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conbi nati on of ethylene and one or nore C4-C20 a-ol efin. In another

enbodi ment, the one or nore a-ol efins nmay conprom se ethylene, or one or
nore C4-Cl2 a-olefins or a conbination of ethylene and one or nore C4-Cl12
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nore preferably from about 0.5 % to about 12 W% nore preferably about
0.6 % to about 8 wt% and nore preferably about 0.7 wt% to about 5 WO
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5,000 to about 5,000,000 nore prefera a Mv of about 10,000 to
about 1,000, 6062 fr8kdnperet erna%w% OWhQSIFnea%htt l%t F0C+ 62 AbRIEln FH0OBOD,
nore pref er alloye @eddy Q'fte SRAUHM RO dRRQ hob@ Rz @8r AAcon1REEd. PP EfeRLADINK @ My
of about 30 60,000 to about 300,000, nore preferably a of about 70, 000
to about 250°B0Y,MAREFRSS AR 1CENHEN S ni ned as described herein. In one or
nore enbodi Manis, the PheRheNanbadsiach: BObYAGE] CRRfRRAY endr MidndRgishgifdom a
| ow of about 70, 000, about 80,000, about 90,000, about 100, 000, or about
120,000 to a°WVi§h of CaBdute-aleEnsonee pefsEby 8y 00l -l -hoteec o0 [-oskBut

220, 000, or aa@auinoRSPRRbly MROW/ LLAEHT PEI/RA008ADER oMo R2Efilddene or
nor e enbodi nts ?l?ove or el s%ere herein, the prop ]yl ene- based pol yner can

have a Mh of * PERERS o tpezte%oanéob%jﬂ%rtsﬂ RFESr ¢F SPABIYMY MV of
about 5, 000 aﬁbcattmutrs %Qoﬂ&ﬁmeﬁﬁd’nﬂncﬂﬁ@fs@fr@@ y a M of about 10,000 to about
250, 000, nore pref a . MVh of ab ut 25,000 to about 200,000, wherein M
i s deternfnelf? § ﬁﬁwia%@dd‘%trér%r e ‘{déd’??]a‘ie MBAEGE or SRS MERR S hov e

or el sewher e(iMB)ei Y-hédeicips: opyrtee@en@aaeftomra@ YIBNB)C ans- tsnmeena Nty 1abrout

10, 000 to abput 000 more p r abl ouf, 50 Q0

2bout 1. 000, 06KiHor o7pmar i e of -GG Boo +& dieutirg0

nore pr ef er aldryoracnbiy Vol ) adionito pd AHIOR0 BCPIRAD Ot conibihaOOHd, thive&T errdtedvBly] ﬁlc

det erm ned ag 10dﬁﬁ ri bed herein. [0028] The nol ecul ar wei ght distribution

i ndex (MAD =% % sonetinmes referred to as a "pol ydi spersity index"
(PD1), of the propyl ene- based pol yner can be about 1.5 to 40. In an

enbodi nrent the MAD can have an upper |im#% of about 40, or 20, or 10, or 5,
or 4.5, or 4, or 3, or 2.5, or 2.4, or 2.2 and a lower limt of about 1.3,
or 1.5, or 1.7, or 1.8, or 2.0, or 2.1.




15 In one or nore enbodi nents above or el sewhere herein, the MAD of the
propyl ene-based polyner is about 1.8 to 5, nore preferably 1.8 to 3, and
nmost pref er ably, Blllé 2.1 to 2.4. Techniques for determ 1l ecul ar
wei ght (vh ang, I\ﬁ/ & r%l nol ecul ar wei ght distribution (MA%MZ&O% g?ound in
U S. Pat. No. 4,540,753 (which is incorporated by reference herein for

pur poses of U[()ﬁ*)]lpr %etférp %Sr)xet al:lcgfcgégsg@ %? g?ddhﬁﬁl Eh@gﬁ“(ﬁg"&ng LVAYS V\gl %Qlﬁmers er ein

Macr onol ecul es 988, : Verstra

i ncor por at ed fwndf &f emtélmf@m &1 S.pf0HE 4D Rnd V) 2@9%(@%%%23 andyird Ure fReteah des
cited therein i r r sedh, U.
SR %ggrai)g,?@m@ﬁ Q aﬂqg&ﬁqoyaﬁ%&J Jagcm%% aH @gtlcgzhéﬁm S el & stch

i ncor por at ed fbyfh@@f @ﬁ@ﬁ@é i VPt @Oé/ﬁﬂ(i'zoétayc a{b@@l&@]lll t@ méllcerthmroeylemabﬂdcdmnt S
above or e sew i h ,

i ndex val uge 0 cg%n%rlﬁgﬂrgrebé% e?hpp?cg‘ bet'racg 113%%? d€1 gg}g?&g %‘gﬁgx %ﬂcm?yq%eg% s%
0.99 bei ng nopegiogie et m@CHIMé?-ergghemt somenderevidt tichdesitnd otftetrhtiopobfy mer
usi ng the intyg i h t r e.
For s her o1 f TR ALPRISLLY (Fsoah? B GEIRCLAREIRNEERRTRAR e ALY
the intrinsi cmf}‘il%’léfb@ﬁ Pipp¢netipwsTtpn oy IRegger Blééé)do 98T yﬁ’efr cagaheht descited in BPrli nsi ¢
viscosity of @4léb@@&fd agy BETRE ﬁai tht pl%dﬁ Bﬁo%’l&a%%ﬁésts}’nteﬁ)‘{eefoﬁﬁi@ V@;ﬂlo cul ar

wei ght (My) as the gropy ene- ase yner. a,

2010/ 0168407 PQ0pAIUS2 @%mvﬂ%@awérr@lwasml@ae %Iﬂ@é@e mmpyllenm@mtenpm yweight and
shoul d be obt@kaaﬁdodqoom&n%méb R34, e DR 9@%%%%&%&&% B O K wib1dex

measur enent. [0030]1n one or nore enbodi ments above or ewher e herein,
t he propyl endo3aaEd.5 Wi yives pietrrblyaljen gbete £ ivetp t@fab%(?ﬁtw% gBrgprefegbbo

about 0.92 gi G abd¥PEE WP, & @Jofabwwtoialhﬁ&% Sé@ermy %&mﬁo&t%o%#%%&ﬁ% wior e

preferably about 0.88 g/cnB to about roomtenperature as
neasur ed per %fé OAW%@@@@CWQWC%@WW%@%‘EP&% agsrfEonp pbob T W Brisordontent s

above or g seym{/@ ph%@héldel;v@@ ugﬁsor;a/dl@r@?ef&%e@mepb%ﬁ?ﬁs G, taamumwt% flow
rate (MFR, 2.16 kg wei ght C), equal to or gr eat er t han O. %@1 mn

as measured dEYOkAEAYIEH ufl%\e rrmsrrm@@%@omea@wtrﬁé)ﬂﬁ% togaborpdt Fi'edreryEser i bed
10 bel ow). Prd%iflé‘efd% té/ anll R VRt adiyl Bork Abdult 30 vgaotg)abblﬁ 90 rv@c% ﬁg%uénecheﬁv&l/ 10

mn to about 200 g/ m n _and noré preferably rom about

about 100 g/ 1OithisAd U}Oﬁc ar¢festbo dpmetbout $het’s o pheuws i8-was é’@ﬂd@fw‘??e?d A ghean

MFR upper | i Bdigh0bf B0 By m&0Gn BALInUFNIMAD MétbahRQ Qbelmma&g'v@d A48 of 0
mn, about 75 g/10 m n, about 50 g/ 10 m n, about g/ 10 m n, about 25 g/10
mn, or a%?outmoﬂ)“‘@}efe‘ i O8R4 @Owe@v@?ﬁqwmﬁwmpuﬁtﬁéuﬂm@ of opg QUG fa-C20%
abOUt 0.5 g/ bfiioRa céR@bttion oSidfdendiald oRRR WorCOE 1@ -dR M. 1RBRMer SnEHddRentl N,
about 4 g/ 10 m n, about 5 /10 ‘mn, about 8 g/10 mn, or about 10 g/ 10 min.
I'n anot her efSodiersMOre f1RkTing B3y ICRMBIOBS SthyfSaFyHeNe R OENCHER toflclinsmr g/ 10
mn to 200 g/dQbifiin orﬂreﬂa@@ﬁ@aworﬂ‘eroemoze 0i-&0 d%[@ﬁﬂbo 18Q perdLedBntbodifRAE the,
preferably from3g/10 min to 21 nore preferably from5 g/10_ mn to

30 g/10 mn, OH‘b‘i’rén%Féfoéﬁ‘rﬁ&bF‘Vn%BCb?@éc% I 1gihgO TH A ﬁhcor?ﬁPémQ’G&‘éF@@abl y
10 g/ 10 misn tem@hestue@ 9/ 10 mn, or nore preferably 2 g/10 mn to about 10
g/ 10 m n. 100321The propyl ene- based pol ymer can have a Mooney viscosity M

(1+4) (, 125C, (%48 det'BratpHEacaRodordt-nle PYRSERITPHEA anithflerivad dTophalls a0 ehor e

preferably | @gsestdm@mpibnall@\vad ofaioe: of BF radiny de@siSed pR%MAD,. WSt & @herably
| ess than 30. Ln one or nore enbodinments ZSaEfve or egsemhere herein, the

Mboney vi scoSMPSATBSS AbHG T F9SINEC 5 b fhs pabroliin & cthyency butene, hexene’or

octene. In other embodiments, two alpha-olefins are present, preferably ethylene and one of
30 butene, hexene or octene.

[0022] In the diene containing embodiments, the propylene-based polymer comprises

about 0.2 wt% to about 24 wt%, units derived from a non-conjugated diene based on the

weight of the polymer, more preferably from about 0.5 wt% to about 12 wt%, morc

preferably about 0.6 wt% to about 8 wt%, and morc preferably about 0.7 wt% to about 5

-5.



15 to a high of about 30, 60, 75 or 100. [0033]1n one or nore enbodi nents
above or el sewhere herein, the propyl ene-based pol yner can have a heat of
fusion (Hf) d@tehiidgd; according to the DSC procedure deggf, é?@?m];zgg-er

which is greater tﬁan or equal to about 0.5 Joul es per gram , and is <
about 80 J/g, 30 preferably < about 75 J/g, preferably < about 70 J/g,

nor e pref erablyy, <Ir@$%9éiltem@9dn}1'exgs tﬁ@&%\er&) rr%le&y frdm %pd?ll't'b 259[" ‘]t/ogtgomp & 1%,
preferably < about 35 J/g. Al'sc prefera he propyl ene-based polynef has
a heat of fusF@ﬁ4¥ﬁ@?UV§0@W@@ﬂ@ﬂf@Wawl6hféqma?pﬁ8ﬂ§h0@mn1U3¢@2“wﬁeééwably
greater than @rwt(%OIFx%{‘cwa@ AHRUbow ojz/wg% tb b tsh\ﬁ{/o %ﬂ{%@%i%}n %ﬁo:[lgo 2w1% fo

pr opyl ene- based nmer ‘can have a heat o u5| on rom about
0.5 Jigto ab@hswt W@Wﬁgandpvr@relrlmﬁpyl aﬂvp@rwwmgwt@ﬁw@?mﬁ SHR0B/ LT 2655
about I Jig t@Qc3b9kt: 7R oht Or nidRY &n%ﬁﬁr{c‘ﬁ{saal%% i R RROUL tﬁc %E(%yltcﬁ BROPt 35
Jig. Preferred pr opy!l ene-based mers and conpositions

char act er i zedPdl¥ingr spiarisss ulbbtdﬁ“qui om KHBti htgdrp@lﬂht)fsfrf(ﬁml)ouahd th elzpus 4 oft%,
fusion, whi chynglopathbi ?Sfroﬁ?-gbogﬁo s lbeResd. By hHie,RE 52 RAAR %mca%gartp s or
steric irregularities hinder the formation of crystallites by t

pol yner chai i®ouiZd ¥fte or nore enbodi nents, the heat of fusion ranges from
a tower 1i it 1. & dheh didf donfindd 2 4 g,
or 7.0 J/? tlg a]n upper Illmet 8 l (%gem%wm%rn% egmr?’ﬂene bg)seé‘?g]amgépégepabt}/

or 60 J/ glbr cPowypey, Preylepsdgivgd vits gud Jicpe- depoemprﬁhe eyt mpiei afi thy ranzes he
propyl ene- basggred ¥oRE wigh iRl RAnRe EXREEE SR o Mdr€1ITBndb: RESentAge Af
crystallinity (i.e. %crystallinity). In certain enbodi nents above or

el sewhere 10 %5858} this ‘TIHémBPTBﬁMhéﬁ@Pblﬁ%Ge‘%PbWW preéerahlpeqmpising o akawrSphous
charact eri zedo iaBouk BAtwtdslofBRS oPmPpell Vit Al tl b B bgb%%l%emvaglq AU ARG, L O

t he DSC procedure described below. In other ‘embodi nent s above or ‘el’sewher e
herein, the pVbByyteHEdsaled naldfinprekascy ty empitcd|amopnts Of Biesof glefinson 51 t o
40% pref &F alolymk¥ad ReRBRA%y 6 ol ShaRlMd Ffa'{%ﬁgowgﬁl{otw&flgés MeS&ibed herein.
crystallinity is determ ned according to the DSC procedure descri bed bel ow.

In” anot her 1¥WBRsdrHRITRnEet 8 e 50T See ks b‘é‘l“%ﬁ?mﬁb@ﬁér‘ﬁ% P 4hadt B
crystal l'i ni t ywof mb%ﬁﬁeft:ﬂa@lg f@%boRreles @hbyur ab s, Qe@%référ%lfﬁ@rﬁtab%%wt‘%or e

preferably from about 0.5%to about 22% and nost pref er ab from about
0.5%t 0 about®® 3% 208t rat sEdrbin bY@ abquse wihdp ﬁ%ﬂut %ﬂé@@ym?rélpfetfﬁ@lh fighest

order of pol ms@@yd £938t 175w @S inldFRIr & preREabASPond hibul § w4 to HPAUBGHYstal [inity is
equal to 209 Jéﬁ 20[0035] I n addjtion to this |level of crystallinity, the
pr opyl ene2’bad¥®&Tpol Vf?eprmfﬁ’lleé‘F BPSBIPIVASE cag ey Weiehy %)Véﬁig?rﬁ}oﬁc\ﬁ'gf veighdMon.

However, the opbopyb@ng-18asetnpel wmfge e@[bcﬁlbpwelgleqmgiaf MolES 600TDOREBKS o
adjacent to the pr| pal peak, oses herein, such secondary

mel ting peak$ 4r'asq ’E?H%F‘H@r‘eﬁgfttd%@ r?érab%{’é 1§r059 A & Ieey erhg Hendsr of BRI he

hi ghest of theser peaksd 6l atnlgmev&x@ dasiedil A e At Fdflm%ﬁ%ﬁélﬁg s8R
consi dered the nel t| ng poLnt of 25t %fp %%I ene- pol ymer . [0036] The
propyl ene- ba8¥PBBY SRS JheriardiBry ahadl ahie8| f?}nnﬁc t‘i’i‘tm”ﬁire'é}é WZedoBSERC) of

equal to 2r kessabhaphy]l 09C3DREE] @sabicyred RS GPOAID QQCscrpeeh@siabl y | ess than
80C, nore preferabli{ | ess thanng{g. uaI to 75C, pref ra,bl¥/ from about 25C
to about 80CI"B} ef dPaBFyPr dBYGL® B B8 OF Blee vkt Berpipethsr RiBMKIenadawe 30C

to about 65Cp(]21§1@5r0&8'ﬁ]1\ld&aﬁ/lw0ff af)dvlﬁig,@l]() to%b@ﬁtmoalogo BintoYe, aldet ﬁf@ﬁeia;lcal}ga Mw of |
terrper at ure o e- r..can e ete or_ exanpl e
by a Differ eolfouél 6 atﬂ qﬁpgﬁﬁ?ﬁ%‘{) %?%é)@j M%eédltﬂ”?@ g abpe SPEOPbwi ng
steps: [ 0038]néttoprbfe&bfyga M-:w p1f soedsheiowe eboltwoo Sheehde pfefdviiab INRy fdflaBdut

St | caul vy (e R e R O 5 85t o tbaees i B baRor Suthocehan °

shee]t The deems(}e&nﬁxéled ad h‘fﬁﬁﬁ;&\ilh’ét}émﬂbﬂn%nlaroe nibr&@nﬁ@dﬂrﬁ&&o the pTMldﬂf@Jbgbeand
sanple are t aced in eat e au The s tenp ture
is usually s]e‘ﬁy [Bg 3%“1%8@ {15828 r@ ﬁ? #%‘Pgtngos@fo lipat g‘?@ saléﬂ’"‘&

and a force ﬂmuabmumoiﬁemomszosomﬁnnm@mnedmﬁonmaboumoaﬂsomnmubeﬁ206b@L

pl atens are t P%ﬁgﬁ ed i% ill at the above 5 nmentioned prescribed
tenperature AN {)};ﬂrﬁ?olub m&rl nyl ar "sandwi ch" is renoved fromthe
nmol d. The sanple, nylarl polyner/nylar "sandw ch” is allowed to anneal for
no |l ess than 24 hours, and no greater th&n 48 hours by hanging in air at
roomtenperature (actual tine is to be noted). After the annealing period,
the pressed pad is renoved fromthe nylar and cut crossw se then fol ded
over onto itself, formng a double layer. Fromthis double layer to a
circular disk is cut out, using a | eather punch or other paper punch
device. Five sanples will be prepared. The sanple weights will be recorded,
and shoul d be no less than 8 ng and no greater than 12 ng. The sanples are
then placed |n |nd|V|duaI 10 nlcro I|ter aIun1nun1pans Unvent ed alunlnum

o Y o . [T



25 a specific heat flow (units: Wg). Second, a baseline is constructed
and subtracted fromthe specific heat flow to give baseline-subtracted heat
flow For theyang es. di scussed here, a straight-Iline b@éﬁ} ill be
used. The | ower tle%g%?%ture baseline imt wll be abov ﬁ/g?gg"
transition tenperature, but below the tenperature at which the sanpl e
begins to nel fye,qThe (HRRET, el A ! ure
5to 10 C abf(())gzé] t he conp te?lt%?or? gg I%WEB%U%CAE‘@&E %erﬁ?gp?ﬂqgggp? S(é)gvvl ng
t hr ee par anet edlgnaicenr havserMbef detie?. Mdfedbewt gaPed®) §/mblsr mewaefohbly ReVih pfe
runs: (1)Mel tcjib%gt éD GUOQB aBouT?&) (R)%Z}Fll rgg)kéférgtg EWﬁaﬁ&ﬁﬁﬁObéto alﬂguttﬁ()rg@d %&’J e

bet ween the | ower and bas settl ngs wh as the greatest

basel i ne- subt Pragtably wlatoffab@w% 00 o2v ey 9H8A FPRCTRAUSR00 SLOTHBESs degyibTthe
speci fic heatpof;, melting, Ahm (Jig) is the area under the nelting endotherm
obtained by integrating the baseline-subtracted heat flow versus tine

bet ween t he bA®AI i né hgriot snore c@podihentpebavertr adseyberalbieiem, tthe pwpuletebahed
by dividing t

2o {0036, Th@@;«ﬁgi&ﬂeﬁﬁg a%aga%utﬁg\ragé E)F%O\Qw o;?gl%?é %ﬂﬁ?engmmﬂr dfell%gp N, By
crystal | inityabapt J0.098 te heouay p@g@ mﬁ)efrpl’@f?éibf}ﬁ a MzrQf #Bou 59 8P0 wwouumg)oo
outliers. An Qutl I f esGr; on
(Biometrics, Vol ,Jr@f&awg I\/E[?goﬁaa%clugglgb %%11 t(gé Juggf)ﬂg(;og%l%l%ncg%fl:’ Sie%?gx dej%/ge(
10Tri ad Tatt/deperiped oDl The triad tacticity of a polyner is the relative
tacticity of [@02§]equ?ﬂé3§109£u1£rm déht adiRGRM m@JXO(M/\i/B”e(NWMxﬁ) s &R Referred

consisting of head to tail s, expressed as a binary conbi nation of m
and r sequenéé?s‘b5’1lIto13i01$513EFS‘LD(‘;l!’“Ii%/K é&%#)égéwfﬂwefﬁﬁébcém@by@é% eabew 1o her s

descri bed as lhgﬁeﬁl%dlﬁer@thetmmm%e Ay fyH?'hhﬁ’t oqfabd:ul't"@o %P%:'of hed: 5aglischty to
all of the propylene triads in the 15p OP%@‘ 41] 'I'n one or nore

embodi ment s b8k b7 Sl Smpict Baerlever initef apeus Qi@deieakéd)ré& ¥t oedh have

a triad tactijgiochy oPhoRRMHdBRNE QbY@ iscRROUheBR YO M WP & th@RQH 1eRRQI
nor e, about 87% or nore, about 90% or nore, about 91% or nore, about 92% or

more. about F8YHBF imthee L Alvat Mosgyderablrld ook aahEgt BB Ayt | to 2.4,

Preferably, tm&l&[@ﬁ))f&eﬂ@aﬁﬂﬁ@ theZQoleahMrmél Ra@af akd M%@ Sxﬁicﬁlbfébﬁlé/r mgﬁt i's
greater than or equal to about 3] pr ef era% greater than or equal
&h

about 85% ordisyitetien éM“SP)g?a@alteefowe Uor Péad‘éﬂ %%Oaé%wh@e% IWC?FP&W'ES‘ﬂH%’r

enbodi nent , tr&f@rc@cfeom}{ﬂeﬁn@orb%% sdgobyn@s CRaLtBAY €ard terbidthed aGhel Cinkdin, WA Ch
i s about 88% or nore, % or nor or about 96% or nore. In one or

nore enmbodi r’ré\ilﬁcéomocl??élet rlg% VP%EH’F@& R @@ﬁvﬁ%fédt?)?tdﬁgﬁl“@ﬁé‘ ihhg e ierPgrEd byanges

froma | ower rdfedhde 16f pBRRs &TU. g%cti@é agél%fer@&e@&tea@l%relﬁ Qtn@-rh &H@&%Encle iyt of
about 88% 90% 92% 93% or 94% or 95% or

2010/ 016847 PEF/ NRssAEey ﬁms%m[‘éé&ai@rﬁébt 2 ?%édl 5t7a‘€’,°t1‘im&4 ? ;}mﬁﬁn‘“ﬂ el Rt 5f a

propyl ene- baa@ebp@bmﬁte&:gﬁreﬁee@@tnqgrghﬁy@g froma 13C NMR spectrum and t he
following formula: nm Fraction =PPP(nmm) PPP(nm + PPP(ITT) + PPP(rr)

wher e PPP( mﬁﬂ%pp(%f)nca%mﬁfpp(rﬁlwlnﬁgho@cb@wp@arelsa%ca% herein \}@dprf’h%‘?ﬂctbl%cd

et hyl  graupso@ebédienases @nihdeiidhe b0 IN6r dredidr OMEREDL Ly QU S WiBNE IR t

chai ns consi %tl ng. of head-to-tail bonds:
ing more preferred, wherein g’ 1s measured at the Mw of the polymer using the

intrinsic viscosity of isotactic polypropylene as the baseline. For use herein, the g’ index is
defined as:

i
m

grz

30 (1) where my is the intrinsic viscosity of the propylene-based polymer and v, is the
intrinsic viscosity of a linear polymer of the same viscosity-averaged

molecular weight (M,) as the propylene-based polymer. n = KM," K and o,



C-CH2) (CH-CH2ZHCH3 C -CH2) (CH CH2H CH3 CH3CH3 --(CH -CH2 --(CH - CH2HCH
-CH2H CH3 10[ 0043] The 13C NWR spectrumrelating to the nethyl carbon

region (19-23u.paktsRey Mllion (ppm) can be divided i ..Fegion
(21.2-21.9 ppm, 0%} second region (20.3-21.0 ppm) and a %c?r/%z&%ﬁ
(19.5-20.3 ppn) . Each peak in the spectrumcan be assigned with reference

to an article in the j %Irer}ﬁeldsfg& %T[%E forYﬂéayﬂ@yl’%Qfsg&ogﬁl%% bg%ﬁtr lng‘g’gg)the 5¢ t he

first region, the methyl group Seco ee propy ehe
unit chai n represent edinsyurdt FSFtliE Qmedrfestd)ﬂatle@x npasur¢recnsecond regi on, the

net hyl group [‘353 t he §%§9%9' il tcm'bg'dnrnt\'g LEUVE Sor P s%pv){!:rgrh%r H?Fgéﬁz%ﬂ)@%lﬁnci babc *Sup)

r epr esent ed by resonat es e net group,
of a propyl en@lmrtcalvmse danljita & atouti B8 g/Calr ® aéQOWrQﬁinmemm mrcfamtllyaabout

et hyl ene uni t, §PER at §96' Mnd? hﬁloyc !:fgrla{‘) a%fnth(pE%S?g/E)IB”?o bl (Sg'@ CHIL raglooggl on,
or t I'n a[

t he net hyl group cond uni three”p ene unti

repr esent ed bfymPPMJ(erdﬁ)neﬁb@sﬁdmaltté@ASQMd)tlﬁétﬁ?étnhshbd group 20 (EPE— rret hyI
group) of a yl e j%\p 't e )
resonates (in I%(%ﬁe v:ﬂgloﬁcjiﬂto ; ?‘gb&%@rﬁf %05581 Q?S(gﬁ’g gﬁe{%ﬁ e Bgﬁ%ﬁf%aﬁ ?’Idatl on
can be found Hotymgr Sn iRae emcltrﬁ@w 1BteOWR1 7.26 kg mgzo@c%omaww@fmt@@@@ah@?%ss

[ 0044] Exanpl &g, g/rlO %néas'rﬁe%%ré%&?orﬁ{n tétﬂQW@Tmﬁﬁfﬂ%tﬂ{eﬁ?g% @?%ﬁgd Qgscp}%d he

Structure (1): tructure : ere n
carbon A &hd ‘T&loﬁ*éali’r@fﬂablheth@é?%ﬁ 1A kgappBAtO)iin fromerbeedonel 19 egh dnaboAt piak  of

the carbon B anf.g, BR@KnRd plARaiRAHRAN B ut 3PPERMih N aﬁ&ttﬂ)br 16?1% \ Ql’n a5

descri bed above. Anong the peaks which appear int first to
regi ons, peake@b@ﬁm@ht repytenphased polymer has an MFR upper hrmt of about 200 g/lO min,

about 150 g/10 min, about 100 g/10 min, about 75 g/10 min, about 50 g/10 min, about 30
g/10 min, about 25 g/10 min, or about 20 g/10 min and a lower limit of about 0.1 g/10 min,
15 about 0.5 g/10 min, about 1 g/10 min, about 2 g/10 min, about 3 g/10 min, about 4 g/10 min,
about 5 g/10 min, about 8 g/10 min, or about 10 g/10 min. In another embodiment, the
propylene-based polymer has an MFR of 0.5 g/10 min to 200 g/10 min, preferably from 2
g/10 min to 30 g/10 min, more preferably from 3g/10 min to 21 g/10min, more preferably
from 5 g/10 min to 30 g/10 min, more preferably 10 g/10 min to 30 g/10 min, more
20 preferably 10 g/10 min to about 25 g/10 min, or more preferably 2 g/10 min to about 10 g/10
min,
[0032] The propylene-based polymer can have a Mooney viscosity ML (1+4)@125°C, as
determined according to ASTM D1646, of less than 100, more preferably less than 75, even
morc preferably less than 60, most preferably less than 30. In onc or more embodiments
25  above or elsewhere herein, the Mooney viscosity can range from a low of about 1, 5, 10, or
15 to a high of about 30, 60, 75 or 100.
[0033] In one or more embodiments above or elsewhere herein, the propylene-based
polymer can have a heat of fusion (Hf) determined according to the DSC procedure described
later, which is greater than or equal to about 0.5 Joules per gram (J/g), and is < about 80 J/g,
30 preferably < about 75 J/g, preferably < about 70 J/g, more preferably < about 60 J/g, more
preferably < about 50 J/g, more preferably < about 35 J/g. Also preferably, the propylene-
based polymer has a heat of fusion that is greater than or equal to about 1 J/g, preferably
greater than or cqual to about 5 J/g. In another embodiment, the propylenc-based polymer

can have a heat of fusion (Hf), which is from about 0.5 J/g to about 75 J/g, preferably from

-8-



10 on the 3 propylene unit chain consisting of head-to-tail bonds are peaks
based on the PPE-nethyl group, the EPE-nethyl group, the carbon A the
carbon A, thgdER[R%RB and the carbon B'. [0046] The p ed on

t he PPE- rret hyl" group éan be eval uat ed by the peak area g‘?&{[ﬂs &%I(-l’jéésrret hi ne
group (resonance in the vici n|ty of 30.8 ppn), and the peak area based on
15 the EPE melfavl | gLQ4Rok@Rs R, BY Sy Bont S p@%/ 45§ t :
EPE- net hi nc group ({gesonance )I%n tlzt%e[h‘%l&c]?jt |ty of 33.1° 5"$ou9_|3l51 J@ Prﬁfela?dea
based on the papHens-bascdariwecreval oumreditibys can h@ec@@cmm alstctrtmeobe@tk theiea of
the methine capbn,dike Ahekillof A8V driocics 3 & AR

nmet hyl group of t%le lcar%f)}@ﬁan1 °S OI regt “gl&r Y CS% l% Eemtl)lgéad%y\glﬂ%g&hctalgced on
t he carbon A'© (Paﬁmltl}énﬁé\/%ﬂbtfalt?efﬁcgbkaﬂ‘tl%éh%é@}ﬁcrah%@lmﬂotl héCI’aﬁjﬂa@ehI thrmt)lblmnle
carbon 20 (raafagaﬂlcac ohmtohemﬁ{;'o%ghwhptcaﬁafﬁ c?ffro oW ogteg@ ol

t he car bon B . peak area base he carbon B can be eval uated

peak area of ‘trHeS Jagjjoaé@rﬂlt&ﬂ‘e‘t@ﬂ/ﬁ@féa}ﬂlﬁbﬁrZPé/gotﬁatn@epql hmitted 3Q /g o1i30y/ebr 33. 9
ppm; and the b b can be al so eval uated by the
adj acent net hﬁ?ééﬂ%ﬁ"(?ﬁggﬂ‘gﬁcﬁ?.@?ﬁ?ﬁege?@/n. ty of 33.6 ppnm). [0047] By
subtracting tiH8de pdhkcrardhaitfefdhn nroylanebesicd pelatciarae also bf exptiesaside sxmds plegi on
and 25t he t hiJ.ghEe Svstal6 0 R t
chai na. (PPP() el B sau R e R A

obt ai ned. !ThUsreit, e pekengbesad P@VmﬂPPétgﬁWntldﬂPP@ﬁfP}lma’rFéaWPﬁmﬂ yn dant bes 0

eval uat ed, ang dheikkd ad dRghihg i&oﬂfngttg%epbg)@ﬂ&@&ry 'aestcnﬁéaaﬁerbv&poﬂ?btﬁy ng
of head-to-tail ‘bonds can be determned. [0048]Simlarly, the peak areas
based on t he *3bpfiglsyH ehvethickevherahgian, (thw(omlyneahwedwhee(r hpy 3 Ycorgdlbniyng of
head-to-tail Jqpglsosan tlaeél()@/péﬁét&%gybﬁ% St(')’@b%a%tenSreﬁepa%lyp%ktoafﬁ/@%h&@[n @’he
WO 2010/ 016847PCT/ US2008/ 072655 erjfor in B | ene insertions (bo 2,1 and
1,3) from pedkysiHwiy i defmintingd ac6¢rding pedlie S(eazgoqsfiur? Wéscgléefbhﬁowdnoanotawd t he
third regison,embBdisent bR PEAKNAHERS pBfyricP E)I(embiy FRR( éﬁ@talﬁiﬂgf ﬁﬂ@!srth:)n s@n be

eval uated, and hence the triad tacticCity of propyl ene 'unit chain

consi sting off"Headly e 8i%P%ye bt at: pel edgff@r,ahl,’y Ao al{OBle@)T Thabyy 8p6r tidon of

the 2, 1-i nseridsopsictBlyatkdm Sfout 08%:R6 ARk 808, 1ARBLIbQNBold) 1R tperrﬁaayénafg9 for
el astomer can be cal cul ated by the follow ng forrmula as descri bed

Pol yner, vol hedustesioady OfBOIXH?Wle“FEﬁGBB‘]‘lFfP%W Eriof [40ryarsadliity lhé@tat fed
unit based ono@ygyinsertion (A) is equal to

0. 251aP(strzteture(|) ) +0. 51 af | (structurg{ x100 | aa

laf | (str @t ul®@ ) )moidgitipnyo thiy leygl o cpi ltﬁ‘t%(tfl? ympylﬁa@lydsq(bpqlmmqrﬁawbhg of
the peaks i nnie saRRVIGo{ONEMhA RS FRIHOWE ACES HERNS K- wbtdtpayﬁat Hadsnby
Carman, et al. |n t he journal Rubber Chem strggand Technol ogy, volune 44

(1971), page %81 arthélgT% UAHHERS 1o thyeBICHRb A% Dih 0T DWERARCSs BESIRd 8]

carbon peak. sdcbndasy @eiiifd pdakd art @on%ﬂ@t@ﬂ aloeihéhe al Flé @l pefnt, |v&iﬂt3the(l$i Hc'd(‘éfure
(i)) from TaI (st u&ture appi ng of the Car bon

é . bec g)(?f over g g

peaks havi ng"° PC& eahG bhﬁ iy oG IA BErOSY BT FRT et et BhibpoepT
100521 The I'T'Bﬁ?p[:lj’p@l’éﬁélbdsedpdlﬂﬁell 3 insertion reqw res the measurement of the
py peak. Two structyres c ribute t %r eg a 1,3 insertion
of a propyl eH&honorEProry Be E“Z’)e polgMrTaProferbly fiag Ay ?Pgdtomé @Fﬁb‘;‘if*é’h@%norrer
fol | owed by bt{(\a]uelt lydraas tH@RI(DU‘EI Spref%fbllblﬁ mea&nlswgocglqﬁatﬂ&hedesasemht@ Crl\b more

i nsertion peal we use the SCri i.n : ent :

5, 504, 172, V\B‘e@ﬁabgfe% P iyl 20 gﬁ% Bisfer %ﬁ’dfc“tm& QU £ dO; at’ot@or%m@%fé‘ﬂt/ a
sequence of ﬁtﬁ;uf25ﬁ€ttdﬂydoﬁﬂ5°0ﬂhcbt‘5preTéﬂﬁ)l)pdiprOJ‘(loC(ﬁﬂa‘t(O%ﬁO@ t he anount of these
errors vva?s; degerm d b fdJ w%&g I e area olf t pealjg&%resonan e in the
vicinity of 2%k ppiyt By PRe Bt a"th@eH%&FFWpPéP‘G%B ARV bassd of
the area of pdign®ycapeakdet@mthetinfon cRuthble Plyyd mgfdriigial Ssdahini; ustahas @BCIO00.

If an a-olefin gif thre &qrurmre arbon atonms is polynerized using an olefin
pol ymeri zat i BASCHEAPYEL" 'Y Or‘i‘ﬁ?ﬁfé‘?pb inversely inserted nononer units are
present in ttne;s]25 nbec 0l5gsis qa‘ldctdneuv&smlttz«anihcm Q)ffiN?lletOMYﬂﬂ[Bf( ‘nhylarPO! Y@t ef i ns
prepared by po meriz tlon 0 pl.efins of three_.or re car tons in
the pr esence‘l[’?l IF‘M%O %Iﬂ?rflgfldrne1“3Wf08c@ngc%ﬁlﬁ%ﬁdﬂ’tt°p 5fgs e?‘t”iydhogw‘% no top
1,3-insertion takes place in addition to the usual 1,2-insertion, such that
inversely inserted units such as a 2,1-irflsertion or a 1, 3-i nsertion are
formed in the ol efin polynmer nolecule (see, Macronol ecul ar Chem stry Rapid
Comuni cation, Volune 8, page 305 30(1987), by K Soga, T. Shiono, S.
Takemura and W Kam nski). WO 2010/ 016847PCT/ US2008/ 072655

[ 0053] Preferably, the proportion of inversely inserted propylene units of

t he propyl ene- based pol yner, based on the 2,1-insertion of a propyl ene
nmononmer in all propylene insertions, as neasured by 13C NVMR, is greater

t han 0.5% or great er than 0 6% The proport| on of |nversely i nserted

Y b1 o o - a ~ Oy e



[0054] I n one or nore enbodi nents, the propyl ene-based pol yner can be

bl ended with other polyneric viscosity index nodifiers, such as

pol ybut enes, f styrene with 10 butadi ene or |%Qgr . may
optionally be hyﬁrogengted or a conbi nation of butadiene oﬂﬁggbéag%e ester
based viscosity index nodifiers such as esters of styrene/ mal ei c anhydri de
potymers, estefs: Qs MARRLIRLE)EnABRNYH UL LG 030! PRI HEREA4 SDH
polynethacrylates Exanpl es r suc cosity i'ndex nodifiers for's h

bl ends i ncl ud#e dlenyilaged irop hmdhla@ra;allapesscomeammbrtgnmmbymusllsoret bepetyners
of styrene anijSOa@ §Sh C OfTh@r} a%§%tFItﬂcaé§§Lb&éC%sp@)§ A acfoggloq a?)gtfthlsa?ons is
styrene/ mal ei c ester (typical y prepar y esteri |cat|on a

st yr ene/ mal ei @aiakhydfordiboriopd| nyimetey. . ThOOBSBh$ nreothen openpdmdilevhibat thentbeye t he
propyl ene- bas f cy a

propyl ene- bas@%ﬁ%g%y Cn&%thC§%%£a ;h?gﬁb@ﬁﬂyﬂ@éﬁ%%hy%gﬁg%bggg ‘mdﬁom

and propyl enethp awéd 6@?9%@@@Imﬁmﬂabmwéagbldﬁemwﬂwea%ﬁkwuéWJ@thﬂbneeba$ed
20 pol ymers aqd pI R, GRE; pgagrtr Bk M@%Bt?rs o ndiRGE: Rlod QRYLANR: PRREA

pol ymers can be three or f nor e er or |ess. enboc

where the propyd Briebpaged ﬁﬁrrytheﬁnnﬁ%lma Pl@tl‘ehdmdffcwdsl@riet @moat:rij‘@m the mylar
propyl ene- basg; I,

Vi scosity |ndegcﬁgﬁ¥$%%§%m{%ﬁgﬁxg%%%%hg BﬁgWe %Qgﬁ?yﬁg%QFg%pgtyggﬁgq&%

but adi enelbr 4 gispleeaisk drcuhodoniiaatcpber nchhen aillir @arer opndhsispicenEive sgnes
based vi scosiy %%repat@&iefhmgﬂpfc'v@e‘iﬁttssxk’ﬁlrbeQ&o%H &g siRful SEASPE/ R EhE and
anhydride polyners, "esters of styrene/ maleic anhydridel acryl ate

terpol yners, nericays | arel2ias r Yhataewles Beatipnl plgcrl op ngliyidual | G misse-titgr plaaiam

modi fiers for aaycbntttleeqﬁmﬁtﬁt e wﬁpwtat&d% tgﬁtha%%t@ttaumgg@ddntoﬂact
copol yners or copol ymers of styrene and an ester of an unsatuf

carboxylic aéwHW§uéwfagmgtyreﬁevmaréﬂ@é@@p@nmr&ypﬁ@auﬂywéneaawbuwatDSC
esterificali Qfu@fed Shyhe @abwaewﬁthamhw il dgrRPOLYIELD mnSLQH{gOerS@Jquhgone
or nore enbodi nents above or el sewhere herein, the propyl ene-based polymer
can incl ude 2BMEiE Brdef N8 NyFasppF ERAmERERd ASTyiraepa Wil Feen iyaddifionte thsl ef i n
content, the di.qna l@@n%%mnatté) LuthR@tidn ([fQQ§ZJH)tQ AR GO mEMP LB Mins Fillee

propylene based po gners can_ include copol yners prepared according to the
procedur es i K5I BNSBBYE feat pistoriydlde ap FPé‘O]HP o3l Eisesapplg Sgm rggm temperature to
2010/ 016847PCT{ US200840726%R DHO!iY BBIabeanbIACk Use CPRE YITBE $nihRRSI ﬁt%ew th
t hose described in WD 2003/ 040201 2003/ 040202, WD 2003/ 040095

2003/ 040201, 'SHYLHOSAOUIFEE ratind 28iC/ Mpu0e 3 Aaysape sulidendy diel tp yomplpigly
propyl ene- based pOk: I‘h@"ﬂhdnﬂ&%h&ﬂ@ gRlaYBT S @RNSES ke rttsemotdttetm@ Snelting
described in EP 1 233 191, and 6, 525, 157, ann% h suitable

propyl ene 5 Pﬁlﬁhﬁpecéﬁ?dheéb%| degisr of gevalaliinbe d e puipuigla aaﬁwd)sﬁmnatqta of) tigre

Pat ent Appl i ¢atb), erhpauttttd eat) on 1%@&5!“2(1\5&@4&0@'& th@fivWnGie AEBnd M RRLAL ed
by reference. The p ({Iene based g F mer can al so include one or nore
(1" O

pol yners congilé P‘e?ﬂalw # feleyseFies beat Howps 4iviggdibyste sypplEmass tp oitaippg.

G afted (HSunatspenal Heaetdw Baakbons. Set&{do%gaeinrb RREn@ctBP AR RIPRHIRIM dhe t he
propyl ene-based, pql y r can be grafted (i.e. "functionalized") using one or

mor e gr af t i ngPSS SR Nsblu%ue%rbéttﬁwteé et flopmbog tha fanp g dtﬁ%‘ﬁ&dé’:?le a

coval ent bo ndm@untlt bREIIGS R b GhedONRBH ort tOmBerPOtcYIRBNin€ Migditw Bf bel dWBve the
pr opyl ene- based 0059] The gr%@tlng nnnoneaggag be or include at

| east one et RYieh “E%i?‘? ?“@%@%% Ht felp™ s ey o ¥ Brrlsdegny &y ekt i ve,
such as an aﬂfhdu@léhty’dilélhﬁeem@%uﬁé Jim$adill be arrtrﬁteratmrmsd@ 10°aC rapbat 186 chipléthoa

i ke. IIIustr $|ve nmonopers include but are not limted to acrylic acrd
met hacryl*P ¢ QcPamelige sdothsan.ofhy ‘WW%HQ?JH”“FﬁgﬁﬁHﬁ%m €idgtermngdy sgpase ¥
aci d, mesaconireacdoif the fivakhekc anhydri de, 4- nethyl cyclohexene 1, 2-

dlcarboxyllc aci d anhydride, bicyclo( 0 3-di carboxylic acid
anhydride, 1,2,3,4,5, gﬂ e%%géy roﬁa %ar& BE w@mﬁa%mdP @?58%@??@3a0|d
anhydri de, 2-oxa-1, 3- dt:tk/e&tﬂﬁ@lolm( éhd@p[ﬂﬁﬂﬁﬂﬁnc scttings which has the greatest bascline-

bi cycl o( 2. 2. 1) hept ene2, 3-di Qrbgﬁ%lic aci d anhydri de, nal eopi maric acid,

t et rahydr opht hal i ¢ anﬁfﬂ?gﬂi‘mh ¥'borrene- 2, 3-di carboxyl i ¢ aci d anhydri de,
nadi ¢ anhydri de, methyl nadic anhydride, himc anhydride, nmethyl himc
anhydri de, and 5-nmet hyl bicycl o(2. 2. 1) hept®nc-2, 3- dicarboxylic acid
anhydride. O her suitable grafting nononers include nethyl acrylate and

hi gher al kyl 25 acrylates, methyl nethacrylate and hi gher al kyl

nmet hacryl ates, acrylic acid, nethacrylic acid, hydroxy-nethyl nethacrylate,
hydr oxyl - et hyl nethacryl ate and hi gher hydroxy- al kyl nethacryl ates and

gl ycidyl methacrylate. Maleic anhydride is a preferred grafting nononer.
[0060] In one or nore embodinents, the grafted propyl ene based pol ymer
conprlses frontabout 0 5 to about 10 mt@bethylenlcally unsaturated

o ~ o~ I ~ O~ 5



substituted styrenes such as t-butyl styrene can be used as a charge
transfer agent in presence of the grafting nmononer to inhibit chain

sci ssioning. JhyRi@dsgs further mnimzation of the betg. &)%)091” Jeaction
and the production of a higher nolecular weight grafted polyne ﬁgeparrng
G afted Propyl ene-Based Pol yners [0062] The grafted propyl ene- based pol ymer
can be prepared using nvefl. Qnad. tE&CHNLQUES A r

pol yner can be prepareggrn sol gtrdh ?n a Pﬁﬁrd’ gdﬁégﬁprggg%%$tgzﬁagfg
grafting. A preferred gmbﬂﬁeGOE@m?h@V1@@%“@@tbrémah@dmbvmmﬁlmmbﬂewdwngb|n a
shear -inparting react Oy, §U&R.AR. fRIGXiLder reactor. Single screw but
preferably twin 10 screw extruder reactor’s such as co-rotating

i ntermeshi ng extruder 69 collstosiccrtstystallingy molsicimined bredividing texspecifle heat bt

al so co-kngaders such gsithgsesss d foespecially preferred.
[0063] I n one or nore enbgdrﬁint§ﬂig% ﬁ”? polyner can be prepared by
mel t bl endi ngl®®le ude %?ﬂTtPéﬁdniirlﬂﬁjﬁylneﬁemba@@dﬁpb%y reed peEanh crasthliinigy wildicdhd
generating cakalysbver Srhkchx o Ring %ﬁeraexgﬁrefﬁéloqﬁlcrsm Kh % t(ﬁEI’ Wll?bé; he 4B %?QEC of

the grafting nononer. preferred sequence for g react

i ncl udes mel theiged hescrwbe’ppr dHearpdiercties Wvbr9, #ddwrarrg - arl%)eraemmg Wtre
grafting nonoggdenkhitiHduci ng the peroxi de and venting the unreacted
mononer and byproducts resulting fromthe peroxi de deconposition. O her
sequencesl%anzﬂﬁﬁlaﬂé&feedrng t he nononers and the peroxi de pre-di ssol ved
in a solvent.ghl Q@@f}hh IthH@Efr(ﬁta'p\S@nEPfs% @V WLECRY OF a {Ednldsr BL o BL&nNOt
limted to: |acY per oxi des such as benzoyl peroxi de; peroxyester such as
tert-butyl pertb%ylee ipiat eha eqnsistig §fihsed oxil hends-aparessod 24 & pmaty poyibingtiqy -

et hyl hexyl ) myrop{oXkqeatRonat rﬁudl@ecrxﬁ?é%%@hﬁltl% P n@%abcd polymers described as
n-butyl-4,4-dj(tert- but | per.oxy) erate; and y peroxi des such as
1, 1-bi s(tert Hhﬁ 0 1@@{? @gylymbv(gf SRE ke specificd tacticity to all of the propylcne triads in the

1, 1-bi s(t ert -Jaytnet per oxy) - 3 3 5-trinmet hyl cycl ohexane, 2,2-bis(tert-
25buty|peroxy%butane di cunyl per oxi de, tert-but Icunylperoxrde

Di - (2-t ert - buth p&r egyr Hrogecrﬁrb@eyren@ 2?9Vl§é’h§1é?‘f\élefed1“@éfeﬁte s {PneyBtsek pefmer
(DTBP), 2, 5- Q:hrﬂ'ﬁﬁ\QYalmad orclbifyt & JbQMtS()I%O@lr RB) hxansy, or more about 85% 01 more,

2, 5- drnethyl 2, d;(tert bUti &eroxy hexyne, 3, 3,5, épentanet g

1,2, 4-tr] oxeﬁawé 74108 MO 2pquk &0 osaeeledhouts‘dr’/o%tssrrwéow 2& imorpghoys @36y

i ncl ude nat UloRlmds, St BBt i ik Sor0fbolibsd, Catiae. VI SRRBIyE Yhe MOBHORILGQN i ved
fronrhydrocracrrng hydrogenatron ot her refining processes, unrefined

processes’’ oPOPEeY b i (pliske el reqtighir s agl fo ‘5’8&‘? 89, Biefqrabdy graser izag

oi I . Natural oﬁleh@al i1t Gbotd €3584) d?%ret@ﬂab@ grb’e@@eﬂh@ib bf cQldl S0 aBBNSI0B]. I lafotaidd
m Xt ur es ther§$ Synthetic oils jnclude hg rocarbon oils, silicon-based
\§

oils, and 1i{§ ﬁhﬁgFeW§p6wyﬁﬁb HOPUNTE St BFviiarfgachi@ptigdy. wiigh is about 88% or

2010/ 016847 PG{M&JSB&@&bW&Gﬁ&e HNbHRIGS, & thére MY oﬁ’@o@ﬁl@t@%@dlﬁﬁéms the triad
Fi scher-Tropsch as to-1i synthetrc procedure as wel

as
gas-to-1i qui <Bf! Pt oy aré PERBSTIRER TN hiovsak@it 6f ﬁO%asoré?/w AcHities a
pol yal phasl cbi $5%.FAQ uppacrhmhdbmoa SRAD9@% 9BADHA,, P 2or 9IRAD0I6YPBOmdreOr
PAO-8 (the nunerical value relating to Kinematic 5 Viscosity at 1000 .
Preferably, the polyal phaolefin is prepared from dodeccne and/ or decene.
General ly, the polyal phaol efin suitable as an oil of lubricating viscosity
has a viscosity less than that of a PAO- 20 or PAO-30 oil. [0067]1n one or
nore enbodi nents, the base oil can be defined as specified in the

Anerican PetroleumiInstitute (API) Base G| Interchangeability Cuidelines.
For exanple, 10the base oil can be or include an APl Goup I, II, I, 1V,
V oil or mxtures thereof. [0068] In one or nore enbodi nents, the base oi
can include oil or blends thereof conventionally enployed as crankcase

| ubricating oils. For exanple, suitable base oils can include crankcase

| ubricating oils for spark-ignited and conpression-ignited internal
conbustion engi nes, such as autonobile and truck engi nes, marine and
railroad diesel 15 engines, and the like. Suitable base oils can al so

i nclude those oils conventionally enployed in and/or adapted for use as
power transmtting fluids such as automatic transm ssion fluids, tractor
fluids, universal tractor fluids and hydfaulic fluids, heavy duty hydraulic
fluids, power steering fluids and the like. Suitable base oils can al so be
or include gear lubricants, industrial oils, punp oils and other

| ubricating oils.



20[ 0069] I n one or nore enbodi nents, the base oil can include not only
hydrocarbon oils derived frompetroleum but also include synthetic

| ubricating ojosrutAS esters of dibasic acids; conplq&nﬁﬁﬁﬁgg hade by
esterification o? nonobasi ¢ aci ds, polyglycols, di basi ¢ S an al cohol s;
polyolefin oils, etc. Thus, the Iubrlcatlng oi | conpositions described can
be suitably i por i j of
di car boxylic Q%?% Tﬂ&§gd ?%36§%&%?§%% gﬁégﬁgh&étésﬁ?aﬁﬁhg&gnggﬁéﬁ5&i

pol ybut enes; ﬁ¢myl(Hﬁwﬁengﬁum@m@éﬁﬁ@kEGM£$sn@ﬁ phosphori ¢ aci ds;

polysilicone oils; etc. The lubricating oil pg &R&ﬁltlon can al so be
utilized in a concentrate fGmmfhmumﬂFéEF++?ﬁE£FMt9&E§;49 w%in oil, e.qg.
mneral lubricating oil, for ease of HandMng’ @Ry Heli™be prepared in this

form by carryinge pes ePPigRAPtah @ PPRfr) URRd YR BHch O rivE Rbth tRSWRRAGRWS bY
descri bed. 30Cbn3en6?%2alﬁg ) |f¢2es [%b?O]fhenlubrlcatl ﬁ¥& i

n
conposi ti oh dﬁﬁ“ﬁﬁ#“@ﬁamﬂ?a@HﬁW@EﬁmﬁﬁﬁﬂﬁFmﬁﬁmbd@@h9%hﬁﬂ%héme%g@ﬁ@lW%@b such
as, for exanple, pour point deprgssants,cHgntiwear cagents, antioxidants,
other Vi scosity-index inprover di spers nts cor osion inhibitors,
anti-foam ng agenU?Pudﬁtergen% H_Lugﬁ ChLLc@H d|f|ers, and
the like. WD 2010/016847PCT/ YS2008/ 072655 [00 1] Corrosi On inhibitors, also
known as anti-corrosive agentscHyeduce tdg degradation of the metal lic
parts contacted by the Iubrlca ing oil conp05|t|on [I'lustrative corrosion
i nhi bitors |ncIud&?phmﬁphosuL{gmszﬁh Hm:a@ngpsaﬁ. n$_pwoducts obt ai ned
by reaction of a phosphosul furized hy car bon h an al kaline earth netal
oxi de or hydroxide, preferably in the presence of ﬁn al kyl at ed phenol or of
an al kyl phenol thioester, and also preferably in the presence of carbon

di oxi de. Phosphosulfurized hydr ocarbons are prepared by reacting a suitable
hydr ocar bon such as a terpene,Clk heavy petrol eum £Haction of a C2 to C6

ol efin polymer such as polyisobutylene, with fronﬂS w%to 30 wt % of a
sul fi de of phosphdPBen)f or to—3EcH) cyr—atHﬁ—%pﬁpe¥a$ in the range of
66C to 316C. Neutralization of the 10 phosphosdl furized hydrocarbon may be
effected in the manner taught in U S Pajy, No. 1,969,324, the disclosure of

which is incorporated herein by reference for purposes of U S, Eatent
practi ce. ' 00%3Y Oi Gt {¥n NMHhsRRctgp Selatie onihe etyhstbon FeiicdoLhdateRtiency

of mneral oighiBioh @pte} @fnmardan&dhﬁo%%wr @13zavl9q@&9@¢e&yld&égeonqa@@lms of
oxi dati on such as sludge and varni sh- | 1 ke deposits on the netal

surfaces, andPByai & ‘F?°©§%N&?p3EﬂEhE6%1Hﬁ%ﬂ%ﬁmﬁﬁﬁmﬁpﬂ@ﬁ§e@ﬁéﬁﬁﬂ@“h

al kal i ne ear tréfefRicab agalktck mftha},dﬁydaph&@%t moa@r&tﬁr s19BaY bag 1850t o BEZiral Kyl
si de chains cal ci um no henat e sul fi de, barium octyl phenate

sul fi de, d|06%¥¥bﬁ@ﬁ?¥@%ﬁﬁﬁpog ﬁ?P&@BﬁéWdBﬁﬁW?H&%Wﬁ@eu&ﬁ@%ﬁhﬁ@ﬁﬁ?&ﬂﬂ?ed or

sul furized hydpogah babscseUE the[s&BAS X dAEhe GackiFA kIR of MBIsRoh® Uit Bthe threc
anti oxi dants useful i.n this invention include oil - %Qsoluble co

conpounds, sﬁ&ﬁyﬁ§3HE%@?WH@H“FﬁmﬂﬁSPPbQ?ﬂrNBm”® Bt BE?“W'H@“Hﬂgg?%gﬁWe of

\% :) <7:21|1 ls: I NCfaPy &t £aropAER ﬁhxtfxomm@uﬁja@se@m@fareua %rop?l@ﬁfﬁﬂlt pdagit dtkBene unit
riction nmo ers. ser to impart the proper frjction

characterlstf%%mW%qWJh %QﬁYﬁé%bVPp@bnﬁd ?ﬁWﬂﬁ§3§ﬁ8W‘8§‘éé¥%ﬁéfﬁﬁse“md

tr anfsm' SZ i onuhit Wi tBkSthrBeRIpeRROTAE dhvia rqxﬁghamb(ﬁsydmp (lslqlrésam@ ffnﬁitlﬁ‘firhfjlﬁy R i ergI

are found in 59 e I scl oses tty acid esters an

35 am el OB d o hrod Al HESER B Ry BRI CBRET G205 o

pol yi sobut enyHe viditGgiofil 2.8 apdy dsdditeonalrdends aldiafahgion darlShe Badd in NOS. Phied066.571

whi ch disclo?§ﬁ4g%ycerol esters of dinerized fatty acids; U S. Pat. No.

3,779,928 wh scl oses al kane phosphonic acid salts; U S. Pat. No.

3,778,375 which discloses reaction products of a phosphonate with an

ol eam de; U. S. Pat. No. 3,852,205 which discloses S-carboxyal kyl ene

hydr ocar byl 30 succi ni m de, S-carboxyal kyl ene hydrocarbyl succinamc acid

and m xtures thereof; U S. Pat. No. 3,879,306 which discloses

N( hydr oxyal kypal kenyl - succi nam ¢ aci ds or succinimdes; U S Pat. No.

3,932,290 which discloses reaction products of di-(lower alkyl) phosphites

and epoxides; and U S. Pat. No. 4,028, 258 which discloses the al kyl ene

oxi de adduct of phosphosul furized N-(hydrbxyal kyl) al kenyl succi ni mi des.

The di scl osures of these WD 2010/016847PCT/1JS2008/ 072655 references are

i ncorporated by reference herein for purposes of U S. Patent practice.

Preferred friction nodifiers are succinate esters, or netal salts thereof,

of hydrocarbyl substituted succinic acids or anhydrides and

t hi obi s-al kanol s such as described in U S. Pat. No. 4,344, 853.

5[ 00751Di spersants maintain oil insolubles, resulting from oxidation during

use, |n suspen5|on in the f|UId thus preventlng sludge flocculatlon and

-, = ) . e o o



15t he tenperature at which the fluid will flow or can be poured. Any

sui tabl e pour point depressant known in the art can be used. For exanpl e,
sui tabl e pour oo 6Pr essants include, but are not g.lol% e or
nore C8 to C1 |a?oliyl fumarate vinyl acetate copolyrrers po 809/0?129%1

met hacryl ates, al kyl methacryl ates and wax napht hal ene. [0077] Foam control
can be provi dﬁmpy HWYmPBEO! | R n%‘&&'hé&«f??[@ﬂ&gre '[aﬂdt”atpcll a”t' 20f oamant s
i ncl ude pol ysi | oxanes, Such as silicone oils an si | oxane.

[ 00781 Anti -\Aétarctta@@hts reduce wear of netal parts Repr esent atives of
conventional antiwear agents are zinc dialkyldithiophosphate and zinc

di aryl di t hi osphat e, wh(t ch alsg serves ag an antioxjdant. [0079]Detergents
and netal rust inhibitprs i nch ude the r’rpf al sal tslof sul ol bnic acids, 25
al kyl phenol's, sul f urf{@edcaHo—phehalsi-alckytengali-eybarfs—napht henat es
and other oil soluble nono- and dicarboxylic acids. Hi ghly basic (viz,
over based) nebtalctuss(2s8s, such as highly basic al kaline earth netal

sul fonates (especially Ca andr My salts)sare frequently used as detergents.
[0080] Conpositions when cont a| ning these conventjonal add| tives are
typically bl ended |nt0| "t he by ¥Se oil in phounts V\:h‘éh are leTfectlve to
provi de their norma t—end)afw—f—uﬂe(cuzemn}—( — TRy pi, —t—or)nyl ations can
i nclude, ih anounts by weight, a VI inprover (0. '01%to 12%; a corrosion

i nhibitor (0. \@ﬁ@@ltb%% an oxidation inhibitor (0.01%to 5% ; depressant
(0.01%to 5% nat e 0019% t 9 r_agent
(0.001%to 59 04?1 f?ll C%I on m)gg %g%and djcf)li%l[ ?%Ogﬁd@e?ré?mgﬁﬁorgmtgm% A

i nhi bitor (O. 1@&1%)’6 e 0% Bamd wapdlaoé thal darbon \ADa@R10ICAS 8vid REFiHN ISR 06811052655
[ 0081] When ot I S desi.r bI e thou h not
necossary, torgisndont kS BidiiRty lnu B BRERRLOR b Ak A
sol uti onslor qmthcpérpsqpmhse ofit thia w1ssio)gquyreadﬁdea¢1 bmntits @mexeat(smaseommob@?PEt e
amounts hereif eser t t her W rg of ot her
20 i ves,  subRg (EuCRE Rl SRR UE catoh & ARC Mo TR SNl i B 0 e
sever al addi teespesBcan be added sinultaneously to the base oil to form a

| ubricating co 0, tra into
the 1 ubri catingor | i b kALY G ARRL L B SR TR T eb
acconpani ed Wi PPErinkdinh ezzvipriggsorade it tiesvicigitnoft 30ekssremit il the Féwd arca based on
addi ti ve- packpo@p L b YRigalkd.y t nt ain.t

i ndex i nprover anlt?]‘VI oeltt)ty}1 c;ggéﬂ%giél F%)l%o/%a‘{téwgﬁlttﬁéj é‘g( ?I%d ﬁ?otg%ré}gn%%}ﬁﬁg r&%
provi de the desinpeas inohe efviniat ¢foks. 1 mpmhellEQOpekk meda Hasgdnom e oambwwhéncatlH:@
addi tive- packagg,{ls,,q0RiL06d MEh redeter f cant.
Thus, the pr oductts of thggl ?‘gsebntte r?\ggget .%Kéﬁl g%fn %e&%gg%w%nég%ﬁle V%?r@ﬁnts
of base oil of3b? h@rl)@ofhmtthm@hﬁ@lrwmf dreahiypgBui diteedy hawdediesd thapbads arca
addi ti ves to pfQumhafdlLdbofea RARKRASHLAINRAURI A0, BEL Y di

col l ective am%bunts of yopl cal ﬁ from 2. 53‘Sl IJ%O/Q g &e %E& Tfeg%ﬁ%%éa?bomw%
and sti | 120nofEsqpret dt &t@lvycnfltymﬁé 6tmmao%hbywtotl gioup aﬂ@mcmt»@sBu Ahe heek area
15appropri at g, @Rk LB ]Wc[uh bk Q@alﬁa‘?&ﬁ%ﬁﬂl@ ?{e!n@agopgt%%d Eént mbfnef oa%!n
fornul ations may use typically a t ve- package wt

t he remai ndefre#apisg ihils ickiity Obe@)a@]ﬂ ﬁnfathe P@émeadmedwéhq @rh@n&wmerﬁébnt

the Iubricat bma@ydlby%rgaﬁant hqtamtmabbmtga%ce Aee atmnystenwwl ene- based
polynmers in an anount of fromO wt % one or base oils in

an amount of 4bm Pwu%rtcﬁn@@eﬁ%k erﬁeb féﬁm F?@rt@dldleslpefﬁds’eﬂftt@ seepng miegagvourdt 20
of from QsO01 st Hord Qecde, ‘Me(y caRNBcQRfLANG % BRE p%py[gﬂé %nf?tcbﬂgtﬁs Mﬁﬂ)vﬁﬁ in

an anmount of fromO0.01 w%to 20 wt % based on 't of al wel g

| ubri cati ng BPFUQoepaging |06h04d$2ré’14 %@bgﬁtl bp abteiaed: abfes thy @eaba@éﬁofdwl’trh@ t ot al
wei ght of thep®idr) &RNMPERIS LA LAABRL] Mhdahe L8ASHARNE of %%%Men%fmﬁ%ﬁtﬁ nt,
the lubricating oil conposition can contain one or nore propyl ene-based

pol yners in SRR feadttptit tonds @nde deeponadt % or 2.0 w%to 25 18 wt %
3.0 wt%to 1ot % SomMrle R dedic W bQ§od5on0thWt3o/‘fntoB 1R Mﬁlts@chatfﬂs e Qf Ji8re

enbodi ments, the anount "of one or nore | ene- }tf)ase | yners in the

| ubri cat Phg BYTCTYsAPHSINE Politadimta Sargs cpt tfrﬁbaalteé\hyovb%mathopeﬂk fees fopths wt 94
or 1 wM%to a high of about 10 wt% 15 wt% or 20wm % In one or nore
enbodi ments, the anount of one or nore propyl ene-based polyners in the

| ubricating oil conposition can range froma |ow of about 30 0.1 W% 2.0
w% or 5 w%to a high of about 12 % 17 wt% or 19 w% In one or nore
enbodi nents, the amount of one or nore propyl ene-based polyners in the

| ubricating oil conposition can be about 1 wt% about 2 W% about 5 wt %
about 7 wt% about 9 wt% or about 10 % In one or nore enbodi nents, the
anount of one or nore propyl ene-based polynmers in the lubricating oil
conposition can be about 0.5 wt% about 0.6 w % about 0 7 WO
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[0084] In at | east one specific enbodinent, the lubricating oil conposition
can contain one or nore propyl ene-based polyners in an anount of fromO0.5
W%to 20 W RyoShiohiddeM % to 18 W% or 3.0 wt%to 15 w LHto 14
w% or 5.0 mﬁ&%tg%io4mﬁ@b and one or nore base oils |nlﬁﬁn§%%%gﬁ%of from1
w%to 99 wt% or 50 wt%to 99 wt% or 53 wt%to 90 wt% or 60 wt%to 90
weve or 60 Wt ;G HBoNERDindIBR: BoBSENnd {9 HPURTAL sbASPLAPYLENR:DES o
polymers in the ol gonp03|t|on can €ss % or han 9 10
W% or |ess thhaerosd viggien and the durdt iegian, 7T\hm%th<opeak @ws PhERP@t 9§Pom) heks
than 5 wt % oppdRS&inttRa0alth é’&t%d&wt‘ﬁéﬁ Hha 1
| ess than 1 wt % q( ;)S)r ! essaudt : v Basegc% Wtﬁeprtg%}{é%%ﬁlttcg%p gr\“’%ﬁ?e oi |
conposi ti ons. MEM@hmﬁéi@h@sg@ﬁ@éﬁ@ag@g are based on the total weight of the
oi | conposi tigne [ 0§§S] lr%oafon'&aa% NG, SRGH 1d guedfbtﬂgbpr@@ o lps%nlo&{?rhcat' ng
oi | conposition can contain I's one or nore propyl ene- dm ners; one or
nmore base oi | Boryenanlagmperrren b Caﬂwéﬁﬁqdlbym@/@ﬂwlggfqm@fiﬁ a@)ﬂebwed/tﬂ%’qlmgng %
or 53 W% to {Q ;Yo k.60 W% to 90 wt% or 60 w%to 98 wt% and one or
nore dispersants in an anount of fromO0.5 wt%to 20 wt% or 0.1 wt%to 20
W% or 1.0 W8It o E®Poiiog olgnvessely inteoiod enitiiBsagtony?. loinsastiant(8%) fseadd tast % or 5. 0
w%to 10 wt % When present, the anmount of the propyl ene-based polyners in
the oi | conpositions can2opbeutress)taioBOmtAge(i0h | ess ltrBan 9 wt% or
lless than 8 W% Qualepgdrh@ire(inm %s(Rh Jz@%ntuhzarb(ﬁ)wtaé:) I ess than 5
w% or less than 4 ww% or |ess than wt % or Iess than 2 W% or Iess
than 1 wt % ess, t han / tot t of .the o
conp05|t|onsq&§hch W@P&ﬁ?QBEWE%ﬁPh§~ gﬁFgrﬂg ‘ﬁméﬁl HbMF gjee égﬂ?ﬂ t he
oi | conposi titgrCarhf) 86411 in tiat Jomastubeaecmmmfand;Tedmbadgyrmammet4hnelgl7ulprphg>eati ng
oi | conpositi can contain 25 ope or ropyl ene- based pol yners; one or
nmore base oif@?iﬁﬁﬁﬁighﬂﬂﬁﬁs§ﬂﬁ? et %“Pg ggxﬁfﬁfm'wlgﬁ‘wPWGFﬂﬁQ@ Rt 9
or 53 wt %t 0 s§Qrad He pedk HE d’?tlg@t(@ru&@reM) q?ro&rlangt%%et((ﬁ))%cé%e/%f(Qz@ﬁa inghtor €
di spersants |n an anmount of fromO w% or 0.1 w%to wt%
or 1.0 wt % t &F g Phrlsg C efborspe@kwawxangéhefsﬂwm%d%ar@bmm)aetssbwtw%refew 5.0 W%
to 10 wt %s ar['“sﬁ’ne Phe H@Js@reﬂ@ﬁ{rofmpé P@ xﬁ]s%quoﬁg @%Sth'ennéanlr@rﬁ@l't”a? tlf%UBy QM 0.05
W%to 10 wt% or 30 0.1 wt%to 10 wt% or Yoto 5 wt% or O. W%to
5 wt% or 0.5wWatstmeteregcantcogtribyte @, tISPmweedk t(d) aBl Mimssrtighedie ppereydanmondrhe; andount
of the propyl S an 10
w % or Iesscgﬁgmpg§qq&ggg¥%ng p?ﬁﬁ@ﬁg&h&@?ﬁﬁR@?E%EQ?ﬁéﬁégr&f@q%%rTﬁgss
than 6 w % orakligdesctiiydns Gevitgnscoon pegisandveusd thatpigeedire Hesssbet! imb. Sst‘l% or
|l ess WD 201 h t han 1w
| ess than O. g(m%S&ﬂgPQ%nH§&%%§kQé%;%HFggg%lgggt égg%rdxa%ﬁ%“?%ﬂ Faﬁg%%ht of
the oil conposityicon un{ti)OSHc} ]Sl’upokxem(%g oéftna emetmty)f itecsa crre@swasedotfrminké by

t hi ckeni ng ahi | of th n oi s; TE = X
(Gl of pofly e u el SRR ¥PRGreipep o5 atife HOMET i \Enmt dhfieh i on
of the poly rrarethyrr@euﬂ ks Sati GghOirka SORP®SIchi, @Rd thaﬂﬂmh&‘lé@rm% thdieGH@IH VaGie
efficiency og about 1 or nore_as defined below. In one enbodinent, the

| ubricating 8YI108oHpts Al ehairsadie mare FrtIte Py ‘e MPIVEICEFHEy U BN AfiRr om a
lower limt gblydbbionl eataly AP UlmPer 2f iRRAELy ihschted B herlurfls a8 pRQAHTN thed tO
an upper limt of about 2.5, about 2.6, about 2.7, about 2.8, or about 2.9.
I'n anot hé? emslailpesfithc fretanueleiceelymey. dripolelsprsitenany hawlanergstisnckeni ng

efficiency oficAROM thibe Br kBrABRASh afonR:in [tﬂpﬁgleﬂ_&‘eofsdh&%l SEERickAd éét lﬂg%xl (SSl)

is an indication of the resistance of polynmers to pernmanent mechani cal
shear degr ad&578 - aiRseatingi ks pfﬁﬁ%lngsﬂmelaw theusyak lst-Histiden. bych il sivagela

pol yner-oi | seldstii@ans §nh 30 SYGhesiohhrough @Jﬁbﬂarcsmﬁéd Boge Ql&hé%%’mer
injector according to the procedures |isted in ASTM D6278.

pol ymer can Belegds étﬂeaéV@amfr}O&?ﬁwrh@hqrslvﬁ% &osidt 90@1““1%1?%106| Molpine o uragp 0y mer
and the i;pi t{18k7)andk shearednivhs §0Pilenes af w.henRekymer - oi |




sol ution using: SS1=100x( ,v(polyner-oii), FRESH v(poiyne, ?-oil), SHEARED
(V(pol yner+oi |l ), FRESII - v(01) FRESH) [0089]where v is the ki nematic
viscosity neagy Redlst00 C. according to ASTM D445. 19'1?550 %‘Bngﬁet the
viscosity requirenents for various grades of oil and ot her pertormance
criteria inposed by autonotive engine nanufacturers and industry
ol yer s are Seabr al Ty ot waoh B4 Snd Bored rRd ikt DR e
conposi tion cb%eCha)vlemar Ssbedr anghng, F-ingmtica  powepropyleriet mofionzdnoint alP @ropalsout
44, about 50, "Sponp EomBia RN P anRE Ben Lk e W O tir TBh i ng
oi | conpositi pAPNEAX &f igSrselyfinsaiselroEag utits of e ppaefcas-bistd/pdlyram laib@mn thd to
251 Pl orabl o LOmARY ok on iy AL 6 RSB RO ARNL70 05, gbout
enbodi ment s, @cFithap Ko rar e thakl7éart srgptoithuddiposi trieaer tof 4 186%pr esent
invention rengifg essentially free flow ng when exposed to |ow tenperature
cycles ranging froma lower limt of -5, -8, -10, -12, -15, -18 or -20 de
Cyt 0 an upger[%‘i‘r‘lm t Irppnasor gore egodimenty, 2he p®pylas- @ﬁedmlsd@y@an bEbladudiaitt y ’
i 11ty (V] S e e L B A R R Aot o
the | u%rl ¢t |Wd@¥t O’C@?m@glttht@fh‘ye’ﬂmf@lll 8e hwsisegendiethoraombinkgomgt Hueslent: hlan
labOUt . ﬁz % b ﬁfﬁe]r}% I}@sﬂ:r %QQHEVH%Qntfoméle?Srﬁocﬁf@@ sROY ls'tetsérs%f o él%/njial @525' x??t} c 3 %
ess an abou ess an abou . | ess than a ou ess
t han about 0.PPlymegs, (z?ﬁarﬁgvé bt}ﬁerﬁrtﬂt@l%thyﬂtm}ﬁ/acm@@@qmlmeewe@p}y@sﬁ@@elam2655
basted on thtehmmt)tcel fof: | Qt\e% ahlsédsty iRfext %dlﬂém 'f&atbhﬁlgtb%nldb ﬁ{%t[ﬂl’é aatcty@%eg Wt h
containin e propyl ene-base ymer of resent 1nvention
respect tg alqw“?“éﬁ’%"scc(ntﬁbrﬂ@% Coa?ﬁgﬂ’@'rs qr @Wﬁm%e ErHERNp R egtey Ofahynslabwéfvf?
limt val ue mawobgiccambisngd wsttyten@/ﬁmettppeér ttmaattyvrﬁtﬂaﬁedtey LheifxigN e such
conbination is not 5 violative of a basic prem se of the range descri bed
(i.e., |ower SEENeUieT anhxdiile oyl ght percent of components present in a

mat eri al may @84 bercrebi negd etrr%oghht%n@)ﬁh %pﬁl%%a%%k@n{e?%l ifself Pe MR Lhan
100 Woo i n the overal | rraterlal) e Tollowng'f her enbodi nment s

are cont enpl d48Etea QGPRHPRPY FE- b§t“€pé01?é‘fler§ he Spheslends o#y diplydgncthylene-based

10[ 0093] Enbodgibraiats Ad ﬁrobyl@ﬁd 6ddd PiyRkds, 6PIPOSL bRN of QBTN LithNGhyl&fe-Hagast
one propyl ene- based pol yner conprising 60 wt%to 98 wt % prop Iene derived

units and®2 RPYEE A W&p%e%t)eed a(éyrp%thlt BERsHET Biopyigcebastdroty gt e be

ol efins, the upeopy I8NEMBBSRECRBN YR 0NRYY. N8 enoliifdead WIRES kil b¥ipAEne A% 0T
nore, a heat of fusion of |less than 80 J/ g, a wei ght aver age nol ecul ar

vei ght (My) &SYRELES¢riady depietegrndorprpmicrodesct dorsurson may dighes bavinétd 2. 0

to 2.5, and 15a (ﬁlﬁﬁgvogkﬂenc [VROS4] B dh JuBi: s, guchTﬁepdlyﬂ&feh&aﬁ)blF’&e@df styrene.
conposi tion of Sbrrbo ment A, wherein the p | ene-based mer conpri ses

70 W% to 95 XORHBRERY PP egmir i %Aﬂﬁé% 9% 1Py M%batﬁdﬂgscaetm ved

from one 0r MEemobifies sadhpRastek ef étﬁ‘éne/rbﬁl@t@ﬂlk@ﬂﬁ&dpdmﬁ@rs GsterbREsth MRy ngRET N
oi | conposi tl% of eggodl maogqtls A or B, wherein the p fyI ene- based pol yner

conpri ses 75 *RP¥E{¢ o8 B By | B @olarethgeylaini § ’?mé?i?d WCHLESE0E s

units deri VEleﬁﬂﬁ@m oneseh Pedd Rthes @hmaoplnetﬂaa@tdtel&ﬁ%ﬂ@m@ﬁﬂmt do. The

| ubricating 0| conposi tion gf ané/ enbodl ments Ato
copolymers of styrene and an estér of an unsaturate carboxyltc acid such as styrene/maleic

ester (typically prepared by esterification of a styrene/maleic anhydride copolymer).
30 [0056] In one or more embodiments above or elsewhere herein, the propylene-based
polymer can include a blend of two propylene-based polymers differing in the olefin content,
the diene content, or both.
[0057] In another embodiment, the propylene-based polymers can include copolymers

prepared according to the procedures in WO 02/36651.  Likewisc, the propylene-bascd

-15-



wherei n the propyl ene-based pol ymer conprises 80 wt%to 90 wt % propyl ene
derived units and 5 % to 20 wt % units derived fromone or nore other

al pha ol efins Enbodi mrent E: The lubricating oil Pteteltas) l.Qn of any
enbodi nment s Awt(%zlég%q%%‘]er ei n the propyl ene-based pol yner COITpI‘(I%EgFSZ BO wt %t
90 wt % propyl ene derived units and 10 wt%to 20 wt% units derived from one
or nore ot her J)’IHQ‘%&R'I&%]&({%?OI}[ ngc]n@é@f?tdévm?%sg dcsy“?ed 1H%b%0}3/6902%|1 WO
conposition o any enb the propyl ene-based

pol ymer conpr 2&89482wt Wex §0BBI4R09%. pW&byQOQWé‘lQiZ@Ll \)?ié@ 2003(0803Banahdb?2 W% t 0
20 wt% uni ts gepied,f r@cmtfe)ﬂmyorthcgm@l&kfﬁ%&g@h& : OhG08: o HIAILEIRAG] et

G The lubricating oil conposit nment s

al pha ol ef i n W8h &k Hesprgbed INBP2028Y @91168ﬂ|d7 BaST /&532@@8/&@7126561 mm@p@w@m rrent
H. The lubkic 06ﬂ$

al pha olefin ?Jsddqgrtug%dgo&?{m%i dqﬁlq}rrgﬁ(?w %g& ip?tggt‘&r? i F’Eijughcag(gnt ion
of any embodi A4 4 12 ¢ whichwhieineporiee bm\@er@trce nﬁh@pl@piﬂeﬂre @bq&ﬁh@b@meemms
conprises oneyQf infRicEor, BBrc%n@ér@&% 19%1?tf\h{hsthos§[d9§c9§c1d e gﬁlnf%% v EPNE
lubricating oi |l conposition of any e i ments wher el n

propyl ene derWeédounits are isotactic. [0103] Embodi ment K The |ubricating
oi |l conpositi i A to J, wherein the weight average

nol ecul ar mm%lt}lﬂgﬂfﬂhﬁv?%agﬁgg%lﬁ%%ﬁooo to about 200, 000. [0104] Enbodi nment L:
The | ubri ¢atilAgsloi | Incotpersingicambofimgniy, Bertvedy lranbased pelgmig C@@W@ft@i @t he
wei ght aver ag?urfm&ﬁﬁééldﬁbrus}?%'ogg& &Bﬁé’)grif@ng@g%hel]so%sqggd ﬁ&elﬁqgéé% ngfj §

[ 0105] Enbodi nent M ricating oil conposition of Ato
L, wherein t H&nRies @ritienbepdingeoi ity seltipamonashaykt a galymericaimp @ptpoﬂer@msqdo
about 150, 00G,1,R106] Enbodi nent N: The |ubricating oil conposition of any
enbodi nent s to M wherein the MWD is of from2.1 to 2.4.

15[ 0107] Enbodf%¥nt Bhe giEingpRtiorst tHgboPT inclydp 85 et ovic sthytenipalbnbodivmat s A
to N, whergi realtbbgvu@réawble &4 qé%@@%&fﬁf%{ af qmaran%%ld@f cddrO Rl Qe ki Qe 20

wt % units derived from ethyl ene. [0108] Enbodi nent The 1ubricating oil
conposi ti on GFIYRH) férf%éf#?reﬂ{l@“ﬂ“teom@mmers inclppe Puf f"fetrﬁé ligtitehye epialihagied

pol ymer has andWiRy(id adif, Ilﬁgelc 23Q0Ckundsic WBaS McBic RYidASENRRic L 23 & e@fcodif 9y 3- O
g/ 10 min to about 21 g/ 10 mn

maleic anhydnde 4-methyl  cyclohexene-1,2-  dicarboxylic  acid anhydride,

bicyclo(2.2.2)octene-2,3-dicarboxylic acid anhydride, 1,2,3,4,5,8,9,10-octahydronaphthalene-
20 2,3-dicarboxylic acid anhydride, 2-oxa-1,3-diketospiro(4.4)nonene, bicyclo(2.2.1)heptene-
2,3-dicarboxylic acid anhydride, maleopimaric acid, tetrahydrophthalic anhydride,
norbornene-2,3-dicarboxylic acid anhydride, nadic anhydride, methyl nadic anhydride, himic
anhydride, methyl himic anhydride, and 5-methylbicyclo(2.2.1)heptene-2,3- dicarboxylic
acid anhydride. Other suitable grafting monomers include methyl acrylate and higher alkyl
25 acrylates, methyl methacrylate and higher alkyl methacrylates, acrylic acid, methacrylic acid,
hydroxy-methyl methacrylate, hydroxyl-ethyl methacrylate and higher hydroxy- alkyl
methacrylates and glycidyl methacrylate. Maleic anhydride is a preferred grafting monomer.
[0066] In one or more embodiments, the grafted propylene based polymer comprises from
about 0.5 to about 10 wt% ethylenically unsaturated carboxylic acid or acid derivative, more
30  preferably from about 0.5 to about 6 wt%, more preferably from about 0.5 to about 3 wt%; in
other embodiments from about 1 to about 6 wt%, more preferably from about 1 to about 3
wt%. In a preferred embodiment wherein the graft monomer is maleic anhydride, the maleic
anhydridc concentration in the grafted polymer is preferably in the range of about 1 to about

6 wt%, preferably at least about 0.5 wt% and highly preferably about 1.5 wt%.
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[ 0109] Enbodi nrent Q The lubricating oil conposition of any enbodi nents A to
P, further conprising one or nore dispersants. [0110] Enbodi nent R The

| ubricating ol famRas tion of any embodiments Ato Q f rising
one or nore pOL(I)I‘ poi nt depressants. 25[0111] Embodi nent T%H%O frr}ﬁggtl ng oil
conposi tion conprising: of fromO0.5 w%to 15 wt % based on the total

wei ght of theylypri ér{ggd Qldlc Telalesolo] r |

pol ymer conpr%om frjlg ngtl n to n 1 \?\E}E1 ?é[g%dofgg d} g%%&éﬁ%ﬁotoggéﬁgﬁgﬁé?%ﬁﬁf 30
Wt % uni ts derjupglguted @ime@meuthab rfnbwgl mrh@rcaalbphad@% efliang trankfer qgewpy besacbased
polymer havi g in@g 8 ndhorhd3 ARipkicnd

nol ecul ar wei ght M/\;)éas ?reas‘treg > H‘?%bé% fq,glrb%%gﬁbofgrt%%ggg%d%g%{%qg and
a MAD of 2.0 b isgon ghetiorgpd agpwﬂ%trp@o@@hlshw/dnoba@erdfv@ghtghétcdmahcrwe| ght of
the | ubricati pg,0ile GORROSLEVIR:BRARG A | of fromO0.1 wo%to 20 w%
based on the total weight of the Tubricating oil conposition, one or nore
di spersants; @al of The ogfﬁf@dlpmwm%baﬂﬁ \mp%neba@@dbﬁbmlﬁtph@dt otz cweicglignabf
the |Ubrlcat't@&1 hubs. CRITRQSH éQﬁ'e 2R PoRe P& Qh RELAEP O
2010/ 016847PCT/ US2008/ 072655 %} I o el ?%?‘?e“c%f?ﬁ‘g‘%%? bed
conmposi ti on dﬁa@m@wwﬁtgw@mwﬁepré efred areftwmbween@hmq@rewvmﬂalehasga1 MFR
(2. 16 kg, 2300} npEARLER Y ASTMPLAR O eal bOM AR @l 21
g/ 10 mn. 0113fEn1t)n{(§g| ngr;t U Su he | ubri cat6| neS t0| C(g)erOSel Bﬂt&réf?raﬁ@‘mh
enbodi ments SCEW Firudgapwsians g‘EM%é%@W“%dﬁﬁ%@ﬁ*@ﬁ@ﬁxtﬁeﬂgf ar @Q’qlrl@kémtmg non-
efficiency Oflnt@g&l»ﬂtuné- e%ﬂﬁlszblﬁ:dlw‘]@d’ BleRdd-Nuch NChER D% 8F TGl GRCYopbSal V\R
defined as: TE = 2/c x In((kv of polynmer + oil)/ (kv of oil))/In( Zb)p ere c
i s the concert$&tidbon of the propyl ene-based pol ymer. [0114] Enbodi ment V:
The [ubri catijngsoi | I&Qﬁ@@ﬁ&ﬂdr@@m@bdlﬁ@xﬁs D Q&I ATB oy nrer L@ l-ljye r&f B ntl-Ft oi |
conposition has a shear stability index of about 0 to ab ou 10 0115]
Enbodi ment  WOIRIng Bk wattrgPiapyletsdrpragiobinsh "eB rpicr sidg! cuesting %tdtl)@t BEChwt 9%
based on fshe s Q%@{'OXM@&@MON& tﬁé‘ﬁreleﬁ%&r SFGRd rQﬁn%Han@rﬂéqufﬁé He%’ed@équlal%@g& one
propyl ene- based pol ymer conprising. 80 wt%to 88 w % pyl ene derived units
and 12 wt % t Sherefipgeeasiiens nglrssadiitg Gmpemelcns-bavet éoléswreuaddamqowai dipnstsings,

the propyl enendasmdy pRhyHE! mhaaucng theapewxaac&na &dtinG kMinRactdP o REmdFAR & by-2

heat of fusion of |ess than 80 J/g wei ght average nol ecul ar 15 wei ght
(My) as measGFEYCHyesepes 89@%@?@@66 émm&sﬂm Ot seavrace N dide feqiingo

2.5, and a barsean@ioknem[aeaak@]p&@bﬂ@lbmﬁﬁso%d ifhgolkéRri cating oil conposition of
enbodi nrent W _ wherejin the propyl ene-based gol ynmer i s present in an anpunt

of from 12°0 W%#t o H'8stTf1yg PHALEHNEHIOF Hsude Pl draastdmited to: sy ReFrideatichg o |

conposi tion. dQ&{b@(ﬂ-}l%}lﬁﬁb@%ﬁE%tex sudi tdrtibity1gabiyibn Rate, féﬁfm%&d@@céﬁte
embodi rent W.or nprising one or nore di spersan

c
101181Enbodi r?éh‘teﬁim#ﬁ)e@r ﬁbylg?;’%)ﬁﬁaortﬁrqu CHRPHLES: PFERYRSTISaMgh %@Wh‘éf’r@s Wto
Y, further cospbiusi rygmme @ﬂerﬁ@rancpoaalkgOIparoxid@sors@asant §;1- ﬂ&éb&@hﬁ@b@féyfﬁent
AA: AIubrlcatlcﬂ]g oi | &Eﬁ)ltlon conpr g om0.5 w%¢to 25 15
W % based of1HE*36t al 'zj’ﬁftcré‘lb‘“@’ﬁ’émf‘ﬁbﬁ art“?l??’gyl‘afcl°ll‘é"t§‘ﬁ’f305| t i ITOISEE | east
one pr opyzlseneutp@smdy)pahrw;reﬁlcaampémsluag t&&bu@f’&]ﬁlﬂp%xm %[]SIE(QQMJE &nﬁ @l@fy ved
units and 12. % taq ﬁ@ wt % uni fromé) her acg
ol efins, thelSBPrBFPS}T@ "HA&ed p‘%ﬁ%?tylﬁ%f%% a[f]ﬁpad ta%? idE]iletﬂ%)“afS
nore, a heat bmizlpfﬁusy)ﬁ)é’kaﬁ)sf |2§}58mieth@z[1° B[ Qhuty@apsreiygitkydy e nage7, mblﬁ&ﬂétﬁﬁ
wei ght (MN) 22 rrteasured h C of from 100,000 to 250,000; and a MAD of 2.0
to 2.5; 6'8‘?“1*’?5’%% % to 98 wt % based on the total weight of the
| ubricati ng Busleazbrrposmlon a base oil; of from0.1 wt%to 20 wt% based
on the taqtal of the lubricatin 0|I conpositio one. or. nore
di sper san{) [Ogﬁnh otThF 08 Y BB 18“&%’ Do ‘brg‘g’g Ct&an‘F S [Ecaing S RiLY: of
the | ubricat whgh®i |ded@apsh thy didcrackings, O didBdntidI0 Wehep @ filingdRPERSS,alirsfined WO
2010/ 016847PCT/ us2008/ 07

5 . . : .
ocesses, or re-refi g processes. The base oil can be or include used oil. Natural oils

include animal oils, vegetable oils, mineral oils and mixtures thereof. Synthetic oils include

hydrocarbon oils, silicon-based oils, and liquid csters of phosphorus-containing acids.
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[ 0120] Enbodi nent BB: The lubricating oil conposition of enbodi mnent AA,
wherei n the propyl ene-based pol yner has a MFR (2. 16 kg, 230C) as neasured

by ASTM D1238 O g/IOmn to about 21 g/10 m n. (%é?sjz di ment
CC. The lubri gg{%dn({:]&{?}‘? conposition of enbodi nents AA orl{ ) 4Sﬂg\%ﬁgr “ein the

oi | conposition has a thickening efficiency of about 1.5 to 2.5, wherein

the thickeni ng)(rﬁl{efub Si(ls §1§§y bé ﬁoﬂﬁgd Wﬁis Rr- TI-EE\CH ogs/t% lfﬁu&irlgv&h%lt}_?g;roo%&wgg

oil)/ (kv of ol ereC|st € cohcentration
propyl ene- basézbdDt B3sriediquil @il92] Enbodi ment DD: The | ubri cating oil

conposi tion O{ooﬁf‘y BB AR A e b e Giis Mngcglﬁfcp%fxpg i}%{%ﬂéﬁgg iiul&gﬁhaaThe

shear stabili I ndex of about 20 to about I ment
| ubri cati ng OP’KO@OPFf)Qs‘i PAB. BAOsth P Aébodi i e papndralDBlucwt atfngite Kireanaigg |

conposition h a e i20; t an
o 1DasEnbodi mene g AP Hhoh bkt IRCHA AN (R RO aiecne andor

to EE, wher ei #£¢lse C@Pfrmlb’orﬂrﬂ)ﬁi’lwﬂdwohﬁs Salt'cé)heasr astodbpf] [ubgicdtindesscofityalbout 24
to about 45. [;0148]EXAMRHES Ogﬁmgﬁhm@gg%ggm ng discussion can be further

described with reference to the followng non-limting exanples
Lubricating of167lcombbsta Pomsre enbalimintrg tizet bise ast caprie %fmgyheﬁwﬁaéed the

pol ymer as a Xhs&agipkiol bM%n{quf’(A@ﬁeéab'e r?@%?é?&%ﬁ‘é’é%ﬁhg é‘ﬂdé?ﬁ% OFo M fiple

enbodi ments described, are provid resent e propy ene- Based
pol ynmer s {hat thoksseoilemderopintlydan %Y]é}fpﬁel Bk J\Ea\’ pihgr mixfusesitheredie f ol | owi ng

EX&”P' es. SuGhyesh oOPY sRELPEREd eﬂ%dfﬁ@&s tﬂé %al:omﬁ\éé}{ lnﬁhﬂd@ dir 9%@%&20{%{‘89? |
Chem cal. Table 1. Polynmers % C2 mn; D1238 (2 230C, 2.16

Kg) Predi ct ecropsmeensiyempleyshis W%ﬁe mlazgrzﬂs 8F<1r9€53m812 W@Qasm@ﬂsc@l 1

include crankcase lubricating oils for spark-ignited and compression-ignited internal
combustion cngincs, such as automobile and truck engines, marine and railroad dicsel

15 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,
industrial oils, pump oils and other lubricating oils.

20 [0069] 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, etc. Thus, the lubricating oil compositions described can be
suitably incorporated into synthetic basc oils such as alkyl csters of dicarboxylic acids,

25 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
ease of handling, and may be prepared in this form by carrying out the reaction of the
invention in oil as previously described.

30  Conventional Oil Additives

[0070] 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, dctergents,

rust inhibitors, friction modificrs, and the like.



245,078 PCP-03 16.5 3.2 243,229 PCP-04 14.5 20.2 156,736 PCP-05 15.5 19.5
158, 060 PARATONEThi 8900* 64.5 5 PARATONEr m 8900 is comercially

avai | abl e frogsQhaewiQy O bite Conpany, LLC. [0127] Tabl &ﬂ&?@fk%ﬁs t he
t hi ckeni ng ef?kzlency4(TE) and shear stability index (S ! ﬁ

polymers of Table 1 in an APl Goup | oil. The pol yner concentration for
the SSI and 2§{[E MeRaylaMEBRLRoNGTsolknRultad il Aol afdnQUR dhecOht gllRgh,
ki nematic V|s@ggfty of “. ﬁ%%i a?)réw dﬁdv&)ZbiO% %%847Pé% US%%%%%%?&GSS

[0128] As di chfs%lédn%bwaﬂbt mn&@@ﬁlhygthéflﬂbr@a@mcyﬂ icgmposvas Utustragfve tdagosion
t hi ckeni ng abiybfds lllhp%o@@l\?y%m&lzedrhygfocar &B g%fdhaggotﬁﬁcd y‘:rcactl% Gt &

| n((kv- of polyner + oil g cC1s centration
of the polynd?Oﬂ#ﬁ@ﬂﬁﬁwﬂﬂg'@ﬁHWﬁUW&HWWGﬁh@ﬂﬁﬂhém@é@ﬂéﬂamdébéﬁcﬁmﬁ?ﬁ@V51to

per manent nectlﬂ@pec%kc %aaﬁkﬂa@cgﬂ@%ﬁ bPs: anrmﬁbheﬁw kiP&sted faﬁd §§d ﬂc&13§§a§rt%0ned

by passing a polymer-oil solution for | es throug
di esel i nj ectBescigEcr dirhog Qlwlﬂ%é’hm‘fm@@&w@é hYﬁ@P@bIOﬁbnﬁfﬂ$W Jygreacting S|

of a pol ymer %%m@h%&%tb%q &P & eﬁ'esﬁ:(ﬂgdv?ypcggleﬁrﬂeﬁagﬁén W@% RO I¥TRT

and the initial and sheared viscosities of mer-oi |l solution using:

SSI =100x ( v ( poToHs uchiog polFREbgEylape pwitly fiem Sor ) toépm a sulfide of phosphorus for
(V(potyner +oi 1) +d~RESRbhrs VA0l {e)anEﬁ'ﬁ%")n éQ%@%f\é@é t& ekl NREREliSatikh SEORI LY

measured at 100 C. according to
10 phosphosulfurized hydrocarbon may be effected m the manner taught in U.S. Pat. No.

1,969,324, the disclosure of which is incorporated herein by reference for purposes of U.S.
patent practice.
[0072] Oxidation inhibitors, or antioxidants, reduce the tendency of mineral oils to
deteriorate in service, as cvidenced by the products of oxidation such as sludge and varnish-
15 like deposits on the metal surfaces, and by viscosity growth. Such oxidation inhibitors
include alkaline earth metal salts of alkylphenolthioesters having C5 to C12 alkyl side chains,
¢.g., calcium nonylphenate sulfide, barium octylphenate sulfide, dioctylphenylamine,
phenylalphanaphthylamine, phosphosulfurized or sulfurized hydrocarbons, etc.
[0073] Other oxidation inhibitors or antioxidants useful in this invention include oil-
20 soluble copper compounds, such as described in U.S. Pat. No. 5,068,047, the disclosure of
which is incorporated herein for purposes of U.S. patent practice.
[0074] Friction modifiers serve to impart the proper friction characteristics to lubricating
oil compositions such as automatic transmission fluids. Representative examples of suitable
friction modifiers are found in U.S. Pat. No. 3,933,659, which discloses fatty acid esters and
25 amides; U.S. Pat. No. 4,176,074 which describes molybdenum complexes of polyisobutenyl
succinic anhydride-amino alkanols; U.S. Pat. No. 4,105,571 which discloses glycerol esters
of dimerized fatty acids; U.S. Pat. No. 3,779,928 which discloses alkane phosphonic acid
salts; U.S. Pat. No. 3,778,375 which discloses reaction products of a phosphonate with an
oleamide; U.S. Pat. No. 3,852,205 which discloses S-carboxyalkylene hydrocarbyl
30 succinimide, S-carboxyalkylene hydrocarbyl succinamic acid and mixtures thereof; U.S. Pat.
No. 3,879,306 which discloses N(hydroxyalkyhalkenyl-succinamic acids or succinimides;
U.S. Pat. No. 3,932,290 which discloses reaction products of di-(lower alkyl) phosphites and
cpoxides; and U.S. Pat. No. 4,028,258 which discloses the alkylenc oxide adduct of
phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides. The disclosures of these
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PCP. 1 PCP. 2 PCP. 3 PCP. 4 PCP. 5 PARATONETmM 8900 TE 2.17 2.48 2.47 1.76
1.77 2.0 SSI 38.1 44.5 41.8 24.20 25.0 24.0 [0129]Five lubricating oil

conposi tions (g% according to one or nore enbodi nElQleU ;lhed and
one conparative (())lw?m%)érrposmlon (Conp. EX. 1) were prepare sg Bz?épare 15
t he exanples, the polynmers were dissolved in an APl Goup | oil. The G oup

| oil conposi feké?&xcwaﬁe fﬁc&b@rw Q}t re%ei%N%:ﬁcQg QgMg)A\gL g% %;det%&t EL%%UCGO[LI'GIS@ cp d

had a ki nematic viscosity, :
package from Cister owdiGeonire suConisassers. Lok Crate ssakbd thedtof, rpf\la/drooubylawbmmtsd as

shown bel ow i g, dig g' Ridl- o *}h‘}%&@ﬂ%ﬁ “tg@i& aﬂédhc%%ﬁc C%%%kﬁ&f f VB¢ epdi PRI
nmeasured in accordance wt IS USG (0} eval uate
the col d crankPHg85properties of lubricating oil at |ow tenperatures. Table
3: 5 [0075] Dispersants maintain oil insolubles, resulting from oxidation during usc, in
suspension in the fluid, thus preventing sludge flocculation and precipitation or deposition on
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
10 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
phenols (resulting from the condensation of a high molecular weight alkylsubstituted phenol,
an alkylene polyamine and an aldehyde such as formaldehyde) are also useful as dispersants.
[0076] Pour point depressants ("ppd"), otherwise known as lube oil flow improvers, lower
15 the temperature at which the fluid will flow or can be poured. Any suitable pour point
depressant known in the art can be used. For example, suitable pour point depressants
include, but are not limited to, one or more C8 to CI8 dialkylfumarate vinyl acetate
copolymers, polymethyl methacrylates, alkylmethacrylates and wax naphthalene.
[0077] Foam control can be provided by any one or more anti-foamants. Suitable ant-
20 foamants include polysiloxanes, such as silicone oils and polydimethyl siloxane.
[0078] 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.
[0679] Dctergents and metal rust inhibitors include the mctal salts of sulphonic acids,
25 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.
[0080] Compositions when containing these conventional additives are typically blended
into the base oil in amounts which are effective to provide their normal attendant function.
30 Thus, typical formulations can include, in amounts by weight, a VI improver (0.01% to 12%);
a corrosion inhibitor (0.01% to 5%); an oxidation inhibitor (0.01% to 5%); depressant (0.01%
to 5%); an anti-foaming agent (0.001% to 3%); an anti-wear agent (0.001% to 5%); a friction

modificr (0.01% to5%); a detergent/rust inhibitor (0.01% to 10%); and a base oil.



EX. 1 EX 2 EX 3 EX 4 EX 5 Conp EX 1 Lube OI, wt%90.13 90.26 90.41
89.86 89.82 90.01 PCP-01, W % 0. 92 PCP-02, W% 0.79

WO 2010/016847 PCT/US2008/072655

[0081] When other additives are used, it may be desirable, although not necessary, to
prepare additive concentrates comprising concentrated solutions or dispersions of the
viscosity index improver (in concentratc amounts hercinabove described), together with one
or more of the other additives, such a concentrate denoted an "additive package,” whereby
5 scveral additives can be added simultancously to the basc oil to form a lubricating oil
composition. Dissolution of the additive concentrate into the lubricating oil may be 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
10 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
base oil or other compatible solvents along with other desirable additives to form additive-
packages containing active ingredients in collective amounts of typically from 2.5 to 90%,
preferably from 5 to 75%, and still more preferably from 8 to 50% by weight additives in the
15 appropriate proportions with the remainder being base oil. The final formulations may use
typically about 10 wt% of the additive-package with the remainder being base oil.
[0082] In at least one specific embodiment, the lubricating oil composition can include:
one or more propylene-based polymers in an amount of from 0.1 wt% to 20 wt%; one or
more base oils in an amount of from 1 wt% to 99 wt%; one or more dispersants in an amount
20 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. Such
weight percentages are based on the total weight of the oil composition.
[0083] In at least one specific embodiment, the lubricating oil composition can contain
onc or more propylenc-based polymers in amounts of from 1.0 wt% to 20 wt%; or 2.0 wt% to
25 18 wt%; 3.0 wt% to 15 wt%,; 5 wt% to 14 wt%; or 5.0 wt% to 10 wt%. In one or more
embodiments, the amount of one or more propylene-based polymers in the lubricating oil
composition can range from a low of about 0.1 wt%, 0.5 wt%, or | wt% to a high of about 10
wt%, 15 wt%, or 20wt%. 1In one or more embodiments, the amount of one or more
propylene-based polymers in the lubricating oil composition can range from a low of about
30 0.1 wt%, 2.0 wt%, or 5 wt% to a high of about 12 wt%, 17 wt%, or 19 wt%. In one or more
embodiments, the amount of one or more propylene-based polymers in the lubricating oil
composition can be about 1 wt%, about 2 wt%, about 5 wt%, about 7 wt%, about 9 wt%, or
about 10 wt%. In one or morc embodiments, the amount of onc or morc propylenc-based

polymcrs in the lubricating oil composition can be about 0.5 wt%, about 0.6 wt%, about 0.7

-2 -
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wt%, about 0.8 wt%, about 0.9 wt%, about 1.0 wt%; about 1.2 wt%; about 1.4 wt%; about
1.6 wt%; about 1.8 wt%: or about 2.0 wt%. Such weight percentages are based on the total
weight of the oil composition.

[0084] In at lcast onc specific embodiment, the lubricating oil composition can contain
onc or more propylenc-bascd polymers 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%, and one or
more base oils 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%, or 60 wt% to 98 wt%. When present, the amount of the
propylene-based polymers in the oil compositions can be less than 10 wt%, or less than 9
wi%, or less than 8 wt%, or less than 7 wt%, or less than 6 wt%, or less than 5 wt%, or less
than 4 wt%, or less than 3 wt%, or less than 2 wt%, or less than 1 wt%, or less than 0.5 wt%,
based on the total weight of the oil compositions. Such weight percentages are based on the
total weight of the oil composition.

[0085] In at least onc specific embodiment, the lubricating oil composition can contain
one or more propylene-based polymers; one or more base oils 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%; or 60 wt% to 98
wt%; and one or more dispersants in an amount of from 0.5 wt% to 20 wt%; or 0.1 wt% to 20
wt%; or 1.0 wt% to 18 wt%; or 3.0 wt% to 15 wt%; or 5 wt% to 14 wi%:; or 5.0 wt% to 10
wt%. When present, the amount of the propylene-based polymers in the oil compositions can
be less than 10 wt%, or less than 9 wt%, or less than 8 wt%, or less than 7 wt%, or less than 6
wit%, or less than 5 wt%, or less than 4 wt%, or less than 3 wt%, or less than 2 wt%, or less
than 1 wt%, or less than 0.5 wt%, based on the total weight of the oil compositions. Such
weight percentages are based on the total weight of the oil composition.

[0086] In at least one specific embodiment, the lubricating oil composition can contain
one or more propylene-based polymers; one or more base oils 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%; or 60 wt% to 98
wt%; one or more dispersants in an amount of from 0.5 wt% to 20 wt%; or 0.1 wt% to 20
wit%; or 1.0 wt% to 18 wt%; or 3.0 wt% to 15 wt%; or 5 wit% to 14 wt%; or 5.0 wt% to 10
wt%; and one or more pour point depressants in an amount of from 0.05 wt% to 10 wt%; or
0.1 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%. When present, the amount of the propylene-based polymers in the oil
compositions can be less than 10 wt%, or less than 9 wt%, or less than 8 wt%, or less than 7

wit%, or less than 6 wt%, or less than 5 wt%, or less than 4 wt%, or less than 3 wt%, or less
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about 2.8, or about 2.9. In another embodiment, the lubricating oil composition has a
10 thickening efficiency of about 1.5 to about 2.5.
[0088] The shear stability index (SSI) is an indication of the resistance of polymers to
permanent mechanical shear degradation in an engine. The SSI can be determined by passing
a polymer-oil solution for 30 cycles through a high shear Bosch diesel injector according to
the procedurcs listed in ASTM D6278. The SSI of a polymer can be calculated from the
15 viscosity of the oil without polymer and the initial and sheared viscosities of the polymer-oil
solution using:
SSI=100X(V (polymeroil) FRESH~V(polymer+oil) SHEARED ! (V(polymer+oil), FRESH V(oil),FRESH)
[0089] where v is the kinematic viscosity measured at 100° C. according to ASTM D445,
In order to meet the viscosity requirements for various grades of oil and other performance
20 criteria imposed by automotive engine manufacturers and industry associations, the measured
SSTI of commercial Viscosity Index Improver polymers are generally between 24 and 50 SSI.
The lubricating oil composition can have a SSI ranging from a lower limit of about 20, about
22, about 24, about 26, or about 28 to an upper limit of about 40, about 44, about 50, about
55, or about 60. In another cmbodiment, the lubricating oil composition has a SSI of about
25 20 to 60, preferably from about 24 to 45, preferably from about 35 to 60, more preferably
from about 20 to about 50, or more preferably from about 35 to about 50.
[0090] In one or more embodiments, a fully formulated lubricating oil composition of the
present invention remains essentially free flowing when exposed to low temperature cycles
ranging from a lower limit of -5, -8, -10, -12, -13, -18 or -20 deg C to an upper limit of 5, 8,
30 10, 12, 15, 18 or 20 degC. "Essentially free flowing" means having a negligible and/or
undetectable change in flow ability (viscosity) when poured out of a container. In other
embodiments, the lubricating oil composition exhibits less than about 15 %, less than about
12 %, less than about 10 %, lcss than about 5 %, less than about 3 %, less than about 1 %,

less than about 0.5 %, less than about 0.25 % or less than about 0.1 % change in flow ability

223 .
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based on the initial flow ability of the lubricating oil formulation containing the propylene-
based polymer of the present invention.

[0091] With respect to all ranges (upper and/or lower) described herein, any lower limit
valuc may be combined with any upper limit valuc to the cxtent such combination is not
violative of a basic premisc of the range described (i.e., lower and upper ranges of weight
percent of components present in a material may not be combined to the extent they would
result in more than 100 w% in the overall material).

[0092] The following further embodiments are contemplated as within the scope of the
present invention.

[0093] Embodiment A: A lubricating oil composition comprising: at least one propylene-
based polymer comprising 60 wt% to 98 wt% propylene derived units and 2 wt% to 40 wt%
units derived from one or more other alpha olefins, the propylene-based polymer having: a
triad tacticity of 90% or more, a heat of fusion of less than 80 J/g, a weight average molecular
weight (Mw) as measurcd by GPC of from 70,000 to 250,000, and a MWD of 2.0 to 2.5; and
a base oil.

[0094] Embodiment B: The lubricating oil composition of embodiment A, wherein the
propylene-based polymer comprises 70 wt% to 95 wt% propylene derived units and 5 wt% to
30 wt% units derived from one or more other alpha olefins.

[0095] Embodiment C: The lubricating oil composition of embodiments A or B, wherein
the propylene-based polymer comprises 75 wt% to 95 wt% propylene derived units and 5
wt% to 25 wt% units derived from one or more other alpha olefins.

[0096] Embodiment D: The lubricating oil composition of any embodiments A to C,
wherein the propylene-based polymer comprises 80 wt% to 90 wt% propylene derived units
and 5 wt% to 20 wt% units derived from onc or morc other alpha olefins.

[0097] Embodiment E: The lubricating oil composition of any embodiments A to D,
wherein the propylene-based polymer comprises 80 wt% to 90 wt% propylene derived units
and 10 wt% to 20 wt% units derived from one or more other alpha olefins.

[0098] Embodiment F: The lubricating oil composition of any embodiments A to E,
wherein the propylene-based polymer comprises 80 wt% to 88 wt% propylene derived units
and 12 wt% to 20 wt% units derived from one or more other alpha olefins.

[0099] Embodiment G: The lubricating oil composition of any embodiments A to F,

wherein the alpha olefin is ethylene.
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[0100] Embodiment H: The lubricating oil composition of any embodiments A-G,

wherein the alpha olefin is butene.

[0101] Embodiment I:  The lubricating oil composition of any embodiments A to H,

wherein the onc or more other alpha olefins comprises onc or more Cy to Cy; alpha-olcfins.
5 [0102] Embodiment J: The lubricating oil composition of any cmbodiments A to I,

wherein the propylene derived units are isotactic.

[0103] Embodiment K: The lubricating oil composition of any embodiments A to J,

wherein the weight average molecular weight (Mw) is about 80,000 to about 200,000.

[0104] Embodiment L: The lubricating oil composition of any embodiments A to K,

10 wherein the weight average molecular weight (Mw) is about 100,000 to about 160,000.

[0105] Embodiment M: The lubricating oil composition of any embodiments A to L,
wherein the weight average molecular weight (Mw) is about 100,000 to about 150,000.

[0106] Embodiment N: The lubricating oil composition of any embodiments A to M,
wherein the MWD is of from 2.1 to 2.4.

15 [0107] Embodiment O: The lubricating oil composition of any embodiments A to N,
wherein the propylene-based polymer comprises of from 10 wt% to 20 wt% units derived
from ethylene.

[0108] Embodiment P: The lubricating oil composition of any embodiments A to O,
wherein the propylene-based polymer has a MFR (2.16 kg, 230°C) as measured by ASTM-

20 DI1238 of from 3.0 g/10 min to about 21 /10 min.

[0109] Embodiment Q: The lubricating oil composition of any embodiments A to P,
further comprising one or more dispersants.

[0110] Embodiment R: The lubricating oil composition of any embodiments A to Q,
further comprising one or more pour point depressants.

25 [o11t] Embodiment S: A lubricating oil composition comprising: of from 0.5 wt% to 15
wt%, based on the total weight of the lubricating oil composition, at least one propylene-
based polymer comprising 70 wt% to 95 wt% propylene derived units and 5 wt% to 30 wt%
units derived from one or more other alpha olefins, the propylene-based polymer having: a
heat of fusion of less than 80 J/g, a weight average molecular weight (Mw) as measured by

30 GPC of from 100,000 to 150,000, and a MWD of 2.0 to 2.5; of from 60 wt% to 98 wt%,
based on the total weight of the lubricating oil composition, a base oil; of from 0.1 wt% to 20
wt%, based on the total weight of the lubricating oil composition, one or more dispersants;
and of from 0.1 wt% to 10 wt%, bascd on the total weight of the lubricating oil composition,

onc or more pour point depressants.
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[0112] Embodiment T: The lubricating oil composition of embodiment S, wherein the

propylene-based polymer has a MFR (2.16 kg, 230°C) as measured by ASTM-D 1238 of from

3.0 g/10min to about 21 g/10 min.

[0113] Embodiment U: The lubricating oil composition of embodiments S or T, whercin
5  the oil composition has a thickening cfficiency of about 1.5 to 2.5, wherein the thickening

efficiency is defined as: TE = 2/c¢ x In((kv of polymer + oil)/(kv of 0il))/In(2), where c is the

concentration of the propylene-based polymer.

[0114] Embodiment V: The lubricating oil composition of any embodiments S to U,

wherein the oil composition has a shear stability index of about 20 to about 60.

10 [0115] Embodiment W: A lubricating oil composition comprising: 0.5 wt% to 15 wt%,
based on the total weight of the lubricating oil composition, at least one propylene-based
polymer comprising 80 wt% to 88 wt% propylene derived units and 12 wt% to 20 wt% units
derived from one or more other alpha olefins, the propylene-based polymer having: a triad
tacticity of 90% or more, a hcat of fusion of lcss than 80 J/g, a weight average molecular

15 weight (Mw) as measured by GPC of from 100,000 to 250,000; and a MWD of 2.0 to 2.5;
and a base oil.

[0116] Embodiment X: The lubricating oil composition of embodiment W, wherein the
propylene-based polymer is present in an amount of from 1.0 wt% to 10 wt%, based on the
total weight of the lubricating oil composition.

20 [0117] Embodiment Y: The lubricating oil composition of embodiment W or X, further
comprising one or more dispersants.

[0118] Embodiment Z: The lubricating oil composition of any embodiments W to Y,
further comprising one or more pour point depressants.
[0119] Embodiment AA: A lubricating oil composition comprising: of from 0.5 wt% to

25 15 wt%, based on the total weight of the lubricating oil composition, at least one propylene-
based polymer comprising 80 wt% to 88 wt% propylene derived units and 12 wt% to 20 wt%
units derived from one or more other alpha olefins, the propylene-based polymer having: a
triad tacticity of 90% or more, a heat of fusion of less than 80 J/g, a weight average molecular
weight (Mw) as measured by GPC of from 100,000 to 250,000; and a MWD of 2.0 to 2.5;

30 and of from 60 wt% to 98 wt%, based on the total weight of the lubricating oil composition, a
base oil; of from 0.1 wt% to 20 wt%, based on the total weight of the lubricating oil
composition, one or more dispersants; and of from 0.1 wt% to 10 wt%, based on the total

weight of the lubricating oil composition, onc or morc pour point depressants.
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[0120] Embodiment BB: The lubricating oil composition of embodiment AA, wherein the
propylene-based polymer has a MFR (2.16 kg, 230°C) as measured by ASTM-D1238 of from
3.0 g/10min to about 21 g/10 min.
[0121] Embodiment CC: The lubricating oil composition of embodiments AA or BB,
5  wherein the oil composition has a thickening cfficiency of about 1.5 to 2.5, whercin the

thickening efficiency is defined as: TE = 2/c x In((kv of polymer + oil)/(kv of oil))/In(2),
where ¢ is the concentration of the propylene-based polymer.
[0122] Embodiment DD: The lubricating oil composition of any embodiments AA to CC,
wherein the oil composition has a shear stability index of about 20 to about 60.

10 [0123] Embodiment EE: The lubricating oil composition of any embodiments AA to DD,
wherein the oil composition has a shear stability index of about 20 to about 50.
[0124] Embodiment FF: The lubricating oil composition of any embodiments AA to EE,
wherein the oil composition has a shear stability index of about 24 to about 45.
[0125] EXAMPLES

15 [0126] The foregoing discussion can be further described with reference to the following
non-limiting examples. Lubricating oil compositions containing at least one propylene-based
polymer as a viscosity index improver in accordance with one or more embodiments
described, are provided. Table I presents the propylene-based polymers that were used to
formulate the lubricating oils in the following Examples. Such propylene-based polymers are

20  available from ExxonMobil Chemical.

Table 1:
Polymers %2 | e 2 16 K| et (M
PCP-01 11 8 195,482
PCP-02 16.3 3.1 245,078
PCP-03 16.5 32 243,229
PCP-04 14.5 20.2 156,736
PCP-05 15.5 19.5 158,060
PARATONE™ 8900*| 64.5 5

* PARATONE™ 8900 is commercially available from Chevron Oronite Company, LLC.
[0127] Table 2 summarizes the thickening efficiency (TE) and shear stability index (SSI)
for the polymers of Table 1 in an API Group 1 0il. The polymer concentration for the SSI and
25 TE measurements was 1.5 wt%. The API Group 1 oil had a kinematic viscosity of 6.062 ¢St

at 100°C.
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[0128] As discussed above, thickening efficiency is a measure of the thickening ability of
the polymer in oil, and is defined as: TE = 2/c x In((kv of polymer + oil)/(kv of 0il))/In(2)
where ¢ is the concentration of the polymer. The SSI is an indication of the resistance of
polymers to permancnt mechanical shear degradation in an engine. The SSI is determined by
5  passing a polymer-oil solution for 30 cycles through a high shcar Bosch diesel injector
according to the procedures listed in ASTM D6278. The SSI of a polymer is calculated from
the viscosity of the oil without polymer and the initial and sheared viscosities of the polymer-
oil solution using:
SSI=100X(Vipolymer-oil).FRESH=V(polymer-+oil SHEARED ! (V(polymer+oil), FRESH= V{oil),FRESH)

10 where v is the kinematic viscosity measured at 100° C. according to ASTM D445,

Table 2;
PCP.1 | PCP.2 | PCP.3 | PCP.4 | PCP.5 | PARATONE™ 8900
TE 2.17 2.48 2.47 1.76 1.77 2.0
SSI 38.1 445 41.8 24.20 25.0 24.0

[0129] Five lubricating oil compositions (EX. 1-5) according to onc or more embodiments
described and one comparative oil composition (Comp. EX. 1) were prepared. To prepare
15 the cxamples, the polymers were dissolved in an API Group I oil. The Group I oil
composition was a blend of 150N and 400N API Group I base oils and had a kinematic
viscosity, KV, at 100°C of about 6.5 c¢St. A dispersant package from Chevron Oronite
Company, LLC was added in various amounts as shown below in Table 3. Cold cranking
stimulator (CCS) tests were then measured in accordance with ASTM D 5293 at -20°C. CCS

20 is used to evaluate the cold cranking properties of lubricating oil at low temperatures.

Table 3:
Comy

EX.1 | EX.2 | EX.3 | EX.4 | EXS5 EX.II)
Lube Oil, wt% 90.13 90.26 90.41 89.86 89.82 90.01
PCP-01, wt% 0.92
PCP-02, wt% 0.79
PCP-03, wt% 0.63
PCP-04, wt% 1.18
PCP-05, wt% 1.22
PARATONE™ 8900 1.06
Dispersant Package, wt% 8.96 8.96 8.96 8.96 8.96 8.93
CCS*, cP 6505 6648 6528 6869 3733 6670
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[0130] Ten oil compositions (EX. 6-15) and a comparative oil composition (Comp. EX. 2)
were then prepared with a pour point depressant ("PPD"). The PPD was added to the
polymer and oil compositions to investigate the kinematic viscosity (KV), mini rotary
viscometry (MRV), yield stress (YS), and pour point propertics of the oil. The pour point
depressant was either VISCOPLEX'™ 1-330 or VISCOPLEX™ 1-3205, which are
commercially available from Evonik RohMax Inc., Horsham, PA USA),

[0131] Table 4 summarize the oil compositions of Examples 6-15 and Comparative
Example 2, each containing the pour point depressant and the resulting kinematic viscosity
(KV), mini rotary viscometry (MRV), yield stress (YS), and pour point, and properties
thereof. The viscosity (KV) was measured in accordance with ASTM D445. The pour point
was measured in accordance with ASTM D-97. The MRV was measured in accordance with
ASTM D4684, and evaluates the pumping performance of an oil pump at low temperatures.

The yield stress was measured in accordance with ASTM D4684.
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surprisingly and unexpectedly exhibited better |ow tenperature perfornmance
of its lubricant 5conpositions due to its lowinteraction with the wax in
the oil. [0133l R poses of convenience, various specidicot€siess
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appear in onejcRimfPrigut Grpkfi® MBLQY. thlpecMMBY laedlfic Fht8Rur@iLprcRROMT Eall
"appr oxi matel){ the indicated value, and takKe into account experi nental
error and var§admisherdd phegnsiesditel coysr g peselteel a9y o SysBPERsRd Ry FYSY toFgicrigRly
skill in the cﬁﬂ'férent [LRL3RELQak pﬁld@sﬁf&a&t r&uk €5 thasgEemédk. ariel &l fRdos oﬁ&tquSJfl ned
above, it shoul be given the 25 broadest definition persons in
pertinent ar tXKaf&ogitviely wpst CtPefmPHY vr@ioatbarpartcdhitroneaies thapire fiﬂs?tﬁ@é’d

publication ahe tigsiedapat@iical FakidsRes BBEnsiRld DB eMoRt" dreShprOiREERHUKRS,
and ot her docunents cited in this application are fully incorporated by

reference to $UfE vale-dntiew o (e Wr B4uhRg ngew. i nconsistent with this

application gngdyf or catdin bibddsEingd AfNSatlids WNcCHte:S HERribACRIPAN Rt bPRurhical
permtted. 30[0136]Wile the foregoing is directed to enbodiments of the

present i nved®PPSAMISEAG R S WEHFHRE foEREBES nifrhule e ppEcqHcrethit 8reemigMbe

devi sed wit hquy l&beepamlt RQarfy’ @fpet hRithaS cont&GoRed hﬂ@gsezﬁﬁerwa@%dm@dsmm
t hereof is det glnedb ‘he clains that foll ow

2010/ 016847P peyLEBEs ephienges\IRaTe {15 0% % Y Cnldém* felovs 1Albryesiciing

oi | conposi tix@lﬁlcsﬁ@fﬁ)f‘ wlsugor “approximately” &le dasted Of@uepr&laﬂaﬁélem@aﬁ&@unt

pol ymer conpri sin 60 wt%CLo 98 wt % 5pr ﬁyl ene (ﬂerlved units and 2 % to
40 Wt % uni t s SYEIVRE 1B ATOYE IS st BOUE e FARsFiEhBY bPErIneYing feinary skillin
propyl ene- basiedirpol yner having: a triad tacticity of 90%or nore, a heat of
fusion of less tha ght average

mol ecul ar wei Od Kx@ q‘ﬁ§x?g@t6?stﬁ% BSQH)}H @paingis pot gdefined a%ovc itshould be given the

25 broadebt definition persons in the pertinent art have given that term as reflected in at least one
printed publication or issued patent. Furthermore, all patents, test procedures, and other
documents cited in this application are fully incorporated by reference to the extent such
disclosure is not inconsistent with this application and for all jurisdictions in which such
incorporation is permitted.

30 [0136] While the foregoing is directed to embodiments of the present invention, other and
further embodiments of the invention may be devised without departing from the basic scope

thereof, and the scope thercof is determined by the claims that follow.



1070, 000 to 250,000, and a MAD of 2.0 to 2.5; and a base oil. 2. The
| ubricating oil conposition of claim1, wherein the propyl ene-based pol yner

conprises 70 %nteR139, W % propyl ene derived units and 9 W %
units 15deri vgﬁ) frOorln one or nore other al pha ol efins. 5Péﬁif/fe/é)z%08/13%9cat| ng

oil conposition of claimi1, wherein the propyl ene-based pol yner conprises

75 W% to 95 w.%propyl ene derived units and 5 wt%to 25 w% units derived
fromone or nore other alpha olefins. 4. The lubricating oil conposition of
claim 1, wher Bhatis plaimsd py| ene- based pol ymer 20conprises 80 wt%to 90 wt %

propyl ene derijved Ayﬂlb;lgau%:gﬂ @%@lglpcg%n\% ounits derived fromone or nore
ot her al pha ol efins [ ubricati ol conposition of claiml1, wherein

t he propyl ene-based pofty st ewmpropslesc-Bocdwrobymer oMt v8pyiente e riVed
units and 10wt % LRodndhetbui kiR H80!WE0HoL AN ORE Hori R FonP IS AP fer

ol efins. 256. The Iubrlcatlng ol | rrp05|t|ono claim1 erein
propyl ene- based péd pyﬁﬁkﬁ@ﬁoﬁpﬂ)lwé@n@bﬁsmmﬁwl 88/t % pr opyl ene derived units

and 12 wt%to 20 wt% units aqggdt\é&glt;gpg@w&qnd}g more other al pha olefins. 7.
The lubricating oil conposition of tlaim1, wherein the alpha olefin is

ethyl ene. 8. The lubricati righeasiof fusiomeblept hmd0dfe. cl ai m 1, wherein the al pha
olefin is butene. 309. The Idwb&gt{%@&érdgg o douGONROR Mg s Q,Eabﬁlle%ghlm WRRET N

the one or nore other (g}ﬂa ol efins conprises one or nore
al pha-ol efi ns. WO 2010 WPe8ADHEP/ w2008/ 072655 10. The | ubricating oil

conposition of claim1, V\:h@lﬁ\@W@ sthe Brapyiene derived units are isotac tic.
11. The lubricating oi I g£05| tion of claim1, wherein the weight average
nol ecul ar wei ght (Mn) ¢l ut 80,000 to about 200, 000. 512. The | ubricating
oi | conposition of claiml, wherein the weight average nol ecul ar wei ght

(My) is about? 100, BDHIGAIRE AU corgesigen of ilslm ThehtaBrie ataPrgobasct B ti on

of claim 1, wheretdmiies Velghtio 3YeHBTROHING Cldtiddd Wk ARd 5 (W) tol I RBPUhits
120, 000 to about 150, 9?0 14. The | ubricating oil conposition of claiml,
wherein the MWD i TBkd 1P ppe Onmerg ogieyalpha olefins.

3. The lubricating oil composition of claim 1, wherein the propylene-based polymer
comprises 75 wt% to 95 wt% propylene derived units and 5 wt% to 25 wt% units

derived from one or more other alpha olefins.

4. The lubricating oil composition of claim 1, wherein the propylene-based polymer
20 comprises 80 wt% to 90 wt% propylene derived units and 5 wt% to 20 wt% units

derived from one or more other alpha olefins.

5. The lubricating oil composition of claim I, wherein the propylene-based polymer
comprises 80 wt% to 90 wt% propylene derived units and 10 wt% to 20 wt% units

derived from one or more other alpha olefins.

25 6. The lubricating oil composition of claim 1, wherein the propylene-based polymer
comprises 80 wt% to 88 wt% propylene derived units and 12 wt% to 20 wt% units

derived from one or more other alpha olefins.

7. The lubricating oil composition of claim 1, wherein the alpha olefin is ethylene.
8. The lubricating oil composition of claim 1, wherein the alpha olefin is butene.
30 9. The lubricating oil composition of claim 1, wherein the one or more other alpha

olefins comprises one or more Cy4 to C); alpha-olefins.



1015. The lubricating oil conposition of claim1, wherein the

propyl ene- based pol yner conprises of from10 wt%to 20 wt%uni ts derived
from et hyl eney, obh&s Ubricating oil conposition of claj gin the
propyl ene- baseé’]zg yrrér has a MFR (2. 16 kg, 230C) as msasure OEQ%ESSTM D1238
of from3.0 g/10 min to about 21 g/10 mn. 1517. The lubricating oil

conposi tion ofg cl ap@idyrichi tdﬁlegro egmgdéwgm 1S lein L 6 ? BREISROY Fnjs k8. The
| ubricating oil conpositi or%] aim1l, furt conpr g one or nore pour
poi nt depressant s.isofagtic. A | ubr| catl ng oil corrp05| tion conprising: 20of from
0.5 wt%to 15 vt % based on the total weight of the lubricating oil

conposi tion, &t | dastulsiselingr dpyarenestipnsealaollywesreia shiprrighingycrmge wodeclr 95

wt % pr opyl ene der|%e%ﬂ\tm¢v;§a%@lg(5oww(%&t§@0@b% units derived fromone or
more ot her al pha olefins,” the propyl ene-based pol ymer having: a heat of

fusion of }es® thame§@ridhidh, @5@%%51@5“ oAVIRIMAYEWRBLS GRY @ElgM&eé\Qﬂtge ul@s
nmeasured by GPC of from 10(% 150, 000, and a MAD of 2.0 to 2.5;
of from60 w % t 0 V68 %M/S’) ‘bé@‘é‘ﬂl(}?rpop%dtpé‘t]ép O4&i ght of the lubricating oil
conposition, 300of. fromQ.1 %to 20 wt% based on the total
werone of CthelY ubrie AihIG I EBRENGNT P Tbhe B ik GRS B Sah eIt VO
2010/ 01684 7PCT/ US2Q0Q8f 01265 5bout 120,000t0 {000,000t % to 10 wt % based on the
total weight of the lubricating oil conposition, one or nore pour point
depressants. 20. Thelubtilutingail tangpositibn cirgadi tvhaein dfe MW moiQom2heas ei4n t he
propyl ene- based pol yner has a MFR (2. 16 kg, 230C) as neasured by ASTM D1238
of from 310 gl5l Onrilhe twrisabgutil RinmgAilion phyla2i 1, Fhecinube ipegyicngboid polymer
conposi tion of clg 0 i) ! t hi ckeni ng
{nﬂ%r?sg ?f"M%gJ ijpt/t R&0Qlb, lﬁgﬂ{?% & 588 ¢ 9[%{;?3' ; :

efficiency of abou wherein ening’e ciency is

defined as: Tf = %’flg lu%ﬁcaltlﬁ% 63%0&6059% B8 thICI)c‘fn(tkcy PBE}QQI{J Qr%‘[dlx{& V\’her e

c is the concentration of propyl ene-baséd pol yne r|cat|ng
oi | conposition of MiRaiZnmoXg, 23&?@%@@%@?\@ yi ASTAGMI8sS efi fenm héis/ 14 neih émgbout
stability index ob;ghgufi, 20 to about 60.

15 17.  The lubricating oil composition of claim 1, further comprising one or more
dispersants.
18.  The lubricating oil composition of claim 1, further comprising one or more pour point
depressants.
19. A lubricating oil composition comprising:
20 of from 0.5 wt% to 15 wt%, based on the total weight of the lubricating oil

composition, at least one propylene-based polymer comprising 70 wt% to 95 wt%
propylene derived units and 5 wt% to 30 wt% units derived from one or more other
alpha olefins, the propylene-based polymer having:
a heat of fusion of less than 80 J/g,
25 a weight average molecular weight (Mw) as measured by GPC of from
100,000 to 150,000, and
a MWD of 2.0 to 2.5;
of from 60 wt% to 98 wt%, based on the total weight of the lubricating oil

composition, a base oil;

LI
<

of from 0.1 wt% to 20 wt%, based on the total weight of the lubricating oil

composition, one or more dispersants; and



23. A lubricating oil conposition conprising: 0.5 wt%to 15 wt % based on
the total weight of the lubricating oil 15 conposition of, at |east one

propyl ene- basgg, BRlYEE conprising 80 wt%to 88 wt % pro xed units
and 12 wt%to 20 Wt % units derived fromone or nore ot h?}GTg{%g%gﬁgF"éfi ns,

t he propyl ene-based polyner having: a triad tacticity of 90% or nore, a

heat of fusion of |ess 0] I ol [ ar.: wel
(Mnv) as neasured by GF‘(C):{t g?rﬂfogomyolgjo,l%ggﬁ’};%k%%r{ %%g{tgg% aom% lgtgm\é%g@%

2.5; and a base oicPmp@gionTayg of me¥eipewt iy derirgssaénposi ti on of clai m 23,
wherein the propyl ene-based polynmer is present in an anmount of from1.0 wt%
to 10 wt (?/0,%%basdde dpricpmet gk amppiitigphet gimt He Whatsi tgtoranyleas-based nplosit i on.
25. The lubricatimgs SMFRCQMBAS 53000) & m&s@kedbZ ASTMIDY NR! o rGRINPE 0 MhiPRE OF
nore di spersants. 26. The lubricating oil conposition of claimZ3, further
conpri si ng® one or 2@l gdiMBOpoi nt depressants. 27.A lubricating oil
conposition conpri gi qﬁ% . . of fromQ.5 wt%to 15 wt% based on the
total weight Of tH8CITBIHESt P1h§OBRISIHEB MR Hh, whetein diseil spaposition has a
propyl ene- based paliyeBing 6@iRAdySIMBoBA Vb 205t @h&Ein\WcUh REDRY BMEe@de i dbaHeuni t's
and 12 wt%to 20 wt% units derived fromone or nore other alpha olefins,

t he propyl ene-basél pol ymer having: a triad tacticity of 90% or nore, a

heat of fusion of |essTkhanr 8@A(RY & polymer + oil AkWBF gh¥/In@er age nol ecul ar

wei ght (M/\g as measured b%?.GPC of from 100,000 to 250, 000; and a MAD of 2.0
to 2.5, afd of YHEnT BOHosBe8 s PropRsRuLHH RO Yot al  wei ght of
the lubricating oi nposition, a. base oil; .of from0O.1 w%to 20
W % based onZBt helrb%fu%qp%% GhEOBROSHRR OFE}BIP} iR aPY oL SomReSiieR 8% 2 K or
nor e di spersant s; stalfility index of aboht Zortoabddt A0.wt %t o 10 wt % based on the total
wei ght of the lubricating oil conposition, one or nore pour point
depressants. 228. HHebr|cafrg alabimpgpitdinlcompnyasi ti on of claim 27, wherein the

propylens- Based ol iy s, R, (2. 10Ky, BR00 R JF2U1 0. B AT 01292
conposi tin of cl ednmofi8on wh et leashotchmomildnebasrp @slytieocpniyaising 80 wt% to 88 wt%
propylene derived units and 12 wt% to 20 wt% units derived from one or more other
alpha olefins, the propylene-based polymer having:
a triad tacticity of 90% or more,
a heat of fusion of less than 80 J/g,
20 a weight average molecular weight (Mw) as measured by GPC of from
100,000 to 250,000; and
a MWD of 2.0 t0 2.5; and
a base oil.
24.  The lubricating oil composition of claim 23, wherein the propylene-based polymer is
25 present in an amount of from 1.0 wt% to 10 wt%, based on the total weight of the

lubricating oil composition.

25.  The lubricating oil composition of claim 23, further comprising one or more

dispersants.

26. The lubricating oil composition of claim 23, further comprising one or more pour

30 point depressants.



t hi ckening efficiency of about 1.5 to 2.5, wherein the thickening
efficiency is defined as: TE = 2/c x Inakv of polyner + oil)/ (kv of
oil))/In(2) where c is the concentration of the propyl ene-based pol yner.
30. The lubricating oil conposition of claim28, wherein the oi
conposition_has a shear stability index of about 20 to about 60. 31. The

| ubri cating’oi | Aclghyrelng eibremppsitdnedompgigng:wher ei n the oil conposition has a

shear stability 'nde%fﬁEma)bPH%%%PlfiQ«t%b(% Cdocﬁxothe Rffal %ﬁ%‘i& BP‘#HEH %Atﬂl Qi |

conposi tion of claim28, wherein th osition ear tablllty
i ndex of about Q(z;nmqgltlgboqjtleaql};one_prgylme based polymer comprising 80 wt% to 88 wt%

propylene derived units and 12 wt% to 20 wt% units derived from one or more other
alpha olefins, the propylene-based polymer having:
a triad tacticity of 90% or more,
a heat of fusion of less than 80 J/g,
a weight average molecular weight (Mw) as measured by GPC of
from 100,000 to 250,000; and
a MWD of 2.0 to 2.5; and
of from 60 wt% to 98 wt%, based on the total weight of the lubricating oil
composition, a base oil;
of from 0.1 wt% to 20 wt%, based on the total weight of the lubricating oil
composition, one or more dispersants; and
of from 0.1 wt% to 10 wt%, based on the total weight of the lubricating oil

composition, one or more pour point depressants.

28. The lubricating oil composition of claim 27, wherein the propylene-based polymer
has a MFR (2.16 kg, 230°C) as measured by ASTM-D1238 of from 3.0 g/I0min to
about 21 g/10 min.

29. The lubricating oil composition of claim 28, wherein the oil composition has a

thickening efficiency of about 1.5 to 2.5, wherein the thickening efficiency is defined

as:
TE = 2/c x In((kv of polymer + oil)/(kv of 0il))/In(2)
where c is the concentration of the propylene-based polymer.
30. The lubricating oil composition of claim 28, wherein the oil composition has a shear

stability index of about 20 to about 60.

31. The lubricating oil composition of claim 28, wherein the oil composition has a shear

stability index of about 20 to about 50.

32. The lubricating oil composition of claim 28, wherein the oil composition has a shear
stability index of about 24 to about 45.
-35 -



