 2 g/10 min to about 25
g/10 min.

19. The copolymer of claim 15, wherein the MFR is about 6 g/10 min to about 10
g/10 min.

20.  The method of claim 15, wherein the amorphous copolymer comprises about

40 wt % to about 50 wt % of the ethylene derived units, and about 45 wt % to about
60 wt % of the propylene derived units.
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