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VI SCOSI TY | NDEX mmmmmmﬁmwwm ELD OF THE | NVENTI ON The present invention
relates to a pol | ontai ning a high ethyl ene contenﬂmﬂmmmmmmwmw
et hyl ene- propyl ene cgpglLyner and a | ower ethylene content

et hyl ene- propyl ene copol yner. The polyner bl end of the present imyasgtion is
useful for the preparation of viscosity index inprovers with inproved |ower
t enperat ur e prEgIYMECBIENGE IAND UGN WP 16 108 REOVTskosRdex | provers.
BACKGROUND OF THE | NVENTI ON Et hy| enpex aMireverao! yners have [ ong been
known, andFIEED CIOTHE INVENTIONf applications. For exanple, such

copol ymers, frequently referred to in the art as olefin copolyners, or
OCPs, have | ongriesiesentiNeitiohadiafs t¥ laJoBmicr bldnd @8xtainiiy HHigh etiylerRNSnRA
lubricating oils. In addition to that application, such polymers have al so
been wi del yihyiesdpRpylsRe bofREier TR iallbRESethféncNoafthi EhPRARABHIeA Eopofiinétsed
in lubricating oll conpositions, ethylene-propylene polynmers have the

abi ity 20ThOppyRYs Biend of R hrbddhCHEHRE i€ QEURTLI B iHe PedabatibR D VidebLiGAhlAg O |
conposi tion mftaﬂhhic% fﬁe Q%P ?s n?&eglto prgg?g%q?ﬁ%réasesﬂﬁ%t¢ﬁ§

Vi scosity | 5N a ﬁﬁ&;' j al.C 1 By .

defi ned askﬁﬁg%ﬁgﬁ?gﬁgﬂ%éﬁ#%t%ﬁgq |néﬁ§?3§q$%@%os?@?§g°gﬁﬂg%ﬁkﬁﬂﬁé&goqbtion
of an OCP m ﬂmﬁ%%QSOil and the diluent oil. For exanple, an oil solution
containing rrom 0°Z percent of an OCP which provides a thickening power
of 6 to 7 centistokes neasured at 100 C. generally indicates acceptable
viscosity index inprovenent perfornmance. For a given class of polynmers, the

hi gher t he 6' g i r is the 25 viscosity of a

| ubricdlin f P#gh@H@BéEEiﬂﬁémever, hi gher nol ecul ar wei ght

pol ymers exhibii a greater tendency to break down under, the shear_ and high
t enper at ur e zé@ﬂﬁm-ﬂoawgnﬁélmqs ayelgngbsen kapim, sad ussdfog 2 vasety ofo quent | y
resulting in the loss of viscosity. Accordingly, viscqsity index

i npr overrenPPRi\cP@?SdEﬂeﬁﬁ@l’lﬁnS‘tch_éolkP&YIa‘?{ééfqﬁB%f&]é(é?feF%mt‘ﬂ thejagt s plefin
contribution of the OCP and its tendency to degrade, referred to as shear
st abi | ity. coobamersop QP have longpeencrgrognizgd a5 HERPSHE IndexpBRRTaYRrs ipj eews t v
breakdown on shear under a standard 5 set of conditions. A value bel ow 30
percent vi kbossting oifs.dardditien torthateppirtipn; sedypolvaneryhaye alsadrempidsly usedes t he
viscosity index inprover OCP is shear stable as that termis understood in
t he artls Alupasbmodifipes forpastic lsampesitéanssti c required for a viscosity index

i nprover is viscosity at |ow tenperatures, which relates to the ease of
engi ne cr anki ngAsiused mylubticatingwl compesitiehs, ethylene-propylene polymers have the ability

to provide a high thickening contribution to the lubricating oil composition with which the
OCP is mixed to provide increases in the viscosity index of the overall composition.
Thickening power is often defined as the difference in ﬁe kinematic viscosities of a dilute

20  solution of an OCP mixed with oil and the diluent oil. For example, an oil solution containing
from 1 to 2 percent of an OCP which provides a thickening power of 6 to 7 centistokes
me;sured at 100° C. generally indicates acceptable viscosity index improvement
performance.

For a given class of polymers, the higher the molecular weight, the higher is the
25  viscosity of a lubricating oil containing the OCP. However, higher molecular weight

polymers exhibit a greater tendency to break down under the shear and high temperature



|0 climates. An ideal viscosity index inprover exhibits a negligible
‘viscosity contribution at | ow tenperatures while providing a | arge
viscosity contribution at engine operating tenperatures. At the sane tine,
an jdeal viscosity index inprover exhibits a | ow tendency to degrade, and
consequently a high shear stability upder engine operating conditions.
Accordingly, in fornulating lubricating oils to satisfy the varying
conditions desired, is it has generally been the practice to select those
pol yner s weinditioss sommadly feund i engingeaperation tfreghently sesultingdn ghellogs of Aiscesityf
properties including viscosity at performance tenperatures, shear stability
and | ow t eApeardinglyevisqositnindeximprovemenheftepalspends brethgrbalanessbetwendbed as
viscosity index inprovers, solid anorphous ethyl ene-propyl ene pol yners.
When sel ecthickgniag hgntdneioprod thel QCR amphitsyteretency ta degriads; ndfemredio asshaghstabitity.,
chosen so that the polyner woul d provide shear stable viscosity index

i npr ovementhat stebilityhie typidallyl deffred 95 o perpem ¢8sity beakfuvirosn shebr dhder 4 @aogni zed
the need to inprove | ow tenperature performance of such viscosity index

i nprovess. sdtof canditions. A viluéchelRABO pdident 4isbéhity Didak AT AAeICIDIs@eAEalf adol yrer
conpositions in which the major conponent has a | ow et hyl ene content and

the 25 m np@dice@FPGARE videssit inde ifprofdr TSR SheaP RO bs thbhRriiNBidesRBR ANeNt
general ly containing 3 less than 10 percent by wei ght based on the wei ght
of the blegdaSimlarly, U S Pat. No. 3,697,429 |ikew se describes the use
of blends of high and | ow et hyl ene content polyners to achieve inprovenent

in low tenper atﬁgﬁ?ﬁﬁgpﬁ%ﬁ Effarferfiti té?{xi;rés‘dai{ot{n‘giséﬂsity @Qﬂﬁftnro'b&'lsw itPhe the

short com ngs of Ior art paten at they do not describe any

tsgfuh gisquﬁ. . eég'it"éﬁ%‘éﬁaﬁgié’m%sg@?@elélqsg?f;°é’%g‘g§§£§ﬂ§§fl§ﬁ€?%1“g?1’89%8? ha hi gh
ot 1 oS- prniRL AR GAEsfy Y bl Rl P SHRon (ARRCRIIRF e
i scl oses BRIl iy Bing H 3mSRt ot s RUA Bl e
o0 BT o3 B SR AR RSOOSR ©
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78.9 not percen

et hyl.ene content, 15 |n nadi, atent No.,911792, there
is disclosed a ?Q?E‘%g@y'f‘ﬁlf" g Iprigptie %F‘é?&?&r‘fmﬁg consfigons desifed;
produce_a | ymer havying a desired nol ecul ar wei ght wi thout aJtering the
mol ecultr ﬁﬁne@nglbﬁq £ PBRtGedp select those aﬁwgréagﬁwp g3t thﬁjﬁmw?t That

Canadi an patent does_not, however,  address the need for a solid shear

stabl e pol togeral halgnced @raperiies inghiding Vet 2 PREQIRAECY EMPHBIUELSyFHSRT

wei ght and its nol ecul ar weight distribution. 20 All patents, patent

appl i cat i oftabilityand Jom temperate8 ¥iseesi¥| osed herein are fully incorporated by
reference. It is accordingly an object of the present invention to provide
an et hyl ene- pr oisythepast, the arhhas epiplayad asvisdesigy/inderoimpsovers selidnmaplauigs of t he
prior art. It is a nore specific object of the invention to provide an

et hyl ene- petbpigheprepplehs/padymars. Whemstlesting ethylendprgpylone palymerscguaelgetlam whi ch
can be used to inprove the viscosity index of 4 | ubricating oi

conposi2e i omsightwesethosassodmtithgpadymeryeiuld provide shept sishle viseasitp émiexi ons in

whi ch the blend is subjected to sinultaneous bl ending and shearing to
reduce t heimprbeansndaftershedit dispedsiswopotésses t he nol ecul ar wei ght di stribution
of each of the ethyl ene-propyl ene polyner conponents. It is furthernore an
obj ect of the priassivr aithiSicogiizedthdiced tdlignpRovedbh térapeeatifeqeyfotiancp of y mer

bl end which can be prepared in conventional plastic processing equi pnent.

These and gidiSjiscodiydhdex idpFbvertY 30 aaeHlQ U.S. et W2 8807,51 IQbibes blepkis bf appear
nore fully by way of the tfollow ng description. 1o SUMVARY OF THE | NVENTI ON

The presenjai WoTalit : i pyl ene
ol yier bl BRI A A 0 B b O L e
I MProvek. AGERY : s

et hyl e?ge- pr opylc%E%%%#? %@ﬁg%%ﬁ%glﬁ%q}l%@gﬁ? F%ﬂrq]ﬁ? nsel;lt gerglrl%gﬁ%%mlgg

si npl e bl endi ng or a sinultaneously bl ended and sheared bl end containing a
hi gh 15 et hyl ene content ethyl ene-propyl ene polymer (HEOCP) and a | ower

et hyl ene content ethyl ene-propyl ene pol ymer, whereby the physical
properties of the sheared blend allows it to be recovered by neans of
conventional plastics processing equi pnment. The conposition of the present
invention in which the two conponents are bl ended or simnultaneously bl ended
and sheared can thus be used as a viscosity index inprover exhibiting

. T o o - S S




5 In carrying out the sinultaneous bl ending and shearing in accordance with
‘one enbodi nent of the present invention, the two ethyl ene-propyl ene
conponent s undergo shearing to reduce nol ecul ar wei ghts and soneti nes

nol ecul ar wei ght distribution (MAD), resulting in an intinmate adm xture
exhibiting increased viscosity at anbkent tenperatures. s A feature of an
enbodi ment of, the present invention is to provide a polyner (also referred
to her ei nleagthan 46 peresmiby weight based omthavreight of thy blepd. timdlatly, 4V ByPatile- phous | ow
et hyl ene content ethyl ene-propylene polyner containing an ethylene to

propy| ene 3/687.429 likavaseeseribes thease efftdends bf Bigh 65l low «gBlds contentipolynzersitonber
average nol ecul ar weight within the range of about 20,000 to about 300, 000
and a nol echitvaimpmivginentdn kiw feippeiatme priopdrtics dfladubrizatiye dibconfpositiontOde. & t o
about 5; and (b) a partially crystalline higher ethylene content ethylene
pr opyl ene thipchymemingsdfdoth prigr am patelity isahe they domopdesaibe anp tewhnigad bypwhichhi n
the range of about 65135 to about 85l 15, having a nunber average nol ecul ar
wei ght 5w thei majornemd maingreconfpondimiidande hadilled 43 selidsut 300, 000 and a nol ecul ar

wei ght distribution within the range of about 1.3 to about 5.0, and wherein
the total nol P, Pkt Miditdr 8391 6ONHREIbsedh pblymebblendwitts a highretaiaidicoféntt 0 15
about 80. Another feature of the present invention is to provide a polyner
bl end Wi t lgthiy[ERE-BMPIIehOPoIy RBPAIAINE: HYIRRChAtER eWMIRie- PP 1cAS palyitied Pt Y

i ndex inprover in éengine oil fornulations. A further féature of the present
| nventi onuys dafnPiSY hBedthRR SITEL dl A6k drfblytRf: detcaflehiROsy, | ndex

i nprover applications 1n an engine oil and éexhibiting 1 nproved shear
stability. By ¢ . .3 4 Stufeddf 1 ] e,
conbi nat i on, sgg{g o?t%ﬁ%‘gj@zéﬁta? Igﬁ&(%rgrﬁﬁl sperfﬁé)ﬁéﬂg?ﬁ%%%pbgﬁgarﬁ%w It

to be lHnd@gé,,Eﬁ %%g?%ﬁﬁ*egmf’g ogg(??,%g{s%ggjeg)gesg&wng{mgescri ption and the

fol | ow ngd > d descri n are exenplary and expl anat ory only and
25 el ai mggl D:E btk gqend 1%?%%&&@7%%3%&??@?%&@%@2%
vent | onPRSRey HRETHE 1R Un SR el 2R g A R R R i

I mpr oved L&%‘ﬁ%e:io%v@tﬁh%e%o%ol%n% ,%&rfl;[elre?g the high-ethylene polymer of the blend had a 78.9

is

mol percent ethylene content.

15 In Canadian Patent No. 911792, there is disclosed a process for shearing high
molecular weight polymers to produce a polymer having a desired molecular weight without
altering the molecular weight distribution for use as a viscosity index improver. That
Canadian patent does not, however, address the need for a solid shear stable polymer formed
by shearing the polymer to reduce its molecular weight and its molecular weight di;uibution.

20 All patents, patent applications, and publications disclosed herein are fully
incorporated by reference.

It is accordingly an object of the present invention to provide an ethylene-propylene
polymer blend which overcomes the shortcomings of the prior art.
It is a more specific object of the invention to provide an ethylene-propylene polymer

25  blend and a method for its preparation which can be used to improve the viscosity index of



The et hyl ene-propyl ene polyners used in the practice of the present
Invention refer to and include ethyl ene-propyl ene copol yners or copol yners
of ethyl ene and propyl ene with other al pha olefins, as well as copol yners
formed by the interpolymerization of ethylene, alpha olefins, and at | east
one ot her pol yene nmononmer. Such polyners are thenselves well 1 o known to
those skilled in the art and are typicallyy prepared by using conventional
Ziegler Natty polynerization techniques well known to those skilled in the
art. Bot h lulyjretingxdil emipositioss dsewall asah irapact molifiet foy playtic evhposieidng ia wschEP( D) M
The pol yner bl ends of an enbodi nent of the present invention can be

conpar ed tthe edd/iseubjdtaidsinailtahéums plehdihg anid shearirfgab rekiee the mdlécalar Reipht ene

nol % of % of Partially % Anorphous Partially Crystalline Crystalline Higher
Conponent ahil ghiétinkshd moRclh i SR QisEitien bf aeh beme etﬁ?fe@-?&o%ﬁe@ P1$ReESSO
pol ymer ' 60- 8030- 7070- 30DSM pol yner 265- 8520- 5080- 50Pr esent

| nvent i ong&gmposhd- 9045- 10 ' Desi gnates a pol ymer as taught in Esso's U'S
Pat ent Nunber 3,697,429 2Designates a polyner as taught in DSMs U. S.

Pat ent sNumber §,i3fhBrhford an %e&%ﬁﬂf@?re%@rﬁ'?mfeﬁ@&ﬂ &rb??ﬁ&%eeﬂﬁ@éﬂé@;ﬁbﬁ%he the
conpositions of the present 1'nvention are conpletely outsi'de the 'scope of
the identifi i . L nreci ated by
t hose skil °§3‘Qf Efetﬁ ﬁ@g&g&t&?%p{eg%? g‘;{/opg%glgﬁggg%aﬁ%c %rﬁce elb# ggﬁpﬁaﬁnbnoner for
copol yneri zat i i . i i .monaner, it wll be
under st ood thafi"ﬂ ?ég%ﬁg@gpﬁ&gf %’gy%qggﬁ'e,geggfgth%érﬁ?%lginﬁg lé)%g}"ﬂc%gﬂeéif fmore

al pha- ol efd ns, cont aini 4.to0,12.carbon atons. The use of such higher

al pha- ol efq’ﬁ%b!fWa}b%@%ﬁg]f’wﬂ?%?)eﬁ?@ilgm s well known to those skilled in the
art in Zegler technol ogy. Wen using an interpol yner of ethylene, an

al pha-ol efin, and a pol yene nononer, use can be made of a variety of
pol yene myg i Killedin the art containing two or nore
car bont% oMY bohbE e aining' 4 to 20 carbon atons, including
noncyclic pol yene nonopers, nonocyclic polyene nongnmers and pol ycyclic

pol yene monomerge PIREGH dvention addeesiss thee @mﬂiﬁwth@ﬁmwepﬂ?%m@wedi ene,
di cycl opentadi.ene, |0 bicyclca(2,2,1 )hepta-2,5-diene, commonly known as
nor bor naditiend haginghe capability of fiinetioning ey itsesibniadex impreven Acgerdifigdetha  gr oup
contains 1-20 carbon atons and preferably 1-12 carbon atons. Exanpl es of
sone of t Ifengegtsiof thedpysssigmdhe ethrlprrdereryenesopglymacblondnfithe ingention is the
5-ethylidene-2-norbornene, vinyl norbornene as well as alkyl .

nor bor nadinseiust ofsimple blestling od a simignecnsy blendadaand shaamsyhlendecoptsining Bighsed i n
t he concepts of the 15 present invention are those EPM and EPDM pol yners
whi ch HWav ethydens contentiethytenieiprenyling pokymes (EOGPY and @ lowieti etlaylengrcantent eact i on or
a graft polynerization reaction. Such grafted polyners are thensel ves wel |
known to tefhylenegiropylend polynmenevheraby thidphysicalfpropeties nfthe shearéd biend alleasiitAong an
EPM or EPDM i nterpol yner are the derivatives of olefinically unsaturated
car boxyl i deresoyered by seatns efconventional plastivs prhcesing equipsenty | The composititreef v i ¢
acid, or their esters, graft nononers which are |ikew se known to those

ski | | ed i rthé preseat inverkiopiin sthich, thetswoydoinpoaentk are bleaderd\olr simultanebudkyblanded ve
contain 4 to 16 carbon atons. Particularly preferred anong the group of
acryl i c oranfiehdagsdcah tttus®e akdd a¥RVisesi ifdeX iibiovekxhibitigiapeysed oy

nmet hyl acryl ate, nethyl net hacryl ate, ethyl nethacryl ate and

am nopzoop\terapérhacs prbpdrids. and acryl am de. 2s Anot her group of graft nononers
whi ch can be used to functionalize an EPM or

In an embodiment, the present invention resides in a blend and a process for

producing that blend in which a high ethylene content ethylene-propylene polymer and a
lower ethylene content ethylene-propylene polymer are subjected to blending or simultaneous
blending and shearing to yield a product that can be recovered as a solid, using conventional

25  plastic processing equipment.



EPDM i nt er pol ymer are vinyl am nes containing 2 to 25 carbon atons, and
preferably heterocyclic vinyl am nes. Such am nes are thensel ves known as
functionalizing graft nmononers and include allylamnes, N-vinylpyridines,
N-vi nyl pyrrolidones, vinyl |actans, vinylcarbazoles, vinylimdazoles and
vi nyl t hi azol es as represented by 2-vinyl pyridine, N5 vinyl pyrrolidone,

*vinyl caprolactam | -vinylimdazole, alPylarnine, 4-methyl-5-vinylthiazole
and 9-vinyl carpazol g. Such graft noponers described in detail in U S
Pa. No. 4, 340ms88YinE QB e sidiiiesous Blendipg e Sieariog S, posOraReE LGNS n by
reference. gt will be appreciated by those skilled in the art, other

vi nyl nongbedimgatof thepresentinyention, the,twaosthylene-pronylens cempenentsymderg®nal i zi ng
such EPM and EPDM i nterpol yners may |ikewi se to be used in the practice of
the presephearipgtoreduss m@&aﬁ@p weightsrand semetimgsmipdecular woightdispb W)t he
vinyl silanes and vinyl-beiizyl halides as represented by

vi nyl t ri ntashling i spinimatgiadmibttine enkibiting inssdabedrdscosityray hpbient temhératurase and t he
| i ke. Further descriptions of suitable silane graft nonomers are descri bed
in U S5 Pat. N4.featug40a6e8bodimentdif el possantanehtiovhis ¢dhprovide apolyper (lsd her ei n
by reference. 15 As descri bed above, the conpositions of one enbodi nent of
t he pr esendferreito hesedrmsaaopdgmer)dimd edntbining|(e)ruliessgnifallysinrosplican keus| y

bl endi ng and shearing for exanple by coextrusion, as starting nmaterials,

two diff eethplenetdiydre sthylehepiopeleae psllymepdontairimiCantiyldhe ¢ propglefd mdRdathy | ow
et hyl ene content and the other being characterized by a higher ethylene

content. Wikhirbthe ¥dne 6f 3576 63783, Reing @infintea iveispe nttfechRivweighy Wihia thONt ent
can have in one 20 enbodi nent' of the present invention a polynerized

et hyl ene/ B ¥t S50t 200U toaBékt 300,000 AR 4 BOGEu1S W distribatiOwitRindOthgHS/ 35,
and preferably a nolar ratio of about 50/50 to about 65/35. Wen

I ncor pgr abeehduli 9 tSaleshnli 96) 4158t cBysvilifeGRdtey ethylEfXcontEht G fiEne-2

preferred nolar ratio of ethylene to propylene is, in one enbodi ment, from

about 50/ 50t Rnahe eﬁwnéa%mg/\&e&hﬁ@ﬁee@tap%&%am&psﬁ';,%ﬁmpmewge of bt

i ncl udes I rd” pol yene nononer, "t nt of 2s the polyene nononer

| . 0.2 9
7o 0. 5 poraantd fht STL% Mg dnhb EARE mbiboHE! GEph BRIl D
h : j f . . ' ‘
nor bor nendo09h B dEBHEs 00D sl €Ll RRIHENGHERI TRt BLERBRC M V10
When th I - A it h f
o functi St Da EphERa TGS OE B Rl B R i Mo Bt ol €30
pol yeq? tg{)é@ggr ner, use is preferably made of from about 0.1 to about 6.0
percenf b Irght of the graft nonomer, dependi ng sonewhat on the

application of ,the final ft polyner,. The nunher avera L.ecul ar i ght
of the | ow et h?l"%ﬁ ! %%ere(%{tg% %gqngﬁmggxg}ogdﬁoe%gwp%fl ;90 r eﬁsg?%rﬁmlgﬁ& nv"n'é(ve
enbodinen%agf t he present Lnvention generaLh%.ragggg from . about 10 20, 000
to about I5BPeTaRIrG, PIORSFHUES  BYCAEeT £5; 81 EREY, ENPIORET 1 (CBERF &
practice qf the present invention, the | ow ethylene content
ethylene-%@ﬁ%@%@ﬁ% pol ymer has a nol ecul ar wei ght distribution within the
range of about 1.3 to 5. As_is well understood by,thgég ski I%F in the art,
the nol ecul ar fhefugher featre oftheinsesentpinyentionds & proyide 3 pRlymgy plgpd for use in
determ ned, by gel perneation chromatography, according to well understood

t echni2§ue ¥iscasityTindex dmprayer grplisations Usan qngingr eip Apd gxhibiting: impreved ishear of
the present invention is one having a higher ethylene content. In a

pref err ed s@biligx.i ce of an enbodi nent of the present invention, the high

et hyl ene content ethyl ene-propyl ene pol yner can have a pol yneri zed

et hyl ene/ pr opy Baritlemd? hereinaisi roeant a gihpisicdl maiptusd) oviadndi3fuds combiriation, soHd 5.
Whén i ncorporated into a blend for use as a viscosity index inprover, a

pr ef er r ed liquidasolwtitini o» dispersiohoff esrapdnentd0 pr opyl ene i s from about 80/20 to
about 85/15. In general, the same quantities of polyene nononers and graft
nmononers are UREH to be ubderfto6d Hat bothrthe Forkguing gl deftiptiore ity the rfollewing ent
et hyl ene- propyl ene pol ymer as descri bed above for the | ow ethyl ene content
et hyl ese- geqiyd Géwﬁﬂ_ﬂinm‘? exerhplat dnll eRFlahii6l9 onlyOR[d, ard fiEHAEd 1o plodide titheher
conposi tion of the higher ethylene content polynmer need not enploy the sane
conbi nati on of nmononers as is 25 used in the | ow ethyl ene content

et hyl ene- propyl ene pol yner. ioIn a preferred practice of an enbodi nent
of the present invention, the nunber average nol ecul ar wei ght of the higher
et hyl ene content ethyl ene-propyl ene polyner |ikew se ranges from about

40, 000 to about 300,000 as neasured by GPC in toluene as descri bed above.
The nol ecul ar wei ght distribution of the high ethyl ene content

et hyl ene- propyl ene polyner falls within the same range of about 1.3 to 5.

o



15 degree of crystallinity ranging fromabout 6 to 20 percent as determ ned
'‘by DSC. Thus, one of the features of the present invention is that the

- bl endi ng or simultaneous bl endi ng and shearing of the two conmponents

enpl oyed in preparing the conposition of the invention results in the

bl endi ng of an essentially anorphous et byl ene-propyl ene copol yner with an
et hyl ene- propyl ene copol yner that has a neasurabl e degree of crystallinity

(of ten 20 expihmitioR Of iHe pRSent HEhGén, 8 Ahiniede”) - Thi s represents an advantage
in that the blending or simultaneous blending and shearing results in the

formati onWN s PRESEST ANVERTIGRdENcY to exhibit col d
flow so ty pr evi ously USE#m y index inprovers and
ok et 2 D) M o1 B8RRI HEREh LhoBull BchdrARbRHe" vl oht

The rel ative proporiions o ene c -propyl ene

Gopena, t dvefilol 89 ichoR s £ bl S0 R Bl P ERE AR SREREREIBRE) C1 (e

i nventi on.el n gener al .good results with respect to | ow tenperature
proper £i edBRETEUCDORCHIERt conmpositi on have been obtai ned when the wei ght

ratio of the | r.ethyl ene content conponent t.o t hi gher et hyl ene
content conpon ?etpgle %BWP 5%%05%7‘335 an Hi5&aC “i?)?tgge, prg t}??’ﬁtftg%éﬁg&tof rom
about 40160,{o0, aboyt 30/70. 5 In carrying out the simltaneous bl endi ng and
shearing #Rd HiS aihleaeRraphlepneono HPICOBPLY RS oéﬁ%mpmprewlﬁrwx& esent
invention, the two ethyl ene-propyl ene pol yner conpaonents are contacted with
each ot heiothsaleha elsies, ¢ BelkaopabEeTelnimaddsHhpinsapolBZAgon of dhdene, t o
create high shear conditions for a time sufficient to reduce the nol ecul ar
wei ght s amipha elefins,aed ableast eng ethenpelyghe manermer; Suchipelyaness are Fsmselyesowell
conmponents to a level desirable 1 o for the particular end use application.
That ol9er dnpwn tethnsepkilled in the drtend aterypicallymiepared by RisipgronveptenabZieglenst i ¢
processi ng equpi nent such as single or twin screw extruders, a Banbury, as
wel | as oft¥aita poiymerigationaechhigues wélbknoaymdb thase skildgd infifecet. Both types afechani cal
wor k on the conponents sbo that in the presence of an el evated tenperature,
r educt i on polymenchersihaften caltectimsly tefaredrtad anBP@EYM. ar wei ght di stributions to
the desired level is effected. The conditions of 15 tenperature, feed rate,
and screw speelhapdyniet Hemdsof dn embodimeit, of khe présentrinteation eem baciogiphredégluct i ons
desired as well as the process tinme desired, given the processing

econom cs .polyimef bleadedf thelpfixgaei a8 ollbewgewhat on the conpositions of the
conponents, processing tenperatures within the range of 150 to 400 C. can

be used, 3ngh PreT er abEfykidmbl% 82U C. Yoflaetatly! €0 eNRpAmbRpRbudTBKES USe of a
twin screw extruder. BRudilecRihMingne- RE9RMligOEiRe Y "BbmpodERPNENt S are
general |y conveni ent | idhgr EthflehOr M Of HiRy16% GdHténp are chopped and suppli ed

si nul taneously to thecgglideRD)NN Whi gfpblyy are bl ended and can be
si mul t ane ' ' ' art,

t he COfEP ORI Polprmby! 2l S0 degpuppl i ed asygpgher a pre-npged bale or a
pre-m xed chopped aggl onerate form 25 A nitrogen feed can be maintai ned at

the feed Wi Q”&Ethe x§g uder to megehze the  1gpkptroduction of air.
rulgg r ba % ??1

The groun | es can be fed to the twin screw extruder or other

m xer al Ori?es%ttlﬁv%ﬁ%n.to s?o.yygjlght per ceg gpased on _thgs;_tlgt al weight of blend
pol ymers of "an ‘anti oxi dant” {0 prevent excessive oxidation of the pol yner

bl end during_ pﬁl?%f%%%%ﬁ)@?&@téstt&ggﬂtgﬁEssgw.§§at&tVﬁn@pl@ﬁh@m dant depends on

t he processing s in m xer as well as ’end use application.
The bl ended andpahGatetbolller MiblahGABSHEOGS Dbt MiniePs S53K1 N 0 pellels by a
vari ety of process nethods co nly practiced in the arf of plastics
procesgi ng: i i Om, T

pel l etization or conveyor belt cooling. Wien the lo strength of the hot

mel € 1S | ARl fonh oMbVl Qonipatidtitlfhe cbiBodtidtis oF iR retBitibniian eder wat er
pel l etization. Tenperatures during pelletization should not exceed 30 C.
Opti onal | : qﬁ?h Somfdisl N9

pel l eti za%éingﬁle?égi;%‘?&é@gﬁe S(S%Jg?“%gg or?g(rﬁg%%r?. gﬂ\%ﬁ%ﬁg@ m x#trtﬁ're of bl ended
and sheared pel, ef. n A 15 C Ik ugal
drier for renov S&gfb %\%B?rgﬁgtgggyﬁég gs%gerﬁ Bg;%ﬁ @?E?%?Iﬁ&aég%ex& (Q)fre HS@ astic
bag at' any volunme for storage and shi pnent. Under sone conditions of
storage and/or shipnent at . anbient conditions, pellets my tend to

aggl onerate and stick together. These can be readily separated by mld
nmechani cal nmethods to provide high surface area pellets for easy and quick
di ssolution into oil or blending with other materials such as rubbers and
pl astics. 20 It has been found in the practice of the present invention
that the properties of the conposition, after blending or sinultaneously
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13 EXAMPLES: Sanpl es of polyner blends according to an enbodi nent of the
present invention were prepared and conpared in lubricating oils to

| ubricating oils not. containing the polymer blends of the present

i nvention. In one result of the conparisons, it was observed that
coextruded bl ends, that is, polyner blends that were sheared after bl ending
«as opposed to-pre- shearlng by separate gxtrusi on of each pol yner,
denonstrat ed bett erfornance | ndex
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the separately extruded material as eV|denced by MRV, Cel Index, Cel I|ndex

t enper at ukcarbonatanyn The vsevgf sachdigher alphaelshingip plséel oepsapyensi iy well known to
extrudedCoext r udedSepar at el y ext rudedCoext rudedSepar at el y

ext r udeddbesetskillge irshp art an Sieglertechnolg EXPT#VRVMRVG. 1. G | G LTenpG LTenpDYN

Vi spYN
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Gel I ndex Tenperature DYN Vis = Dynam ¢ Viscosity 20 HEOCP = hi gh ethyl ene
ol ef i n capoloy matre Erlyai-totdarbontdpulidabends kokthiblnl 43a 20 cabon atdvhs HhelGGREnom! / a
~758080. 681. 582. 6TXA 80700 8451ETHYL DSc-  Cryst. /a*50 SSI

Product 9. 38li€pdléhe3ohbmbA? ihohddychdpolyehé nfahidmels addipsleytlic palydiit ménbaks. 24 * =
Determ ned fromthe cooling curve The table below illustrates Blend results

of di f f erRépresehtitivesPelié ¥R 0ads indladeyI® héxanediene, dicyclopentadiene,

10  bicyclco(2,2,1)hepta-2,5-diene, commonly known as norbornadiene as well as the alkenyl
norbornenes wherein the alkenyl group contains 1-20 carbon atoms and preferably 1-12
carbon atoms. Examples of some of the latter compounds includes 5-methylene-2-
norbornene, 5-ethylidene-2-norbornene, vinyl norbornene as well as alkyl norbornadienes.

Also included among the ethylene-propylene polymers used in the concepts of the

15  present invention are those EPM and EPDM polymers which have been functionalized by
means of a free radical graft reaction or a graft polymerization reaction. Such grafted
polymers are themselves well known to those skilled in the art.

The graft monomer for functionalizing an EPM or EPDM interpolymer are the
derivatives of olefinically unsaturated carboxylic monomers such as, maleic anhydride,

20  acrylic or methacrylic acid, or their esters, graft monomers which are likewise known to those
skilled in the art. Typically, acrylic and methacrylic acid derivative contain 4 to 16 carbon
atoms, Particularly preferred among the group of acrylic or methacrylic graft monomers are
glycidyl methacrylate, methylacrylate, methylmethacrylate, ethylmethacrylate and
aminopropylmethacrylate, and acrylamide.

25 Another group of graft monomers which can be used to functionalize an EPM or



15 Scanni ng Brookfield Data Thernotron Rheonmetry PP CCS G G Tenp. data ~
-3b & -40 CG 10. G' 5 . cross over T HEOCPI AMORP. ~0 'C 'C 100'/i HECCP
-27 4B20 8.4 -18 Solid ~ -36 ~ -40 -8 10 70130 -30 609T 8.6 -19 Very thick
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N~-3d IS 6514b -33 6Q4? 8. T ~19 Thtck BF ~-30 62148 .30 poor result 7.3 -8
Thi ck BF CCS = Col d crank si mul ator & ~ Gsl Index @ Tenp. ~ Gel |ndex
Tenperature BF ~ But flows 'S Based on the table above, a particularly

pr ef er r ed EBRbbinterpelymerare aylpminesrontaining tod4 carbon a90ys smdpneferably HEOCP and
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CCS r esul heterocyddiqyinybamhep Sueht dminks are themselvag knpwnpe fuctionalizisg grafic cept abl y
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nunber s ofmoBoiners 36d inckdersllydamined, N-viappyridigesS8 iy Ipgirvolidenasptinddaotpsabl e t o
because of the high G nunber. The 70/30 m x is acceptable, but |ess
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high risk of gelation due to poor PP) thernotron results, and the rheonetry
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value 'I's ve nu ers are-genera Iy COI’]SI

’Qie‘riSQ of afd i S0 vipfl Sﬂ%'ées%ﬁd Gt Rudy HlA fﬁpﬁeééena%*@e‘??ﬁg?*ﬂ&ﬁ& Sthag? POV
bty one. PRV ddRdcstbde, Vipanidioe “HSP ke EulngtleSctiokigts f%‘esr"i%'f% re bl end.

study test, lanteograﬂ nlu;Znomt:rsI)1 gre scnbecI mllpgvPaQ I\?onq 3§8V6§59 tﬁeocilg‘lllosurc o wﬁnch is

incorporated herein by reference.

15 As described above, the compositions of one embodiment of the present invention can
be prepared by blending or simultaneously blending and shearing for example by
coextrusion, as starting materials, two different ethylene-propylene polymers, one being
characterized by low ethylene content and the other being characterized by a higher ethylene
content. The ethylene-propylene polymers having the low ethylene content can have in one

20 embopdiment of the present invention a polymerized ethylene/propylene molar ratio in the
range of about 35/65 to about 65/35, and preferably a molar ratio of about 50/50 to about
65/35. When incorporated into a blend for use as a viscosity index improver, a preferred
molar ratio of ethylene to propylene is, in one embodiment, from about 50/50 to about 60/40.
When the ethylene-propylene polymer also includes a third polyene monomer, the amount of

25 the polyene monomer generally ranges from about 0.1 to about 10 percent, and preferably 0.2
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bl endi ng or si nul taneously bl ending.and shearing: (a) .an essenti,al]y

anor phous V5@ g e‘ﬁ’@%‘i"eﬁ‘ﬂ“"@‘t qﬁg’ﬂ"é’ﬁ&’ﬁ?ﬁﬁ‘?lp@&@% 6%“5}?‘?%(? aBB‘XF’&Pﬁ?#g an

et hyl ene t ropylene nole ratio wf{hin the nge of t o, 651 35, .havi ng
a nunber &8’8 BE/BIORYieRe O rape;r ?‘Hiaho‘ltﬁékg %ﬂj)@ub?ﬁ‘gﬁ{)gﬁbe%@?%@f#eé about

300, 000 and a_|o nol ecul ar, wej ght distribution within the range of about
1.3 to abdue ablend forige ayg viscosity index impreyeyt pipferradmplag patie of ehyleaste cont ent
et hyl ene- propyl ene pol%g‘?r containing an ethylene to propylene nolar ratio
wi t hi 120t hgropalege isdrona bbaut 8¢/30 tcabout 837t Ingenerd, the samagpagtitxs ofipplyene per cent
crystallinity, and, having a nunber average nol ecul ar

monomers and graft monomers are used in the preparation of the second, high ethylene

content ethylene-propylene polymer as described above for the low eti\ylene content
ethylene-propylene polymer. It will be understood, however, that the composition of the
higher ethylene content polymer need not employ the same combination of monomers as is

25  used in the low ethylene content ethylene-propylene polymer.



wei ght within the range of about 40,000 to about 300,000 and a nol ecul ar
‘wei ght distribution 15 within the range of about 1.3 to about 5.0; whereby
t he bl endi ng, or sinultaneous bl ending and shearing, is carried out under
conditions of heat and nechanical work sufficient to create high shear
conditions for a tinme sufficient to reduce the nolecul ar wei ght and

. nol ecul ar wei ght distribution of the blamd of (a) and (b), wherein the

wei ght ratio of the | ow ethyl ene content ethyl ene-propyl ene polyner 20 (a)
to the higher Istipyéfemal prectice nf aretihyddiment jof the present invehtjorg the (pinjnbesaveiaghi n t he
range of about 45/55 to about 10190. 2. The pol yner blend of claim1,

wher ei n t imeletwultiaiveiphtl of thedfiglet bthiylenecdntent tibylpnd-propylens pohyindrdikbwiseramgesit 65
to about 80 having 3-15 weight percent crystallinity. 25 21 ' 3. The

pol ymer bfremdbeit 40/080 186 dbout\8GH,EI0MRs hitese&SSNGP@ I tylven®dsiesiiibed abovel Thd ene
content ethyl ene-propyl ene polynmer of (a) has a ratio of ethylene to

propy! enem@fectlr m%ﬂ@ﬁd@b‘dﬁ%ﬁ%fﬂféh@x diB1SfeRbREM! cBlYfone Sropiiite PolyiiEEfallb | €nd of
claim1l1, wherein the partially crystalline higher ethylene content

et hyl epe- piRiheERmeRrMae T ab Al 137) shas a ratio of ethylene to propyl ene of
about 82 nol % ethyl ene to about 18 nol % propylene. 5. A lubricating oil

oC | . 'ty
2 pert or mance. MRAEIeH 1‘%80 Ol TS prataleRl pelfmefian B R ST E T
| evels, <opPfie s@cﬂrea n  Fahidbm cggcﬁyjﬁer dvlfi&?ﬁ 'etés%éﬁﬁap‘tg%_o LOANGwaffount of

an oi l ure co an ropyl ene pol yner

bl end hav bout

20, 000 toteﬁﬁeﬁte@%ﬁtsgl‘@%%@ o=t %Et%lhﬁﬂ*ép S e
range of t. ab re red 0cC Q

bi ondi ng. BRetin e BB ssaufing %‘%&%@@?%?ﬂs 55 GO0 ey

anor phous cont ent I I t

cthyl dhe FTER w?eaheﬁmeepwawp At B ER A Ao BRe et gee n"rgse%%?'e,?,g havi ng
a nunber avera nol ecu ht hi n_ the range of . abouyt t o about
300, 000 ame%tw%ﬁme%téw &ét ang%\:ttth:ﬂ%t‘ic ity gyt ?QH&U d by 6‘&? 13
to about 5.0; and 20 ~ (b) a partially crystalline higher ethylene cont ent
et hyl ene- bigBensthyiene senty Wy&eﬁtpa?w.lwepamwﬁéﬁbmfar%?rﬁaweet@ ABthsr ratio
wi thin the range of about 65/35 to about 85/ 15, having 3-25 wei ght, percent
oryst al | 1 fliesanlehes = higher deeeeens oatellinie: apBng Bt SahPH 25 asTgntas R ERRR ho

range of about 40,000 to about 300,000 and a nol ecul ar weight distri butlon
wi t hi n t hey PaRgd yeically, #ag highes ethylene eentent polymer useful in the present invention has a

15  degree of crystallinity ranging from about 6 to 20 percent as determined by DSC.

Thus, one of the features of the present invention is that the blending or simultaneous
blending and shearing of the two components employed in preparing the composition of the
invention results in the blending of an essentially amorphous ethylene-propylene copolymer
with an ethylene-propylene copolymer that has a measurable degree of crystallinity (often

20  referred to as “semicrystalline™). This represents an advantage in that the blending or
simultaneous blending and shearing results in the formation of a solid polymer having little or
no tendency to exhibit cold flow so typical of OCPs previously used as viscosity index
improvers and other EP(D)M's or blends thereof polymerized to a similar molecular weight.

The relative proportions of the low ethylene content ethylene-propylene polymer and

25  the higher ethylene content ethylene-propylene polymer depend, to some extent, on the



22 whereby the bl ending, or sinultaneous blending and shearing, is carried
out under conditions of heat and nmechanical work sufficient to create high
shear conditions for a tine sufficient to reduce the nol ecul ar wei ght and
mol ecul ar wei ght distribution of the blend of (a) and (b), wherein the

wei ght ratio of the | ow ethylene content ethylene-propyl ene polynmer 5 (a)
‘to the higher.ethylene content ethylengrpropyl ene polyner (b) is within the

(20 o BRI ol 30 TR ML bl 69

In O coO oS Ion O
L.”F "o o Q@éﬁvti*ﬁséé??gﬁet soF %g‘%&%t g?f%éj‘i%{‘i?%ﬁ&e"% P hpinee Hhea s iR 1© 2"
PoLyTer P af B 1§ e soatent compogenifathe isker Al PIHETA SympRReRLis from
sz] ) PR 5340 e KUPE P BRI o A AV D IR RE U] (o] con] on ok
@ 1P 84\ $984 cMRRgrTying out fhe sirpyltansons bispdipg 9943‘]}’5%1]‘*53]‘ eegeedepesaythieal ca] caj cal

ca) calca]calc !S a] ca] ca] ca] ca]ca] cajca]c '}‘ 1}‘ a] ca] c”a] cMa] ca] caljcal!))I*
*%\ 4434 | g CONEP of sne gmbpgliment of the present invention, etwo ylene-propylene polymer
7w, <= ’7’7I\/B"DyFGG | wmhc”Y] c]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] caemperthisafecantastedovjicestle efherainder] waiitiadsceheatlanty PEEINKIGY@KC K M ™ a
naabobb#cncr c| ccd" ddgeeeee{ upkfa\ W] ca] ca] ca] ca] ca] cal] ca] ca] caU] ca] ca]ca]c
a] ga¥c Cﬂ.] cayﬁﬁ}mcaqabﬂpgla}maq ohditiony foa} takcuffickhttarehice tiegadleale geidhts ggg] g
a
h" ; h %n %n ﬂ ﬂ gt%ih bongtinhes apheflecfular mpightllivtipotains @lihosd tealdpmpbuamtd to aldvehfiesatblea] cal] c
a] cal] ca] caU] cal] ca] caU] calU] ca] caU] ca] ca] ca] ca] ca] ca] caU] ca] caU] ca}i _kbkkkk
kKEl sltsl ~Ifbd the partioglar-ond nser@pticdtioh nThatioperatioms cdalbl Wied bad i nuinbed efa] c~a] cal]
ca] cal] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] ca] ca] ca]
ca] cal)] cajkaews éypeopDRahio prodyysing sqhipment suth ddijetd brtwiiddcow saldud] 4] ] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]c
a] ca] ca] Cdﬂaﬁﬁﬂ%%'well as other mixers that have the capability of effecting the mechanical work on
bh6UTU4a' I | wmhc”YV] U] ] ca] ca] ca] ca] ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj ca] ca] (ﬂi’d&ﬁﬂ@?&ﬁl{ﬁ@i&tﬁ]&ﬁﬁhf@ﬂr@s%h&%fﬁﬁbﬁ@it@@ieﬁ@@aﬂfe reduction in the molecular

, YI0%&' () - &10% FMLO%&!' () - $109&' ()- @ 109%&" () - @O%&' ()-: dE 10%&' ()- 3

MLOY&' () - 1% ti&ﬂd%n&lé&ﬁ@»{ek tﬁi&&%&n&ﬁa&’ the LAUR A1ve SH e 0P donafiibadSE: () -
# 1098 ()-1L10% ()-1!10%& ()-s! 10%& ()-?BdE;/ 10 107,

0%&
31056 D) - SRR () ‘?/@%’%@5‘*‘“ sl sepd - pirs by themcleoulor weight

fgﬁig%fo g é&%‘é@s ; i‘e{&%@ b @fﬁ?&k&/{ﬁné deshte Jgﬁlré&ﬂ(e)pméegs{;ﬁ@é&ﬁ&% Y #L0%& () -

I i do i e R e e b B U

L!1098& ( )ténxlfégtg%?&iﬁn- thg‘pa.nge of 150° to 400° C. can be used, and preferably 175° to 320° C.

A preferred embodiment makes use of a twin screw extruder.

20 The ethylene-propylene polymer components are generally conveniently in the form
of bales which are chopped and supplied simultaneously to the extruder in which they are
blended and can be simultaneously sheared. As will be appreciated by those skilled in the axt,
the components can also be supplied as either a pre-mixed bale or a pre-mixed chopped

agglomerate form.

25 A nitrogen feed can be maintained at the feed section of the extruder to minimize the
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The ground rubber bales can be fed to the twin screw extruder or other mixer along
with 0.1 to 2 weight percent based on the total weight of blend polymers of an antioxidant to
prevent excessive oxidation of the polymer blend during processing and storage. Choice of

5 an antioxidant depends on the processing temperatures in the mixer as well as end use
application.

The blended and sheared hot melt can generally be formed into pellets by a variety of
process methods commonly practiced in the art of plastics processing. These included under
water pelletization, ribbon or strand pelletization or conveyor belt cooling. When the

10 strength of the hot melt is inadequate to form into strands, the preferred method is underwater
pelletization. Tempera_tures during pelletization should not exceed 30° C. Optionally, a
surfactant can be added to the cooling water during pelletization to prevent pellet
agglomeration.

The water mixture of blended and sheared pellets can be conveyed to a dryer such as a

15  centrifugal drier for removal of water. Pellets can be collected in a box or plastic bag at any
volume for storage and shipment. Under some conditions of storage and/or shipment at

. ambient conditions, pellets may tend to agglomerate and stick together. These can be readily
separated by mild mechanical methods to provide high surface area pellets for easy and quick
dissolution into oil or blending with other materials such as rubbers and plastics.

20 It has been found in the practice of the present invention that the properties of the
composition, after blending or simultaneously blending and shearing, differ markedly with
respect to either of the two components employed in preparing the blend and also differ
markedly from the properties of blends prepared from other polymers.

The following examples further illustrate aspects of the present invention but do not

25  limit the present invention.
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Samples of polymer blends according to an embodiment of the iaresent invention were
prepare& and compared in lubricating oils to lubricating oils not.containing the polymer
blends of the present invention.

5 In one result of the comparisons, it was observed that coextruded blends, that is,
polymer blends that were sheared after blending as opposed to pre-shearing by separate
extrusion of each polymer, demonstrated better pe;form'ance in terms of MRV, Gel Index,
Gel Index temperature, and Dynamic viscosity. The following table illustrates data
comparing a 60/40 mix of A+B having 81.5 mol % ethylene in the HEOCP component (i.e.,

10 component A). The coextruded materials are better than the separately extruded material as

evidenced by MRV, Gel Index, Gel Index temperature, and Dynamic viscosity.

PPD Coextruded | Sepatately | Coextruded | Separately ]| Coextruded | Separately | Coextruded | Separately
extruded extruded extruded extruded
EXPT# | MRV MRV G.l. G.l G.LTemp | GlL.Temp | DYNVis | DYN Vis
1 26912 | 31624 | <6 8.8 -18 -16 12600 | 15700
2 24885 | 26065 | <6 9.2 -16 -16 12700 | 14900
3 26973 | 29622 | <6 8.8 -23 -16 12600 | 17600
4 28215 | 30110 | <6 6.5 -17 -16 13500 | 17900
5 28514 ]29488 | <6 8.9 -33 -16 12400 | 16500

15 MRV TP-1= Mini Rotary Viscometer
G.l. = Gel Index
G.l. Temp = Gel Index Temperature
DYN Vis = Dynamic Viscosity

-

20 HEOCP = high ethylene olefin copolymer

Crystallinity Data on HEOCP Samples
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Scanning Brookfield Data Thermotron Rheometry
PP ccs c]] GiTemp. data@-358-40C G'LG"

i cross over T
. HEOCP/AMORP. =30 *C *C
100% HEOCP 27 4820 64 19 Solid @ -35 & 40 -8
70/30 <30 5097 8.6 19 Very thick BF 24
60/40 3 5060 9.3 " 49 Thick BF ~=30
58/42 33 5040 15 ) A9 Thick BF ~-30
65/45 -33 6047 0.7 19 - Thick BF ~-30
52/48 -30 poor result 73 3 Thick BF ~-30

CCS = Cold crank simulator

Gl = Gel Index

Gl Temp. = Gol Index Temperiture
BF = But flows

Based on the table above, a particularly preferred embodiment of the present invention is a 60/40 mix of
HEOCP and amorphous olefin co-polymer. The 52/48 mix is not acceptable because the CCS result is
considered poor/fail and the GI temperature is unacceptably high. Automakers and oil companies prefer
a GI of 12 or below and GI numbers of 8 to 10 are more preferred. The 58/42 mix is not acceptable
because of the high GI number. The 70/30 mix is acceptable, but less preferred than the 60/40 mix. The
100% HEOCP material has an unacceptably high risk of gelation due to poor PP, thermotron results, and

the theometry data.
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Blend Study with a 10W40 Formulation

S.B__S8B8. S.B.
E%  Mixture PPD Gl GIT Vis.@-25 MRV  YS
% TP-1

75.1 70/30 H-5788 103 -12  >50,000 165813 70

776 60/40 H-5789 6.9 -9 28,600 34501 10
80 70/30 H-5789 <6.0 -16 21,300 20855 0

75.1.  70/30 P-392 16.7 -1 >50,000 406786 90
776 60/40 P-392 6.7 9 43,900 60442 30
80 70/30 P-392 7 ~12 27,400 23700 0

75.1 60/40 XPD-292 181 -1 >50,000 83283 60
77.6 70/30 XPD-282 139 -8 >50,000 49619 40

80 60/40 XpPD-292 <6 -1 41,500 25458 0

751 60/40 P-385 10.2 12 >50,000 91461 60
776 70/30 P-385 111 -0 >50,000 57151 60

80 60/40 P-385 8 9 43,600 27799 O

The amorphous polymer used in all formulations was HITEC® 5721 which has an E/P ratio of about
60/40 mol%.

5 A critical test parameter in the above table is the YS, which is the Yield Stress. A pass valueis
“0”, or zero. Positive numbers are generally considered a “fail”. As can be_ seen, a “0” or pass is
obtained for the 60/40 and 70/30 polymer blends of the present invention in which the percent ethylene
(E mol %) in the HEOCP of the mixture is 80. Polymer blends in which the percent ethylene (E mol %)

in the HEOCP of the mixture is below 80 failed the blend study test.
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Blend Data of 10W-4¢ and 5W-30 formulations
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L1096 $f & ()-WLYMLO% $f & () - MLO1010h8hhhhuj \ k] kzY8+410 L" =:*10%L" & ()-G
B:*10% =" & ()-G:*10%i I & ()-GAP:*1Q% T T& ()-G : *10%
Exp.| E% Base Oil |100C Vis| Vis CCS [Y.S.] MRV |Gelindex|Temp |Viscosity
# Grade .
cSt cP cP @-25
78.9 RLOP 14.378 | 10W40{|{ 3251 | 0 | 31,200 <6.0 -17 | 18,000
80 RLOP  [.14.276 | 10W40 0 | 23139 6.1 -10 | 23,500
80-G RLOP 14.19 | 10W401}]|{ 3072 | 0 | 20,483 4.9 -14 { 17,600
80.6 RLOP 14.5 | 10W40 ||| 3015 ] 0 | 25,735 4.5 -19 | 20,400
81.5 RLOP 14.55 110w40]1] 3164 | 0 | 27,268 4.1 -10 | 19,400
82.6 RLOP 15.97 | 10W40 0 | 26,846 3.2 45 | 20,300
84 RLOP 14.68 | 10W40}|] 3106 | O | 18538 4.8 -16 | 16,900
80 Motiva 14.22 | 10W40 (|| 3010 ] 0 | 20,855 <6 -16 { 21,300
78.9 |PennSpec.] 10.27 | 5W30 2123 | 0 | 14,927 10.3 -20 | 5,900
80 |PennSpec.| 10.23 | 5W30 2100 | 0 | 12,951 7.6 -20 | 6,000
80-G_[Penn Spec.| 10.26 | 5W30 2169 | 0 | 11,232 6 =19 | 5300
80.6 | Penn Spec.| 10.74 | 5W30 2203 | 0 | 12,313 4.5 21 | 5,200
81.5 |Penn Spec.| 10.84 | 5W30 2202 | 0 12,669 5.7 21 {1 4,700
82.6 [Penn Spec.| 10.76 | 5W30 2223 | 0 | 12325 6.2 -7 5,400
84 |PennSpec.| 1064 | 5W30 2211 | 0 | 11,080 3.4 25 | 5,700
78.9 | MotivaHVi{ 1041 { 5W30 23931 0 | 18,451 10.5 -18 | 6,700
80 | MotivaHVI| 10.51 | 5W30 2413 | 0 | 16,846 9.9 -19 | 6,900
80-G | Motiva HVI 10.6 5W30 2383 | O 14,857 7.2 -16 | 6,100
80.6 | MotivaHVI{ 1069 | 5W30 2303 | 0 | 12405 3.4 -30 { 5,300
81.5 | MotivaHVI| 10.79 | 5W30 2307 | 0 | 12934 4.4 -10 | 5,000
82.6 | MotivaHVI| 10.8 5W30 2300 | 0 | 12776 4.6 -17 | 5,400
84 | MotivaHVI| 10.66 | 5W30 2460 | 0 | 13,380 3.3 -40 | 6,000
80 EHC-45 10.46 S5W30 2423 0 27 A74 11.9 -18 | 11,900
80-G EHC45 10.86 | 6W30 2412 1 0 | 31,557 12.4 -18 | 7,600
80.6 EHC-45 10.67 | 5W30 2384 | 0 | 40,669 10.7 -18 | 8,700
81.5 EHC-45 10.8 | W30 2407 | O | 38,769 9.6 -19 | 6,600
82.6 EHC-45 10.61 | 5W30 2389 | 0 | 40,338 7.1 -7_| 6,200
84 EHC-45 10.59 | 5W30 2410 | 0 | 37,898 4.9 21 1 6,600
78.8 |Chevron 5R| 10.45 | 5W30 2232 | 0 | 17,565 39.9 i 6,400
80 _|Chevion 5R| 10.42 | 5W30 2242 1 O 13943 | 6 -19 | 6,100
80-G_|{Chevron 5R] 10.39 | 5W30 2281 | 0 | 12,184 6 -19 | 5500
80.6 [Chevron 5R} 10.43 | 5W30 2261 | 0 | 12,398 3.5 -24 | 5,000
4 81.6 |Chevron 5R| 10.52 | 5W30 2276 | 0 | 12,155 3.3 -8 5,200
82.6 |Chevron 5R] 10.61 | 5W30 2299 | 0 | 12019 5 -8 5,500
84 [Chevron 6R| 10.52 | 5W30 2302 | O | 12157 3.2 -39 | 6,000

The above table shows the blend data of a 60/40 mix of A+B having different mol%
ethylene in the HEOCP component (i.e., component A). The table includes data for both

5W30 and 10W40 grades. From the data, it can be concluded that ethylene mol % in HEOCP
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containing an ethylene to propylene mole ratio within the range of 35/65 to 65/35, having a
number average molecular weight within the range of about 40,000 to about 300,000 and a
molecular weight distribution within the range of about 1.3 to about 5.0; and

20 = (b) a partially crystalline higher ethylene content ethylene-propylene polymer

containing an ethylene to propylene molar ratio within the range of about 65/35 to about
85/15, having 3-25 weight percent crystallinity, and, having a number average molecular
weight within the range of about 40,000 to about 300,000 and a molecular weight distribution

within the range of about 1.3 to about 5.0;
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(a) and (b), wherein the weight ratio of the low ethylene content ethyienc-propylene polymer
5  (a)to the higher ethylene content ethylene-propylene polymer (b) is within the range of about
45/55 to about 10/90.

6. An automo.tive engine lubricated with the lubricating oil composition of
claim 5.
10 7. A method of improving the viscosity indc.;x of a lubricating oil,
comprising adding to an oil of lubricating viscosity a viscosity index-improving amount of a

polymer blend of claim 1.



