------------------ 31 August 2006 1 POLYMER BLENDS AND 3iHRURSEIO6| CATI ON
AS VI SCOSI TY FIELD OF THE | NVENTI O | NDEX | MPROVERS N The present
invention relates to a polynmer blend containing a high ethylene content 5
et hyl ene- propyl ene copol yner and a | ower ethyl ene content

et hyl ene- propyl ene copol ymer. The pgl yner blend of the present invention is
useful for the preparation of viscosity index inprovers with inproved

| ower tenper POLYRER' 8RENDSCANLC Ak %e [ | _viscosity index

i nprovers: to BACKGROUND OF THE | Wégﬁ&&%nlgg&%?ﬁw pol yners have
| ogg beerFIKEDOF THE INVEINTION a vari ety of applications. For exanple, such
copolyners, frequently referred to in the art as olefin copolyners, or
OCPs, have | oMie prstht iReAGH e &/hAGAS | EXih R OMEL S Engine

| ubricating oils. In addition to thaa glg%ﬂll%l}é/ne?lt‘%gn, s%gﬁ? o%%&’smﬁ%f}g al so
been wi dekliylens9ebpifene bEpdFRACInd P il £ conpositions. As used
in lubricati ng%oi cor%%sﬁi ons, e%@?@glg{l%?ooug%?gngﬁﬂg%}?ﬂfgcﬁgl?/o fie
ability The poF }gﬁ,a@iﬂ%&' kenl . i%uiontothe ubri.cati.ng oil
conposi ti onp\lfaviytﬁ% whi ch t he % 'S dnl%gxlgg@%t%l F%%@W&‘ﬁs‘é@o? g

Vi scosi t Ympladgx [ sition... Thickenin ower .is often

def i ned asf)t he cﬁﬂ P]f gﬁ%ﬁgégelfoﬁ‘;e% ﬁélgﬁ%)r%gwagr%e Pstegee it%s"%ﬁ%”é‘oﬁffll‘ﬂfc@m%

sol uti o‘ni,ggxg@r%-m xed with oil and the diluent oil.. For exanple, "an oil
solution containing from1l to 2 percent of an OCP which provides a

t hi ckeni ng power of 0.06cn2/s (6 centistokes) to 0.07 cn2/s (7
centistokes) neasured at 100C. generally indicates acceptable viscosity

| ndeg, | R4 SYERHROUNI OB IR ENTION

Ethylene-propylene polymers have long been known, and used for a variety of

applicatiens. For example, such copolymers, frequently referred to in the art as olefin
copolymers, or OCPs, have long been recognized as viscosity index improvers in engine |
lubricating oils. In additioﬁ to that application, such polymers Liave also been widely used as
15 impact modifiers for plastic compositions. | _
| As used in lubricating oil compositions, ethylene-propylene polymers ha{e the ability
to provide a high thickehing contribution to the Iubricating oil composition vﬁth 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 the 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 0.06¢m?/s (6
centistokes) to 0.07 cm?¥s (7 éentistokes) measured at 100°C. generally indicates
acceptable viscosity index improvement performance. o
For a given chss of pol}ymem, the higher the molecular weight, the i]igher is the
25 Vvi_scosity of a lubricating oil containing the OCP. However, higher molecular weight

o polymers exhibit a greater tendency to break ddwn‘ vnder the shear and high temperature - - |




For a given class of -polyners, the higher the nol ecul ar wWdiApaust 2096 hi gher
Is the 25 viscosity of a lubricating oil containing the OCP. However,

hi gher nol ecul ar wei ght polyners exhibit a greater tendency to break down
under the shear and high tenperature --------- ---- 31 August 2006 2
conditions normally found in engine operation, frequently resulting in the
| oss of viscosity. Accordingly, viskosity index inprovenent often depends
on the bal ance between the thickening contribution of the OCP and its

tendency tadifienymamally ffoad ifehgid® oPeraf il [ stabl I|ty i s
typically defined as a percentggw scos(fhte &ngﬁ%jég\%hx% ??ﬂgé?

st andar d_A&osiitelg fviseosig himprdbe fﬁ@ﬁt%@ﬁ@@ﬁ%ﬁs 30 %“gi%{]t Bl g‘%ﬁtﬁl ty br eakdown
y .

in an OCP is generally an indication e Vi'se f nprover ocP

BRI o e L A

characteristic required tor a vi SCOSI | ow

t enper at WBhegstabibiF i Eﬂbﬂ% ease of e cran dur| ng start-up
in cold 10" cli nat e;hﬁ gg%)d 6°§P ﬂﬁ'gge‘?‘ﬁﬁ%\‘?% 6@;%

negl i @i blset ofcSf@ink Y, t on at. |Low, ratures while provi d| ng a

| arge viscosity cont’%lg?&fgli%l?%ajt P&t YasCos) iééggﬁﬁw‘ﬂglﬁ’e‘?%’ﬁrgé%emu?@ the same
tinme, anlﬁﬂggj, Rdex rov i bits a | ow tendency to degrade,
and consequenl% Eﬁggﬁilsg%méghe‘g "Eg'gﬁ?rlqeé S&R@éfm@ﬁéﬁﬂﬁtﬁﬁ’éksépﬁﬁgoﬁfbwdl tions.
Accor di ”91363 in formulating lubricating oils to satisfy the varying
conditions desired, 15 it has generally been the practice to select those

pol ymers whic “{}T VI de at t he | owest cost. the best overall bal ance of
properties inc¢ QFfaut gharacle f’é?%?&?%ﬁmw&m@p&mewlssﬁ@aﬁw at

st abi I|t an elb ure Vi sc05|ty In the past, the art has enpl oyed
as viscosity. “% W‘ﬁﬁé@pﬁ@ashngdmngstart»upmcold ’

;0 " climates. An ideal viscosity index improver exhibits a negligible visco'sity contribution at low
temperatures while providing a large viscosity contribution at engine operating temperatures.
Atthe same time, an ideal viscosity index improver exhibits a low teridency to degrade, and
consequently a high shear stability under engine operating conditions.

| Aocordinﬁly, in formulating lubricaﬁngroils to satisfy the varying conditions desired,

15 ithas generally been the practice to select those polymers which provide at the lowest cost
the best overall balance of properties including wscos;ty at performance temperatures, shear
stablhty and low temperaturc viscosity.

In the past, the art has employed as viscosity index improvers, solid amorphous
ethylene-propylene polymers. When éelecting ethylene-propylene pbl&mers a molecular
20 Wclght was chosen so that the polymer would prowde shear stable viscosity index
improvement after the oil dispersion process.
The plior art has recognized the need to improve low temperature pérfofmance of
| such viscosity mdex improvers. For example, U.S. Pat. No. 4,507,515 descnbes blends of
. | polymer compositions in whmh the major componcnt has a low ethylenc content and the

5 minor oomponent hasa hxgher ethylene content, the minor component genera]ly contalmng




et hyl ene- propyl ene pol yners. Wen sel ecting et hyl ene- pr o@lAgespdlOgners, a
nol ecul ar 20 wei ght was chosen so that the polyner would provide shear
stabl e viscosity index inprovenent after the oil dispersion proem The
prior art has recogni zed the need to inprove | ow tenperature performance of
such vi.scosity index inprovers. For exanple, U S. Pat. No. 4,507,515

descri bes bl ends of pol yner conposiB8ions in which the najor conponent has

¢ ol el i Loonentoyandok bt (LI OBONEEL D85,5 DLghSp el ene

content, the m nor conponent genera

than 10 [B3¢9ZdDe libwiveded the weight of the blend. Similarly, US.
Pat. No. 3,697,429 |ikg{vﬂ*ﬁgg‘%&g“s@ﬁkﬁ@%"m@ﬂ’ééowﬂimeeﬁe@t@tpﬁmmamd | ow

et hyl ene adtevesRbroR&h achi eve.inprovenent in | ow tenperature
properties of af)l ubr idggg%#gt%gﬁra%r%%m?BE? lupyieating oil compositidnoObeali ngs of

bot h pri tHe sBéricoRt kS .t ha hey, do not describe any techni que by which
5 the maj or and m'gﬁg?ﬁ%%ﬁgéﬂgﬁﬁaéeﬂg‘éﬁgﬁbﬂl%m%dm@%mﬁtcbimiqie Sy whithent
Nunbes 5thd%bid ida fi.scl.oses a pol yner blend with a high ethylene content
et hyl ene- pr o]’oyl ene pg@Weﬁﬁﬁﬁqu@Mﬂ%ne content ethyl ene- propyl ene

pol ynmer. Thaty . tent_does _not teach or suggest the ratios of polymers
of the pr esent's':%r?&gﬁﬁa%ﬁ?r "\zﬁi%eﬁslﬁéiséhﬁesﬁmmmcﬁ@ﬁmam@ieﬂgﬂ@%%m@nfm xture

of two C&B@fj but does not 10 teach or suggest the ratios of polyners
of the pr es-é’ﬁ"?ﬁfpﬁ{@ﬁ%??@mﬂ Fbalewersiiene soitan cthyleab oppiieas polbhee attind Oi |
pr oduct ’U.P%%:e%ggo éshear stable product) and TLA 6718 (non-shear stable
product ), Wwhi Ch" & mafe%’@:%éummr@ﬁosaﬁpblginegsmfﬂ;elp@mﬂtliﬁwnﬁg@yl ene

copol yner, V\p rein h\?e hi gh- et hyl ene pol yner of the blend had a 78.9 nol
percent et hyl et Namer 3, gmzé\_ dischaels amiiPare @NiwdNDpoRAbADBut dobSd 1S
di sqj osgd.a process for shearing high ' '
il orsuggest the ratios of polymers of the present invoetion,
Texaco Coxporation. developed a lubricating oil product, TXA 6070 (shear stable
product) and TLA 6718 (non-shear stable product), which was a 40:60 blend of a high-
ethylene:low ethylene copolymer, wherein the high-ethylene polymer of the blend had a 78.9

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
glteﬁng the molecular weight dis(ﬁ_bution for uée as a viscosity index improfer. That
Canadian patent does not, Ho?vevcr, address the neod for a solid shear stable polymer formed
PY shearing the polymer to reduce its molecular weight and its molecular weight distribution.
| All patents, patent applications, and publications disclosed lie;'ein are fully .
incotporated by reference.
“Itis aocordiqgly an object of thé present invention to provide an ethylene—propy’*icne
polymer blend which overcomes the shortoomings of the prior art.
Itls 2 more specific object of the invention to pr,oﬁde an ethylene-propylene polymer

- blend and a meﬂlpd forits preparétion which can be used to improve the viscosiiy index of




nmol ecul ar wei ght pol ynmers to produce a pol ynmer having a d&sfugugt 6ecul ar

wei ght without altering the nolecular weight distribution for use as a

viscosity index inprover. That Canadi an patent does not, however, address

the need for a solid shear stable polyner fornmed by shearing the polyner

to reduce its nol ecular weight and its nol ecul ar weight distribution. U Al

patents, patent applications, and publications disclosed herein are fiilly
i ncor porated by reference. i s accardingly an object of the present

: It

I nvent i oyt L 0N n.et hyl ene- propyl ene pol ymer, bl end which overcones .
t he shor trl g%r?bnan aﬁoc?jﬁ’fpﬁgng}si s eﬂraf g“ F’Elyafﬁsm%fi‘%rf@ Rpbisicpmpogdtignsda whicht he

I nventio Qvi,de gn et hyl ene-propyl ene pol yner bl end and a nethod for
i ts pr eparafteRiSinicdied o frpliacronHeutia dotatenio wiusdhs mpleowacxaigh 31

August 2 4 lubricating oil conpositions as well as an inpact nodifier
for plas t?ilg @SO%W§&FP%HE\%"“%H vzt distrippiionsf eprlh of Shesthyjlenstimdpyiencgiolmier aneous
bl endi ng_and shearing to reduce the nol ecul ar weight and sonetines the
nol ecul aF"’iRB?‘{jﬁ‘F- di stribution of each of the ethylene propyl ene pol yner
conpopents. 5 |t is furthernore an object of the present invention to
provide an etiinfaenpersniobicet ofithy peesent invention tohirovide amethglepe-popyless i n
conventional plastic processing equi pnent. These and ot her objects and
advant a Y’BFI'III?FE‘Vﬁ#‘és@mbemmpewﬂimmmﬁﬂonﬂ@marpmsﬁngwwaem way of the
foll owi ng description. 10 SUMVARY OF TIfE | NVENTI ON The present invention
addr esses t helhstsaad othepolyeitsiendadvattipes efe prespyinasidohilippeartiend havi ng
the capability of functioning as a viscosity.index inprover. According to
t he cor‘?@@bbB“’@Y'Oﬂﬁhefdllomtgde@mpﬁbh,e et hyl ene propyl ene copol yner bl end of
the invention is the product of sinple blending or a simultaneously

bl ended and sheared bl end contai ning a high '

10 SUMMARY OF THE INVENTION

The preéent invention addressesr the need fo provide an éthylene—propyienc polymer
blend having the capability of functioning as a viscosity. index improver. According to.the -
‘cohcepts of tﬁe invention, the ethylene-propylene copolymer blend of the invention is the

| .prodqct of simple blcnding ora simultaneously blended and sheared blend containing a high
15  ethylene content eﬂlylcné-propyl-ene polymer (HEOCP) and a lower ethylene content
ethylene-propylene polymer, whereby the physical properties of the sheared blend allows it fo
be mqued by means of conventional plastics processing equipment. The composition of
the present invention in which the two components are blended or simultaneously blended
and sheared can thus be used as a viscosity index improver exhibiting improved low
20 temperature propesties. _ ' |
In an ‘embodiment, the present invention resides in a blend and a process for

' producmg that blend in which a high ethylene content eﬂiylene—propjicne ﬁolyxﬁcﬁ and a
lower ethylene content é’thylene—prdpyl_ene polymer are subjected to blending or simultaneous
- blending and shearing to yield.a product that. can be recovered as a solid,-m conventional

s plastic processing equipment,




15 et hyl ene content ethyl ene-propyl ene pol ymer (HEOCP) an#l AugusihedObet hyl ene
cont.ent et hyl ene-propyl ene pol yner, whereby the physical properties of the
sheared blend allows it to be recovered by neans of conventional plastics
processi ng equi pnent. The conposition of the present invention in which

the two conponents are bl ended or sinultaneously blended and sheared can
thus be used as a viscosity index inpraver exhibiting inproved | ow 20
tenperature ﬁagoenties. I'n an enbodi ment, the present. invention resides in.

a bl end and thssimplangowe Yepdingend ishearing inmcediilaiee avithiqgh et hyl ene

content et.hyl ene-propyl ene polyner. and a |ower ethylene content

et hyl en Mﬁ%ﬂéﬁﬁhmm@@mﬂmmwﬁmemmpﬁm agpoheits thtdckg@neous

bl endi ng, and shearing to yield a product that can be recovered as a solid,

usi ng cORAERERIdnce mycquia srdightParstensiings roletulrBrdight distdbution (WD), 31

August 2006, 5 In carrying out the sinultaneous blending and shearing in

accor daREe {Reh apinEmateadmiktmerxhibitirig icrBased Fifosity W QRHUIGR tenl feBatirdd .

et hyl ene- propyl ene conponents undergo shearing to reduce nol ecul ar weights

and soneti nes fmhreOMMbWiI@ﬁltof@ﬁeﬁirésjeﬁqﬁ{‘eﬁﬁbn(i%vicfeeési%rﬁcjaﬂlg%éip an intimate

adm xture exhibiting increased viscosity at anbient tenperatures. A feature

of an esrggsitentonplisibhemafoL &R Int bIYiESHd I%&?}guﬁc&qtngmﬁ.[ﬁgpri cating oil

conposition conprising a major amount of oil “of a fubricating viscosity, a

per f or residitiee paviiaietapMEprReOAUE qadlity ﬂﬂgﬂeﬁi)ﬁnak&r levef}Ca wl Linvadnd. ger for mance

| evel s, a pour point depressant, ~and a Vviscositly nd8x |n%rcv fng anmount of

an oi | andkuisb@itp BldyiBprdvingta ir Sling. .hyl ene- pr.opyl ene pol yner

bl end havi ng aiﬁunberpé&&%aggﬁﬁgﬁgggygﬁmag %ﬂ?ﬂ%ﬁgﬁvﬁmgﬁgmmgﬁﬂge of 20, 000

t 0 300 etiHenapebpilesddlo | ' jhution wi.thin the range of 1.3 to 5
P RE e ol Oend v M B et Wi

prepared by the process conprising endl bl endi ng and
shear i Rgige of 20,000 to 300,000 and a molecular weight distribution within the range of 1.3 to 5

e

prepared by the process comprising blending or simultaneously blending and shearing:

@ an essentiafly amorphous low ethylene content cthylene-propylene polymer
‘containing an ethylene to propylene mole ratio within the raxfge of 35/65 to 65/35; having a
number average molecular weight within the range of 40,000 to 300,000 and a molecular
weight distribution within the range of 1.3 to 5.0; and

(b) a partially crystalline highe; cthylene content ethylene-propylene polymer
containing an ethylene to propylene molar ratio within the range of 65/35 to 85/ 15, having 3-
. 25 weight percent crystallinity, and, having a numbefavcrage molecular weight within the
'range of 40,000 to 300,000 and a molecular weight distribution within the range of 1.3 to
5;0; whereby the blending, or simultaneous blending and shearing, is carried out under’
conditions of heat and mechanical work sufficient to create high shear conditions for a time
sufficient to reduce the molmM weight and molecular weight distribution of the blend of (a)
Vand (b), wherein the weight ratio of the low ethylene content ethylene-propylene polymer (2)
| to the higher ethyléne content ethylene-propylene polymer (b) is within the fange of 45/55to

10/90 and wherein the gel index of the lubricating oil composition is below 6.




(a) an essentially anorphous | ow ethyl ene content et hyl en¥-fuast2®ee

pol ymer containing an ethylene to propylene nole ratio within the range of
35/ 65 to 65/35, having a nunber average nol ecul ar weight within the range
of 40,000 to 300,000 and a nol ecular weight distribution within the range
of 1.3 to 5.0; and (b) apartially crystalline higher ethyl ene content

et hyl ene- propyl ene pol yner containifag an ethylene to propylene nolar ratio
within the range of 65/35 to 85/15, having 3- 25 wei ght percent

crystal | i ni tAmotlondeatiraof tig mesenrieéntRyas RGROVIE £pslhA6r WRADRIh Wnpfdived t he
range of 40,000 to 300,000 and a nol ecul ar weight distribution within the
range dpwl t@npecatus. Propedties eddyent Ingedalagngiﬁg,osi?r el Uiy 6eQUMm RhgRdigp and
shearing, is carried out under conditions of heat and nmechani cal work .
suf f i cifembulatbonsr eat e hi gh shear conditions for a time sufficient to reduce
t he nol ecul ar wei ght and nol ecul ar wei ght distributi-on of the blend of (a)

and (b), whex Girthef RRiti€ oFMhe pabdnp iEJcRE&EIing ‘éi{;rrﬂex?% éﬁ)‘éﬁrﬁ&rﬁl&?{eﬁ; for use in

et hyl ene- propyl ene polyner (a) to't e con

et hyl eRescBEiBP YRR o D). 1 s .within.the.range of. 45/ 55 10 /90 and
wherein theggel I ndéx o?qpﬁfe[@uggéi@a R ‘?|°“c%ﬁg8’é‘i?‘;1‘-‘8ﬁ %ngpré\éqdogjy%g 31
August s Sa Another feature of the present invention is to provide
apol yner bl'end with inproved |ow tenperature properties when used as a

viscosity i igaprover in engine oil formulations. A farther feature of
t he present %ﬁ@g}n@gﬁ O‘fé’ef”é?s?f‘lt 8\?’?‘3@“&5 B Erayifse st efitke pbicatingoil n  vi scosity

i ndex | appl ications in an engine oil and exhibiting inproved shear
st abi | F@o@%ﬁéﬁ%fmﬁ &“r‘@%ﬂ%%@%%@@ﬁ@ﬂ%%mi on is to provide a use of
the lubricating oil conposition as defined above in lubricating an
aut oot i ve dhgyitlend”Biercibliensintheprysical SnifBRNG: AN, CBlbHatibl B br

adm xt ure, conbi nation, solid or
liquid, solution or dispersion of components.

It is to be understood that both the foregoing general description and the following

detailed deﬁon are exemplary and ex;}lanafory only and are intended to. provide further




liquid, solution or dispersion of conponents. It is to ba&Tudwes2d6d t hat
both the foregoing general description and the following detailed
description are exenplary and expl anatory only and are intended to. provide
further 31 August 2006 6 explanation of the present invention; as clained.
DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTION It has been unexpectedly
found that the sheared copol yner bl endéof the present invention can
functioneﬁg a.shegr stabl e viscosity index inprover with inproved lower 5
u the

t enper at GFEBEGR &} the present iveatidny kedaned.opy| ene pol yners used in the
practi ce, the present invention refer to and include ethylene propyl ene
copol yne A DFHE PRESENT INVIEYTIRIMe Wi th other al pha

ol efins, as V\Ighl éopolynérs orned by the Tniérpol ynerization of
ethyl ene, allbhes beer miexpectatiylfamhd Haegt sRRARIRL Joner. Such
pol yrrersiﬁr e_therrgfll ves well 10 known to thos%tﬁfsrggjlt?%@%lfﬁm{h%%%%t and are
t ypi cal | VOB &pie b@omiam@ear@ﬁuﬁﬁrﬁécgg}glin@%g Ble al,yneri zation
techni ques well known to those skilled in theba??.%élﬁ)rfvfg i pol ymer s
her ei®naftf@peretwrd propartiel y referred to as EP(D)M The pol ynmer bl ends of an
enbodi nent OfThtahe present invention can be conpared to polyner blends of
the prior ar thasthflehé-prpyleddpdliaems Ghd: ol % of % of Partjally %
Am)rphousE Partially Crystalﬁ%g sttlgﬁkﬁ)ﬁ%‘%ﬁﬁ% e?p'ﬁ)%ﬁ’t‘@‘fﬂm‘l:{eﬁﬁer
Et hyl enéninchide ethyleas-piplleo 8 EP( D) two, polyner' 60-80 30-70
70-30 DSM pol yner' 651—&13 20-'%%%@%‘%%15“‘{“ ok ylene.and propylene with

other alpha olefins, as well as copolymers formed by the interpolymerization of ethylene,

alpha olefins, and at least one other polyene monomer. Such polymer_s are themselves Wéll
10  known to those skilled in the art and are typically prepared by using conventional Ziegler—n
Natta polymerization techniques well known to those skilled in the art. Both types of
polymers hereinafter collectively referred to as EBP(D)M,
The polymer blends of an embodiment of the present iﬁvenﬁon can be ;compamd to

polymer blends of the prior art as follows:

15 Tem Ethylene mol% of % o i
_ Ltltylen f. f Partially % Amorphous
| : Pa.lrhaﬂy Crystalline Crystalline Higher =~ Component
Higher Ethylene Ethylene Content
— Content EPO)M EP(D)M
0 Esso polymer'  60-80 30-70 70-30
DSM polymer® 65-85 20-50 . 80-50
PresentInvention  80.5-84 55-90 45-10

[ : '
Deszgnafm‘a polymer as taught in Esso’s U.S Patent Number 3,697,429

 “Designates a polymer as taughtin DSM’s U.S. Patent Number 5,391,617

As can be seen from the above comparison, the compositions of the present Vim?ention are
; qfrmpletaely outside the scope of the identified Esso and DSM prior art documents.

As will be appreciated by those_:_ sl;illed in the art, while propylene is the preferred




Present Invention 80.5-84 55-90 45-10 ' Desi gnates a pol yrdrAugist2006ht in
Fsso's U. S Patent Nunmber 3,697,429 2Desgghates a polyner as taught in
DSMs U. S. Patent Nunmber 5,391,617 As can be seen fromthe above
conparison, the conpositions of the present invention are conpletely
outside the scope of the identified Esso and DSM prior art docunents. As
wi |l be appreciated by those skilled iy the art, while propylene is the
preferred 31 August 2006 7 nononer. forfcopol ynmerization with ethylene and
opt i onaFrapomerifopenpolynrtntion with ethyléncad optARNSE BO% hiitimd: T lipse Of

propyl eg;,ﬂ use can be rade of other al pha-oléfins containing 4 to 12

ccar bonuadessisad tiidtdn plae Fiprépyldie Nise AT bedhRRQ RS _J I . of opyl ene
is well known to those skilled in the art Fﬁ&%{a‘ﬁs%qﬁedrl ec?ﬁﬁ%fngnéyﬁ% When
usi ng ah2corbar gahy Maé usfofSbdli I LR '. d.a ene, nononer,
use can be made of a variety %ﬁgﬁgne m@%é@ﬁ?ﬁ%?ﬁﬂ%@@?ﬁ lled in
t he ar tthossdkillediifithe att WO7; Iem@,[:ﬁmq@rybon-to-car bon doubl e bonds containing 4
to 20 carbon atons, including non-—cyclic polyene nononers, nonocyclic

pol yene NONOWBESusiHa%: RRLYS ' : n no s. . Representative of such
conpounds i ncl udem%, 4- he%awngfMI%c% d éoqﬁ“df‘%ae?‘ﬁy‘f’ﬁm"mmer’ use

I ene, 0
the”al kanyt Fone DR B ot Bl Ao il ot Bl Gedan ot Hecome g ar bory
conpoungs b Eaatte Laby AR ABAEAD i an s meleinBaranc,
ety ont AT Bnd el (i ealie P RE g Y sliamb s Moo
moans. Srape g SE RO nR e gl T giesime o doreinpmiatiancz at | on react on.
S OB A 5 RS, e e oo PSS Sk L1 ed 10 the

norbornenes wherein the alkenyl group contains 1-20 carbon atoms and preferably 1-12

et

~ carbon atoms, Examples of some of the latter compounds includes 5-methylene-2-
norbomene, 5 ~ethylidene-2-norbornene, vinyl norbomene as wéll as a]k}l norbérnadienes.
Also included among the ethylene-propylene polylﬁers_ used in the concepts of the
5  present invention are those EPM and EPDM polymers winch have been ﬁlﬁcﬁonalized by
means of a free radical graft reaction or a graft polymerization reaction. Such grafted
polymers are themselves well known fo those skilled in the art. |
The graft xﬁonomcr for functionalizing an EPM or EPDM interpolymer are the
derivatives of olefinically unsaturated carboxylic monomers such as, maleic anhydride,
' acrylic or methaerylic acid, or their esters, graft monomers which are likewise knoWﬁ to those
skilled in the ast. Typically, acrylic and meﬂlacfylic acid derivative contain 4 to 16 carbon
-atoms, -P&rﬁqﬂaﬂy preferred among the group of acrylic or methacr_ylic graft monomers are
elycidyl meticrylate, methylacrylate, methylmethacrylate, ethylmethaorylate and
aminoprqpylmema(':rylate; and acrylamide.

.Anot'her group of graft mononiers which can be used to functionalize an EPM or




The graft nmonomer for functionalizing an EPM or EPDM i nt é¥ipflgus2006r e t he
derivatives o.f olefinically unsaturated carboxylic nononers such as,

mal ei ¢ anhydride, acrylic or methacrylic acid, or their esters, graft
nmononmers which are |ikewi se known to those skilled in the art. Typically,
acrylic and nethacrylic acid derivative contain 4 to 16 carbon atons.
Particularly. preferred anong the grgup of acrylic or methacrylic graft
nononers are .glycidyl nethaeryl at nmet hyl acryl ate; nethyl net hacryl at e,

et hyl rretERDMinvérﬁ,lﬁﬂ& Sh ha and aeryl ani de. Anot her
group of graft Tonomer s V\h):ﬂCE ca%blgggﬁlgg&x%gcﬁrhm?%%&ll prefosgblePM or 31
August . Zb&€rocyliE A are,. vi m nes containing 2 to 25 carbon
atons, and pref erlﬂag1 %%o@%ﬁa’ée%" Yyasas fepetipnalisingamatyr e

t hensel viasndeRa¥Eh, aI | mononers and i ncl ude
al lyl ami nes, N vidﬁé ﬂlw ] I'ne lilivi‘}g’rlfa?'g%ef N-vigpirpaolidpnesy vinybectams,,

Vi nyl carﬁﬁﬂgalrg&ol o Vi nyI t hi azol es as represented by

2I ?/I InyI pyridine, Iﬁy i ny %@%ﬁ? %15‘6@?&“339 Czwfeﬂa%wfwﬂv\%uﬂai{nylﬁ}gxdu;wmn} ;jazol e,
al | ylsamiygy vin zole an vi nyl Whazol e. Such gra
nonomer s ar eﬁr c'@f/ g‘ X"é@’ﬁi ?’WWI’G“@ZOP&iHﬂme 44y Qlfl: HeaRyltitiple

di sclosypge q{%n%ﬁch | corporat ed herein by reference. As it will be
‘appr eci at ed g’@gmwoﬂ?@%i?ﬂesmbddemdmhmmsmum%s described in

the Prigr, 9%&9%@ U|tabl for functionalizing such EPM and EPDM
i nter pol ynmers™ ﬁf"r‘%@% & "llosl@éom@ébdlharemﬂ&rpfmmce of the present

I nventi on. E% lﬁﬁ? of such further vinyl conpounds are the vinyl silanes
and vi nyl - be igﬁ)"‘ TRpEsiate hydheseskiliod ih thy argiother VinyTMERMIES H4s8H86d in
vi nyl di th chI orosjl ane, vinylbenzylchloride and the Iike. Further

descri pt as1t4blefor funtionalizing suhiERNG B EPDMAh®ReSsdrt Ref likdwikt S. Pat .
No. . 4, 40 g t&t he discl osure of which is incorporated herein by

r ef Br et eBRsicseltelvovent itheriaomranpls NmcRfur@BefRATIIRMY: of the
pr esent | ventlon can
are the vinyl silanes and vinyl-benzyl halides as represented by vinyltrimethoxysilane,
vinyldxcthychlorosxlane, vinylbenzylchloride and the like. Further descriptions of suitable
silane graft monomers are described i in U.S. Pat. No. 4,340 689 the disclosure of which is
incorporated herein by reference.

I5 '_ As described _aboire, 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 diﬁ'ereot 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

) eolbpdlment of the present invention a polymerized ethylene/propylene molar ratio in the
range of about 35/65 to obout 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 préfefrod

| molar ratio of ethylene to 'pmpyiene is, in one embc‘rdiment, from about 50/50 o about 60/40.
- Wheu the ethylene-propylene polymer also includes a third polyene monomer, the amount of

fhe : polyene monomer generally ranges from about 0.1 to about 10 percent, and preferably 0.2




be prepared by bl ending or simultaneously bl ending and shdatigust 2Hi6 exanpl e
by coextrusion, as starting materials, two different ethyl ene-propyl ene
pol ymers, one being characterized by | ow ethyl ene content and the other
bei ng characterized by a higher ethylene content. The ethyl ene-propyl ene
pol yners having the | ow ethyl ene content can have inane emnbodinent of the
present invention a polynerized ethyle !ﬂe/propyl ene nolar ratio in the _
range of tgggut 3;{3065 to about 65/35, anhd preferabl y a nmolar ratio of about
50/50 to wrercel@dy3eightibased iof @R [ use as, a

oar g ar %(@PR %g}?e“e]? "&nB5%1S propyl ene

viscosity index inprover, a preferred ~“no

is, in onw enfmphefmmﬂpolfyéﬁﬁﬂl&%& out 6014 en the

et hyI ene- propyl ene pol yrrer al so | nc?{%es a ?‘ﬁ"’?&“p £C Bhe
amount ofromtthitopoperedne %ﬁgr general |y ranges from about 0.1 to about 10
percent, and preferably A e 31 August 2006 9.

to 0.5 percerwhayfh%ﬂgmle‘la?%?fg?g&oﬁ M@?‘?@ %ht f t he t?q%!g%/e;;n;(;]w When,

however, use is made of a erreg:

nor bag n FRzd e i omOltol ercent
wei ght m%hoglhe et ﬁg?leﬁgé_g&ég Mﬁﬁ?%ﬁ‘ Wighont @PW@EEPWBW% graft
nononer Iggﬂ! ro | ene polyner, either with or
Wi t hout l{:ebﬁri%%gttermdr%&wﬁigzﬁ ‘?E‘?F%@WYWQ’@@yQﬂhOfM about 0.1 to
about 6 .sfome raft nononer, dependi ng somewhat on
the appl i catﬁfeg?aw%ﬂﬁ?m& “EPP cAtpnef the final mfhpsdymav er age ol ecul -ar

wei ght of th %ﬁ% g/l ene con ent etg‘\!@ene propyl ene -pol ynmer useful in an
enmbodi ment o ¢ kv gthylanregwstehtathiplal quibpyléne20, 000

to aboui as _ne uedb GPClntquene at 80 C. In a preferred
practic %&8‘ %%’gﬂ aﬁ %{ﬁhé preserd énvieptionegengthidnange fioandbout

RO b B i s e B
the present invention, the low eﬂlyiene content ethylcne—propylcne polymer hasa molécular
‘weight distribution within the: range'of about 1.3 to 5. As is well understeod by those skilled
in the art, the molecular weight dist;ibution, ‘often referred to as My /M, is deténninéd- by gél |
permeation chromatogmphy according to well understooci techniques, .

15 The second component used in preparing the composition of the present invention is
one havmg a higher ethylene content. Ina preferred practice of an embodiment of the present
invention, the high ethylene content ethylene-propylene polymer can have a polymerized
Gthylenelpropylene molar ratio ranging from about 65/35 to about 85/15. When. incoréoratcd'
into a blend for use as a vxscomty index i 1mprovcr, a prefen-ed molar ratio of ethylene to

0 pmpylene is from about 80/20 to about 85/ 15 In general, the same quantities of polyene
i monomers and graft monomers are used in the preparatlon of the second, high ethylene
content ethylene—propylene polymer as described above for the low ethylene content

eﬂlylene-propylene polymer. It will be tnderstoad, however, that the composmon ofthe

' ‘_ higher ethylene content polymer need not employ the same combination of monomers as is

i used in the low ethylene content gthylene-propylene polymer.




in the arf, the nolecular weight distribution, often ref&lrRugusic2®@8 Mv / M
Is determ ned by gel perneation chromatography according to well
under st ood t echni ques. 15 The second conponent used in preparing the
conposition of the present invention is one having a higher ethylene
content. In a preferred practice of an enbodi nent of the present
invention, the high ethylene content ethylene propylene polymer can have a
pol yneri zed ethYIene/properne nmol ar na#tio ranging from about 65/35 to

about 85/ 15. into a blend for use as a viscosity index
i nprover, a pre?liJe gil %ﬁ f"a"c"r”&b"éﬁn@ﬁh’i/fhepmemmnﬁemroﬁphbﬁﬁ}ﬁbér%vérﬁéém about
80/ 20 tOm@ié@MQI éh]t Blé@gne al, the sane quantities of polyene Tnononers
and graft nonomner g‘ ?l}?é’opﬁee'rﬂh)ddmeqmpﬂen‘ébﬂyﬁﬁﬁﬂ% dYafiids €1 Nyl ene

content g dh ylene pol ynmer as described above for the Iow et hyl ene

cont ent ﬁtcﬁ'g%%%&%ﬁ%’?@@@gﬁﬁamwmﬂ byuGPIC ih eolubing 85 8dsBPshd JBOVEYFL . t hat

the conp§ arw “%lf he.. higher ethylene content polyner need not errpl oy the
b| na

sane .com Bien of th?shlgls ethyisma:bdntbnt &Rylérﬁ%rgﬁ)}péﬂe?ggmgeg g‘%ﬁ nt

et hylken 0, Iene olymer. R-: --------- o oo 31 "Augus 10 In a
pref%rrg‘a&"}ﬁg ar"&"emgg e ofiabewtetorfent of. t he present i nvention, the nunber
aver age eLsil ar wei ght of the higher ethylene content et hyI ene- propyl ene
pol yner | i k dras contergetilraepropledPoll g Uk sured by

[ The ng glgu | ar V\lealgg‘ﬁl[lggggt?eﬁtﬁl on of

GPC in épgﬁlpen S descrl bed above.
the hig f‘ﬁﬂi@ dig @gmraeﬂmwfwélﬁggss%aﬁ% gl 1S 23 - Wi tEI n the
same range of about 1.3 to 5. The |ow €t hylene coht anP @indrdiwelbr opyl ene-

pol ymer™ bYﬁ@Swldlllledhnthmﬂgma pl*%,sttz illed in the art, a
randomgcgopol ymer which is essenti aI@§g ﬂoug' %ﬁé) *yéne\ﬁé"'llfl" P@E‘bgnl zed by
t hose Stqmingd by Diffferestial Sédﬂﬁmﬁmo%ﬁwﬁfy (ﬁf]yssé aﬁ:slft'xsrﬁ'lgt Yoo stanﬁar%oh%rﬁi i s nost

of ten
ethylene content. ethylene-propylene polymer useful In an embodiment of the present T

10
invention typlcally hasess than 3 percent by weight crystallinity as determined by DSC. 'I‘he
lngher ethylene content ethylene-propylene polymer useful i 1n the present invention, on the.
othe_r band, has a higher degree of OIYStaHmW, ranging up to about 25 percent-as detérmincd
by DSC Typically, the higher ethyleno content polymer useful in the present invention has a

5 degree of crystallinity ranging from about 6 to 20 percent as determined by DSC., |

Thus, one of the featurcs of the present invention is that the blendmg or simultaneous
blending and shearing of the two components employed in preparing the composition of the
| mventxon results in the blending of an essentially amorphous ethylene-propylene copolymer
w1th an ethylene-propylene copolymer that has a measurable degreé of crystallinity (often
referred to as “semicrystalline™). This represents an advantage in that the blending or - -
sxmultaneous blending and sheanng resulis in the fonnatlon of a solid polymer having little-or
no tendency to exhibit cold flow so typlcal of OCPs previously used as wscosﬂ:y index '
| lmptovem and other EP(D)M‘s or blends thereof polymerized to a smnlar molecular weight.
The relative proporhons of the low ethylene content eﬂlylene-propylene polymer and

the lugher ethylene conterit ethylene-propylene polymer depend, to some extent, on the




determ ned by Differential Scanning Calorimetry, or DSC 3Bugsstr2§06hat
standard, the |low 10 ethyl ene content ethyl ene propyl ene pol ynmer useful in
an enbodi ment of the present invention typically has |ess than 3 percent
by weight crystallinity as determ ned by DSC. The higher ethyl ene content
et hyl éne- propyl ene pol yner useful in the present invention, on the. other
hand, has a hi gher degree of crystallinity, ranging up to about 25
Percent-%i%l?cg%oeqr?r}jt{;ed by DSC. Typically, the higher ethylene content

pol ymer 0 . heonpposition bf ihe isehi@D 1 f crystallinity .
rangi ng gqrﬁprgf%gout 6 to 20 percent as det g?“r%?arl\’eggogy B%%ﬁ(ﬂ]ﬁ‘?%é@tt?ﬁ Wof the
features © propsasias of MlnbritanDebnibsidA baltdis di ng or, si mul t aneous

bl endi ngp&rﬁd&ireaéi ng of the two cop?r)ponen?sébg%‘%b%%%ﬂﬁgﬁ‘qn%@ §5380 t he
conposi t € giwer hidylenawaindt Ostap@est th the | endi of an essentially
anor phoustg)t 1t}l%iliene- propyl ene coﬁﬁool ymer %%eﬁggﬁe%etcﬁ?{égﬁé’“}?PBW%ﬁ@ncopol ymer
t hat has3¥Wuhdsutoabbut 1049 961 fefabb -t kb ften referred to as.
"sem.crystalline') This repr elgéent s an aé%%ﬁ%%@é%#fmt‘tﬁgﬁot he bl endi ng or

si mult aneous Ihberndbnent @ckiSiRARD ults in.the forgation of a solid
pol ymer having little or no tenl%g)g\%ly oangf fiepng magrydancewithgha ypi cal  of

OCPs pr @pheeptslof ois @HbABmMYtHEAS index. . inprovers and other EP(D)M s or
bl ends thereof Polynerized to ggéééf%a?‘éepu%@NF&@YWP@W}/’IWP]EOIWH ive

pr opor t compomhitstafecon@dted v ntent ethyl ene-propyl ene polyner and the
‘hi gher ethyl ene content et%{yeﬁgﬁ%t-ﬁ%r"&g%@ﬂ Uiy of hgat apd peplimicabwedme  ext ent |, - |

on the 8iffidieaits tredfd shiardl ..cation.of the conposition of the invention.
In general, good resul ts wi tﬁ&l{rlcg? 8l g cntite prduecthe melqenlperighes of a

| ubri camid eRIFRMS MbRE nﬁﬁ n.obt ai ned when the weight ratio of the
| ower et hyl ene cont%?i‘tﬂgli%a og@?ﬁb"g‘ﬁ“’iﬁ@h?ﬁmémpmhfeneab@dtcbﬁiab@@rmonent

I s for onflor 8RQHtticABE St about 1Q/90, and preferably from about 40160 to
about 3000: Inccar%a&ﬁga%@fm{i% Rheperativasas batasii ouy irenshustgar i ng i n

accord ' st i i
aetmW el of &gshq processing equipment such as single or twin screw extruders. a

B 1ni :
Yanbury, as well as other.-m,lxexs that have the capability of effecting the mechanical work on

the components so that in the presence bf an elevated temﬁemﬁne, reduction in the molecular
weights and molecular weight. distributions to the desired level is effected, The conditions of
temperature, feed rate, and screw speed are determined, in part, by the molecular weight

- reductions desired as well as the process time desired, given fhe processing economics. In

general, depending somewhat on the compositions of the components, processing

t g - . ‘
emperatures within the range of 150° to 400° C.can be used, and preferably 175° to 320° C
A preferred embodiment makes use of a twin screw extruder. -

.

‘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 anc? can be simultancously sheared. As will be appreciated by those skilled in the art, |
the components can also be supplied as either a pre-mixed bale or a pre-mixed chopped

_ agglomerate form.,

A nitmgen feed can be maintained at the feed secﬁon of the extruder to minimize the




concepts of one enbodi nent of the present invention, the 3lwkugust 2006

et hyl ene- propyl ene pol yner. conponents are contacted with each ot her under
conditions of heat and nechanical work sufficient to create high shear
conditions for a time-sufficient to reduce the nol ecul ar weights and
sonetines nol ecul ar wei ght distributions of those two conponents to a |evel
desirable 10 for the particular end use application. That operation can be
carriéed 0. a punber of known types of plastic processing equi prent
such as gilﬁtr?cgl %"BPg% n screw extruders, a Banbury, as well as otheem xers
t hat have the,capability of effecting the nmechanical work on the
conponent-s s fund gublicebaleseonre he edad thewhl SN &y &'rﬁp%&l'#irg reduction in
t he nol e%aiéqéei gg%s and nol ecul ar wei ght di stributions & 1{ﬂ‘é“gdesi red

| evel is' ef el ¥ cishhperoen tised amthe dtal Wi dif CPEILA epd rate. and screw
speed arpggv%%eqtfg{rm‘nedig@i n part, by the m)%lgcul ar #(\gfnéﬂ%gﬁ?ﬂe RAHIRL desi red
as wel | cppye exlativme thteysol et bl v .0cessing ecqgnom c¢cs. In
generé.al ,aﬁgg_er)di ng somewhat on the comogﬁ%%ﬁﬁéﬁg%eﬂ%&%éﬁ’@Wﬁ '

pr oc@éss#figutiaxidastdependsam the probdasihp &fn29 50. to 400 C. can be used, and
preferably 175 to 320 C. " A pref eépreg e%@%ﬁ%%n '%ﬁf&?ﬁﬁ@ ¥5€a twin screw
extrudeF‘PPhPﬂ@Det hyl ene propyl ene pol yner conponents are generally

conveni entIyTliy:n the form of bales which are chopped and suppli ed-

si mul t aneousThe Wendbd endstichid@ 8ot rhdk A1 re,.bl ended and can be

si mul t aneously sheared. As wi || be%g %%é%l{}ziééa 1ptn pelletslyf 4 yasigtyi of t he art,
t he conporrenmsthodncarhion!P BraskidaR k] sc.either a pre-mxed bale or a
pre-mitred chopped - aggl ogerate %‘rgﬁﬁogp G BEErTsinge dhesgindudedundarai ned at

t he feevhtergelétatied, ribhen 5 .0 .mi nl mi we the 31 August2006
i ntroduction of air. 12 The gr %lﬁ%mP%B%W%SY%Qe%%%& Padnthe t he twin

scridw ektuglidefth®hoGhdels 4l | ang .. 111110. 1 to 2 wei ght percent based on
the total weight of bl e‘rﬁ p§|'%%%?%r&dpmm_%ﬂ@@mdm@hodismderwatcr

1 3 * - - - - .
pelletization, Temperatures during pelletization should not exceed 30° C. Optionally, a

surfactant can be added to the cqoling water during pelletization to prevent pellet

agglomeration.

The water mixture of blended and Sheared pell#ts can be confeyed to adryersuchasa
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. 'Ihese can be readily
separated by mild mechanical methods to provide high surface area pollets for casy and quick
: dissoluﬁon into oil or blending with other materials such as rubbers and plastics.
Ithas been found in the practice of the present invention that the properties of the
conaposition, after blending or simultaneousty blending and shearing, differ markedly with
Tespect to either of the t\jro components employed in preparing the blend and also differ
markedly from the properties of blends prepared from other polymers, |

o The following examp;es furﬂxer illustrate aspects of the present invention but do not
limit the present invention. | | |




prevent excessive oxidation of the polyner blend during p¥Fobesst 2gcand
storage. Choice of 5 an anti oxi dant depends on the processing tenperatures
in the mxer as well as end use application. The bl ended and sheared hot
melt can generally be forned into pellets by a variety of process nethods
comonly practiced in the art ofplastics processing. These included. under
wat er pelletization, ribbon or strand pelletization or conveyor belt )
cool i ng._Wien the 10 strength of the Hét nelt is inadequate to forminto

strands,EMEﬁT erred nmethod is underwater pelletization. Tenperatures
during pelletization should not exceed 30 C. Optionally, a surfactant can

be added to Smﬁeﬁdfpdignwaﬂﬁfd‘sﬁhébﬂﬁ% j.zat | to prevent pellet
aggl onerati%g. The water m xture of tpgﬁg‘gggdﬁ‘aﬂ%‘ﬁg&ﬁéﬁcﬁgqe@@Yggm be
conveye@qpared autt qummpased i I@ioRtingils WWibliatgalydr ier for renoval of water.
Pel l ets can be collected in a nbggj; O‘?f“%béaléligggﬂ%gﬁ%%thwm for storage
anbi ent

and shi bleadtof thdngesensiiBniipgndi t i ons of storage and/or shipment at
conditions, pellets may tend to aggl onerate and stick together. These can

be readi |y Inepafaleeriy cBinhdisgEchani cal t hods to provide high surface

area pellets for easy angmalh%ggl%’gi%‘é“g8ﬁﬁ?f‘frg‘équtﬁ?%ﬁ8ﬁiqdhhndblt@iéﬁ, ng with

ot her nedlpmérdldds #ehwas d.plastics. It has been found in the
e rﬁﬂ{l A3 9PRo3s6 9 pretsheasing by separate onposi- t i on,

practice of the present 1Invention

after lxandomer Qth it | | endi ng and shearing, differ markedly

with respect to e;ﬁt%%}’?Pﬁg%ga%&m@QMymwCtzlh:qdat,i ng the

bl end @l Iride® fantli ‘ kedly .fromthe properties of blends prepared from

ot her pol yrrers@%&g&?’oﬂﬁgﬁm%‘ﬁ%?ﬁﬁfyeémp@llmtabletiﬂtlstrafbedaspects of the
imt the present invention. 31 August 2006

pr esentory [ :
EXAW E 1 s%gl ta! 6?@ O%F'I}’-‘p‘%l%ﬁf‘a"b‘}géd&m%% Gintlong it the HEQOhaAligsRai (iof, t he
prege n&oﬂmﬁﬁﬁ%&tA)ﬂj [ \é'eczagxt'uded materials are better than the separately extruded material as

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

PF.’D | cmm'"de'd. fﬁl’:&z&efy Coextruded [ Separately | Cooxdruded Separafely | Coexduded | Separatoly
EXPT# |[MRV__[MRV |Gl Gl [ Ter DY Vi
= Seos Lk AN G.1 G.lTemp | GLTemp | DYNVis | DYN Vis
; 20012 13 624 | <6 8.8 18 -16 12600 | 15760 -
-] 288 26065_ <6 92 {146 |-16 12700 | 14900
] 26973 336?’2 <6 8.8 23 16 12600 | 17600
H et |6 {65 T-f7 |16 13500 [17900
28514 | 29488 | <6 89  |-33 1612400 | 16500
MRV TP-1= Minj | |
g: iy lndexl Rotary Viscometer
. G.l. Temp = Gel index Te
DYN Vis = Dynamic Visco?i?yerature

HEOCP = high ethylene olefin copolymer
Crystallinity Data. on HEOCP Samples




prepared and conpared in lubricating oils to |ubricating 3diAugusb2®8nt ai ni ng
the polyner blends of the present invention. 5 In one result of the
conparisons, it was observed that coextruded blends, that is, polyner

bl ends that were sheared after blending as opposed to pre-shearing by
separate extrusion of each polyner, denonstrated better perfornmance in
terms of MRV, Gel Index, GCel Index tenperature, and Dynam c viscosity. The
following table illustrates data conparing a 60/40 m x of A+B having 81.5

mol % et H_(ﬁ“ ——t-he HEQCP conponent (i.e., ie conponent A). The

coextrudg ) crgalc age_hetter|than] the |[separft el material as

evi dencej—by—vRv—Cel | nfflx, @81 Gaek BESpEBREf 60 . 1 C Viscosity.
PPD Ceex E‘HJNMJ S at Lyt.Cogx (ruded_separ atlel'y @pexwied Separpt el y Coe~uded
Separ at efg Safbsgm‘ésﬁ% tr EXPT#, [VRV YRV G TG 1IG LTenp G LTenp
DYN Vs Zﬂiﬁw‘] 12 31398 A6.8! 98.89|821.148 1566)D TST8E 2 24885 26065 <6 9.2
-16 -16 T2¥#66 nﬁ’n 3 *Pﬁkq‘ﬂﬁ-3596229<6 | 82528 - 16 14600 17600 4 128215
30110 6.5 -17 -16 13500 17900 28514 29488. CO 8.9 -337-16 12400 16500 MRV

TP-1= M ﬂkna%@.hﬁ l,Scomet er Gl. CGel Index GI. Tenp = Gel Index
Tenper at tie Goolj = Dynam c Vi scosi ty I1EOCP = high ethylene olefin
copol yner Crystal I | ni ty Data on HEOCP Sanpl es 31 August 2006

The table below illustrates Blend results of different mix HEOCP/Amoiphous

polymers




14 iHEOCP E nol % 75 80 0.6 8. 82.6 TXA 6070 0-8451 E fHvhugust2008r yst o

50 SSI Product 9.38 16.5 15.89 21.14 21.6 15.4 2.1 -24 SSLProduct 9.1
17.37 19.29 23 25.24 = Determned from the cooling curve The tabl e bel ow
illustrates Blend results of different m x HEOCP/ Anorphous polyners - ---

N -- --- 31 August 2006 15 Scanninl-0 Brookfield Bata
Therm)tron Rheonmetry 5 PP CCS of G Tenp. data ae 45 & 40 C 01&G'
HEOCp1AMORP. 40 cross over T C 100% | EOCP -27 4020 6A 9 SON @- 35 & .40
-8 10 70130 -30 6097 8.6 -19 Very thick Br .24 60140 -93 6000 9.3 -19
Thick SP ---30 58142 -33 5040 15 15 -19 Thi ck SF A-30 65145 43 6047 9.7

-19 Thick BF =30
) Seanning Brookfield Data Thermotron Rheometry
pp
5 cCs Gi GlTemp. data@35&40C G aG"
HEOGRIAMORP. a0 . - cross over T
*‘C
100% HEOCP -27
4820 6A -19 Solid @ -35 & -40 -8
0 7Tor30 ’
-30 5097 8.5 14 Very thick BF 24
60/40 33 5060 9.3 -1 Thick BF ~-30
58/42 33 ; -
s 7 B £040 15 19 Thick BF ~-30
E5145 ' 33 6047 97 8 Thick BF ~-30
E2/48 30 Ppoor result 7.3 % Thick BF ~=30.

CCS = Cold crank simulator
g: :‘-_ Gellndex
emp. = Gel Index Tempe!
BF = But flows perdture

Based on the table abiove, 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 aoccptable because the CCS resultis

considered poorlfall and the GI femperature is unaoceptably lugh. Automakers and oil companies prefer
aGlofi2er below and GI numbers of 8 to 10 are more prefesred. The 58421 mix:is not acceptable
-becanse of the lugh GI number. The 70/30 mix is acceptable, but less preferréd than the 60/40 mix. The

100% HEOCP material has an unacceptably high tisk of gelation due to poor PP, thermotron results, and
the rheometry data,




6248 40 poor result 7.3 -8 Thick OF -30. 0 CCS - Col d* crdnkugsishzl0§t or Gl=
Gel Index G Tenp. = CGel Index Tenperature BF = But flows Based on the
tabl e above, a particularly preferred enbodi mrent of the present invention
is a 60/40 mx of HEOCP and anorphous ol efin co-polyner. The 52/48 mx is
not acceptabl e because the CCS result Ainz%consi dered poor/fail and the d -
tenperature i s unacceptably !'ugh. Auto ers and oil conpanies prefer a G

of 12 or bel ow and Ol numﬂlﬁd%dﬁﬁtﬁai@w%ng a%greferred The 58/ 42 nminis

not acceptable: _because of the high G nu e 70/30 mix is.
acceptabl e, but |ess pref erred Tt han e 60r40—mt-—Hhe—3+0 %ECCP mat eri al
PP, thenrotron

has an unaccepta k_of qgelssH i @i duegigo poor
tudy with a

results, and the ThedWidiey dEPB. 3IGIAUGUST S
10WM0 Fornulation S.B é’B S.B. B% M xture PPD GI G‘Pﬁ\/s (r)-25 MRV YS.

TP-1 75.1 70/30 H5789 10.3 -12 >60,000 165813 70 77.6 60/40 H 5789 6.9
-9 28,600 34591 10: 80 70/30 H 5789 <6.0 -16 21,300 20855 0 75.1.70/ 30
P-392 16.7 -11 >3810007%96786-9® 7.6 6140002 6G1ghsr® 7o 43, 900 60442 30

80 70/30 P-392 74442 230/4‘600 %%nggo ° 69 -9 28600 34591 40.
80 70130  H5789 <0 -16 21300 20855 -

751 70130 P-392 167 11  >50,000 406785 90
776 60/40 P332 87 9 & -

: - 43,900 60442 30
80 70130 P-392 7 42 27400 23700 -0

751 60/40  XPD292 184 -11 > )
A4 - 50,000 83283
776 70530 XPD292 138 -8  >50,000 49618 23

80  G0M0  XPD292 <6 -1 41500 25458 0O

751 6040 P385 102 42 >
_ 2 2 ->50,000 91461
TS T 70580 P85 114 6 -50000 57461 a9

80 6040 _ p3ss 8 -9 43600 27798 ©

The amorphous polymer used in all formulations was HHTEC® 5721 which has an E/P ratio of about
60/40 mol%.
A critical test parameter in the above table is the Y'S, which is the Yield Stress. A pass va!ue is
- 0%, or zero. Posmve numbers are generally considered a “fail”. Ascan 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
| (& mol %)in the HEOCP of the mixtute is 80. Polymer blends in which the percent ethylene (E mol °/)
in the HEOCP of the mlxture is below 80 failed the blend study test,




75.1 60/40 XPD-292 18.1 11 >50,000 83283 60 726 70/30 XPDAgmshZ0§ -8 >50;
000 49619 40 80 60140 XPD-292 <6 -11 41,500 25458 0 75.1 60/40 P-385 10.2
-12 >50, 000 91461 60 77.6 70/30 P-385 11.1 -9 >5.0,000 57151 60 80 .60/40
P-385 8 -9 43 600 27799 0 The anvor phous pol yner used in all formulations
was |11 TEC(r) 5721 which has an E/P ratio of about 50/40 nol% A critical
test paraneter in the above table is the YS, which is the Yield Stress. A
pass value is "0", or zero. Positive nunbers are generally considered a

"fail". As can be seen, a "0" or pass 1% obtained for the 60/40 and 70/ 30
pol ymer bl ends of the pEg§RITHatl ﬁﬁg,i n i ich the percent ethylene (E
mol % .in the HEOCP of the nr]?a}(dflﬁi{e |'sﬁé’6‘.lg}5y\6$1%@‘ﬂ5?@ﬁds in which the

percent ethylene (E mol %9 in the HECCP of the m xture is bel ow 80 failed
the blend study test. 31 August 2006 17 Blend Data of | OM40 and 5W 30
formul ati ons 31 August 2006 18 EY,P- E% Base oil 1000 Vis Vs G ade GCS
Y.S. MRV Cel Index Tenp Viscosity -cSt cP cP -25 78.9 RLOP 14.378 10W0
3251 0 31,200 <6.0 -17 18,000 80 RLOP . 14.276 10W0 0 23,189 6.1 10 23 500
80-G RLOP 14.19 10WI0 3072 0 20,483 4.9 -14 17500 o




80.6 RLOP 14.5. 10WI0 3015 0 25735 4.5 -19 20, 400 81.:5 ﬁ1p&ugpst1?430§5. 10M0
3164 0 27,268 4.1 -10 19,400 82.6 RLOP 15.97 10MO0 0 ' 26,846 3.2 =15 20

’ 22
LOP 14.68 10WI0 3106 0O 18,538. 4.8 16 16,900 80 Mbtiva 14.
00 9010 <6 -16 2.1, 300 78.9 . Penn .S c. 10.27 5WB0 2123 0 14

10W0 3010 O 20, 855.
927 10.3 20 5 900 80 Penn S ec. 10.23 . 5WB0 2100 0 12,9.51 7.6- -20 6,000 -
10: 26 5\WB0 2169 0 11,2328 -19 5,300 80.6 Penn S ec.. 10.74

80-G Penn 6 .
5-21 5,200 81.5 Penn S . c. . 10.84 5W80 2202 O
VB0 Gos 0 12,313 & f-Perr——10-76 5RO 2223 0 12325 6.2 -7 5 400 84

12, 669 [Exp. F 2% ¥, P C
Penn S |egt [10. 64 Eéégoézlfﬂy%vﬁlgé@ 3l 599 29-5| 788V | SendBYeem) SBSHA1 5VB0
2393 0 J18. 451 1015 - 167l 708 ~PU Woffirapfv—0-51-3u80 24130118 84d ©.
-19 6, 900_.180-G WoTTva HV 10 p SVBG[pS33 64 S5717-2 1501002 I
Mot i va |- 1696 Re0B. DidZAAtvEG 5&%1. - agepHid-11018-] 5v80
5VB0 23674189 2| oRUOR Al 14076, 0GVAOIH. 6 3,159 | Y6 ¥ _—PUHP [ 2950 10
4.6 -1}-5-408-Cal_ RLAP| \Ia 9 110108610 | {VERD2 7460 Bo. 463 $S04 53— B 4 G 18
EHC- 45 [10--46°8%ab BOR (_74.547400k0d]|-085 1 1o J0B5.7R0] G AE 14 | 28900 6V80
Se e ArsA8-{7$00-L80 6 [HHC 45 10,67 VB0 238 U #0669 0. 7

2412 . b—31|557— THEC
“18 8. fooe SRl ad. 0046 11 576 76 2%0% | 1056, 6POMBPIGATH 45

4n_and =7 1 7 620

10. 61 pVBU| 25910 &b 1587 THowas -0 | 26,846 32 =15 | 20,300 |-
84 RLOP | 1468 |10W40]{[ 3106 | 0 [ 185361 48 | 16 16,900

80| Mofiva | 1427 |10wap 3010 ] 21,300

<o
)
[=
1
a
L3y
A
)
Y
=)

14,927 10.3 20 | 5900
12,951 |7 7.6. 20 | 6,000
11,232 6 -19 | 5,300
2313 | 45 131 5200
12,669 57 21 1 4,700
12,325 6.2 -7 | 5,400 |
11,080 34 -1 .25 175700

_78.9 - |PennSpec.| 1027 5W30 |4 2123-
_80 _[PennSpec | 10.23 | W30 {{[ 2100
. 80-G V'Penn Spec.| 1026 5W30 2169

__80.6_IPenriSpec.| 1074 | 5W30 || 2203
_81.5 {Penn'Spec. |- 10.84 | 5W30 11 2502
_82.6 |Penn Spec.| 10.76 swao ||| 2223
84 _ {Penn Spec. 10.64. | 5W30 2211

oloja|ojoidie
Fey
i)
[2%)
.
(1]

18,451 105 -18 | 6,700
16,846 8.9 =19 | .6,900
14,957 {2 =16 | 6,100
: 34 ~30 | 5,300
12,934 4.4 =10 | 5,000
12,776 4.6 <17 | 5,400
13,380 3.3 --40 | 6,000

) 7,8.9 Motiva HV1 10,41 SW30 ||| 2303 |
86 Motiva HVI | 1051 | 5wW30 2413
80-G | Motiva HVI| 10.6 5W30 2383
80.6_| Motiva HVI| 10.69 | 5W30 ]I 3303
81,5 Motiva HVI| 10.79 1 BW30 ([ 2307
626 |MotivaHVI| 10.8 | 5Ws0 ||| 2300
84 | Motiva HVI{ 1066 | 5W30 2460

Qojoloojojo
[y
N
(=1
<A

| 27474 11.9 | -18 | 11,900
31,557 12.4 -18 | 7,600
40,669 10.7 -18 | 8,700
. . 9.6 -19 | 6,600 |
40,338 7.1 -7 | 6,200
37,898 4.9 -21.] 6,600

80 | EHC-45 | 1046 | 5W30 ||| 9423
80G | EHC5 | 1086 | 6W30 ||| 2412
80.6 | EHC45 | 10.67 | 5W30 ||| 2384
815 | EHC45 | 108 | 5W30 || 2407
826 | EHC-45 | 1061 | 5W30 ||| 2389
84 _{ EHC45 | 10.59 | swao [H 2410°

ooiojolela
Cad
P
for)
w

17,565 39.9 -7 | 6400
13,943 6 | -191 6,100
12,184 6 <19 | 6,500
39 3.5 =24 | 5,000
12,155 3.3 -8 ]| 5200
12,019 S 1 -8 | 5500 |
12,157 3.2 -39 | 6,000

8.9 [Chevron 5R| 1045 [ 5wa3g ||| 3232
80__|Chewon 5R| 10.42 | 5W30 [H 2942
80-G_|Chevion 5R| 10.39 | 5W30 ||| 2281
806 _{Chevron 5R| 1043 | 5W30 {|] 961
- 81.5_[Chevron 5R| 10.52 | 5Wa0 |1 2576
826 _]Chevion 5R|10.61 | 5W30 ][ 2295
84 _ |Chevron 5R| 1062 | 5w30 I[f 2309

Qi0|olojolole
iy
I
[<]
€0
(=<}

- Theabove table shows the blend data of &' 60/40 mix of A+B having different inol%
chilgne in the HEOCP component (i.., component A). The table includes data for both |
SW30 and 10W40 grades. From the date, it can be concluded that ethylene mol % in HEOCE




84 EHC 45. 10.59 5WB0 2410. 0 37,598 4.9 -21. 6,600 78. $1cMeusb?00811 10. 45
5WB0 2232 . 0 17 565 39.9 -7 6,400 80 ChevrogARp '19.42 5WB0 2242 0 13 943
6 -19 6,10-0- SO G Chevro1039 5WB0 2281 0 12184 6 -19 5500 80.6
Chevr010. 43 5WB0 2261 0 12,398 .3 .6 -24 5,000 81.5. Chevron SR 10.52 5W80
2276 0 12,166 3.3 -8 5200 82.6 Chevron 511 10.61 5W80 2299 0 12,019 5 -8
5 500 84 Chevron 5R 10.52 6WB0 23029 12157 3.2 -39 6 000 The above table
shows t hg, ﬁ&ﬂa A3 ?6 a 60/40 m x of A+B having different ntol % et hyl ene
in the HEOLS CoRponant® Py mare provides gredhlownempmiature popetiesio e of M f or

both S 1 Fromthe data, it can be concl uded that :
et hyl e‘n\égﬁo & gm@‘g&% 1“%&@%? nd eethyleneshrpadativelpinfatootisul@dnor nor e

provi de 0 t ture properties in terms of MRV, Gel I|Index and
CCS. HE ngﬁggf@f‘x-% et hyl ene show relatively inferior results in
terns of NRVPde %I Index. O her enbodi nents of the.present invention wll
be appar ent o iB0edigyents of ghe preseptdneantion %7l bosppamasiodhssaskifltd Ritié he
specificgation i%nd poractice of the invention disclosed herein. It is
int eﬁdeg“‘%“é’t‘“ fratiop efthe spesificotiorsand practingd bPthe heveatunsdisipssedhasine Xgop! ar y
-only, with a-true scope.and spirit of the invention being indicated by the
fol | owi HYendedthesthezp o1 aRDOBmMPRS bELMsMBred b exdnply dnfR Wil G tRie
conposition conprising a major amount of oil of a :

scope and spirit of the invention being indicated by the following clains.




| ubricating viscosity, a performance additive package apptdpiauat@0for the
quality and performance |evels, a pour point depressant, and a viscosity
i ndex inproving anmount of an oil soluble polymer mxture conprising: an
et hyl ene- propyl ene pol yner blend having a nunber average nol ecul ar wei ght
within the range of 20,000 to 300,000 and a nol ecul ar wei ght distribution
within the range of 1.3 to 5 prepared by the process conprising bl ending
or sinultaneously bl ending and shea@qu (a) an essentially anorphous | ow
et hyl ene content ethyl ene-propyl ene polyner containing an ethylene to
propyl eddA¥S: ratio within the range of 35/65 to 65/35, having a nunber
average nol ecul ar weight within the range of 40,000 to 300,000 and a

nol ecul ar wei ght distribution within the range of 1.3 to 5.0; and (b) a
partially crystalline higher ethylene content ethylene-propylene polyner
cont ai nilng am bibhightaneil @npositivh @bmpiRingla thabl amork bf 6il bhe range of 65/ 35
to 85/15, having 3-25 weight percent crystallinity, and, having a nunber
aver age lubrivainogiiacosivg, gpdrfortbiiderhddie e patdze @bpréPri S Gortthe g4litPAMAI and a

nol ecul ar weight distribution within the range of 1.3 to 5.0; 31 August
2006  2petftreimiy 1dvl, DpRirPod deftessahildhd aRROMTyRARRIMPELvAEaBb@Rr i Ng, 1S
carried out. under conditions of heat and nechanical work sufficient to
create bf ahoil bslable poBnstr iRfse édhiprisihd: 7R eﬁiﬁé‘niefinir@ﬂylerfeg)olﬁﬂémeﬁdhe mol-ecul ar
wei ght and nol ecul ar wei ght distribution 6f the Blend of (a) and (b),

wher ei nhivige WalsbEr Miédﬁe nfledult® We¥htSlihih tﬁ{&gﬁ] QL RbocRbNYdEHRy Pr opyl ene

polymer (a) to the higher ethylene conten | ene- propyl ene pol yner (b)

IS Wit hisy 4 BR1dcARS Freht dé(xﬁﬁti&x&)g%@grgv{i’lgé‘&%e%@gﬁgp l{rﬂgn%‘%yr ilendex of the

| ubricating oil conposition Is Icating oil

COMPOSi fioEssbmniphiSindblentifhe!o? Qﬁﬁlﬁ%h&%l)aﬂleﬁ‘&mg oed éhvegring;

(a) an essentially amorphous low ethylene content ethylene-propylene
polymer 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 40,000 to
300,000 and a molecular weight distribution within the range of 1.3 to 5.0; and

(b) a partially crystalline higher ethylene content ethylene-propylene
polymer containing an ethylene to propylene molar ratio within the range of 65/35 to
85/15, having 3-25 weight percent crystallinity, and, haviﬁg a number average

* molecular weight within the range of 40,000 to 300,000 and a molecular weight

distribution within the range of 1.3 to 5.0;




engi ne. ABSTRACT  POLYMER BLENDS AND THEI R APPLI CATI ON A3 Anggel @908y | NDEX
| MPROVERS The present invention relates to a polyner blend containing a

hi gh et hyl ene content ethyl ene- propyl ene copol yner and a | ower ethyl ene
content ethyl ene propyl ene copol ynmer. The polyner blend of the present

i nvention is useful for the preparation of viscosity index inprovers with

| nproved | ower tenperature properti%j relative to conventional viscosity

i ndex i nprovers.

whereby the blending, or simultaneous blending and shearing, is carried out
under conditions of heat and mechanical work éufﬁcient to create high shear
conditions for a time sufficient to reduce the molecular weight and molecular weight
- distribution of the blend of (a} and (b), wherein the weight ratio of the low ethylene
content ethylene-propylene polymer (a) to the higher ethylene content ethylene-
prdpyiene polymer (b) is within the range of 45/55 to 10/90 and wherein the gel

index of the lubricating oil composition is below 6.

2. Use of the lubricating oil composition of claim 1 in lubricating an automotive

engine,






