| MPROVED OLEFI NI C COPOLYMER COVPCSI TI ONS FOR VI SCOsI TY MODI FI CATI ON OF
MOTOR O L FIELD OF | NVENTI ON [ 0001] Enbodi nents of the present invention
gener al | ywoebsaies4o net hods and conpositions for inprovedTussessricys | ube
oils. More particularly, enbodinments of the present invention relate to
viscosity nodifiers for lubricating oils and nethods for making sane.

BACKGROUND [A9PRDVIEB O BFRSIC C OPOLVMERAIONPOSIHONS FOIEVISODSITY.
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decreasing the tenperature dependence of the lubricant's viscosity. See,
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stability and | ow tenperature vjsconetrics, while | ower ethylene-content
copol ynert8 rgguee the temperature dependency of the viscosity of the lubricant compositions so that

the lubricant compositions can be used over a wide temperature range. In other words, the VI
improvers prevent the lubricant compositions from becoming too thin at a high temperature,
e.g., hot summer temperatures, and too viscous at a low temperature, ¢.g., cold winter
20 temperatures. Some known VI improvers include polymethacrylates, olefin copolymers, such
as ecthylene-propylene copolymers and ethylene-propylene diene-modified copolymers
(EPDMs), and hydrogenated styrenic block copolymers such as styrene-ethylene/butylene-
styrene copolymer (SEBS).
[0004] In recent years, ethylene/a-olefin copolymers have been widely used as viscosity
25 modifiers, exhibiting the effect of improving viscosity index for the purpose of decreasing the
temperature dependence of the lubricant’s viscosity. See, for example, U.S. Patent Nos.
6,589,920, 5,391,617, 7,053,153; and 5,374,700. Lubricating oils lose fluidity at low
temperatures because wax components therein tend to solidify to crystals.
[0005] Higher ecthylene-content copolymers efficiently promote oil thickening, shear
30  stability and low temperature viscometrics, while lower ethylene-content copolymers are
added for the purpose of lowering the oil pour point. Blends of amorphous and
semicrystalline ethylene propylene copolymers are also known for lubricant oil formulations.

The combination of two such ethylene-propylene copolymers allows for increased thickening
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90% or nodfREC-a heat of fusion of less than 80 J/ g, a weight average
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and 5 % to 30 wt % units derived fromone or nore other al pha ol efins:
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wei ght of the lubricating oil conposition, 'one or nore rsants;
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MAD of 2.0 to 2.5. [0009] In at |east one other specific enbodi nent, the
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least one propylene-based polymer comprising 70 wt% to 95 wt% propylene derived units

20  and 5 wt% to 30 wt% units derived from one or more other alpha olefins; 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. The propylene-based polymer has a heat of

25  fusion of less than 80 J/g, a weight average molecular weight (Mw) as measured by GPC of
from 120,000 to 150,000, and a MWD of 2.0 to 2.5.

[0009] In at least one other specific embodiment, the lubricating oil composition includes
a base oil and 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

30 propylene-based polymer has 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 120,000 to
250,000; and a MWD of 2.0 to 2.5. The propylene-based polymer is present in an amount of
from 0.5 wt% to 15 wt%, based on the total weight of the lubricating oil composition.
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use the inventions, when the information in this patent is combined with available

information and technology. Further, as is understood by one of skill in the art, each of the
descriptions of an embodiment and claims herein may be modified by addition of unrecited
elements or may be limited to only those elements recited herein.

25 [0012] Propylene-based polymers are used as viscosity index improvers. Surprisingly,
these polymers were found to have acceptable properties as viscosity index improvers with
good shear stability and viscosity characteristics. More particularly, it has been found that
propylene-based polymers having low a-olefin content that, when used as VI improvers,
promote oil thickening, shear stability and low temperature viscometrics, while lowering the

30 oil pour point. These propylene-based VI improvers reduce the temperature dependency of
the viscosity of the lubricant compositions so that the lubricant compositions can be used

over a wide temperature range without solids or gel formations.
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[ 0017] The conononers, can be | i near, or ed. Preferred Iénear
conononerl®1plc| Jgeanother embodiment, the propy ene ased polymer can be prepared by

20 polymerizing propylene with one or more dienes. In yet another embodiment, the propylene-
based polymer can be prepared by polymerizing propylene with ethylene and/or at least one
C4-Cy o-olefin, or a combination of ethylene and at least one C4-Cy a-olefin and one or
more dienes. The one or more dienes can be conjugated or non-conjugated. Preferably, the
one or more dienes are non-conjugated.

25 [0017] The comonomers can be linear or branched. Preferred lincar comonomers include
ethylene or C,4 to Cs a-olefins, more preferably ethylene, 1-butene, 1-hexene, and 1-octene,
even more preferably ethylene or 1-butene. Preferred branched comonomers include
4-methyl-1-pentene, 3-methyl-1-pentene, and 3,5,5-trimethyl-1-hexene. In one or more
embodiments, the comonomer can include styrene.

30 [0018] Ilustrative dienes can include but are not limited to 5-ethylidene-2-norbornene
(ENB); 1,4-hexadiene; 5-methylene-2-norbornene (MNB); 1,6-octadiene; 5-methyl-1,4-
hexadiene; 3,7-dimethyl-1,6-octadiene; 1,3-cyclopentadiene; 1,4-cyclohexadiene; vinyl
norbornene (VNB); dicyclopendadiene (DCPD), and combinations thereof. Preferably, the
diene is ENB.
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olefin or a combination of ethylene and one or more C4-Cyy a-olefin. In another embodiment,
the one or more a-olefins may compromise ethylene, or one or more Cs-C;, a-olefins or a
combination of ethylene and one or more C4-Ci, a-olefins. In a preferred embodiment, the
one or more a-olefins comprises ethylene. In another embodiment, the one or more a-olefins
25  comprises butene.
[0021] In another embodiment, the balance comprises units derived from one or more
dienes and optionally one or more of the a-olefins described previously. In one or more
embodiments above or elsewhere herein, the alpha-olefin is ethylene, 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%, more
preferably about 0.6 wt% to about 8 wt%, and more preferably about 0.7 wt% to about 5

-5.
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about 30. hguobymsr.akip ¢he siymere pRbedimentserivyeors e where herdn.dhe Peicaatbapahges
f b 0 , 0 , t 0.0about
5wt i P @Rt Mot BUR BGAGHEBE Honl BELEO3 10 abufid OpBo0Y

about 0. 2nd%birofcadbbyu troth bboatt %45 pr ebeit 28 wifa; aml awod tpréfe2biydirbm ddaau.53tc0

w % and refe6ab4y fromabout 0.2 wt%to about 2.5 wt % based on the wei ght
of the pcﬂ%ﬁb?r-. Wi one or nore enbodi nents above or el sewhere her ei n, the

propyl engyglased, Rghd EEnd CsMAh RS ScrhBdife S ih¥ QPR | Blgﬁié b1yof
from aboﬁ? 28?5 tg about Iﬁ wt%1 ree pr et gr abl y%fil?%rm about B t(g about y(2) 5
w % land avopeisgy pfopyBinbefivahusaitoand Gidhetderiatbuhit® i) one %r 1OR2E] tHenraogérer

di i ni nmbodi t t h I - based I

compr i SeeprUISYI LGS QA TBao A Cec P EAG: dbrT v LT e i ione S ol of
t he rangegngasekis kel ambaNeoWhd frobiiRn&L8h R0 8 1yERIFPIdISiaBE @fHrRIngRIE abowdsd/ or
C4-C20 olefins. In (%ener al, this wll amunt to theg?r opyl ene-based pol yner

pr ef er ablty abowpt( wi'ngffanerar aheratCmnderdbduty Aefinatrsest theriecight efothe palyared/ or
4= C20 Ol\?’LleI{] %étsglg‘lﬁ{%g at @Eg%’eﬁg‘é’ﬁﬁs a(l)rfg rp%eﬂsﬁé\ P ﬁlleyc%e rbine\éha? nOel%cI:l%S ap ﬁ{r?(s)?r Rgef m]r?%?er i s

ol efins are pr the Med s of ese 0 'S | 1|8§)Iym3

pr ef ersablpslyaher i8astfeabOULt Bawtdbpans Wied hidhGildd ithit he wAaRgekscasaridhes,
herein. O her preferred rar}&es for the one _or nore a-olefns include from

about 5 VPWsk Brefstsdiranges\fpoiherseor prare sralfigs Mehide ks pbeyityy w8 do abeit3330
1 T B SRR 08 S 40RO 2Rl S P et o
and nor e tprabbwr2blvio f moi pabletiablybfrataboat &loaiit to Bbowt 2G wt%, more preferably from
about 5 to about 17 wt% and more preferably from about 5 wt% to about 16 wt%.
20 [0024] The propylene-based polymer can have a weight average molecular weight (Mw)
of 5,000,000 or less, a number average molecular weight (Mn) of about 3,000,000 or less, a
z-average molecular weight (Mz) of about 10,000,000 or less, and a g' index of 0.95 or
greater measured at the weight average molecular weight (Mw) of the polymer using isotactic
polypropylene as the baseline, all of which can be determined by size exclusion
25  chromatography, e.g., 3D SEC, also referred to as GPC-3D as described herein.
[0025] In one or more embodiments above or elsewhere herein, the propylene-based
polymer can have a Mw of about 5,000 to about 5,000,000 g/mole, more preferably a Mw of
about 10,000 to about 1,000,000, more preferably a Mw of about 20,000 to about 500,000,
more preferably a Mw of about 50,000 to about 400,000, more preferably a Mw of about
30 60,000 to about 300,000, more preferably a Mw of about 70,000 to about 250,000, wherein
Mw is determined as described herein. In one or more embodiments, the propylene-based
polymer can have a Mw ranging from a low of about 70,000, about 80,000, about 90,000,
about 100,000, or about 120,000 to a high of about 160,000, about 180,000, about 200,000,
about 220,000, or about 250,000.



[ 0024] The propyl ene-based pol ymer can have a wei ght average nol ecul ar

wei ght (Mw) of 5,000,000 or |less, a nunber average nol ecul ar wei ght (W) of
about 3, 080,2000016847] ess, a z-average nol ecul ar wei ght ( PEX/USRoBI0T2EES

10, 000, 000 or less, and a g index of 0.95 or greater neasured at the

wei ght average nol ecul ar weight (Md) of the polynmer using isotactic

pol ypropyh@pe asnthie basert rb@nbo@hhetﬁ’i aBbN < Br %i’s’éw@@redﬁér@ﬁlmtlﬁkega%&leﬁbzcﬁsed
excl usi on chronmat ography, e.g., 3D SEC, also referred to as

descri bedoheneign h[aw@zs\]ln oh abné ZQﬁOOrtcrabOQtn%éQﬁ Ofthg/snodd avere prefetabbyivh dneof

Eo050- bogEH e lorlB P SRENE MATBLeriaRy AWE of bty YosBR8 udu 730 088885

nmor e prefigefbibyy aMMoohb@bmsgoomo%auﬁ 20000y twHeOn 0D s ddErenipsdeicdabliveda Mv
of about 50,000 to about 400,000, nore preferably a Mwv of about 60,000 to
about 53061,60@(9 nore preferably a Mwv of about 70,000 to about 250, 000,

wher ei n ene b;ﬂg:%ﬂ@p ﬁe%oq‘é GQI?U%(&F] hBgd agm b else@hQ%ehgglnmﬁ§ pft g%%{ﬁ?@éds’

t he prop ynmer can have a ran roma’lo
70, 000, globyrher8@nGAG; a dMioof atiddt 0Q000 abasit 1(000 000) g/mle,adnomtpr&fth,bﬂ)pﬁ) Mzofa

hi gh of b ,
about 25006503 80 B oy A0SO s b renble St o 0L Sodbieh JORDPE n,
the propyh&Res Qown@fr bR 108080 &0 Mbobf 5@(5)9 whadd 12 RbRUm?hea0g 000

g/ nol e, nore referab y a Mh of about 5,000 to abdut 500, 000, nore
pr ef elwabldesaibed hefeimbout 10, 000 t o about 250,000, nore preferably a M of

about 25,000 to .about, 200, 000 erei.n M, i er 1 ne s descri be
oo n 11888y © ARIRbeER: PR G e A8 CUREBIRE SSRGS Riterrods
propyl enap Q@%e'ﬂol?ﬁlsié&@ft y GRiex NepIs) 2o fMee gf‘opgt&b'-tba% ér%aﬁmélﬂboﬁb 09@, 200
g/nole, nore preferably a Mz of about 00 to about 1,000,000, nore

or ef er ablly aa GWOdfm@bﬁmMﬁ‘ﬁ) gaohave aeabmp@r [rog cdebout il er . ef é9,abl5y opd frotof

b wh
shout 100,008 32 2, 0000 AP GT ol SEbF L LOPE T SRR

sonet ﬂsminrﬁéﬂrrﬁ&et@l‘tﬁ)ﬁlrﬁe tPab@d GPEsSIHeye héiﬁﬁaX he(ml)) ofthe phRgylene-based

propyl ene- based, pol yner can be about 1.5 to In an enbodi nent t he MAD

can have ROWTOGPErabpitnd 8 tofd. apyedroferably I.8go %@némloswrféerablry agpogt 2drtog2.40r
3, or 2 4 t

or Sl"ecg{u&aes for? efgrnﬁﬁﬁggtggoéﬂlr’r&&rﬂg} éx%b%hé {%I?QIQH %%v\)eanoa? line:l'ecﬁl g\&eelﬁht

her e| n tdmrle[bm(MWiB) paopy| fomed haded. pad. YWaerd, 540, 2830 (whith 8s tincdbporaed eby

prefer ablry ference Bereln 09 gl?rls)gsegr o e{J.a§)| >]g/)lra%‘tcjl(c)eust) gﬁc} }e?erezﬁc%'s cited therein, in
20  Macromolecules, 1988, volume 21, p 3360 (Verstrate et al.), which is herein incorporated by
reference for purposes of U.S. practice, and references cited therein, and in accordance with
the procedures disclosed in U.S. Patent No. 6,525,157, column 5, lines 1-44, which patent is
hereby incorporated by reference in its entirety.
[0029] In one or more embodiments above or elsewhere herein, the propylene-based
25  polymer can have a g’ index value of 0.95 or greater, preferably at least 0.98, with at least
0.99 being more preferred, wherein g’ is 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:
g =1
m
30 (1) where ny is the intrinsic viscosity of the propylene-based polymer and 1 is the

intrinsic viscosity of a linear polymer of the same viscosity-averaged

molecular weight (M) as the propylene-based polymer. m;= KM,*, K and o



Techni ques for determ ning the nol ecul ar weight (M and Mv) and nol ecul ar
wei ght distribution (MAD) can be found in U S. Pat. No. 4,540,753 (which is
i ncor por avecdotwoissfrer ence herein for purposes of U S. pratilisc@s)7mnsl
references cited therein, in Macronol ecul es, 1988, volunme 21, p 3360
(Verstrate et al.), which is herein incorporated by reference for purposes

of U S. practice, apdehehei8neascCiok ef’ﬂeérgﬁ &s aRGhdull BEERLBRNGS th¥ dalhd he
procedures disclosed in U S Patent 157, colum 5, lines 1-44,

whi ch patent is herleﬁwnn@né@ﬁb@roaw@bdbfyrth@fgemei%enaaﬁunen@ntent| rety. [0029] I n

one or dlnents above 0 ewher e he e| ene

ol yrer | duiohavaaoG of A GuRHReRe SEKT o el ﬂefslr%e?'pe? REISIE R
0.98, Wi tgdl@herd @AHavE a YOG SRRLBVS € 8P AIETtH adoutvah@z gichh’ gmofeSpraRasily, ehoat
the Mv of the palynmer using the intrinsic viscosity of isotactic

pol ypropyl-&he/cas tpr{b%gé%mb meore paefeigbly shouei08 g/eer go aboit 89 &/t Ftrivamas:

(1) wher ool AembRUIIIRE frold SEAT K00 (oot AGnBROPY! ene- based pol ymer and
is the ThErinsic Visco a linear polyner of the same

VI scosi t yemver agedorrmbemdrarenMdghéntx( Mspveaasr tehvewhepldreine tiapecpyakybarsd hi

= KM/ a, K and a errea ed val u for |inea rsadshouldbe
obt ai ned RO PH28 e p ety fi%ﬁ%te é@?hé 16k wgléét @oﬂ(}qﬁ e@ua tR @& greater than
measur engy %/ 103030k nlé&iu?r@@ aQlordTRE fo HEDOINTERNY 53 @Q&Vﬁetﬁéd &4 %%Mr%g‘r%ﬁié&%ﬁéd"

t he propyl ene-based pol yner can have a density of about
about100. 92lay¥)c nP18feratdy ethp rMFKr(&ﬂb;kg @p231°Cp 1&8&0@/ dout 6. 50g/90 nghdmabowp2 ()

easur od G ek briSaebbeipiabal Y 60sth Prithh TPHEb mEiode: Hen s
above or &Ab%«awﬁ&{tetheqfr@pﬂenetmecpfé@]@meeIﬁ@s PRIAR REpHMBHit GRALERVE03/ M Intin f | oW
rate (MFR, 2 ht @ 2300 equal to or greater than 0.2 g/10 mn

16
as rreasuraééu‘fabﬂbggprrgmt @bQUﬁielOﬂgr DHILZQ@ut €512/ emip dibast Hbei10i mth, @leycil bed

bel ow) er.abl R ( 300C) is, fro mnto
about 2007 §) TRl oling B dulE & B TR At S1 e TRbs e 3 264 e
g/ 10 mi n. abbﬁ\t @B gerbath, abait,1 g/b@nﬁﬁ meshtezlgﬂbaﬁ@dammltyrgaro hasg aa@utM:gilumiﬁr
limt of about 200 g/ 10 mn, about 150 g/10 m n, about 100 g/ 10 mn, about

75 g/ 10 rPAYt AdlA m3w @oud Sng/h0 raiBo Ak ab@ltg]/()lé/lﬂlrﬁm aBoaotbe” grhastimeny; t
shout 20 il -aoRy 016y o 3000y AT, R 5
m n, 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
more preferably less than 60, most preferably less than 30. In one 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 equal to about 5 J/g. In another embodiment, the propylene-based polymer

can have a heat of fusion (Hf), which is from about 0.5 J/g to about 75 J/g, preferably from
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about 5 g/10 mn, about 8 g/10 mn, or about 10 g/10 mn. In another
enbodi nent, the propyl ene-based pol yner has an MFR of 0.5 g/10 mn to 200
g/ 10 m n,wpnefeanetary from2 g/10 mn to 30 g/ 10 m n, noPreTarSedsnadssEy from
3g/10 mnto 2 1 g/10mn, nore preferably from5 g/10 mn to 30 g/ 10 m n,
nore preferably 10 g/10 min to 30 g/10 mn, nore preferably 10 g/10 mn to

about 25 g6 d0] W%nto Hout'P5 §/gP L€ pATEMbI i%rillleHhtnO 59/2RPiout 859/ L OPFBfEred
[0032] The propyl ene-based pol ymer can have a Money viscosity

( 1+4) @250 pdencdessed rppbmbra@@drmnnn@sﬁmnﬁswh@l@wwct@fzed gsstermmnt 00 theor e

pr ef er abl ess 1 qve e pr Iess pr.ef erably
Peas t nartoltfE paBid mgrendial T3 Rich BmtureS Pin e Bt Ree A TBF boe R s
Mooney Vidgeofiohymeror rs&ﬁ@&rrég@mt&s |tiew hitfdeabieUbrndation, of Eoystdlited By tie Folirhgh of
about 30, 60, 75 or 100. [0033] In one or nore enbodi nents above or

el sewtier €hREp eilihong prempicapybasiacadhel he of Mo mAsHaivem 4 lnwar lisft of U e,
Hf) d
(Hr) det fl‘é"?/g &Cé?@g&'t B%{% Bg@%&%% ggﬁ}g ft8 aﬂ% ﬂl}qﬁ@ ok%gfgf ofﬂ@é /gout 80

greater an oF’ equa T ogra
J/g, pr ef@é)r]ai@loyS@J@bouﬁOY/goﬂﬂgJ/gpmeTSsI/ghierQ/@bout 70 J/ g, nore pr ef erably

< about 60 J/g era out. 50, J/ g, nore referabl < about_ 35
Jg. A sdﬂq.-}rﬂefer sp %lﬁg tﬁngﬁ?ﬁlpé?{&E%é%fs%P?}ﬁ%‘Fr Wé}salge Prostrepid UPBR $hat

i's great eﬂeréenéyge % c m mfﬂl@bs)%%éetal% eéeﬁaabérﬂbcmﬁrﬁ@ﬁ@ Hbd A% &ge“@lgf@l

to about '5 J/g.” I'n dnother enbod e propyl ene-based pol yner can have
a heato ofhefais,itbe p(dﬁfy)e,neakﬂasecdrpqlgnérr i9 rsulzstwmltallsb aBogphgus oheabmmzeﬂﬁn Jag it has 0

pr ef er abl abo t 75 / ref from

575 o anbuganaRy s seisrdined Rt e Dt a i fers it bUffoar Tbre

can be chatiaitBeitZ B6bvic bt el hé?@ihhthteﬁﬂbﬁyléfﬁl-ﬁds% p@@m& $ad 4 cM@hll’ﬁﬁﬁi

of fusion, which propertles can be influenced by the presence of ‘conpnoners

or steri @fi ﬁﬂi’rég(hﬁ aﬁnﬂol Yot heeferhblsider th&0%.omeet peicreblychipsioal ot wkerbip he

20: gv\ng: Chalt{iﬁ 1%y _lLS g %glgl%egr%ciorgmg;)tglt %C d}rgcfedﬁl%g‘%iesg}c%gdj ﬁlelgxr)]v r Ig gost‘l};:rr om
or 7.8 J/gnbodimén, ﬂiégﬁbpﬂflbﬂiﬂ-bas@ﬂ pBQIrderpreiQfab%héld @ .crtal ikl tyd 6@1659%@040%
or 60 J/g or 70 J/g or 75 J/g, or 80 J/g. [0034] The cr%/stal linity of the
pr opy! endUisEdly ﬂ?ﬂ%r@é’ﬁ /t%a@ué@%’en&%ﬁ’@%@@}’l fFPf{l@Pﬁ’%t bPYoperabent e ¥

crystall 'Iﬂﬁgtrypréfkraﬁl f%tﬁra)ﬂéﬁtad A Eta)ﬂé) J jda/r Cal tcﬂéc’i‘os@ﬁ‘%ﬁ’(we”ﬁ{y ﬁpa?%ﬁerg for

el sewher el n yl €ne- base nmer 1s s Atial [ y anor phous
char act ertha bighest otrdtmtof Ipblyme@yﬂ):n%m egtsﬁaaéd atrﬂnS@;J/@e.edeuOG?/mmﬁdlhactpdrr efjuabtat 0
t he DSC pr C d}l;re descri bed bel ow. In other enbodi nents above or el sewhere
her ei n, & pyl ene- based pol yner has a %crystallinity

20 [0035] In addition to this level of crystallinity, the propylene-based polymer preferably
has a single broad melting transition. However, the propylene-based polymer can show
secondary melting peaks adjacent to the principal peak, but for purposes herein, such
secondary melting peaks are considered together as a single melting point, with the highest of
these peaks (relative to baseline as described herein) being considered the melting point of

25  the propylene-based polymer.

[0036] The propylene-based polymer preferably has a melting point (measured by DSC)
of equal to or less than 100°C, preferably less than 90°C, preferably less than 80°C, more
preferably less than or equal to 75°C, preferably from about 25°C to about 80°C, preferably
about 25°C to about 75°C, more preferably about 30°C to about 65°C.

30 [0037] Heat of fusion, % crystallinity and melting temperature of the propylene-based
polymer can be determined, for example by a Differential Scanning Calorimetry (DSC)
procedure using the following steps:

[0038] About 0.5g is placed between two sheets of Mylar™ film (“mylar”). The

mylar/polymer/mylar "sandwich" is then placed on top of a small cavity mold with no top

-9.



of fromO0.5 %to 40% preferably 1%to 30% nore preferably 5% to 25%
wherein %crystallinity is determ ned according to the DSC procedure

descri bedwbeaebovaied4n anot her enbodi nent, the propyl ene- baseaSpaisynsss
preferably has a crystallinity of |less than 40% preferably about 0.25%to
about 25% nore preferably from about 0.5%to about 22% and nost

pref er abl vEr HRLADAUE (&Y RBRUEvA) Yaol Asirdi 9CI XS 28DOMR, mblaCihaF R
energy for the highest order of polypropylene is estimated at 189 J/g
(i.e., 1009glemyplaced inrd heat¢d hedyaalic pes0dhg peesy terhpaa®e isnusaaldy s¢toretvesnt hi s
| evel of crystallinityLh ropyl.ene- based polyner preferab h a single
br oad el S0rG B ARt Y 3t Mo BY R R E s s RO TBE L ET RSP b 1R BhSly
secondar ym#iBlaldcdgfop@dks 23] MaRids. t Thé piat@si fNeitped opadld, whild sfildrat phis RBSES
herein, such secondary nmelting peaks are considered together as a single
mel ti Ag pBemioncdprcherilied temperaire yid thp aydarmedyser(pgpktsapdwicy” Baseroy e frag
descri be i n) I onsi .1 oi: e -.based
ol yrrer . PG ThE e Rl RGBT AR T b Bhed W aBieaP KTt
(measur edhday 2D8GYrsphnE qo @rcate thin BeheutsianhdFOOCn gr ef evoablympeegsret (aatnal

900C, preferably less, than 800C, re preferably | ess. than or _.equal tq 75C,
or ef er AbIYS Pof b2 80 eaaaaﬁﬁq})ngd@é?gpﬁsfpé?saﬁﬂl 9a<§1§dfﬁltnoz fip) BB HAIa75C
more prefapab) é’ro%thé@%é@ov@pg% i@él‘é};fo%rﬁfﬁ%%]doldﬁﬁtla}%fr. Fhoth s ?8{%16 layer

crystallinity an lting tenperature o e propyl ene-based pol ynmer tan be

det erifi nedgirdutar destarspiué obty usinPiaf feathenpurech ®BadimrimgeGainshideeicey FHi@S@mples
procedure using the, fallow steps: . [0038 out, 0. i s placed bet ween
P sheeretge prati Rie A pEiaRaith b bR e Bong ey Rafon S St ne
is then plaegstePhahOR @5 AheNBhplgayd thenPMEd Wh tiktiidud ORCAKRS- s eRiminthe
di mensions of the cavity nmold are |"X2"X~0.020". The nold and sanple are

t hen pl adqeds.i Mrachiedtabuminyar ladsl wil pe esmpediae tpp of sachepgreneguging gogd wentry y
set between 1500C to 2000C...The pl.atens of the press are,cl osed.and rce
o about IR iRl A I B0l A 0Bl phiteaRY BEP bRl T RSGHRERG Bk S

opened Whhitunsdnit Withakn thptyabay evitield ioandd rpfcemet iskichrldefipeisaigute @idwilye
nyl ar/ pol ymer/ nyl ar "sandwi ch"” is renoved fromthe nold. The sanpl e,

ny! ar / pol BpFaRRgteRs) wrder SelnMie ges (~L0mlinge d Anemptnean il beyn g gdditing o she
hours, a ng jg; at $han S h ' [ | I t ature
(actual ti e 1flsc') g{gt not ed%ﬁ%t'%?[ﬁélr Oif%g %ﬁlﬁg% nlg‘ngfé‘ﬁrflgt ? S?Iﬁg'ep@ggg%g %gd
I s renovedabledriiitciaSthpbatrhiang wilitbecasdsow s eCodielne Sanipde fomweomaahperatuseto

-7 as quickly as the 1s capable. Hold~at -75 C for three minutes. Ramp the
formng a gJOéJbI e | )[er. L:r (br’gé hi s d%&lb| e[\{lgyer

20  temperature at a heating rate of 20°C/minute to a temperature sufficiently high to completely

melt the sample. The thermograms generated from this step are used to determine melting

point, specific heat and degree of crystallinity. The output data from DSC consists of time

(sec), temperature (° C.), and heat flow (watts). Each of the five sample melting thermograms

will be analyzed as follows. First, the total heat flow is divided by the sample mass to obtain

25  a specific heat flow (units: W/g). Second, a baseline is constructed and subtracted from the

specific heat flow to give baseline-subtracted heat flow. For the analyses discussed here, a

straight-line baseline will be used. The lower temperature baseline limit will be above the

glass transition temperature, but below the temperature at which the sample begins to melt.

The upper baseline temperature limit will be a temperature 5 to 10° C. above the completion

30 of the melting endotherm. The following three parameters will then be determined separately
for each of the five runs:

(1) Melting Point — The peak melting temperature is the temperature

between the lower and upper baseline settings which has the greatest baseline-

subtracted heat flow.
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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 shoulwohleiwues4ess than 8 ng and no greater than 12 mgT/USh@s®aaept es are
then placed in individual 10 mcro-liter alum num pans. Unvented al um num
lids will be crinped on top of each pan, insuring good contact between the
sanpl es and the pang)y TheSgRpie H%@tn§f Ak Rin! %hgﬁmde@QQtﬂenar@a aAldrh@ LR HSC
instrument with an errpty pan with Iid on the reference side and run using
the fol | owi ng par arretethsim whthercdNDy pmtﬁgfetlwﬁhe( baphh¢-pibijactedrheehploy persuswi | |
be run in addition to ehLwe %ﬁe sae Gﬁml Automati c subtraction of the enpty
pan run fromthe sa \%Ablaf & '6habl ed. The DSC heat hi story wll be
as follows. Cool tf(e) Samieq)efrée@ﬂwy@@mnﬁtﬁnpaétammed b9 divi8ing tixsspeuifiekiont 65
the DSC is capable. Hold at -75 C f ree m nutes. Ranp the tenperature
at a Heating rate drcltinghyil AYd/e apd multiptmpedat!9Pe sufficiently high to
conpl ete | t

used to dePll m iR Ead MinbdELIC AT, AERIRE TR AT pMhEy AR A,
The out puivedgt aver dro DECrunngtcs texclatlini omli¢rsecAn oudigpervidt b es (efG)ed la;nmheheat
flow (watts Each .0 five sampl.e It|n ther ill be analyzed
as foll owget?*w rpéfiSC“'?%%}’ﬁ?léPn HERMsTigt Y & Vi dwoﬁ%ﬁi‘s %QQ%BJ Slﬁ‘&sas%?
obtain a c%Hﬁ&érfclfa%\J%Eat flow (units: Wg). Second a baseline is constructed
and subtracted fromthe specific heat flow to give baseline-subtracted heat
f | ow. 10ForIHdwkl @naltyses di scussed here, a st rai ght-l ine baseline will be
used. The |l o e ba eI i ne |mt bove the ass .

T ansi ¢ OMPlrisr R0 HSICBLE BTGICT Rent BYHLFHETHcES &8 SORTIaRcT B MGt asent
begi ns t%r&i?}léne Ui, ¥RREN BASGIHNE HBANE kAL bURIs| dxPrdssdd Ad a BRaRy EGABIRLRINUT €
5to 10 above the co | etion of the nmelting endotherm The follow ng

t hree pardmetsd s spquchcashéns peuadlytaxpressddos él;mraméﬁlye -based palymess deshabdd ase
runs: (1), Melti Pai n The p nel t |sth t ure
et veen 1he s linE Ao VS FRelAt ORI 2 il ProbVEpl SRS LR
baselisnegoiyrh@ct ed heat flow. (2) The speC|f| C heat of rreltl ng, Dhm (J/g) is
the area under the nelting endot herm obtai ned by integrating the

basel i ne-18UBk rlacnear Rwat chpeimgats shave rrfdspderidisicinnge @a@é{lqnﬁ@aﬁqqulxmer( 3)

Iglet Pﬁr Cec% f%gé( ? /tﬁhli I Jc}f)( to? 6‘@%%3%‘% fi’@&% %QT‘%% ngge?m 81',1tf$ % %?%oer
t enper at Lubeut S}ﬁeor hiote, abaiit, 908f dr pers ahdbut®rl Y& dbammbid)about W24 Olhﬁoﬁeh ebout 93%
or more, about 94% or more, or about 95% or more. Preferably, the propylene-based

20 polymer has a triad tacticity that is greater than or equal to about 80%, preferably greater than

or equal to about 85%, or preferably greater than or equal to about 90%. In another
embodiment, the propylene-based polymer can have a triad tacticity, which is about 88% or

more, about 90% or more, or about 96% or more. In one or more embodiments, the triad

tacticity of the propylene-based polymer ranges from a lower limit of 80%, or 82%, or 84%,
25  or 86%, to an upper limit of about 88%, 90% 92%, 93%, or 94%, or 95%, or 96%, or more.
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average over the five runs after excluding outliers. An outlier will be as
defined by the nethod prescribed by D xon (Bionetrics, Vol. 9, # 1 March,
1953, 74-80lougiiegy7a 95% confidence |l evel. Triad Tacti ciPCT/Use@807263he tri ad
tacticity of a polyner is the relative tacticity of a sequence of three

adj acent propylene units, a chain consisting of head to tail bonds,

expressedo@s) a brHeafvd %ﬁ*@ﬁ@@hﬁpﬁa&ﬂ‘onybﬁ@% yRAAURRLESolythbr dah Bisaabrhined

expressed for the propyl ene-based pol yners escrlbed as the ratio of the
number offramiat < BIMR eecspacinithel fal ingforyuteo al | of the propylene triads
in the polyner. [0041] In one or nore enb nt.s above or el sewhere

herein, the propyl ene- basea Redtivaer )| ticity of about 80%

or nore, about 83% or nore, about 8BRB(EYMNOPRP(maho8PP87% or nore, about 90%
or nore, abou % or b % or re, out . 93% about . 94%
o T e s BB SR R PIBE] St ok Hse SR TR sH GEh BB EIHEY Shag
a triad tgCLdcehd ¥nitdidthd ﬁ)ll%/%?gt t‘ﬁ'feetﬂ?%lél{e Edhink QO@S@QHI% AR d-R- &l Doat: Y

greater than or equal to about” 85% or preferably greater than or equal to
about 90% In another enbodiGfent, the H@pylene- ed polymer can have a
triad tacticity, which is apout 88W or|nore, aboyt 90% oy nore, or about
96% or nore. |PPR(nen)or |ﬂ§n(§H—LheH5' 44%3&4#4y of the

propyl ene- based pol yner ranges fro |l ower i‘mt of 80% or 82% or 84%
or 86% to an upper linmt ofcrgbout 88@@H90@692@b 93% or 94% or 95% or
96% or nore.[0042] The tri d tact|C|t (nn1fract|on) of a propyl ene-based

pol ymer can b .m ned fﬂ fol |l ow ng

f ormul a: PPP(eP ‘Fract E%é%TQ&? ﬁ%b where PPP(nm,
PPP(nr) and PPP(rr) denote peak ar eas derlved frdmthe nethyl groups of the
second units in the followi ng three propyl ene uni@schai ns consi sting of
head-to-tail bonds: [0043] The 13C NWR spectrumrelating to the nethyl
carbon region (19-23 parts per mllion (ppm) can be divided into a first

region (21.2-21.9 ppm, a s nd region (20.3-219W3ppn) and a third region

(19.5-20.3 ppm. Each peak jin the spegtrum can bg assigngd wth reference
to an article PPGme jou+ﬂd%: —~ VatreHIP—{CHISHGH, 1350. In the
first region, the nethyl group of the fecond nit in the three propyl ene

unit chain represented by CH,

10 [0043] The 13C NMR spectrum relating to the methyl carbon region (19-23 parts per
million (ppm)) can be divided into a first region (21.2-21.9 ppm), a second region (20.3-21.0
ppm) and a third region (19.5-20.3 ppm). Each peak in the spectrum can be assigned with
reference to an article in the journal Polymer, Volume 30 (1989), page 1350. In the first
region, the methyl group of the second unit in the three propylene unit chain represented by

15  PPP (mm) resonates. In the second region, the methyl group of the second unit in the three
propylene unit chain represented by PPP (mr) resonates, and the methyl group (PPE-methyl
group) of a propylene unit whose adjacent units are a propylene unit and an ethylene unit
resonates (in the vicinity of 20.7 ppm). In the third region, the methyl group of the second
unit in the three propylene unit chain represented by PPP (rr) resonates, and the methyl group

20 (EPE-methyl group) of a propylene unit whose adjacent units are ethylene units resonates (in
the vicinity of 19.8 ppm). Additional details and information can be found in U.S. Patent No.
5,504,172.
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PPP (mm) resonates. In the second region, the nethyl group of the second
unit in the three propylene unit chain represented by PPP (nr) resonates,
and t he mwohylo/gssaap ( PPE- met hyl group) of a propyl ene ®eoirtUusedesne26aslj acent
units are a propylene unit and an ethylene unit resonates (in the vicinity
of 20.7 ppm). In the third region, the nethyl group of the second unit in

the threqornrqopyIL%aalﬁreyotf2C1ha'sanr)§9re%swh@ﬂstayctﬁ€ﬁ Ghd 2 beRSONates, and the
met hyl group (EPE-nethyl group) of a propyl ene unit whose adjacent units

are et hylSnestweibs resonates (in the vicinity of 19.8 ppm). Additional
details and information can be found gn U S. Patgnt No. 5,504, 172.[0044]
Exanples of 2,1 insertion are shown in structures 1 and 2 bel ow. Structure

(1): AB A Structuf§es (2): 1Bl Alvvh en> 2. *@045] peak of the carbon
A and a peak of thé capb Jg,e 3g! ’)%d ak of t he
a

carbon B and a peak of 't car r in’the thr regi o

descri becg Anong t he peaks vr/m ch appear inthe first to thr rd

regi ons, peaks \%‘?r ch are not based on the 3 propyl ene unit chain consisting
of head-to-tail bonds are Yeaks based®on the PPEffet hyl group, the

EPE- net hyl group, the carbgpn A the cgrbon A tae carbon,B, and the carbon
B'. [0046] The peal1 ar ea b|ased on the| PPE- rreth |group can be eval uat ed by
t he peak area of—t—(ltre—PE%E}—récer—moHé—@mzeﬂ@)—ﬁce&emaz oi-Ha-driyefcvi-etmity of 30.8
ppm, and the peak area based on the EPE-nmethyl" group ¢an be eval uated by

t he peak valieanof2.t he EPE- met hi ne group (resonance in the vicinity of 33.1
ppm . The peak area based on the carbon A can be eval uated by tw ce as nuch
as the pd&ldshar eaA@ﬁalwféh%&rh%é adransak of saaehone iappeasén (hesrenndyegipnia 9

ppm to e n nded g?gﬁthe
peak ar e\a& asegltkg e ca]%grégﬂgfocf:gﬂr% ag&gggl u@teaIs l[hre Eerh%%% a%ecaeso
adj acent ahsebdmAtao@ﬁhbcppal(sr\elsrolmapmr imthe Hiest\uto ehird ﬁeﬁloﬁﬁ p’éaksﬁwbpmar@ﬁottﬂaeed

met hyl grou of t he carbon B'. The. peak area hased on the carbon B can be
eval U8t e e CrFOpEsRe HREshEn cORUSt -t P i s(hasebpmmser T Fr t he

vicini ty 9fn 33, Bup Pk EBthetiI® dRGRK (i %b@r@%e%@@arﬁobﬁ APaHEO&ﬂ%n BaQn&’@he@" Sg

eval uated by t%e adj acent nethine carbon (resonance in the vicinity o
ppm . carbon B'.

[0046] The peak area based on the PPE-methyl group can be evaluated by the peak areca of
the PPE-methine group (resonance in the vicinity of 30.8 ppm), and the peak area based on
15 the EPE-methyl group can be evaluated by the peak area of the EPE-methine group
(resonance in the vicinity of 33.1 ppm). The peak arca based on the carbon A can be
evaluated by twice as much as the peak area of the methine carbon (resonance in the vicinity
of 33.9 ppm) to which the methyl group of the carbon B is directly bonded; and the peak area
based on the carbon A' can be evaluated by the peak area of the adjacent methine carbon
20  (resonance in the vicinity of 33.6 ppm) of the methyl group of the carbon B'. The peak area
based on the carbon B can be evaluated by the peak area of the adjacent methine carbon
(resonance in the vicinity of 33.9 ppm); and the peak area based on the carbon B' can be also
evaluated by the adjacent methine carbon (resonance in the vicinity of 33.6 ppm).
[0047] By subtracting these peak areas from the total peak areas of the second region and
25  the third region, the peak arcas based on the three propylene unit chains (PPP(mr) and
PPP(1r)) consisting of head-to-tail bonds can be obtained. Thus, the peak areas of PPP(mm),
PPP(mr) and PPP(rr) can be evaluated, and the triad tacticity of the propylene unit chain
consisting of head-to-tail bonds can be determined.
[0048] Similarly, the peak arcas based on the 3 propylene units-chains (PPP(mr) and
30 PPP(rr)) consisting of head-to-tail bonds can be obtained by subtracting the peak areas for the
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[0047] By subtracting these peak areas fromthe total peak areas of the
second region and the third region, the peak areas based on the three

pr opyl enewonto/absirns (PPP(nr) and PPP(rr)) consisting eCThsadstoesai l
bonds can be obtai ned. Thus, the peak areas of PPP(mm, PPP(nr) and PPP(rr)
can be evaluated, and the triad tacticity of the propylene unit chain

consi sti ngrfin B%?Teh@iﬁs%hion@?ﬂ&ﬁ 2CREnDE 35 BbRT PAaRefleas R &lc ot ﬂ'?'eﬁ{ hpdas bhe
peak areas based On the 3 propylene uni ts-chains (PPP(nr) and PPP(rr))

consi st i rthe a¢condaggion-andi the bblm@lgegiem Phusbthai reel ab@ﬂSsbelfl?%(mm)wg’Pd’ﬁer)p@aik
ar eas for rrof in 0 ertions.(.bot )ik

reas 11 oTHECEDber B ShEREn SRS il R oo dRe S PP B o,
Thus, theﬁmeakuﬁmﬁaﬁmagc&%ﬁydﬂﬁnnnﬁﬁP(nr) and PPP(rr) can be eval uated, and
hence the triad tacticity of thejiropylene unit chain consisting of

head- tSo- tI14P] bonkhs eapopondet dheni nbinscitonadp Fheofpthspaiopyishc onsartiensy i a

-inserti t can
peoal cul Aoty i her il (BB YRRy B8 RldyaRE rphufy YR PoREIAI,
(1989), pKMBS@D p.085M] Proportlon of inversely inserted unit based on
2,1-insertion i s .eq u to : .0.25lab. (structure(i)) +0.5lab

(struct url® ) ﬁraaom%a {“é’?rrsﬁlé’tlﬁsreétﬁ} it ﬁz@seéepa?efp}rée)tfvgt(%a& ekt +1 as)

[ 0051] Nam ng of the peaks in the above formula was nmade in accordance with
a met hod by Carman, ®25/48(strurtiira@))-olb had(sRudrbeiighem stry and Technol ogy,

5109
Socondary sar ook pagpeiPhy P B U, CPAPLER BRI ABOTCl ar o of 1 ab

(structure (i)) fromlab (structure (ii)) because of overlapping of the
peaksLo Caodsa)]n pesdmsinpan itlmgpetakeimtherabeymfmd]mgt \aatsemsdeciaracberdamd@swth altnedhod

moasur endit CHIEE HompRaRir bR cheireey anh TEGROl Bt 89 Bl D5 Bt
neasur e u
(1) a L. 3insse f QindPf R4k o8 FPRRTES: ls@eaqdé )eshBATh 21l is HRSIIE 91

of a propylene nononer f ol ene noners. This pea

descri bedepsratchife pedk aros of Lo (stperlke Andiove IblBE{sﬁ'llitﬁurﬁr(ﬁ)i)&féUﬁL%e deoetildppthg n
U S. Patent No. 5,504,172, which describes this bg peak and understand it
to repres¥ibe peakeqtieiber Petksaying tha sryTesprnding areas cm@%%%% ¢4 herefore- of the

1. f Kk
e R R R e
peaks andryistdictirdecar @atrtfutd t&&h@ﬁy peAK (1)and3 ileRioNftal Rbyi1aE héni@sMld | ng

val ue by 100. If an a-olefin of three or nore carbon atons is ponnerlzed
usi ng an (@) &pina 2,1-insertion of a propylene monomer followed by two ethylene monomers. This

peak is described as the 1.3 insertion peak and we use the procedure described in U.S. Patent
No. 5,504,172, which describes this By peak and understand it to represent a sequence of four
20  methylene units. The proportion (%) of the amount of these errors was determined by
dividing the area of the By peak (resonance in the vicinity of 27.4 ppm) by the sum of all the
methyl group peaks and % of the area of the By peak, and then multiplying the resulting value
by 100. If an a-olefin of three or more carbon atoms is polymerized using an olefin
polymerization catalyst, a number of inversely inserted monomer units are present in the
25  molecules of the resultant olefin polymer. In polyolefins prepared by polymerization of a-
olefins of three or more carbon atoms in the presence of a chiral metallocene catalyst, 2,1-
insertion or 1,3-insertion takes place in addition to the usual 1,2-insertion, such that inversely
inserted units such as a 2,1-insertion or a 1,3-insertion are formed in the olefin polymer
molecule (see, Macromolecular Chemistry Rapid Communication, Volume 8, page 305

30 (1987), by K. Soga, T. Shiono, S. Takemura and W. Kaminski).
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pol yneri zation catal yst, a nunber of inversely inserted nononer units are
present in the nolecules of the resultant ol efin polynmer. In polyolefns
prepar ed W9 2poloassri zati on of a- olefins of three or noPETABREWSO7BWEDNE i N
the presence of a chiral nmetall ocene catal yst, 2,1- insertion or 1,3
-insertion takes place in addition to the usual 1,2-insertion, such that

i nver sel yojsBser tgfckbly, Shé BrIpoRfondotindersélPSHdckte® Préffyldhe lunds I0TSRE plopPleREL
formed in the olefin polyner nolecule (see, Macronol'ecul ar Chemi stry Rapid
Conmuni cdtaesh polysharnbagd pagdc305-1isee@y) of by mKopyderga monomghiiona! @opylene

Takemur a .and. W  Kam nski ) .;[ 0053] ef.erably,..th roportion of i rsel
Tnoerted Mol ns MARd 1 P R I a ik b DRl BY et B ke, SR By
-inserti ghogdrtién Bf PPYIsENEnIFEBO PRIpyichce ahits PIAOPIPRRNEDISIIPoDyIBer, BscliBashy ed

by 13C NVR, .is greater than 0.5% or greater than 0.6% The proport%on of
i nver Sel yl.3#Rser08d! g IPDY lEPRMERPIST, 35 Moaarpd By BEMIMEadearcair fiaar0.0¥ased on

the 1,3-i gﬁgaﬁé%&%{gg A)@B%ao ggr%ﬁ’%} i 0RO S bcatty t%%%,%r%ﬁea%&%%g'@%g@

greater t of eater than 4 Or greater an
greater tBlamisO. 08% or greater than 0.085% Blends [0054] In one or nore

enbodi nents, the propyl ene-based pol yner can be bl ended with other .

pol yner i dﬂﬂﬁrﬂscoglmw.%@%@ GHIBPIS, @a@ﬁowéena&r%ﬁpwg@? Cp by hegngled pvith

styrene wj I o : t i (Y or a
Wiehdp ow%ﬁ%cgﬂfsc&sﬁtg RAR eRRifRalsuTR%s g&g%lﬁl%ek, p&fm@%%‘c}ggﬂ%ﬁ% ‘g&lth

conbi nati on ut adi ene Or 1soprene, ester viscosity in ifiers
such as dstahecafr isipyerertbitmabyedpticraly de ihgdrogohatedkoisa cembimpgorodf butadiene or

styrene/ mal ei ¢ anhydri de/.acryl ate terpal yners, an olynet hacryl at es, .
ol 66 TR 1y DD RS dUSE™ O P D i BUFEh O BRI TSF cagydride
acryl at e-Rilym@t hagéry | At @yrefdindici Beh & PREYRBIS t&holsBREY, VB ol @hetihdyaRe. and
an ester of an unsaturated carboxyli'c acid such as styrene/ nmal eic ester
(typi cal IExapgmégsarfed swhesiseedityi daddxormedifierssifgr evvelt nhlcads iaakder perglate-or

copol ynmer) ... ] 0055] | n.one or .nore enbodi nent t he pr | ene-hased nol yner
con’ 11 serteir il eohfiiBPe sPhoTBES FTRRIMTE Dy iRs BERY SR A Ry

bl ends caarborglitidRicetstish apestylas/anldi®|cyier (Sypidilly ppRpyica ney Regadcany BEraS,
or at | east one of each _ such ethylene -based pol yners and propyl ene-based
pol yner s.Styrpee/maletserbydrids eapelydis)- based pol yners can be three or |ess, nore

r ef er abl WO I.AEN t - [
et B O St S SRS I S S T
bl ended wlitdnctot hedomopsopglene-buscalc psiyimerd. ndsuchmbdkinkls ecas, islade athylene-based

pol ybut enes, polyners of styrene with butadi ene or isoprene or a
Conbi nat i BIS AN ns-ﬁﬂaﬁeéioawmsr&e%ft at 1es o o'a o pych ethylene-based

20 polymers and propylene-based polymers. The number of propylene-based polymers can be
three or less, more preferably two or less. In embodiments where the propylene-based
polymer is a blend of discrete random propylene-based polymers, it may further be blended
with other polymeric viscosity index modifiers, such as polybutenes, polymers of styrene
with butadiene or isoprene or a combination of butadiene or isoprene, ester based viscosity

25  index modifiers such as esters of styrene/maleic anhydride polymers, esters of styrene/maleic
anhydride/acrylate terpolymers, and polymethacrylates. Examples for such viscosity index
modifiers for such blends include acrylate-or methacrylate-containing copolymers or
copolymers of styrene and an ester of an unsaturated carboxylic 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. Likewise, the propylene-based
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i ndex nodifiers such as esters of styrene/ nmal eic anhydride polyners, esters
of styrene/ mal ei c anhydri de/ acryl ate terpolyners, and pol ynet hacryl at es.
Exanpl es woroswabs4vi scosity i ndex nodifiers for such bl ectaseevsionzbes

acryl ate-or nethacryl ate-containing copol ynmers or copol yners of styrene and
an ester of an unsaturated carboxylic acid such as styrene/mal eic ester

(typi cal |ppIph&Pamerhcde olahdrb icealitent Rithansdeyd&BgbdmIeW0o a0y dudEE, WO
copol yne;ﬁoéa} 0056] In one or nore enbodi nents above or el sewhere herein,

the prop @402 d WO ¢aeT/ 0495 ndIQude003/051088H ¥ Ot w80pPaP3A3e nendiers 8O
pol ymers £ j iWnthe olefin content he diene content . or both,
PoobTy s AR dadfaly. Shi BrsioE Hasod Btk 4 AR Potufilrs Mhlien
copol ynengitiptiepRardestrided ah MY 233 191¢ apd acedeses 157 MO R/iB6aHAble Ljrkebise,
t he propyl ene- basedpol yner can incl ude 8§%£msrs consistent with those

descr iSbedomp-\wid zopdy ogodpscriteg in3H8/ 0400053 anplU2% 3tan dopscating Publication
2003/ 040 / 4 it

propyl en gé-?%) g/sz\e{\(g})%ggg ﬁg%éﬁaﬁeﬁ{é‘% e at\é’élb?%g%&égh é?lg tpﬁtﬂg} I%eﬁ% g%*%%gﬁlglecan
descri bedisoninBRdd 0283r tdig palgpthetd. GnsiSicbPith SHgse alesmipedin EPSUbiabY%®or EP 1
propyl ene_haomm- and copol yners described in U. S. 6,770,713 and U. S. Patent
Appl i cat i 7g§bl i cation 2005/215964, all of which are incorporated by

ref erenceg, b8 (RLRBYLENEIPAREH MO yner can al so include one or nore

pol ymers consistent wih those described in EP 1 614 699 or EP 1 017 729.
G af tiod ([Fssict i dnadniczedinoBacibohimchB088)] propylene baved mgnembradbergrifed (.he
propyl ene-.based polynmer can be grafted (i.e. "fupctiqnalized") usjng.one or
or 6 g af FHRGONUHE O EA S R GrTh & hE MohE ey T beameTsi D, egting
coval ent Rapddi B&vaWnt bbﬁ‘diﬁ% af thicNGa fIRY AIRbmEPtPa PO MBEENENST the PFoply@e-based
propyl ene-based pol yner. [0059] The grafting nononer can be or include at

| east onepodtmerl eni cal |y unsaturated carboxylic acid or acid derivative,
such as cid -anhydride, ester, salt.  .amde,. inmde, agrylates or th
ke, TR S TR HERbRE PR B BAS 5t MM Pre SEDIRRRS Py
met haer yldatboaiié aciBbeiacidaddrivative|n@ich Casagd deidi dmgaAlE &edrdsalgi drhideOtthide,
aci d, nesaconic acid, naleic anhydride, 4-nethyl cycl ohexene-1, 2- . )

di car boxyAcrdatar iof theWiar | Blastryiveymppemers inglyde dme.ape gogiipnied dryiardicaasig,
anhydrid . 15 .- WAl hal ene- - dj.car I id
annyr | ganetadyite feignlet add: AEARHETARANERCRD Snsboty YD IRRNN € o6
2, 3- di carrhdxigl i anhgdrideanhydnettel, nalckdpkenri,2- acdidarbbeglicahyatidphbhiatdrde,

anhydri dg; vclo(2.2.2)octene-2,3-dicarboxylic acid anhydride, 1,2,3,4,5,8,9,10-octahydronaphthalenc-

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.
[0060] 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
anhydride 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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nor bor nene- 2, 3-di carboxylic acid anhydride, nadic anhydride, nmethyl nadic
anhydri de, him c anhydride, nmethyl himc anhydride, and

5- met hyl bwoyeloa(i@s42. 1) hept ene- 2, 3- di carboxylic aci d anikrgunisdes/ oQeher
suitabl e grafting nononmers include nethyl acrylate and hi gher al kyl
acrylates, methyl nethacrylate and higher alkyl methacrylates, acrylic
acid, methaery! igy@aé dnd A¥EVAXYs BRE ] subR b Behitlcaly® styRdr @mhe@h@wer alkyl
nethacrylate and %lgher hydr oxy- al kyl nethacryl ates and gl ycid

met hacr yISab@ItuMIS‘@’F@GaﬁWcﬁsl tehartyl styaerpr eahdrcrused gy atharagtr @rﬁgcnt 1p0m%]wq n

one or di nents, the fted | en b mer. co r|s from
Shout” o S ERA B e B LS RS FS AR5 RRlpt I ini LRIk 3 e £ 0

derivati \Rta JtisRnRERtioh ahd Mlefﬁr@dﬁcﬁb@ dfa ﬁlgﬁeﬁ BoRbEILE wbight gfafte@p@ymrefef er ably
from about 0.5 to about 3wt % |n ot her enbodi nents from about 1 to about 6

W % rfor e2gPeing dihrepylentvoBe VigdsHut 3 W% In a preferred enbodi ment

wherein t r af d

concentr&pﬁbﬁ |bﬁpngggrafp y%%ﬁ?ﬁ%?ﬁqﬂxﬂﬁﬁfgﬁ%bp§ ﬁ%ﬁfhe @gﬂ%q%h &Hogﬂ 1
to about t6chﬁﬁcfxi;es piFef exalply, the dref@pbdlyaieowtn Oc propadodaimdsohitipinl yn pifieidrabbod
about 1.5 wt % [0061] St rene and_ derivatives thereof such net. hy|
styrene, TS%‘C“H(; {%‘?y metjrgéa? ting-L ¢ Prefigpsd grafied golymipr fpke g@eweggwﬁ)@g&ﬁ (L%g r ene
can be usethaRifnfliRl actdralhchs BURRNud BEASENSE (LG G rb{)e]?ﬂ)g)ﬂ?@f?l”er

to inhibit chain scissioning. This allows further I'mzation e beta
sci ssloon snma&c txtomdcamehctdre spehoasco-ratating irernicgineg crtrhdaudracoumeirgbtatigy abiw-ed

pol ymer. arl ropyl e ased Pol ypers 062]., The rafte

D oy end B EBGH T P HEEC aH BBD A ERRaT S e harse DRV AP Ko R BYEcHin SRELSror
exanpl e, grb@r@y.aft polyner can be prepared in solution, in a fluidized bed
reactor, or by nelt grafting referred grafted polynmer can be prepared
by melt HPAI ndni enca o Heere- WrMﬁ menig, theagradicd mlﬁmeragalarbeewtep@r@érby @it or .
o o R e RS B e, R LS oA R B et

ext ruder ss Q%er@h&@nﬁﬁmkﬂ’l eadRFeuehofthe tghﬁﬁﬁg &Qindnby Bhs preaérﬁade@qwcalfdny
preferred, [0063] In one or nore enbodinents, the grafted can_be

pr epar ed thy gmﬂll@g Brasten Higludss %ﬁl@lﬁ%flteeﬁfoﬁﬂéb“;rb%%@é P@é)%% B@fﬁ?&@ﬁd WISPRISHE r ee

di cal
e oF BB ot SHERC R LR R Lo b, BAEDETCS
i ncl udes predidctngsilhieg pfromxpylheepﬁeblas etdccnnlb(yslttm“n @dﬁhrrsngndesdctaslpmcblﬂageddb%

grafting nomer, introducing the oxi.de and venting the unreacted
monomer éﬂvmbpowb@aéf%ﬂneé% ?ngdlfspgﬁﬁtuﬁésg‘a@e}x. de deconposition. Q her

sequencegofan | NALELIvE SRR initiator include but are not limited to: diacyl peroxides such

as benzoyl peroxide; peroxyesters such as tert-butylperoxy benzoate, tert-butylperoxy acetate,

OO-tert-butyl-O-(2- ethylhexyl)monoperoxy carbonate; peroxyketals such as n-butyl-4,4-di-
(tert-butyl peroxy) wvalerate; and dialkyl peroxides such as 1,1-bis(tertbutylperoxy)
cyclohexane, 1,1-bis(tert-butylperoxy)-3,3,5-trimethylcyclohexane, 2,2-bis(tert-
25  butylperoxy)butane, dicumylperoxide, tert-butylcumylperoxide, Di-(2-tert-butylperoxy-
isopropyl-(2))benzene, di-tert-butylperoxide (DTBP), 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexane, 2,5-dimethyl-2,5-di(tert-butylperoxy)hexyne, 3,3,5,7,7-pentamethyl
1,2,4-trioxepane; and the like.
Base Oil
30 [0065] The base oil can be or include natural or synthetic oils of lubricating viscosity,
whether derived from hydrocracking, hydrogenation, other refining processes, unrefined
processes, or re-refined processes. The base oil can be or include used oil. Natural oils
include animal oils, vegetable oils, mineral oils and mixtures thereof. Synthetic oils include

hydrocarbon oils, silicon-based oils, and liquid esters of phosphorus-containing acids.
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t he nononers and the peroxi de pre-dissolved in a solvent. [0064]
[l1lTustrative peroxide initiator include but are not limted to: diacyl

per oxi desweuotv/mEesdbenzoyl peroxi de; peroxyesters such a®Craskeosorssper oxy
benzoate, tert-butyl peroxy acetate, OO tert-butyl-0O (2-

et hyl hexyl ) nonoper oxy carbonate; peroxyketals such as n-butyl -4, 4-di-

(tert - butntREE @Y InaycSiradiRied BY Fishhdl-FddpsRLERXb ARSI FHHMAS procedure as well

|, I -bis(tertbutyl peroxy) cycl ohéxane, 1, f bi s(tert-butyl peroxy)-3

, 3, 5-tri rastother ggeioohenidnds. 2, 2-bi s(tert butyl peroxy) but ane,

gl) ;: genynlzgﬁéo%é]ld?? ,’[Iélf,ot%re Fﬁrl?t é{l%lllee%g@e:j aes% %ﬁ%%%‘f 1naudésza %)oelryatllpgalljotlé(fllrp E#’A%an%ﬁa{n%py -
2, 5- di metpw®-22 PA-Gl4 (RLOLNPAO-PEPARY) ohBXOP&(the numerical value relating to Kinematic
2,5-di methyl -2, 5-di (tert-butyl peroxy) hexyne, 3,3,5,7,7-pentanet hyl

1, 2, 45t r i Gixepsihieat HWAC)-hePrefokably Bl epadyalphapbdny isTRECPRiRd efremn| dedgacngeans/or
ol ude MRLHIEIG AL LLR ol SIeRh WHBBILCAL O bPIOSIdling WISKORT lerd ved
from hydrocracki ng, hydrogenat’i on, other refining processes; unrefined

pr ocessesyiscosity sy thhn timdofpa BAEsHes: PAOSh@ke oil can be or include used

oil. Natural oils include aninal. oils, vegetahle ojls, mpneral oiLls.and

mi xt ur es 1048k eofl? Gmehatare ea}rﬁ%élm%ﬁa%i%ﬁ 2 c%lb’% dgfiped o iSP?%'ELB?ﬁi_-S Badisg

oi I's, andyhlqiindp&Ri&InS akie@b Q%PQOB&&%‘(?H ﬁh@kdwaﬂ%a@ﬁw GurYdHnBEt iF6r guna%lgay
be produced by Fischer-Tropsch gas-to-liquid synthetic procedure as 1 as

ot her1logagh¢ basciogiuiad boiok s1cljde®66Y Pl Groop &, I&Ho bV Mé nil or mhetubagskerodfl is or
i ncl udes a pol yal phaol ef m (PAQ) Jj ncludjng a PAQO 2, .PAOC,4, .PAO.5, PAO 6
PAG 7 or DB 5 (FeRn Biraare o TS el PG 2 &% ABRARS ©INPS bt yISIpot
1000C) . Rywabaitdbhlyy chpRyB@LY dtRkaRt ehtFdain® bRPAFSH fdnile dRdesie Hassl &in
decene. Cenerally, the polyal phaol ef msuitable as an oil of |ubricating

vi scosi t yindlade acrgnksesssilulridagigg eiarfor hwerkoigndedAmd2 Gompraspion-3gnisid| Int¢0als7]
|0 one or ipre.snBodioenl sy Lhe Base) OhaGANDE, A8l nedias. spegibledil the
Arer i can PEOFSTRL RS i Y u]?e (%15?1}1 ase O Fuﬂkn?e% cehgangea i y idelines.
For exanmn@inet,hdhBRsEkoi Suitdle hie 0fls caAChlbs tchle Altdse GiloWPnventibhallyl drhploydd, Vv
oil or mxtures thereof. [0068] In one or nore enbodi nents, the base oil
can i ncl daangfor agaptest R dsC phpeeYTtransptEing flyits sugh anpitepatc Fanepignee Huids,

| ubri cati i , i il i 2 k

| ubr ot (T iivlts, BV SHARIGE AR R BlBE uly FeatP b AR TR FRE:
conbust i oeceingi fheds andiche dtkecauBoiaidt [basands tcanclsce bgidresicludardene lenttants,
rail road .diesel engines, and the like. Suﬁtable base oils can al so include

those oi IBIESHHR} QHE- ORI 9Ll apdthsy dgpricating 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 base oils such as alkyl esters 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
case 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, detergents,

rust inhibitors, friction modifiers, and the like.
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in and/ or adapted for use as power transmtting fluids such as automatic
transm ssion fluids, tractor fluids, universal tractor fluids and hydraulic
fluids, hweweylodusss7hydraulic fluids, power steering fl uipds/tseahstormsssi ke.

Sui tabl e base oils can also be or include gear lubricants, industrial oils,
punp oils and other lubricating oils. [0069] In one or nore enbodi nents,

the base [gj7h carcdiGidhdRhiibrORlsY KayFnOSAMBBrdsive 236t Vx%éud‘ert%ld@gﬁaa&icﬁym
but al so |nclude synthetic lubricating oils such as esters of dibasic

aci ds; cmfpﬂh@xm@tgﬂl@r Bartsad@twedebb'et&lﬁflublaqatmg ot cnmmoﬁagm cllsiraisve corrosion

polyglyco ohefin o
Pob Dot RGRuPt s bRt TR A togRO P bRy oy o df
synt het i phogsRs@liflrized lhﬁjbroa@rbah kth sRsHlieisie efrtidlineail by bl ﬁycﬁﬁkﬂa, profkabgy jcol s
and al cohol s; pol yal pha-ol ef ns onbutenes al kyl benzenes; organic esters
of phdspHbe PESSeltse @ an pdnjaed pl@@ﬁgom an allsylph Hnlaéhlpwr» @rzﬂ #lpy pesifgrably n the

conp03|t

0 49 wt O/pqgseﬁ@ep o?lcﬁpooﬁedlwzldle' %Fgﬁphgsﬂfu? 9(9%981%%51% g%da@ng a%Hh& M %

rn oll, g., mnera rlca Ing-oll |ng, %and
may be prsapahsledlydfochﬂhos duoh mBbyteﬁrpﬂ‘ﬂeyIal’tg:a@jdtpetrhl@umeﬁacttlotnnoﬁ)ﬁ @h® Cpodstin on

in oil as previousl i bed. Cbn ent] ong ves [Q070] The
| ubri cat iH9YYBS Sue%ﬁ%séjwp HYcRe %1&1 T8 Wﬂctar%) Wd eﬁ w%dﬁegah%%h%lﬁtf%nm
addi tivesy SHCR ASurs,fQra Atﬁye ROHE Iraa%@fof%%@é 85SARLE, RBHMEMoAIERM S,

anti oxi dants, other viscosity-index |Inprovers, dispersants, corrosion
|nh|thoq$pﬂﬂm$uﬁmnﬁd1MQh@gdnmsnwmdMEﬁﬂéMté1nﬁhsnnﬂmhibM&mténIfSidkddNo

difi i i bi.t | k
ot - cor ot b gt s Siial shishes dBGrETal dirn B RerefisEa fr1 Gipss of US.

cont act echakint hagtiébri cating oil conposition. Illustrative corrosion
i nhi bitors include phosphosul furized hydrocarbons and the products obtai ned
by reactildf2lof OpHagwhodubifars,i Ql‘ednmdm%r@dm%thmt@ﬁe@Ykaf imiacedraly teet al

oxi de or e(ljrlroo I%ﬁne % {cg,ra%re%? ﬁg&fdn'boy é:? %c?\ ﬁncfe ox?(fia%twn sul%;lisz S Sgéj 0‘? Qienol Sﬁr of

an al kyl p enor y in egend

di oxige. IRRosgdeisU bfluﬁhb zactahyaifaear ﬁm.i”l%ya%@co@i’tﬂigitb‘@ﬂl t&ﬁch%ﬁdatﬁg fmh&mmbl e
hydr ocarbon such as a terpene, a heav%3 petroleumfraction of a

ol efi n pdngines alkline casthpetalisalbpef afkdn nO\'/ﬁllOﬁStﬁliS&%Y@g\ﬁi/H)t%l23@1(30&5%%1*13515
e e
effected phnnylh@hmrmphmylatna'ughﬂloi;phokhlﬁlrizl@abr sNfurizdd Bﬁﬁp&ﬁléonst tte. di scl osure of
whi ch i s I ncor pO(St tere gx1 gtrloerll rllnhlgltorrgfoei\rra?n%%gldfagtrs use%uqolflet 1so§nvgnt?on iy u({é oil-
practice.l
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(hydroxyalkyl)alkenyl-succinamic acids or succinimides;
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 alkylene oxide adduct of

phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides. The disclosures of these
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[0072] Oxidation inhibitors, or antioxidants, reduce the tendency of
mneral oils to deteriorate in service, as evidenced by the products of
oxi dat i orweretv/mes43l udge and varni shli ke deposits on thecratsadosmmesaces,
and by viscosity growh. Such oxidation inhibitors include al kaline earth
metal salts of al kyl phenol thioesters having C5 to C12 al kyl side chains,

e. 9., calgiciRchonylinlenrhed syléttlicc REEINUD AEHYIcRBETH. Patil piaboc. Preferred
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i ncor por at,®th ¢83rein for purposes of U S. patent practice. [0074] Friction
nodifiers serve to inpart the proper friction characteristics to
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of di- (I ower aIkyI) phosphi tes and epoxides; and U.S. Pat. . 4,028, 258
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[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.
[0079] Detergents and metal rust inhibitors include the metal 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
modifier (0.01% to5%); a detergent/rust inhibitor (0.01% to 10%); and a base oil.
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this is not essential.
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
one or more propylene-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 1 wt% to a high of about 10
wt%, 15 wt%, or 20wt%. 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
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 more embodiments, the amount of one or more propylene-based

polymers in the lubricating oil composition can be about 0.5 wt%, about 0.6 wt%, about 0.7
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addi tive-package will typically be fornulated to contain the viscosity
i ndex inprover and optional additional additives in proper anmounts to
provi de tWwe 2mgilss#d concentration in the final fornmnulatipom/usk@s/ oress
additive -package is conbined with a predeterm ned anount of base

| ubricant. Thus, the products of the present invention can be added to

smal | amyif sibelit B8SER1 dbo@ 09185, BONPRDIREE Beliv Entwoal HBEr YW toptddeht
desirabl e additives to form additivepackages contai ning active ingredients
in col | ect-f ve”aaburitlsd vttt ppitkaait Ry Wi%mScE weight poscenpadsearabhsedfanotire Sotalo

75% and Setii 1Iltlofrtrﬁ)er & rne{f egtatl)ll y from8 to 50% by weight additives in the
appropria egpropor?l SPWHH t he renmi nder Dei ng base oil. The final

fornul at i[pg3g) fTB-YInuﬁQea‘,sybh@@#écﬁfﬁ@bmbbdiﬂxﬁnv,\ﬂt% ofbrichen@dili dohipdsipias kag odatnh
the remai nder being base oil. [0082] In at |east one specific enbodiment,
t he | dbr i &1 HPre Propysipdasadi RoAyreein 1 pie et of Aoy P. Sl e top b eofel H a8 &d
pol yners | 08 ¢, & 1 %d,9,02 M 010 b, AS j in
an am)unttb(r)lf8 q?tr/g’mr&ignévw“gz t% %9%&{ ’O/grv%r@/gtro l(r%o\)ﬁeo/o’d?rs%gr\@én?‘s)ﬂfﬁhg%%%%?ﬂ of
from 0. 0Imovie%ato©oi2Sinvin?4ma@amd o6 oo haltoytoDVewtdh; sratlewtth he B9 adtl; toir ¥8 svtlitoan

t of f 0. %to 20 wt % based t I ight of the |ubricati
o | ugpngo‘?&i ‘Evg’gm et i S0 %0108 S Hhe o %e@a?é&%gﬁeﬁ@%@@aﬁlw@f ghifor -
the oil %g@gia}etwa@d pbOARA il theddil LEARSIRNR ARAK! LLCEAROAITEN: lebdihan 9

| ubricatin conposi'tion can contaln one or nore propyl ene-base
pol yn®r s wifko,amrdessttbano witYooor tesOthan % v0,20 letsitharod WavQ om ks then1BwiltoYer 1850

Ww%to 15 wt % Ww%to 1 % or 5.0 % to 10 W% 1n one o re .,
erbod: merlid 4 b BB W 5 Iesndiad iy irars- B bortfo by et Gaf H1S weo

| ubri cat igagedPbit tHeQBRPNeidhOBf BRIl @RYRDsHoAEN SudPWeidht ﬁ&@éﬂtag@s droba%ed Bn thart %
or 1 wM%to a high of about 10 wt% 15 wt% or 20wm % In one or nore

enmbodi nere®! weight efntbantl compesitomr nore propyl ene-based pol yners in the

| ubricati oi | .conposition ¢ ra fr a. l.ow of about 0.1 W% 2. 0. W%
or 5 wioAlBE G archBier g8 paDOGehRohe ittty G Whrddof o spathn
enbodismerdng or infige propyivhe Ohscdn®ly@herfdR d? gy bedeerikas afl apoliiiarfEorh N Wiheto

| ubricating oil conposition can be about 1 wt% about 2 wt? about 5 wt %

about 7 WOHt7aBw0 ot efmd9 wEvoapiott W0 P96Vt Ton ob AR Whre trIP evterites &P et 19, 9% he
anmount of [ - i 0 i,cat h ng. .o
composi 115 8lon B oft R RR: AR thoRR| R 0 bR PYRELEBE 03304 oo,
W % aboutt?f.d Ml %t%ab dlt wiks;Corvit. OowtBbioults Wt%2; ovt Yovtehoutd Wi, wmt 30 wattotot101. 6

I 00U L B O BEOUL 2 OLNL %, SHoh el perconL s ars, based on
enmbodiymene ledsNBad HPHI%SH 18G (Rid 9 GRPESIetd @n § 3RYE BPIRL 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.
[0086] In at least one specific embodiment, the lubricating oil composition can contain
25  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
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 pour point depressants in an amount of from 0.05 wt% to 10 wt%; or
30 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

wt%, 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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one or nore propyl ene-based polyners in an amount of from0.5 wt%to 20
wo% or 1.0 t%to 18 % or 3.0 w%to 15 wt% or 5 wt%to 14 wt% or 5.0
wt % t o 10wat2040/da68870ne or nore base oils in an anount ofPClrruseook/ovds3sto 99
w% or 50 % to 99 wt% or 53 % to 90 wt% or 60 wt%to 90 wt% or 60
w%to 98 wt % Wien present, the anmount of the propyl ene-based polyners in

the oi | GRAPOSItY] 8NRsEMAnNEVIL ST 1ERAanlP 5 Wi, QlchlWeSshitlARnBo¥ Ho baSed BSS
than 8 % or less than 7 ww% or less than 6 W% or | ess ?han 5 w% or

| ess t harthatojlogeight of dwsoil ¢rampoBitigndg or | ess than 2 w% or less than 1

wt% or | th .0.5. Wt %. based on the total, weiaght of t oi | ..
Somnoor 1R SoFickedinth oBPRER OBt AChE R wlio dn® habgsr i pily ne

oi | conpasidtis ARfin¢PASS|TH & Bt ety 6NPolsARE IH bit)/GVbetbiMBM(2) there ¢ is the
| ubricating oil conposition can contain one or nore propylene-based
pol ymér s;copermtigionfethsapddywet. s The dybrigadimoilopompesiion wimshage go thighgning: 50

W30 OUMEUCObe BREYE B0 MRAT bOB 1 bR HheMhARR! HEQMENE P

wt % and one or nore dispersants I n an anoun rom
0.1 wt % tconositibicawhave Othidldming EBciahp raoging.ftbnvk Yower 11rhitwi Upowtr]. b abbdb t o
14 wt% or %to 104/\1% V\herﬁ;%resent,

5.0 h f th
pr opyl enel-%a@@a%é» bRt d 4, 10 akeutol P e SRR fﬂ@ﬁsoaf%ﬂé%%l éé%l%tzr%ﬁbﬁﬁ W%
or less than 9 sMo¥ab8lit b®SS th haB8r WiodRenk B mﬁ&t&ﬁgﬁ%co obifiss Haban 6

wt % or |ess t‘hén S w% or less than 4 wt% or less t 3 % or |ess
t han 2 wthickearing e§wicnbpnf dbomt ¥5 torbdwes5.t han 0.5 wt % based on the total

wei ght of the oil], c ositi.ons. S wei ght . percen es are based on the
Lot ol veilblii of TeTaRT BB BiteT QoD b6B6 A RRIG o] Bk aHES poarprEr
enbodi Mefermhhi@t hebhdngal 5dr QédradRiBRAS bh LAFINE AN tcah Be ABRRMcABY Passing
propyl ene- based pol yners; one or nore base oils in an amount of from1l w%

to 99 wt % paymsQoihsohition 6§ 3k oxclasrthmeghvadsigho siger Wesgh diesebnjortos acsoBiingitodsy

or 60 W% to 98 ,wt %. e o r i rsaqnts-in _an anmpunt of from.0.5 wt %
06 50 we oht Broegaieddisffin S [ BeSts R8N 3 b BB TRt Mo Sliglldieded i

W% 18r Siisodry of thd ot Withcut pblythenalid tie ihiaWhid sldattdongoliticsTof the Polimdpaiint
depressants in an anmount of fromO0.05 wt%to 10 % or 0.1 wt%to 10 wm %
or 0.7 vvts%ut“@nifylswg% or 0.75 wt%to 5 wt% or 0.5 t%to 3 wt% or 0.75 wt%
to 3 wt% Wen t he anmou of the pro ene- based Lynmers in the
oi | conpositi or§§ Eﬁ%ﬁg{3’(33"1?“5?%D’@ﬁ‘%’?@@““%"%”%’?” Pglé(g"lyflﬁ?ilﬁf @ESI\{MR&’)‘I ’FSJ?SH?ess t han
8 WM % orjodsess twlame ¥ isigkinemdtesdsdokianm@astr&d atar00P €S acdonding fo WSTM Dd4bess
than 4 W% or less than 3 w% or lessthan.2 ww% or. less than 1 W% or

| ess t harf2®r rv!aP%e%a%vwsgmre%ﬁwmsa%&a%% padslail e B RATTORBRRIR  of

the ojyl coARSIPoR by automotive engine manufacturers and industry associations, the measured

SSI 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 embodiment, 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, -15, -18 or -20 deg C to an upper limit of 5, §,

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 %, less 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
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[ 0087] Thickening efficiency is a neasure of the thickening ability of the
polymer in oil, and is defined as: TE = 2/c x In((kv of polymer + oil)/ (kv
of oil))/Wo(Bjo/umbsare ¢ is the concentration of the pol ymer/ustdvs/obaessi cati ng
oi | conposition can have a thickening efficiency of about 1 or nore as
defined below. In one enbodinment, the lubricating oil conposition can have
a thi ckenja8g &f tHCinfRE Ylohasdiif)Soff thO MiRichONEbil lfbiullatRfn éﬁ?l@eliﬁin% tle pRBYIheL- 2,
about 1.3, about 1.4, or abouf 1.5 to an upper limt of abou Z.E, about
2.6, abouwasal mlympoefithop®senginvgher: 2. 9. I n anot her enbodi nent, the

| ubri cati oi | osition has a thickening efficiency,of .about, 1.5 10
wbout 5. B0l MRETseR ERaR (PpS A tpRen) RHEMRY Ricif ¥ kb ihTie
resi st ancalrf mpplbgr@hhitde wah %pﬁrpgeﬂﬁﬁiﬂta{?dlﬁako gheaterd e@tiadambmatibm iafot
engi ne. The SSI can be determ ned by passing a polynmer-oil solution for 30
cycl e$ t Hridlaye af mibgsic Prenaise Bééltﬁnra@%éié?rcﬁbﬁi? it oloWEE @B¢d dipngy teBeesHyf weight

pr ocedur I | . { f I

From t he Lo Sh bt retii e o HbGraiyel nck B ToHERIeaiE M PBER B, RhEH
Vi scosi t iresultoih nidre thpal WP0eY%an kthesoletili aatetisl).ng: | V(OU), FRESH) [ 0089] where

v is the kinematjc viscosify neasured at 100 C. according to ASTM D445. In
order to M8k tnkho/iodeying bﬂrﬁheaa adianets irgropismplied Bt 2y B sepe ahife
ot her perfQ.ABRGE o teria inposed by autonotive engine manufacturers and
i ndustry "associ ations, the neasured SSI of commercial Viscosity |ndex

| mpr over [pYBly merlsmbodemgeindr & lupribeingeehca@dpaaitnxOnPsisingThidedstbné paipiylege-oi |
iti h SSI j I li.m ¢t of t, bout
oot SofrSSte AR AR o BBl 3R

44, aboutynQ deAb&HtromPencObr MBRUSth&CalphdoRARE, NBE pRIPHRALIRNMG, pdifi@ct HRiAEat | Ng
oi |l conposition has a SSI of about 28 to 60, preferably fromabout 24 to

45, pr ef driabtagti¢itorh Yoot mes:, pdic@mI fnperobless tham B ¥/ef ¢ wrichbavsragzomelgcubout
50, or more preferably fr t 35 t t [ 0090 I~ Qor.e
enbodi nen‘?’es}?ﬁaﬁw efsym%!a }lrerralmé’ta(gge IOS i Flcg(%’latﬁg%ozlﬁ%%é)g rraf)l%)sal1 M\gﬁ ng::f(g ﬁoez‘g}r) ae%de nt

i nventsi o sa8EBIINS essentially free fl ow ng when exposed to | ow tenperature
cycles ranging froma lower limt of -5, -8, -10, -12, -15, -18 or -20 deg
Cto an um%@r | iFmbodiment By Theplubnicatingsoil ¢@mppsityqn glegiebodimenefs MAcTgn thece

B N L g Y
t he | ubrilavi’agnitd dercodposi dicoor eochioldict alpheskfinkan about 15 % | ess than
about [0095] Embodiment C: The lubricating oil composition of embodiments A or B, wherein

20  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 one or more other alpha olefins.

25 [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

30 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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12 % less than about 10 % |ess than about 5 % |ess than about 3 % | ess
than about 1 % I|less than about 0.5 % | ess than about 0.25 % or |ess than
about 0. Iw@x2etvemes7i n fl ow abilitybased on the initial fPcowsamslorieys of the
| ubricating oil formulation containing the propyl enebased pol yner of the
present invention. [0091] Wth respect to all ranges (upper and/or |ower)

descri bedofgf i TEmBEWmbAVWEr: | THE lubirhiss Y cHRp&ATd BEhn ERb&MMcHRPALG,
limt value to the extent such combination is not violative of a basic

pren se ofhar¢ie theaglpks oleSerstbeenc(i . e., | ower and upper ranges of wei ght

per cent onp nt rese in,a matertal may..not -be conbinped to,th

bt ont 1 Ao RelmiET o st Dofedersh R BNBhe e MR b Al
[0092] ThehdrehltBvbRgof thiotdhetheembRdbFERE So@pEscs VOt dPhdt € taT, Walphh1dfihe.
scope of the present invention. %%93] Enbodi ment A: A lubricating oil
conposi t i B2k onpimbedigientad: | Bl {ubsisating 6 ysasprositioaafe anp smprdimedsimgy tsilng
60 Wt%tQxxl?e@ei}ﬁ"tﬂ%@%ﬁ@%eﬁi‘&\%ﬁ%ﬁ?%e‘ﬁ&% cand 2 w%to 40 wt % units derived
fromone or nore other a pha ol efins, € propyl ene-based pol yner having: a
triad taqoiogi t y Exhb@Ddemr KnoTae labdieaing afil taspasiticaf of @esyg chibadindhts) /Agto &,

wei ght average nol ecul ar wei ght (Mny) .as peasured C of fr 0,000 to
250, 000, ‘%M (AAAFI8 tf@@%@ﬁ@?@@ﬁ%ﬁff‘ﬂgﬁ( ésabqut%@ggaq Dbl Pght B The
l'ubricatipgpi | GANRESEAT PN Phe %[’H%R%%%S&H QmpfioR! F 4 _erﬁﬁ&&%llegﬂgemasl@,d

pol ynmer conprises 70 wt%to 95 w % pr | ene derived units and 5 wt%to 30
Wt % ulfi t switheein viedweigbnavereee anolemil & votighe (Mad )k abait 600,080 td 4086] 6(EMASodi ment

C. The lubricati o). coppositi,on.of. enbodi nents A or B, I ej he

o omy endtsCaq Bk lmeSoRh otk uBbs G ing Gt SoBe st o bos, FelteCiE T AS d ¢ s
and 5 wt %Qzﬁé?_ei%hé/%%gﬁfﬁ%ﬁag‘é@ﬁdlé/&ﬂa_rf\ﬁ&gﬂtqm)qﬁ alB@It_QO@,bb@fo @dolahﬁS(I?(b(}i‘fi ns.

[ 0096] Enbodi nent D: The lubricating oil conposition of any enbodi nents A

to C, whdfph t HempedspgnteNe- Bhe dubrisetingretl womesition »Igmyvgmbadsmonts vk 36 M,
propyl ene_der.i it.s d %10 20 wt % units derived fromone or nore
e AP PS8R me. bl

ot her al pha ins. i'ment E : The lubricating oil conposition
of any enbodi MertmbAihentD): WIRE eibtichhies piloghynh@RRohageshypehpsdmes@NRrtoses 80
w%to 90 wt % propyl ene derived units and 10 wt%to 20 wt % units, derived
fr om one ‘#icreirthe prapyiengthgped polemensompiws gyt fram ddi wentto 20 withanjty desivest | ng
oi I compasif ek any embodi ments A to E, wherein the propyl ene-based
pol ynmer conprises 80 w%to 88 w % propyl ene derived units

[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  D1238 of from 3.0 g/10 min to about 21 g/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 [0111] 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%, based on the total weight of the lubricating oil composition,

onge or more pour point depressants.
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and 12 wt%to 20 wt % units derived fromone or nore other al pha ol efins.

[ 0099] Enbodi nent G The lubricating oil conposition of any enbodi nents A
to F, wheweiznutes4al pha ol efin is ethyl ene.[0100] Enbodipoents2644s/0Tiees

| ubricating oil conposition of any enbodi ments A-G wherein the al pha

olefin is butene. [0101] Enbodinent | : The lubricating oil conposition of
any enmbodpfygnt s ]ﬁnlB&lnHentV\’her'ﬁie”lu%ﬂ@atﬁl%eolp"co 68t BEEnBb@RRnPKEWRRin the
conprises one or nore Cto G al pha-olefns. |0102] Embodi nent . The

| ubr i cat imgpdéte-broeppelymicohasof MER( 2elfduxl 235D s Mcasnred by 12A8 of from
propyl en erived r i [ |sot actic. [0103] Enbodi ment K. The | ubricating
oi | orrpgjsgtghlgmm ﬁzﬁ%ﬂgl Nents A to J, wherein the wei ght average

ol ecul arjomsj ghtErﬁlM@lrnbﬁt @baui 186+HA80g ba o@b@ugm&ﬁ)@f ORBodih2aB4H oEThRHedmNt L
The lubricating oil conpositiaon of any enbodinments A to K, wherein the

\:NE‘I ghtt avBe aecomprosisign dyas %éhgh@nlvwﬁql@cabﬁwowow0902 £} df"l%?é@iﬂtt a foclonme
0105] E |
to L. whar LSS diniie: LHOEAEN IRGOH neABOE bl A S BPMCATRAGETRRNE: 1,

about 15Q:0866htrafifd 06ihe prdpytineehatedpalymhtre | ubricating oil conposition of any

enbodi nents A to. M wherejn is of from2.1 to 2.4. ,107
Enbodi merdfld  THEMbeimeptay; ngn%@b%‘@ﬂﬁ%éﬁﬂt FRRPQsttionn msmb%@meg spSttg 1

wherein tog. ghoRyieoGn @(fs axH@arr SEBIRY iRRR O@Bb&&qmo%d% Koo 20 w %
units derived from et hyl ene. Enbodi ment ; l'ubricating oil

conpo9i t ilensof diybahineati We nAslubrltamn@ 01k/\bren1msmotnh®nmmp5g @rfewltfastedl Spetymer

h MFR 2 16 300 d by ASTMD1238

1o about to%6t 88 167 I Veigihof e BR R e ORRATI bt dceet AP BrirSisiebaedd fon
of any erﬁwﬁhm@h@r@mtgcgopm% W 8@%%015}815551&1% NGiveAANRE a1 B wiloSBOSAN Gnits
[0110] Enbodi nent R : The |ubricati n? ol | conposition of any enbodi ments A

to Q furdeheed é‘r@m:)pm@ Dmglocmeth@r alphp @ qﬁ@@,r thpmrmylﬁ@pi:raé@ct aelyser jhading] a triad
Embodi mar{actlc ny ‘#{%Iof%%l n eathot(f 181? I (fss tﬁa ng(? J/S gW?lgltlt allcvre%)ameo 5lﬁcul% to

15 wt % base bric conpo t1'0

| eastlsonwagmm@p@bﬁ@e@rmbym 6D P E()orm)o?ta 206000 a2b a WIWIP ORI BNES;
derived units and 5 wt%to 30 wt% units derived fromone or nore other
al pha ol enfddas¢ o propyl ene- based pol ymer having: a

[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, one or more pour point depressants.
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heat of fusion of |less than 80 J/g, a weight average nol ecul ar wei ght (Mn)
as neasured by GPC of from 100,000 to 150,000, and a MAD of 2.0 to 2.5; of
from 60 vweo20w/@840 % based on the total weight of thePCuhiscaaregs oi l
conposition, a base oil; of fromO0.1 wt%to 20 w% based on the total
wei ght of the lubricating oil conposition, one or nore dispersants; and of

fromO0. 1 yhipt o HflbddientrssednhonvrRetidPsiBloMEdsttitin Fenftd@irhdHp A AL aticRén Aid

conposition, one or nore pour point depressants.[0112] Enbodi ment T: The

| ubr i cat iprgpydénc-kroappslymicohasar MERNGdliorken £36G.C)wh arcesuicd e ASTdby 1@dg obbsed
pol ymer MER (2.1 230 0C) as neasured by ASTM D1238 of from 3.0
g/ 10m n %ﬁgﬁgﬁ}m?%oﬁaﬁgﬁp@m[ 0113] Enbodinent U : The lubricating oil
conposi tijen1pf erabshifent SCS The Tubrithefi€bll doagoition cemg@aisidirnedts 88 o2 BB,

t hi ckening efficiency of about 1.5 to 2.5, wherein the thickenin )

ef f i cidfencyharaindfde joflegprapositiom haspg ¢higkqniyrg Rificipmep gifyabent +.50%0 3.5( k\%e@m the

oi 1))/ 1 n(g; re- ¢ s : at4 fth I r.
Co114] enbirgRigforsh i PERRRDAETHE 2P Bt W RARRE, SNBSS s
to U wheslairacidthe ovhccanmpmsofithopropgalenabsdedgolysitcabi | ity i ndex of about 20
to about 60. [0115 nbodi nen A l.ubrjcating.oil_ conposition conprjising:
0.5 wt % tll235 mﬁ)al'l%g@s@ tofF” s Tetstcainguan GARPETtioel anyrmRadimengs Ao ¢C.
CoNposi t i\aibyeiAtnd GRESmARRIR IRRYSBOR RBARY iRRL WFEBo 20 hikjupgo80 Wt % to 88
wt % propyl ene derived units and 12 wt%to 20 wt % units derived fromone or
mor e 10t hep123l phaErobatimast, EX:hé&he hubpighterpeeibasepbsgainyofeny wenbodgnends AAi tadD,
tacticity of .90% ar nore, .a heat. of ion of |.ess n .80 g, a weight
hver age. TSI ShemBRE RS dshiis sied M ebebar 2P Romers 30900 ¢ o

250, 000; (and @ MMELQfiméntOFE:0TRe RibridfheRoiPasBp@ition Okl Imieunagitsan (oEE The
| ubricating oil conposition of enbodi ment W wherein the propyl ene-based
pol yner iwhgseindlmeil pempasiteomhane sbearfstabity islewodabart 24 tawebeut Based on t he

t ot al Weilgﬂts of }EQ&\){ jscati ng oil conposition. [0117] Enbodi nent Y. The
| ubricati'ng boi | composition of enmbodi ment Wor X, further conprising one or
mor e @i spensant SThel Oick8ingkithadiioR0in Be furftiee dedthibed atithngfedérce 6o MHRofilbivay of
any enbodi nents. Wto Y, further conprising one or nore pour point

depr essarfiog:-limiging gramplss oL weriatipg\oil gomppsifiens G IHNE atlsas O8F Prajwlenc-based

conpri si i Rl B QM Re it Lo iqu%r eOQianC%&qiaﬁ&i t\xnﬁlbto% ?r WELI LBkt A
| ubricati'ng oil conpositron, at Feast one propyl enebase
described, are provided. Table 1 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:
MFR 10 min; ASTM- | Predicted molecular
Polymers % €2 1pi2s 8%/ 220°c,’ 2.1S 6 Kg) e\()ivecigGSt (1\04vevc)u
PCP-01 11 8 195,482
PCP-02 16.3 3.1 245,078
PCP-03 16.5 3.2 243,229
PCP-04 14.5 20.2 156,736
PCP-05 15.5 19.5 158,060
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 I oil. The polymer concentration for the SSI and

25  TE measurements was 1.5 wt%. The API Group I oil had a kinematic viscosity of 6.062 ¢St
at 100°C.
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pol ynmer conprising 80 wt% to 88 wt % propyl ene derived units and 12 wt% to
20 Wt % units derived fromone or nore other al pha olefins, the

propyl enewbasmdipsaryner having: a triad tacticity of 90®CwrUSrwm72685 heat of
fusion of less than 80 J/g, a weight average nol ecul ar weight (My) as
measured by GPC of from 100,000 to 250,000; and a MAD of 2.0 to 2.5; and of
from 60 whisgf o 98 whdsshPaRe MickBang @ffmlen\é?hgmneaiuré BEtHeL{chk@rﬁhg agmg} of

conposi tion, a base oil; of from0.1 Ww%to 20 wt % based on the total
wei ght ofthe nelym@bm odt andglsoieﬁn@bm@poﬁEh df, < briekvorf pedyreerdt gﬁyfks/atvﬁcsl))/hxﬁa) of

fromO0.1 %to th ht_of thelu i cat.in
comosi e sri s WabaRBRRb(Be PSS oSSt g Mo B e B e
| ubri cat igagyBirk t@péfﬁ&ﬁbﬁtlrﬁébhaﬁlcﬂrﬂh@ﬂi deghidaidh inhesrgind. The SBI Bjtkenendaased
pol ynmer has a MFR (2.16_kg, 230 0C) as neasured by ASTM D1238 of from 3.0
g/ 10niSn tRESHBD @t p@yme@plicwlﬁtlﬁn foo $913ydaspbaruebne hagh shage Baseh idéesel Hyewen

t
comRos! ¢ a0, S TR AR O SR TRSESATI LTSSl L GOHRS) L0 1T
ef fi ci endie vscabetfyiofiget @bwvithéutpoB/naerant mifd kitiabindpsHeyrervistogitiby éf(thv polfymer-

oil))/l n(ZzﬁwV\here c is the concentration of the propyl ene-based pol yner.
[0122] EROWYHORUSHE: The | ubricating oil conmposition of any enbodi nents AA

to about 60 [ORb  Enaa e RS P s moa T h of any.
enbodionmenwiserédig e Riematie vesicosityheeasitted ao &yt tacomrdh@Soa\SﬁﬂéiM%t ability
i ndex of about 20 to about 50. [0124] Egrb di rent FF: The lubricating oil
conposition of any enbodi nents AA to E erein the oil conposition has a

shear stabi[[TTy TG o [3ROHD, %A ;agop@g% 75751 | EXRARGRETORAR] | The
foregm ng aH a;réaal 1 ttret C— v erence—to—the

foll ow ng nman- 'r| r2n4 ;_2.417;. "aTJ z& 1(‘]7r7 npositi nng O(‘nn'r ainj ng at
| east one propyll er|1e-3t8a]sej p@l@/m-r AR a| vi2d@Osi ty26:®de< i mpro¥ed in
accordance wth one or nore enbodi nents descri bed, are provided. Table 1

presents the prg[‘pyl ene- based pol yners that were used to fornul ate the
| ubri cat ilWg%i | Fivalubreating Qibygmrpsitieabl¥s ! -5 SR Png By enersTrRIS embe

are avail r e 1:

commer o ATy AP S B oRRE oo, RIS, i,

sumarsi zeaBe tdremples.c kenpolgnetd were risgolyddE)in aand APe@roupt Bliill | tThei Getay ( 99 )
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 cSt. 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:
Com

EX.1 | EX.2 | EX.3 | EX.4 | EX.5 EX&’
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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for the polymers of Table 1 in an APl Goup | oil. The pol yner
concentration for the SSI and TE neasurenents was 1.5 wt% The APl G oup |
oi | had awbioswabs4c vi scosity of 6.062 cSt at 1000C. [ 0128fr/uA300diosmES Sed
above, thickening efficiency is a neasure 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))/hiaeR) Wherdl Gnhpositdas CORCRNSY Ad LebrYardthe IdanPkition f€omp! EXS2)AN
i ndi cation of the resistance of polynmers to permanent nechani cal shear
degr adat n{vme|theramrf&9ﬁmdnwthwq@0@spom§ ddprcesent AEPDLY. phws PBQ wapeligereto thd

solution for 30 cC es throu osch..di esel tor. accordi ng
to the pristantr uf ISR G BTl EERAYHE ARG ks Rl §6R! e
from t he wicoaRelt(MRY), tyhed GtrkssWit)Obtd polryFdit Iﬁaphﬁlaseof metdﬂal Th& goshgsified

vi scosities of the polérrer oi | sol utjpn using: where v is the

ki nemat i clopresys| vgs reitstr RGP LY 'C, 1- ééQ;o@rdu\Hé L@fnvl d4 25, TaBich are
[0129] Fi o6 h 4111031 081 b EQBROSLHARRSI6 Eforehah) pRAGEAI N 0 one or mor e

enbodi nmen escr one conpara Ive cor‘rf)03| (Conp. EX. 1)

were preqgened. T]Enb]hsr eparmmam eheanjl @ﬁ’npdshﬂ)npcﬂfyﬁmrﬁpl\ﬂe r6915d|asé aCorephrativean
APl Grou oi | oi | conposjtion was bI end of. 150N and 400N
APl G ouEE%anwé%% gich scoa ﬁ%&leap%rri’@ﬂﬁt cBreyiagt aaq iy, repyting KingaHe Virodiout

6.5 cSt. R SRS %&g@ gﬁg&&nﬁ&@etm)dg@e{%%e@ @@s;} %n@ﬁmﬁwomttl&dnn@é@i&ed

in varlous mount s l'ow i'n“Tabl e 3. Col'd cranking Sti
(CCS)10t esherenerBnct Vismosie dS V) ves mvaawobmdanceanict Wit ASSVIMDIBIAS 3 Tat poROp@id:

CCS is used to ev uate the col d i es of brlcatln

Cow t enpet STHSGET A Br@ratncy Mf@oﬁﬁﬁfﬂfgo"'}g REARY: viomEnidth g i it =
conpar at | ST Ib468211 TRRG LTdiened Ge &Torﬂﬁﬁ@é shanoip P@]@@fa@ %W\ﬂtérﬁpe@atﬁ&'d r
poi nt depressant ("PPD'). The P D was added to the polynmer and oil

conposi t i'Beyield sirassewasineesercd fieadcordanes Weh WSIAGH40$4(KV), nini rotary
viscometry (MRV), yield stress (YS), and pour point properties of the oil.
The pour point depressant was either VI SCOPLEX(tn) 1-330 or VI SCOPLEX(tm
1- 3205, which are commercially avail able from Evoni k RohMax Inc., Horsham
PA USA), [0131] Table 4 summari ze the oil conpositions of Exanples 6-15 and
Conpar ati ve Exanpl e 2, each containing the pour point depressant and the
resulting kinematic viscosity (KV), mni rotary visconetry (MRV), yield
stress (YS), and pour point, and properties

-29.



thereof. The viscosity (KV) was neasured in accordance with ASTM D445. The
pour point was neasured in accordance with ASTM D-97. The MRV was neasured
i n accor doce1mi1ts37ASTM D4684, and eval uates the punpi ngcparst@smersse of an
oil punp at |ow tenperatures. The yield stress was nmeasured in accordance
W th ASTM D4684. Table 4 :[0132] The data denonstrates that the
propyl ene- based pol yners having |low a-olefin content, i.e. about 15.5 wt%
or less, surprisingly and unexpectedly pronote oil thickening, shear
stability and | ow tenperature visconetrics. The propyl ene-based pol yners
al so surprisingly and unexpectedly exhibited better |ow tenperature
performance of its |ubricant conpositions due to its lowinteraction with

the wax in thekpl .| [P1B3] [For pulrposes off ¢gnvieni ence, various specific
test procedurgsi arg|ident| fii ed.abaye fogydgté¥%igtn§ certain properties
such as tensilé“%agg ' per cent |efo @ationcétﬁb%e@l@ Shore A Hardness, and
t oughness. Hovevel, | whep @ [pefr son of ordinar@ﬂgkillgreads this patent and
Wi shes to det ernifrerwhether—a co pusitiuu of—potymner|has a particul ar
property identjiCiedl ip p [cljaijm fthen publ ¥ slted ot wel | -recogni zed
met hod or test Er%gedure car|be 13l I qeé to Q§t93nfhe t hat property,
al t hough the gpec|f|cally|lidentified ocedire |5 preferred. Each claim
shoul d be condtrued|tp cover |t he results of fany| of sych procedures, even to
t he extent différagt procedgies ¢an yilel d | gi f$erent, tesults or
measur enent s. Thug% a| perisonsjof o&diadry skil® i the art is to expect
experi nment al vari at | ops| in jmelasurfed prlopedties that are reflected in the
claims. Al nynerical|values |can|beé consi dered [ty be|"about" or
"appr oxi mat el " ~t he| st at eld= vall uesin viéylgftghqgna; re of testing in
general . [0134]§C€$ta n| efodi ments and<f ¢af WEess |have been described using
a set of nunerjcal—bppertmtsand alset1ofnuperical lower imts. It
shoul d be apprjeci a4 gd| t hat_|r ange mfromlanymlqgemgllnlt to any upper limt
are contenpl atjed x| ess| otherw seXi rrddl cat e@| erglarn|l ower linmts, upper
limits and rarjg€s|Appear in one or |norle cllaind |5l ow| Al nunerical val ues
are "about" or—“approxi ery/—tiejTndrcateyd vai ue, and take into account
experinental erForgand Mmarijatfi on ;that wouykd §ef§xpected by a person having
ordi nary skill 5n $he| ard| [ 0135] <To the ¢xtieqt|a fefmused in a claimis
not defined ahove| |t|should |be given |t he|brfoadest definition persons in
the pertinent |art| have giyven that termas|refleciled iin at | east one printed
publication or| Espued patlent.| Fungthesnpore, sald pat enfs, test procedures,
and ot her docynmentsg| cj tgd i ft hi scappl | cafrioniar® fullly incorporated by
reference to the extent| such A
= o0 — s |2 € |4a
AENE I A
o o0 ol wn ol & |4
% lg |5 s SRR
~ |oo|_ - o vl 2 |&
JHE 3129 220
<
VN 2| g 2 S e g
| 0| o - & 0 !
o |& =
Slslslslslsf |Blas(zsle| 5 ®
2212121212152 2| 525515 = | 2| 2
= 3155|1515 2| 22258 E 2| £
2 2551515827 428255 T |3 -
= 3mmmmm§ EEMEMM ';:)éf
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di sclosure is not inconsistent with this application and for all
jurisdictions in which such incorporation is permtted. [0136] Wile the
f or egoi ngwo=otvressred t o enbodi nents of the present inventriusagosorises and
further enbodi nents of the invention may be devised w thout departing from
t he basic scope thereof, and the scope thereof is determ ned by the clains
that fol lpmpC aiTR W,}@tdehﬁ)n%r@ebMt'tﬁe plopy?eﬂe%%éd?%lyﬂgsr@hhwﬁ NBRS ol Fh
conprising: at |east one propyl ene-based pol yner conprising 60 wt%to 98
Wt % pr opyqoemt der rab@d 19 wevoamdess, wipsisiog ndu%eamctt@ilyj@mm@g Oﬂlrfdamk@m@gor

nor e othe e S Iene based hawi n

Cactioi tysh SO5S: ShyrRe WBiORY VRIGHEREE PRLYTRAARESS gubioiEiiym
aver age rmhﬁrsuigay aifee iikXipe bty e&ﬁlume@%trt@dobzyteﬂﬁ@raafre fpe@ernTAcOQ0 ith Qubra@n000,
and a MAD of 2.0 to 2.5; and a base oil. 2. The lubricating oil conposition
of cl &i mq?mnmélp@s qiiiettﬁéwé%wp@ﬁ@orb‘astb&lepwwéhe eBnprises 70 wt%to 95 wt %
propylen r|v re
ot her al oI e]ﬁg) rﬁtsb ﬂ‘@ﬁe%‘gﬂ%\]gﬁllﬁ/féz&a@t Y%gou\gfsﬁgégg%%g?ﬁc%déﬁ%f ér% ﬁ&agn% %d %%\;ED

t he pr opyfbe detehminag @ofainpropcoinprucess ©hsild 8ét.t wer&mt widhppti@py lenek, diifore/Ad

units and.5 % to 25 wt% unjts derived from one or ot her. .al
ol efi ns. erdngie ghiopghdhg HNCVEL 1SS & P%OIbPP erdinary fﬁmé%fms p ant and

propyl engyRRsad MR W AR %@io%/‘ﬁB@n%@ hY¢ 2%, BSR4t g@geﬁlﬁ | HEH M }3 s

and 5 wt%to 20 wt%unlt erlve rom one’or nore ot her ha” ol efi ns.
The |9br m:caiallrm ghaoi énycprhpiokid orowelbiccokaized tcthadearreest prévedmcapy berfel pask

ol ynme 0 wt %t % der i ved d. 10 wt 20
At T B s R S S A R
oi | conpagiiti MAuRf bCtdisiudd tOMRRELIN rtfiftts HIFQRY beBecHABEsiuRal T (0ORERRES

80 wt%to 88 w % propyl ene derived units and 12 wt%to 20 Wt % uni t s
different procedures can yield different results or rneasurernents Thus, a person of ordinary

In

skill in the art is to expect experimental variations in measured properties that are reflected in
15  the claims. All numerical values can be considered to be "about" or "approximately” the
stated value, in view of the nature of testing in general.
[0134] Certain embodiments and features have been described using a set of numerical
upper limits and a set of numerical lower limits. It should be appreciated that ranges from
any lower limit to any upper limit are contemplated unless otherwise indicated. Certain
20 lower limits, upper limits and ranges appear in one or more claims below. All numerical
values are ‘“about” or “approximately” the indicated wvalue, and take into account
experimental error and variations that would be expected by a person having ordinary skill in
the art.
[0135] To the extent a term used in a claim is not defined above, it should be given the
25  broadest 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 thereof is determined by the claims that follow.

-31 -



derived fromone or nore other alpha olefins. 7. The lubricating oil
conposition of claim1, wherein the alpha olefin is ethylene. 8. The

| ubri cat iwQ 20id0168arposi ti on of claim 1, wherein the al plraTalSedosn7iess but ene.
9. The lubricating oil conposition of claim1, wherein the one or nore

ot her al pha ol efins conprises one or nore Cto Cl2 al pha-ol ef ns. 10. The

| ubri catigugjf! conposition of claim1, wherein the propylene derived units
are isotactic. 11. The lubricating oil conposition of claiml1, wherein the
wei ght av\é(h@tgeclmﬁn@tlm ar weight (My is about 80,000 to about 200, 000. 12.
The | ubri cat| % ng?s%l on of 0cI aSn m 1, wherein the wei ght average

nol ecul ar ‘wei g tl spone! %85)61{('% about 160, 000. 13. The
lubricating oil Corﬁﬁo&hitl ofic Qfropyl@idbaked Wgyatn coipriviaigbd R*Ver a0e8 wt%

nol ecul ar wei ght is about 120,000 to about 150,000. 14. The

| ubri @ati ng oiliro mfo@ﬁrw@ ANgs apd AV fo dhar witsHieTiveblion ee o Barcother o
2.4. 15. The I} n m 1, wherein the

propyl ene- base poqqgﬁnlgfglggalrr'r%pﬁses o%&¢(9gnrr]18 ]E)a%v\fg%to 20 wt % units derived
fromethyl ene. 16. The labind caticingo90%oompesi tion of claim1l, wherein the

propyl ene- based pol yner a MR (2,16 kg, .2300C) as neasured by
ASTM D1238 of from 3.0 g?‘/rl'l ﬂfigg%og%ﬁﬁ 3897 10" nin. 17, The | ubricati ng

oi | conposition of C'a'%elgl%qn&egag%n@&%ﬁarw%tqmﬁsrﬁpdrs&reel R§PSBPFiSm 18-

The lubricating oil conposi claim1l rther” conprising one or nore
pour I9oi nt depr essatx@)0 t6250,800,.dpdi cat i ng oi | conposition conprising: of

from0.5 wt%to 15 mt % wei ght of the lubricating oil
conposi tion, at |east oﬁmﬂga&n@ a§‘8 poI ymer comprising 70 w%to 95
wt % propyl ene deri vgghstipjlts and 5 % to 30 w% units derived fromone or
nore ot her al pha ol efins, the propyl ene-based pol yner having: a heat of

fusion Of | essrinRBiBlind 8l BmPBLIALE RUSLiA0E, WALRGH R QRLbAMY) pdisim
measur ed )y (';‘F‘Ceo%%1 Pr olr%é/l y g’%tlo 150, 00 10 Wﬁ p&ﬁr P “
comprises 70 wt% to 95 wt% propylene derived units and 5 Wt% to 30 wt% units

15 derived from one or more other alpha 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 1, 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 Cy to Cy, alpha-olefins.
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a MD of2.0 to 2.5; of from60 wft%to 98 w% based on the total weight of
the lubricating oil conposition, a base oil; of from0.1 wt%to 20 W%
based on wbeotoatied47wei ght of the l[ubricating oil conposPCITars20080&2665 nore
di spersants; andof fromO0.1 wt%to 10 wt % based on the total weight of the
| ubricating oil conposition, one or nore pour point depressants. 20. The
lubricatimg oitheCRFRORING ANc@hpdhtRindAdaimMeRaERint e _ﬁé%ﬂ&l&&b@fv@@%%ﬁs are

pol ymer has a MFR (2. 16 kg, 23%00) as neasured by ASTM D1238 of from 3.0

g/ 10m n to abosatagticl g/ 10 min. 21. The lubricating oil conposition of claim
20, wherein the oil conposition has a thickening efficiency of about 1.5 to
2.5, wherldin tHe lbiickag oif cefmposii@noy clasmdefwinedinathe Widight Bfecage thole¢ldar of

pol ymer + oil)/ lél%/)t oil))/I er i.s.the concentration of the
propyl ene- base"éﬂe(1 I(&I‘?@rl.s aé it 8’%@ﬁ%9@§9’h@0-0i | conposition of claim 20,

wherein the oil conposition has a shear stabiljty index of about 20 to

about 360.1223. Thq lubFipatiug ¢if compositior 85 ictaidn! . cuhssrinstha gveightsavigrags traolegnla o
based on the total. WalBRLLA 1 o i il conposition of, at |east
one propyl ene-@%&é@ﬁ?r@@ cgprgp?g?nﬁg&ggé%g%?t o0 88 wt % propyl ene derived
units and ;12 % .20. Wt % unj . i from . 0, .6 ot her

ol efins, dJI3he ﬁhgpﬁ/’ﬁgﬁég{nﬁa%%go%éﬁsﬁﬁﬁ Oﬁg\%nﬁgﬁ %ﬁ%fglna e'?géé |tcalwtg%lgg?Al @g&ﬂ%rr
more, a heat ofcifugivon) i9hbdied200barm Sdudd§0,0€0.wei ght aver age nol ecul ar

wei ght (My) as neasured by GPC of from 100, 000 to 250, 000; and a MAD of 2.0
to 2.5 and a NRIBL@Mating 3f-comPBsitidPbf Slatnh NIvRirkinGRREBDLS BNfreh 1 & 123,
wherei n the propyl ene-based polyner is present in an anount of from1.0 wt%

to 100w %s bashgt RBrithifgl 8 RbmpBLigbA Plcidibe1] WRBIGA S ProBylen &BERASIIY RS
comprises of from 10 wt% to 20 wt% units derived from ethylene.

16. The lubricating oil composition of claim 1, wherein the propylene-based polymer has
a MFR (2.16 kg, 230°C) as measured by ASTM-D1238 of from 3.0 g/10 min to about
21 g/10 min.
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
aMWD 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;
30 of from 0.1 wt% to 20 wt%, based on the total weight of the lubricating oil

composition, one or more dispersants; and
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25. The lubricating oil conposition of claim23, further conprising one or
nore di spersants. 26. The lubricating oil conposition of claim23, further
conpri si Nyoanw/m684mor e pour poi nt depressants. 27. A | ubPCTatseevg/owicss
conposition conprising: of from0.5 ww%to 15 w % based on the total

wei ght of the lubricating oil conposition, at |east one propyl ene-based

pol yner conpri si ng JGrdh B £ AtBBoMPevPy,0BY8 R Hekbtied it b tRNdbAchtw: %ilt 0
20 wt % units derived fromone or nore other al pha olefins, the

propyl ene- basegmpobijinerongayimnge peurntpoizidieprgstantsi t y of 90% or nore, a heat of
fusion of less than 80 J/g, a weight average nol ecul ar weight (My) as
measur ed 2y GAQeolfubficamgldiD c@PodimoR 60 cO0;19%amheeciMiR pfopyRnt-bad5polaner of

comosi t1 on.  2basir £ Tofe ARG bk S AP 1038 of T ot F Bt

wei ghts of the a!bg{;trjl\(lz\?fq@)ﬂgnpil conposition, one or nore dispersants; and of
from0.1 wt%to 10 % based on the total weight of the lubricating oil

conposi tinn, Off beri@%rf‘g aﬁ%onwsﬁhnd&%ﬁ . Swhe@éa ﬂi@leoil %B&hS&EM‘%

i
conposition of claim erein e propyl ené-based pol yner has a I\/I%l%a
(2.16 kg, 2300hickasngreficioneyd obybASTN 0123 8~iafreifirtharthdckengg bbfiondyas dbbotd 2 1
9/10 mn. 29. The lubricating oil conposition of claim28, wherein the oil
conposition hdS a thickening efficiency of about 1.5 to 2.5, wherein the

thickening efficiengy=ic% definest ReymetE GiDALE oXoll)ihy of polymer +
oil)/ (kv of oil))/In(2) where c is the concentration of the propyl ene-based

pol yni#r . 30. The | wihdreats thg codengaimpodith¢ propplcnebaicchpeBmesher ei n t he oi |
conposition has a shear stability index of about 20 to about 60. 31. The
| ubri cati2?g oiTheclobpasingiodincomipositanraf 28imvitle médicreit He @l tormmostasi iasarsheas a

shear stability index of about 20 to about 60.

23. A lubricating oil composition comprising:
0.5 wt% to 15 wt%, based on the total weight of the lubricating oil
15 composition of, 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,
20 a weight average molecular weight (Mw) as measured by GPC of from
100,000 to 250,000; and
a MWD of 2.0t0 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.
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stability index of about 20 to about 50. 32. The lubricating oil
conposition of claim28, wherein the oil conposition has a shear stability
i ndex of wbauto/@dsaro about 45. PCT/US2008/072655

27. 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 80 wt% to 88 wt%
propylene derived units and 12 wt% to 20 wt% units derived from one or more other
5 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
10 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
15 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 28, 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.

20 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.
25 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

30 stability index of about 24 to about 45.
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