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VI SCOSI TY | NDEX | MPROVERS AND LUBRI CANT COMPCSI TIONS 5 1. FIELD OF THE

| NVENTI ONWIhe2/fsesisent i nvention relates to processes for ppefwsingsly nodal
pol ymer conpositions, especi a“ WN fliaed conpositions, grafted bi nodal
pol ymer conpositions, and gra l mmm‘ﬂ |ﬂ|ﬂ||m vati zed bi nodal pol yner

conposi tions. The invention furthegsekel ates to concentrates obtained from
such bi nodal polymer 1 o conpositions SU|tabIe for viscosity index
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nore constant viscosity over&MMMes over which the

| ubricant is used in, for exanple, autonotive engines. H gher

‘et hyl ene-content copolyners efficiently pronote oil thickening, shear

stabi bity andl. | owFlldiip OFTHEANYENTEM et ri cs, whi I e | ower ethyl ene cont ent
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the oil, suchompositiris. gmhgrﬁteéohnldydezm@nm al pelymer Wptrmsmpns)cabs t he
25 VI product is.functionalized wth | ef anhydri de nally is
further deri WF?Q%%B@EF erﬁi@teisotﬁ chﬁn%ﬁ‘“e ﬁbﬁgl go‘ﬁ%uﬂ’(fh ?H}ffmr phous
and gem crystahposigort hsfitabie Mo@pW1mtﬁoﬁ@deX”ﬁhﬁ3r@Vﬁn&ﬂ0Vﬁdf Olublitdti cant
oi I formulations. The combination of two such ethyl enepropyl ene copol yners
al l ows for i AYAPeREENst hi ckeni ng efficiency, shear stability, 30 |ow
tenmperature viscosity performance and pour point . See, e. g. , U S

Patent No. 5,391,617, and EP 0 638,61 1, the disclosures of which are

i ncor por at ed2her eBA(szRe)‘[mBnce for purposes of U S. patent pr acti ce.

WO 02/ -4@&251 PCT/USO1/-4.13.13 -2 Using conventional  vanadi um bas
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| ubri cant coopdsweting).the oil pour point. Typical viscosity index improvers can be
functionalized or non-functionalized olefin polymerization products. With
functionalization, polar groups are included to provide a dispersant effect for any
debris in the oil, such as that generated by engine wear. In a typical process, the
25 VI product is functionalized with maleic anhydride, and optionally is further
derivatized by reaction with an amine compound.
Blends of amorphous and semicrystalline ethylene propylene copolymers
are known for lubricant oil formulations. The combination of two such ethylene-
propylene copolymers allows for increased thickening efficiency, shear stability,

30 low temperature viscosity performance and pour point . See, e.g., U.S. Patent No.
5,391,617, and EP 0 638,611, the disclosures of which are incorporated herein by
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reference for purposes of U.S. patent practice.



In the nost generally practiced procedure, the anorphous and

sem crystalline conponents are dissolved in oil at about a 10 wt %
concent r atwowz/4ésd nasticated in the presence of oxygen toP@qyl%jop“g\ﬁrall a
scissioning effect s which reduces the initial nolecular weight. This
conventional procedure suffers from several disadvantages. Mastication is a
bat ch process which can take many hours2-In addition, the presence of
oxygen generates a safety hazard. Mreover, the concentrate then nmay have

to be shipped to the lubricant oil fornulator, which generates a |ong
supply Iine and sVgnefeomaentionahnapdium hesed Ziasderatiy eatyfsstestheceengeil nst t he
use of blen r d 1 Gl I ene, pr,

copolymors. el aB SRl pISHARY YO hue Mop St LIF nR HARNG SHiepy,

copol ynmer cogithenaetameiin aasohehnrpioess oaprbpyient iat shiroc posegseanit esfititie bl end
vi scosity by she(ﬁiré‘iﬁ\n‘?§ to reduce the ini J[r'hal nmol ecul ar weight. In both
‘orocedur es, PfeP PRN{O2EP IS BISi $O V- %tg’f’a?‘iﬂog@l%?(g? ey endr e
specitically, QU i sition
docs pot " coP S FTEVPLS Raf RRUNERED R TRE GROR 41 30 mRBded e R
been her et of labdcan sforiiiation o forotveo deasens.| Firgtr anlost eofatheutraditiandl EBBDPOSi ti on
containing a VI fjarrpr,over in Order‘ﬁq}g reduce qverall costs of the totality

of steps nec@etiactIfipg Plans saPRRY loyp ViseRsity PRYEFEREVIRg Ahe J8hhng
reduce qual i ) | i : i arrive
q Yi¥eds tf&?llubHEQR Ifﬁr?ﬁl\}&ti sl dehif, 485 ViRbhis ﬁﬁgﬁ%@ﬁeﬁdt@

at the target nolecular weig out having to pass’t endi ng or
mast i cati ng etéflowhpahstheage. Thersdcend lissne veipghticularjuciafpr the\aotpipist C 251

PCT/ 1)S111 /-L13-13 -3 effect,,and arri at.a.,c 0sition havi t he
cor r dBt i scerbelmein EEh B 1 1B plsfeedienodifed yuf bERT RS SRR Bouc *t ne
extra cost anserik8@PkRNs toycroite el Ribrivfdl cohipogisiohy - r educi ng shearing
steps. It would further be desirable to determ ne the copolynmer conposition

to reflect the neld ther mestuigensrally apctipesc opioegduse,i ipe ow@wERhous | @ndoul d
still furt h%en%&a@%@}r{;%%lr g%ngrggra%e]ediggfveﬂam%?l' %{aﬁ;ﬁtﬁ%h&%%?g@@gtraﬁom

pol ymeri zation, ecul ar ‘wer g I's’a esired for

the final | uid gasticated uthat pregencevol bRYFechBY bbgint oversie abdctnidnitg sffeps whi ch
may, intentionally but unavoidably, have a | owering effect on the_nol ecul ar
wei gHe. ThusWhichapduges the Hual mejecylaroveightsThis qopsentioaalprogefire suif§issi ti ons

for to VI i nRbRVEy Sl ?ﬂgd\}éhtajggl?rMé@ﬂca‘%i%ﬁﬁ@%ibtg{rcﬂ:gﬁc WhiLHOMA! T hahpese and

ot her di sadvantages of prior —art processes I ng | ubricant
f or mul at i onshamsl {additiopothe tpresascearitionyggn gdnerntes austety hazrdi MoredveiISUMVARY
OF THE TNVE If:g(\>|ncentra’ce then may have to be shipped to the lubricant oil formulator, which
generates a long supply line and significant transport costs and so mitigates
20 against the use of blends of amorphous and semicrystalline ethylene propylene
copolymers.

In another procedure, the VI improver supplier blends the copolymer
components in an extruder, and in that process reduces the blend viscosity by
shearing to reduce the initial molecular weight. In both procedures, the medium

25 viscosity of the starting material (and more specifically the amorphous copolymer)
is necessary so that the composition does not "cold flow" during storage.

It would be desirable, but has not been heretofore possible, to more
directly produce a lubricant composition containing a VI improver in order to
reduce overall costs of the totality of steps needed, reduce shipping costs,

30 minimize safety hazards and reduce quality control problems. It would be

desirable especially to arrive at the target molecular weight without having to pass

through blending or masticating steps which have a molecular weight reducing



15 3.1 Binodal Polyner Conposition In one aspect, the present invention is
directed to a polynerization process for nmaking a solid binodal polyner
conposi ti oo ozuadst o bi nodal conposition obtai nabl e by suchppia&epszisine

bi rodal conposition is directly produced, w thout the need for the bl ending
and/ or shearing or masticating steps used for 20 separately polynerized,
finished and dried copol ynmer conponents”in, typically, pellet form

Further, the binodal conposition can be prOV|ded as a SO|Id conposition in

|1 i d, il in, ...
P st & on SR g f0 Ve pER ctRbBYiriof niYiRe e oglel VSESHY 8 e0mePsiomet i ons
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di stributions, and/or different nononer conpositional oOr sequence

di stri but i orgnd vispesiyrmeducingethearing sepodt warkd fwthaohe desirable for dadersdee i n
| ut f !
i ssol ved panerapopidy bHBSSFE o ishelh e, R SPP AT 8 G,

bi nodal comnﬁréveﬁibneﬁﬁr\g@ﬂdfsﬁﬂ rfuither eudesishle nd havehihe edpdbilidyofindkimy ocess.
The term "finishing! includes any 3o form of solvent repoval 6 and ot her
processi ng SpARYmFizaHoOn. ROy Bet He afmpplpelaroweight whichds plsaedesiseddssdhe i on as

concent rat i o b PRae o RHASHE W b IR s bISNGR Syt gy may. 5
The separ at einfeatigmatlyi twa thavesdably, haee pviaringediccnopthe ahdledulav weigiithe ef f | uent

pol ymer sol utions_from two reaqtggs conbi ned d vvnstream bef ore, the
finishing. The seP¥Satirpb 3 Resd OIBracResetp RIpduseRAly el GomRosHigs dphed in

seri g, whergr ihgo6tk! BRIVIAMMROR: rc%ﬂgpbgﬁmhss Whith (QetdBfme e  LRAGHE The
sel ection betweeh 5 the options is on ependi ng on the avail e pl ant

| ayout and ofisadvartagesnef piier a:yp:eoeﬁssqscﬂoy meakinghiwbmdent foymintativasiend @ne
skilled in the art. can eade-@],;%/ a;lt& a parallel or series reactor
arrangement . W’é’)?ﬁf‘rﬁ'i’ gy Ff8n may be favored if one fraction is
to be produced at a higher tenperature than another fraction, as the heated
effluent of a first pol rrerl zat| on can be supplied to a 1o second react or
for polynmeri¥ati cUMMA g ' NENBIONe. While the parallel and series

opti 895 appear to; ?e %H&{aﬁjn EE Eg%gfu%g conposi tion of the resulting
bi mo conposi tions poses of the present invention.
Whi | e pol yner andncalealspst, theprdsentdaventiefl iodiesctdd om pdlgmetizfionpeerior to
the second | ser i es, §s%§lly th pol ynmer pr.oduct produceg in the 15

second react F making,a sg piodph po HF‘F? SPEROSTH Aty Pignadat cemBesii®erein in
parallel re t e 0, ot her
wor ds, the g%%?ésblé h@rr}%gcgflja}%ﬁggf hl{}%eﬁﬁ‘t‘%gé’% gﬁp@ggulﬁ%ﬁ&mﬁgﬂ?éﬁgws of

t he present withantthe meetk furiie hbending pad/bry shearing or measticatingcssepsi wsedrfer i n t he

resPs tive rs%%grta eliy polymerized, finished and dried copolymer components in, typically,

pellet form. Further, the bimodal composition can be provided as a solid
composition in pelletized, easily dissolved form, if desired.
As used herein, a composition is "bimodal" because it includes constituent
polymer fractions which have different molecular weights, different molecular
25 weight distributions, and/or different monomer compositional or sequence
distributions. The constituent fractions are predominantly produced in solution in
separate polymerization steps. The separately obtained dissolved polymer
fractions are combined before finishing, so that a bimodal composition emerges
from the subsequent, shared finishing process. The term "finishing" includes any
30 form of solvent removal and other processing steps which lead to the formation of
the polymer composition as a solid with the solvent substantially removed

(typically to a concentration of less then 0.1 wt %).



In each of the reactors, the polynerization is preferably such as to

generate 20 a random copolyner) that is to say as random by back-m xing in
the react woasd2se catal ysts selected permt the polymer techfsol/lsds

preferred enbodi nent, ethylene, an al pha-ol efin conononmer and optionally a
pol yene such as a diene are copol ynerized, under solution phase conditions
and in the presence of a netallocene cattalyst, to forma relatively |ow 25
et hyl ene content copolyner in a first reactor. The effluent fromthe first
reactor is directed into a second reactor, where ethylene, an al pha-olefin
comononer that cahh®beepdrate spatemerizations anentbef performed it patalle] ofitln thsed in
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a mefQl | ocertsCRu KAEHOE Tor go y&?ﬁﬂzﬁtl‘PIb?te?cl?lg_ffr)}erm%a tfyl ene content copol ymer.
The 10 effluent fygietihe paatiendnd 8&%ds0bptiohs tApRsarSte e Bifferéhtf i3I SREBY tO
produce a solid binodal conposition. In yet another enbodinent, ethylene,

an al pha- ol efampostiionodivks resulting pimaedad ompesitieisydifiers sittéehfoa purposkserfdhar e

copol yneri zed er_sol utign se candj tion nd_in.the presenc f a
ol | ocens Hsself §lenf, i pBIVARE s8Il Bin B Satfbal Ve BrogR HtCHw?
copol yner i nregetbt 1 tthd 8eohlrin dehics SReARdiheepslyMer phodubhpfodbey lignRe an
al pha-ol efin conmpbnoner and optionally a polyene such as a diene are

copolyner i zewcorthdeactagoisunetorpnseriady cdiffgrent sampared tontheneasgr whenghe inf a
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In a preferred embodiment, ethylene, an alpha-olefin comonomer and

optionally a polyene such as a diene are copolymerized, under solution phase
conditions and in the presence of a metallocene catalyst, to form a relatively low
25 ethylene content copolymer in a first reactor. The effluent from the first reactor is
directed into a second reactor, where ethylene, an alpha-olefin comonomer that
can be the same or different from the alpha-olefin used in the first reactor, and
optionally a polyene such as a diene that can be the same or different from the
polyene used in the first reactor, are copolymerized in the presence of a
30 metallocene catalyst to form a relatively high ethylene content copolymer. The
effluent from the second reactor is then subject to finishing to produce a solid,

bimodal composition.



refers generically to the particles such as can be produced by finishing
procedures known in the art. By using sufficiently small pellets, the

bi rodal composidszson can be dissolved in the sinple process pegakof L343

bl endi ng the conponents of an oil 30 formulation w thout, at an

i nternedi ate stage, having to be nade into a concentrate by nmastication or
havi ng to pass through an extrusion/ bl erdi ng step. Preferably, the solid
bi rodal pol ymer conposition has a sol ub| lity in oil of WO (1211C251
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be dissolved in the simple process used for blending the components of an oil
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30 formulation without, at an intermediate stage, having to be made into a
concentrate by mastication or having to pass through an extrusion/blending step.

Preferably, the solid bimodal polymer composition has a solubility in oil of



chain length and nononer distribution in the polyners they form Preferably
the single site catalyst has ancillary ligands attached to a netal atom

whi ch renmavosza@sended under the prevailing polymerizationpegRddyiigns to
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enduring activity. 20 Metall ocene catalysts are preferred. The ancillary

| i gand has a pi-ligand structure, preféPény a cycl opent adi enyl ring. One
or two such rings nmay be provided. The cycl opentadi enyl ring may have

het er o- at ons r.epl acj carbons, in the rjng.. Suitable net ocepnes e

desor | bed 1 rtdeishae BEMREN AR & Friecoh AR ey OR by B

net al | ocene \gonml eptRv PRI ({?rlhé‘@ﬂﬁocfal(‘?olf;ﬂef b&%o%‘;{t%x?&ifl} bOIntedmelia@ABdRe OF
nmet al | ocene cat al yst. e neta

monocycl opent adi eny ocene conpl exes nay be
acti vat ed wi MFRaof thé¢ loveex ané highegethylert byrtentwopolsmers Whe these @polymers

- di nat i ng.ani CA), .d ' f h bel ow. ti |1y, :
Soavenger CopBRUTOR R Nee AP Ry oo MERi4h b e SoRPRRpPL N Ibfkied 1 o
the regactor gsimil W&@%tﬁﬂ{b&%é !é%él%mﬂsa $3@7 thé c$ﬁcﬁﬁ§}:rhh&epsﬁﬂi’1§ngFRs. _

deactivation of catalys poi sonS and to increase the apparent activity.
The react or sTherlewgr efhileap|opnientiedrslyrher hag fropo AP it 0 weel % sthylenetderized t ank

reactors provi.di f ul mxd,ng faor random.copol reduct i on.

Sol vent s an?lﬁﬁﬁgr%of% Isglﬁ%b & lt{? °§3&°ﬁ°’?’8a§€%‘g€‘ ue{ﬁtg’ %rénm%gfg@gnd'géo fed to
the f rst rezCufd admoleeul®tWeigi@adisibatiorRdagMYr 6f fidRYy 1%t 90! The highepact or

j ackets or cooling coils, autorefrigeration_ prechilled feeds or .

combi nat i onsethyleng pontentecopplymesdos sraates tham 0 grol dhetislenendarived units in

pol yneri zati L1 on. i d qr . I r i.r t he

P eadhce of A4 SARRk or Pth A AEEE SRS Rbr RO Rr il B
prechill ed fEedw]aneethylehsdedekd tnivhinc Bthehembolinmeis. z atheohigheroéthglens i S
absorbed by permtting a tenperature rise of the polynerizing |iquid. Use

of hydrogen $astesreRrAYmantaaciaveAn MR RE fregy0-Bdo avainden Mo/ et iem, 1.3 1
desi r ed. Thetorsea?hé)'ivnfxg%?%@tdwe? aHSBﬁje rutliﬁﬂenk-%ﬁ%{& olj6rsB2h BEYh&T

wei ght of the polyner fraction produc series operation, this gives
rise to a tesmperatdifferedt. f f er ence bet ween 15 reactors which is hel pful for
controlling polyner nol ecular weight and so contributes to the binodal
corrpdgi tion. Conononers and optional polyenes are described in detail

bel ow. Reactor tepnper agHifRdiBintRbELS198er deRBOHIGY upon the effect of
tenperature on catal yst deactivation rate and polynmer properties and/or
extent of nononerlndagsitiariaspect, therpresest inyerErreproyistes ¢ BIogess for makingesi r abl e
to 20 operat i oner 0SS j el
concentr at ed"gr Sg%gélﬁ‘lseg :Egﬁptgglg_{’) Ré@ﬁg@glf?&;u e?rspéér%st%a%@s Hgﬁ%g*ng}or‘{\ég tg?weed
the point atcosiposhionteirpoproduadedaliteotly af a blehd hydihg ithe ‘tdoerest® odsadsitye et or i s

insufficient to nake the desired polyner ¢ opent |n the, desjred anmount.
Ther ef or e, t%weqsawuggbk%w 196 inisbdd RS cu By Uk e need o edgfomaencis, yst
system |n ggpedRhrind fepd | TR pfzc%@%igrcc:a&&dtcﬁﬂﬁéfﬁéécﬂ'bgd SR the\itoYesPgbyvren O- |

OC with 10-90C preferred and - nmost preferred. Second reactor

t enper at ur eswithIthe addifiofalostept 0f peiting wi tfhn@ionalidy the pelysrer edmansitian- 120C
nost preferre wev. .n the case.of, .l ess..stable catalysts, .catalyst can
0 be'fed ViR g el BRb SR aRn ST Bb iR At i E B o1 <
In series. @Fgrﬁﬂédtﬁﬂpﬁfeﬁt comRsostiah st lhsl_eii;cfunﬁ?/&@lie Panétichdl agrbypst or 30
series operation with progressively increasing pol ynmerizatjon tenperature,

by using bi sPrefrspbipetheatipbes Pobymeai qpaposiien dig acowiels ankiiridarentent 85 t he
transition  gom 0.1 to 5 mol %. Optionally, the grafted polymer composition can be further

derivatized by reaction with a derivatizing compound, the derivatizing compound
including at least one derivatizing group capable of reacting with the maleic
anhydride functional group of the grafted polymer composition. Preferably, the

derivatizing compound is an amine.



WD 02/-4C251 -9 PCT/U Sfl1 /-L-43-t3 netal, especially those having a
coval ent, single atom bridge coupling the two cycl opentadi enyl rings.
Parti cul awo e@amt®r configurations and processes suitabl e fpeTause/44843t he
processes of the present invention are described in detail in U S
Application 5 Serial Nos. 09/260, 787, fg[ed March 1, 1999, and 60/ 243, 192,
filed ~3ctober 25, 2000, the disclosures of which. are incorporated herein
by reference, for purposes of U S. patent practlce | Relatively Low

Et hyl ene- Cont ent .Copo msr t.o.The rel ati ve copol ymer
is a copol ymer ofInr?B?é}‘ re%BGCtaWea’lr?)Sr‘?B{ 15’1"8 ﬁgér@iy%%gg%&%biagé%ﬁ y a

pol yene such afedpslimBr cohhdsitidd @ WnBafted ; a@@eeﬁvduzéd Pelyimerscobiposigidn] n t he
first reactor and in another enbodinent is formed in the second reactor.

The terns Itbw:omposrtrc@rtmng/mrpsluqed\by ayfitepebaverdeasiibed anetheds: nerein nean a
copol ymer having %%a?%qt o] g%;%ntt e% /bf%s%lﬁpfnt%gnﬁcﬁln oxﬂ(f.lesf Bo%rﬁ oiffon/ 0 Ol €

‘percent, with th ercent Delng at t one

cononomer . %mtm@lf& 36 ED A DIBRI ], bﬁﬁéﬂdﬂ;em’ibwnlcaﬂmteawcbeanadeﬁp mth addegh as
C4-Czo a-ol efins and pref erably ropyl ene and C4- C~z .qc- 0] efi, The

a-ol efin corhﬁﬁ@m&lr toc Empthel lube z0il sPMipPsiHeRe d] b SAMPRRitioR t ‘er?ﬁr?orrers
can be used, fog %eesxhgc%?x\}%%ﬁ’x ?&%‘%@ﬁﬁ L ecfd &Es&ﬂbedadbo@l‘:ﬁﬁ@a(ﬂaﬁéc' n

cononomner " |n es one n conononers. Exarrpl es of

sui tapl e Corﬁihﬂféﬁras alhpdﬂouﬂbo@bﬂpthﬁmeﬂm hibaicatdgg@il.z a- ol efi ns, and
a.-olefins having one or nore Cl-C3 al kyl branches. Specific exanples
i ncl ude propyl ene; 1-butene; 3-nethyl-1-butene; 3, 3-dinethyl-I-butene;

| - pent ene; I4 pentSAPANED ©pTIONe 25 nethyl, ethyl or propyl
substituents; 1- hexemm%m—nore met hyl , ethyl or propyl
substituents; 1 hemt e nplymetizapios Ryoceser e et hyI et hyI or pr opyI
substituents; V\Ath .one or .nore rret .et h

substituents; ‘Ffi‘ W"FW"‘H% 1%, PrefgpRly & Outép éflon 1Pu01§)sr ﬁ%d tank
subsg t uent svea&&f'ylWhéﬂethWm&fzuEE 'ﬁ?td"}!énéisuﬁﬁétbi llﬁﬁﬁlt 1t}ﬁepﬁ§lmer @itoduct

| - dodecene. Preferred conononers include 3o pr op¥I ene, 1-butene, 1- pentene
3-net hyl - 1- buveging fromethensscond meadign isi apdntimsis, lendreaf) hEbIe high eande o
3, 3-di et hyl but en | -hexerle with a nmethyl substi tuent on

any of C3- Cstﬁﬁeﬂeeﬁ? imcwqﬁm?m methyl WO (121-4@&1 - 10

PCT/ US111/ . 1~3~3 Bolpmktitatidnt & prefaraplys homoberesas rsohaiohypalg'nmpnzabjm in
conbi nation on C3 or C4, 3-ethyl-1-pentene, 1-octen t1
foces HRBIR sihald' °

met hyl subst $eTigs Aeacis, arﬁylgormzh %ﬁe @aalys_rs YR 78 THFtR
sub Stl% tuents 1kenc[ ?zﬁ%stssﬁééhq}? ?18 %éﬂe%% Ly1uREE BOly AR Satf RbVRE 'h@ﬂm@@n&ﬁs G5,

1- pent ene with Ih stitu_ents in"any 5 stoichionetrjically
accept abl e ccimin mﬂmdanomnmdlmbumom@xéwamlwmws areyeform Praferablyithent on

C3 or 4, 1- ene h ubs n

substi t uent gﬂn]ﬁ ﬁ%ﬁysbﬁﬁ ?I?Cé 3 é ¢%§ %%p%sﬁt?loﬁo%n%ﬂ%mgﬂs
1-decene, 1-RoNGR& uhddiORERRewilidy polyRidizhtisibsiditionto providey molecGBi C9,
1l-octene with'two nethyl substituents in any stoichi o(gemc{ cally acceptable

conbi nat i on sabiligy,Ca, calyticelbpt astivewisite, QEr‘é@SWBHﬁyPn Winge 8E4VIRL any
gl ?ﬁd%@tu?é“ et hyl

st oi metr CcC a (]

subsfiptuent %%I’% efca@%b&%fgﬁg&é%e%\ng?%&? ents i n any
stoi chi onmet FptbﬁérhMy&Q!?@]@ba:hh@remdrrhtg’J aononr s 0] mhamgs:mayabajpmvmbdea"éne | t
shoul d be appreC| ated that the | com)nomerzq;a ove i tgl gé
exenpl ary, aR¥CIPRen{AIenYL Mg BWYt a‘f?e 'ieFﬂ floR. T Prgc&?f&%’ri’/ pref fiisd
comononers aEﬁlt 1ORNLEMSeAOd afe Q!é%@ﬁlfed i Qlefa8ll BbloWe! Brefepryde titylysgeareont ent
copol yner can so contain ethylene with conbinations of at |east two of
.the nmononer scyrdopexﬂndmﬂyhbmtdlocem icomplexgs wineh hayetwq (F5 ringysystems for

t hyl t | furthe | udes 2 /5 f
ol y@e- der | Y@ B moeydphetiond) iidfioste Bulifie, cPhe, BREHEMNCD
.include polyggmp|cRavindgbt ¥etivaiddreith @k alBidkasl, fefge, rrﬁéthy]mmmms (ME® d?rer m

"pol yene" as used herein is nmeant to include nononer
a non-coordinating anion (NCA) described further below. Optlonally, a scavenger

component such as a trialkyl aluminum scavenger may be added to the reactor




having two or nore unsaturations; i. e., dinmes, trienes, etc. Polyenes
particularly useful as co-nononers are non-conjugated di enes, preferably
are strai oho ozh@sn, 25 hydrocarbon di-ol efins or cycl oal kepyhrsdpsisid ut ed
al kenes, having about 6 to about 15 carbon atons, for exanple: (a) straight
chain acyclic dimes, such as 1, 4hexadi ene and 1, 6-octadi ene; (b) branched
chain acyclic dienes, such as 5-nethyl 1, 4- hexadi ene;

3, 7-dinmethyl -1, 6-octadi ene; and 3, 7-di nethyl -1, 7-oct adi ene; (c) single ring
alicyclic di S - I i o - l.O- i d 30

1, 7-cycl ododge(gg@? Eﬁgﬁbfﬁ)de#ﬁtﬁaﬁxg Pﬁgﬁé&g{c@gﬁ?lga?%%ngﬁgéﬁﬁg%%?géggﬁﬁf%g

di enes, suchaaityet r ahydr oi ndene; nor bornadi ene; nethyl -t etrahydroi ndene;

di cycl opent adi ene EDCPD) ;. bicyclo-(2. 2. 131)1- hept a- 2, 5-di ene; al kentyl

al kyl i dene, cycl oAPRRIAtOENTe Proferabyy liguish filled, pentinyens flowy_stigred stank
cycloal kylid : ene- 2- nor ne ( .
Shxopeny| - 2- RACERPRARREEN LIE B fife ToTRLANLENT DAL HOARERE. (M

5- (4- 6ycl opeatdemphdmBrscare dedtonench Beacyor] adtkzathlysteran-t- fed b tieiBrereaatod

5-vi nyl - 2- nor bor neﬂe (VNB) ; et)P cycl aqal ken -subsEi t.u(%kgd al kepes, .?uch as
vi nyl  cycl oh®xEnkoth Ipacierss Repeiptsndnay e CplgH, by EACiey dagkehserr cpolms Gpils,

cycl ohexene, a@blefilio &Xi5di0 P&Bi1ieR: fediCor\dottindions QHAN8RRAG0 ablorb Mg heat
non-conj ugated dines typically used, the preferred dines are

di cycl opent aof ¢hee ex@bRD)ic pQlymbrization ergaction. 6- dutadfrigarated reactor cooling

5-net hyl - 1, 4hexadi ene; 3, 7-digret hyl - 1, 6- oct.adi ene; o .

5- et hyl ene- SUHBFS Hie Bigaencs_of 4, yeqog hase Hb&}lfofq?gtr?& Aefighatic Z5eetons Wity ¢l o
(0-114912) 5, Sreolitieg Fokls MOHRAEMAS in! WhRHGRO Polynizkiibi® eRfRdhC AldbREbEAE ter s
“pol yene", "non-conjugated di ene” and "diene” are used interchangeably. It

i s preferredby penmsigting @ trmapesatiectrigoofribe ppbaverizing HeuifloUsetdfdiydufgendng chain

chai ns o e prostl ngaeeie, SRR i, b RRRles of A Yol R Rk YT

cycl opent adi eapepdidreaniipbe usal @©n@ntrahthe tholéhedar wtighi yihy pobner fraction

et hyl ene-content copol yner has from 50 to, 70 nol ethyl ene-derived units and
from50 to 3BrORBEed, MaitHRD ARGTatRD: thig §1VGRTISE to FH‘EPERI?%‘E;C Qif{gresee PewEER0 to 5
nmol % pol yeng; i it r 2 h t] :

et hyI%ne- conf\egglﬁfgc ﬁgﬂf@%r&ﬁ%@ gfr)lle I\C/Iggr%l%m%r g(#?glleg I?%l@é%aﬂa%l%ﬂ rr%nIdegﬁl ar

wei ght di st r cdnitibatas Muhierbioodélr ampbsiono Gom@mnhdrs ded opchal pylyenggearecan be
added to the, reactor to ntrol _the nol ecul ar weight .of the relatively |ow
et hyl ene- congﬁﬁf‘gi‘gﬂbpﬁﬁgﬁbeth'eR tn MPEratye ’F(?F%fteﬂopiﬂ%&mﬁr‘l?ﬁﬂc‘éﬂ in the
first react opfféctioffthpSaRrPd ¥ARAtalyst HeacBvatiod fife hid b&lt}'ﬁfer blsperes andfort he
first copolyner to the mass of the copol yner conposition, can be fromO.1
to 0.9, prefeftan ¢f mogemer depletiqn..7 Fopheg mopomen eqrivgesian, i ishdesirable to

Et hylgne- Con i i - | yner
s 2 Bopol ynopete HRPbEARLetifrabite 3 bURI, Wil rBhINOLP BGEARMER bafiBR VT
as a dinme. Tholatieepdbeteedlly tengreeatareb oshonkhtnot ssxterdnttedpoint tahewliich sthe
reactor, and in another_ 30 enmhodinent (s formed ip the second reactqr. The
term "hi gh" GPRCCRERURN %?@}alﬁtdﬁgheeﬁeﬁ??‘g#@c% At Wﬁ'%e%é‘éﬂia%%%& ‘I(ieSI"FE ns a
copol ynmer hayjj 't tieRbetaie WMl BkNY! ene
WO 02/ :~6281¥Pg%e?JerOl @%@%Q{Pﬁ?@%&eﬁéﬁ?ﬁgpo yrreeﬁﬁi,:@pfmpgr talgt‘lg y greater

t han 70 nol edgemuined byAtheedataitsi efothe, catdgstesytsicne ndncgentraht the airsbeeagtozat er

than 74 nol e, percent or greater t o I ercent in o epbodi nent s.
The. himai ndelEerae BBAE Feveshsl o iRy & Ao AR dhete.

Sui tabl e al pprfat&t | Sond deRRIr ¥ atuiG! Willevah Yroh 40-16bocewHEeS0r1dbed above
in connection with the | ow et hyl ene-content”™ copolyner, with propyl ene and

. 1- but ene bei Bigfgsrask and &9-1205€ most preferrgso| Hlewevarain Bee sptes ehtlessnstableanount
of up to 5 r I i or
i forent froieeRE b SHHE RIRE B b GRTRAPRE iR BERILR DRCRCL
- copol ymer, anskstreact@pin eerids. Optimsl tempeahsos tam bsebsadiieved, ghirfidutarinforf rom t o
the dine, if used, in, the | ow ethylene copolyner. Preferably, the
rel at¥vel y hFgies onatione Wilnprogtessinely| eEesingsPimpsization temperature, by

using bis cyclopentadieny! catalyst systems containing hafnium as the transition




fromO0.2 to 25 and a nol ecul ar weight distribution M~/M of from1.5 to 3.
I f desired, hydrogen can be added to the reactor to control the nol ecul ar
wei ght of woezm@bknati vely high ethyl ene-content copol ynmer. »pe1dishi/s3lr! yner
Conposition Prior to finishing, the polyner conposition is an intinate
blend of the ' relatively high and relatjvely | ow ethyl ene-content
copolyners in the solvent used. The sol vent can be renoved in a

conventi onal process such as by evaporation, to 20 forma solid pol yner

conposi tion. resul i d bi nod pol r co Siti on

o esent | nveitineiavaly Ao biing s CORent SIER POR PRIED caPReI e BPcent
with the bal ap @lgné?lftaﬁ&l gnég nol e percent being at |east one conononer,
preferably propyl ene or utene and fromO to 5 nole percent of polyene.
The solid pol yner P@Uw;;bsmea@nr lranfiguratiorR aud @rpqeseis ruétrbledfoatusetio thee 25

MFR of the | oQw eth cont ent. £9 ol yner an et | ymer,
11 the copol PEFSSEN &8 dbeiFEL e ephen o HeEBef df g haf ConpBBHenbR has an
oi | sof ubi I'i togrigh N8s. dogzmstl,767%0tlyd wmram,, 1%%%%/243@1920&‘@& wRicBA 29f

pol ymer conposition and oil. 30 4.2 Catal st The polyrrerl zations in both
the first and08@dbndiscloseres s “ml@f@ﬁamoypqrauzé hgteix by ireferanee.pioppemposesof a
net al | ocene erm"netall ocene"” and V\D 02/ .t1251

PCT/ US01/ - 4- %giﬁ%%%%gtgﬂgn&i | ocene catal yst precursor” as used herein shall
be understood to refer to conmpounds possessing a transition netal M wth
cycl opent adi enyl (Cpi I|oands, at | east one non cycl opent adi enyl -deri ved

|l i gand X, and zerd :  Ednylenenontent{onol Yiaeid Y, the | |gands bei ng
coor dinated to M agd r&%&&fﬁ’&ﬂ%& sk RontefHRRhAG it AROUBIERE B LGKEO! | The
nmet al | ocene catal yst precursors e genera neutr al exes

activated w tah dpleolefibl consomoasdrahyd bptioralig :alpob{ehevsachmsad qumxeneThat aI yst

whi ch refers generally to an, organonetalli.c, ¢ ex wth a vacant
coor di nati on ch‘iq%th o(ngnergggci eRbi% ] Omﬁgeﬁntal t J6RS e rAdelloPRthets . The

netal | ocene Gafghisdnt Y REUES A tHeSedrRi BARYY. YTIRNEAS 1off & "E@laﬂw}éfﬁlogf"
nmet al | ocene to conpounds of either or both of the follow ng types:

Cycl opent adi @ﬁwﬂen@@)lteobWDMIMMWYRWB?O&W@;&VM&@ sthyieapwortent ini gands.
The Ilgan orm and o) ex WI a and 8 eto
r ot at (unbr ?% L ? t1‘?((’)rgked%? rﬁ ngfer]i’er?eél s tpeﬂéﬁrra?la%lnngt oug@/a nﬂﬁql dgi ng

group. percent being at least one comonomer.

Suitable comonomers include propylene and o-olefins, such as Cg-Cpo
a-olefins and preferably propylene and Cs-Ci» o-olefins. The o-olefin
comonomer can be linear or branched, and two or more comonomers can be used,

20 if desired. Thus, reference herein to "an alpha-olefin comonomer" includes one,
two, or more alpha-olefin comonomers. Examples of suitable comonomers
include propylene, linear C4-Ci2 o-olefins, and o-olefins having one or more
Ci-C3 alkyl branches. Specific examples include propylene; 1-butene;
3-methyl-1-butene; 3,3-dimethyl-I-butene; 1-pentene; 1-pentene with one or more

25 methyl, ethyl or propyl substituents; 1-hexene with one or more methyl, ethyl or
propyl substituents; 1-heptene with one or more methyl, ethyl or propyl
substituents; 1-octene with one or more methyl, ethyl or propyl substituents;
1-nonene with one or more methyl, ethyl or propyl substituents; ethyl, methyl or
dimethyl-substituted 1-decene, or 1-dodecenc. Preferred comonomers include

30 propylene, 1-butene, 1-pentene, 3-methyl-1-butene, 1-hexene,
3-methyl-1-pentene, 4-methyl-1-pentene, 3,3-dimethyl-1-butene, 1-heptene,

1-hexene with a methyl substituent on any of C3-Cs, 1-pentene with two methyl



The Cp ring ligands can be |like or unlike, unsubstituted, substituted, or a
15 derivative thereof such as a heterocyclic ring systemwhich nay be
substi t ut adp oanadst he substitutions can be fused to form ot peqRaf/uia ed or
unsaturated rings systens such as tetrahydroindenyl, indenyl, or fluorenyl
ring systenms. These cycl opent adi enyl cog&lexes have the general fornula 20
Cp ~ Rj mMR3n(Cp2R2p) MXg wherein Cps of " ligand (Cpl Rk mMand Cp2 of |igand
(Cp2R2P) are the sanme or different cycl opentadienyl rings R and R2 each

is, independently, a halogen or. a hydrocarbyl, . hal ocarhyl,
hydr ocar Eyl - ?ﬂ’ﬁgg’qef"iﬁt 8y 28 g%%ﬁ‘é’%t’l)‘(%“éf G?CG\éﬁ‘le”c&PlE‘ P‘aﬁé“ b Lesi P_Eltcé‘bl
or ganonet al | QJ%ﬁlwgﬁgagyg?&%ﬁ&té& ahqut m@ﬁy?%ﬁgﬁﬁeﬁ% Si8ny BF 3 o to 5,

pis O0Oto 5 an . substituents on adjacent carbon atons of
t he cycl open€adl-baxdner witly tee snethpl substitvents ini arty steichlomefridatiy caccepmieblber to

forma ring containing fr 4 to_about 20 carbon ns i s a bridgkn
‘gr oup, nI ig f%ﬁlﬂhﬂmgorbfegpbnsl'?%??ﬁev& e eecﬁ’é%bé%ﬁ?@'ﬁé”?%emt \ﬁlf}ylgirggnds
and is 0 to &oicRnitAtAaRIcYptAblE LotbiMtich én (T;a0¥SCY, 1 10RxERE kit Ay i a

val ence of from3 to 6, preferably fromgroup 4, 5 or 6 of the periodic
tabl e of thesulistifvent en &ndrils, proshtengbyigh am ethyd spbsgihuest onxXidendi amethydt e,

h X i - t adi . N d Q 112/ -10251 PCT/ US( 1 |
PN 13 R B A e Ekepabls ot G OpE Ty fectne,
oxyhydr ocar bylnonb@l, aGinbie withudhehar Skstituehisdn iyt COCg ansdeieakitRitdo

oxyhydrocar byl - substituted, organonetal | oid or hal ocar byl - substituted

or ganonet al | Biethyd subsiitecsis B Al gloighieraetricaliso agcepbleapasakinatiomen G-¢s equal
to t val en ] : t adi | I ich
have Bty ont HEpen? it el manb EbNaRAGYS e 6P AilbarfaTy REGRME

sandw ch conpbrabinafiéh onh€;40%} dlocterd odth e dthiyesubstituedtade dnynbf iClgéqd) or

| ocked into rigid cqonfiguration through, a bridgi group.to a

het er oat om cgﬁleé 06yt | R0 §thyThsibsiituen g“}iﬁ’é(né%é‘gﬁ%mﬁwlﬁ%ht%’%ﬁtﬁﬁléd,
substi tut ed, .QhbR byet bve, bhgnaRidesdeh as a heterocyclic ring 10 system
whi ch may becsu s?ﬁ%t ed? and tﬁe sugstituti ons can be fused to form ot hex
sat urat ed or unsaftuskxiuddl beiappseciated ¢ thadist ad ¢omonainedy aborde sy meréipdeny| |

or fluyorenyl ring systens. The t eroat om cont ai nj ligand is bound to
bot h 15he met SROTIESY B Bt FRJendgoc b8 g e ERPOY are RES BYPORING or oup.
The het er oat g ﬂ)rb?ﬂlefle lafid ArbuddrRMTHE trblafivel9 A6 mﬂbmcdmémeﬁo?@ﬁyn{e? rige from
group VA or VIAof 1 s the periodic table of the elenents. These

nono- cycl opeABadFaNain ebyighe vith ambinationy cpfe phllesbiwgl af the monomers

(CPI RI m R3n( ~ erein R is, each independently, a halogen or a
hydr ocar byl , Kﬁgﬁé%%r%’?ﬂv%hhydr ocar byl - substituted organonetal |l oid or

hal ocar byl - subst i Ogptienalty, denehaivelyl loivdethylenpcanatt @bpolpmer further avbades 20
carbon atoms, "nf_is 0 to s, .and twosfgl. s{gbstit,ﬂgﬂs Qh a ;gﬁaq,ent carbon
at ome%of  t he "RyRPopel RFhf 2rRFIesePa il H BT CAPYURTH S Bfled
together to helfd as MhBsht CRNRIRHE HolynPs 4hdvine? SwiD htee 26k GR&BORifRFQHS. R3
is a bridging group, "n" is O to 3, 'Mis a transition netal having a

val ence of fmemoRerso Bhe eraf &paidng” fasorsed rhstgin 43 nBantoto Bichfdetthenqmersodi ¢
table of the,el.epents and is preferably in its highes xi dation state, |'
& a het er ooV S a7 Rty BBl Uy dhetenaRemborBarobiere e Bigne wi
a coordi nat i agefElugided-mdhombisere hoaPofgupred \Herek, prefepsbiylafabtraightnehahgr of
two 30 fromgroup VIA preferably nitrogen, phosphorous, oxygen, or sulfur,

R2 i $5a radi Byfrosaber idwlafing mracylenlersdsabstityted abifenes, hayingabeHid? dear bon
radi cal s, subgfit4tGthols atorh fSrackathhi: QRPLAPht LAHL G&)ctic MRS SlEn Q0§ 40 MOre

hydr ogen at ons
hexadiene and 1,6-octadiene; (b) branched chain acyclic dienes, such as 5-methyl-

1,4-hexadiene; 3,7-dimethyl-1,6-octadiene; and 3,7-dimethyl-1,7-octadiene; (c)
single ring alicyclic dienes, such as 1,4-cyclohexadiene; 1,5-cyclo-octadiene and
30 1,7-cyclododecadiene; (d) multi-ring alicyclic fused and bridged ring dienes, such
as tetrahydroindene; norbornadiene; methyl-tetrahydroindene; dicyclopentadiene
(DCPD); bicyclo-(2.2.1)-hepta-2,5-diene; alkenyl, alkylidene, cycloalkenyl and



WO (12/-(12SI PCT/US(11/.(-t3.(3 -15 is replaced wth a hal ogen atom and
when Y is three coordi nate and unbridged there may be two RZ groups on Y
each indepwodentisy a radical selected froma group consistigye,@dy; st o C20
hydr ocar bon radicals, substituted C, to C2o0 hydrocarbon radicals, wherein
one or nore hydrogen atons is replaced VYIth a 5 halogen atom and each X is
a non-cycl opentadi enyl ligand and is, i’n(liépendently, a hal ogen or a

hydr ocar byl , oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted

or ganonet al | Qi X drocar byl - substitutged anopetal l oid

hal ocar byl suﬁgﬂf’?lg?’%%%ﬁr 58%8%1“5 )| 04 §F oﬁ-ﬁlegﬁﬁﬁ?%- Tnﬁgjoﬁlbenteo?@%h 30

car bon at ons propenyll Z-n6éfhentO SJiE%FV(ﬁ)'yﬁﬂé‘r%-P-BoMoﬁléhﬁ,s 4-by8o fes of
sui t abl e bi scycl opent adi enyl” netal |l 6Cenes of the type described In group 1

above for thaothepeene; reyalobexylgiehedawrbainenes anpai-winyl-Rawrb@ner4(\39B);

5,198, 401; 5,278, 119: 5 387 568 5 120 867: 5 017,714; 4 871 705
2542, 109, 4 Ge kbt Safea Sutighessofuony 33t @elblgidgy: eyl

5,296,434; awrgclbheXefe,blidyl iydiboblendi-giflyledyRldhegete) ANt el da¥caref sideig@ herein
for purposes of 15 U. S. patent practice. Illustrative, but not |limting,

exanpl es of gydpdedesenthi QEheinopeonbigrien Wiengs tynicallysised, tbe praferrad gienes

described in f or i nv L.on are me. i rs of:
e oy 2t ( PR B PO EPD). Bkt ert O SR Sl BRI

p. - (CH3) 2Si ( hetadiened 301-diteatlyy]) RédoClagidne; 5-methylene-2-norbornene, 5-ethylidene-
~,-(CH3) 2Si (tetrahydroj ndenylc)12I\/( CH3)z ~-(CH3) ZSi (i ndenyl ) 2M CHZCH3) z and
p. - (C6H5) zC( RrivEbgrngmavERHR) and tetragyrde A4 10i2) 3.8dnsdseenes Nots thaigheyghout

consi sting ofy. : b fosUitabl. trical.  »

cycl og)tent adi fél}}l)%%p@mf&gg% glcegé%gtp org)%fe%g ’t %}%@@é@%@?@ﬁ I n%‘f%ﬁnel aﬁebﬁ?g for
t he i nventi ofntadcBarfesblyosSedk prafeded.to Msd dirheNahichddBH&, 18adlto the Jormidn;
5,416, 228; and_ 5, 449, 651; and_are described in publication J. Am C aem

Soc. 1988, 1blongzhain branches. far wiccessil percat Ybimpioyersionrettlophiandigdher ei n
for purposes .gf b SchAifd ek ﬁf@&rrécﬁ eOltherV\g?HgﬁészﬁﬂatPgﬂ U l&s'e?d"i”rﬁf e 16
i Ng es unsymre

[llustrative, but not Timt ,  exanp preferre rica
cycl opent adi epsibpergaditriecodneteifa-¢riegand/pe described in group 1 above for

the i ti - GOHD). Z I t adi 1) (fl 2 5.,

b ( o) 20 3- met e FEFOR eIt PRI SR yhnerghas ront 5010 7 Tnol %

p. - (CH3) 2C( c yryRieteaide® itits (4ddU osnB0) M BD Zmol % comonomer-derived units,

p- (C6HS$) 2C{ cycl opent adi enyl ) (2- met hyl i ndenyl ) M CH3) 2

p- ( C6H5) 2C( 3inpduading db@lqmemlaaiten§/|r)1@129/n@p¥bsm¢1déaw;d pRitel ) Breferably, the

~, - (C6H5) 2 A di 1) (2, 7= di hyl {1 2

W ( E:Hs) 2)0{ f(yi%i%%‘%?f E‘g&?&h@%{%‘?"ﬂe&t %'g&ﬁi/#ﬁ {l}ﬁ%ﬁ,w %@m oA E"e?‘l%gﬂﬁ‘ s
chosen form adéculyy veagist distiibgtionf M{Mpotkrdih,1.2B.R i s chosen from a group
consisting of C anpl es of sui tatﬂzee nonocycl opent adi eny|

CH3. | Ex
met al #ocenes of t gg?sﬁﬁé’ hrdregsmean benadsed g the maastas 1o Gpntrolethe madefulasn are
di scl osed i nydight oPBHeSRIatiVOS low ethylene-content copolymer.

The amount of the total polymer produced in the first reactor ("first

copolymer"), i.e., the ratio of the mass of the first copolymer to the mass of the

copolymer composition, can be from 0.1 to 0.9, preferably from 0.3 to 0.7.

25
4.1.2 Relatively High Ethylene-Content Copolymer
The relatively high ethylene-content copolymer is a copolymer of
ethylene, an alpha-olefin, and optionally a polyene such as a diene. This
copolymer in one embodiment is formed in the first reactor, and in another
30 embodiment is formed in the second reactor.

The term "high" or "relatively high" ethylene content as used herein means

a copolymer having an ethylene content greater than that of the low ethylene-



15 S, 026, 798; 5, 057,475; 5,350, 723; 5, 264, 405; 5, 055,438 and are descri bed
in publication WO 96/ 002244, all of which are incorporated by reference
herein forwpwepeses of U S. patent practice. Illustrative, dpybyddliyzss
limting, exanples of preferred nonocycl opentadi enyl netall ocenes of the
type described in group 2 above for the invention are: 20

~u- (CH3) 2Si (cycl opent adi enyl ) (I - adamant')}?én‘i do) M R) 2

p- (CH3}2Si (3-tertbutyl cycl opent adi enyl } (I -adamant yl am do) M R) 2

- (CHZ(t et t hyl | t adi | | - | am d R) 2 . |
b (G 25, (1 EOMERRIORYEDRR BIriERR BRYES Hiialuritn JaArdONERALvely. th
>~ G) 20 { LAk usheaE LOOA! adhnala (74 e B bRT AR 26 2le

p- (CH3) 2Si (t et ramet hyl cycl opent adi enyl) (I -tertbutyl amdo
Si (f1 uor enyl percenttiarothrytepbodinents Ahe remainder of the copolymer mole percent is

b (Cor®) ~of « o1 SRR By EnERER: 2GRB Pl c BB B GBI  Whher i
Mis sel ect eghdse Qesaibgd QibBve GR¥OhAEAI0H With The 1044 etidiéhetdontdiit copslkBier R s

30 selected fromCl and CH3. WO 02/ -4G251 PCT/ USUL/-t.433 - 17 Anot her
class of or g&drsepileneandonbterebeing areferrad. dwfoptionalinplyenesan be presentpr ocess

descri be hergj h i i im | i ) as_t hos

descri bed i n?‘#/\%l %ﬁﬂéto@%&p %ggggfgaégé%?}h gg%% h%l@%@én??lgﬁﬁ‘glg%%%h%es&’gr e al so
i ncor por at ed siyf¢ @ Miffrentefione theealphi-olfihpasmtsnoaier Wsed foatignlow kisldnee.
Suitable 5 catal ysts are also found in WO 00/105236, EP 842,939, and WD

96/ 13529. 4. sonteRisppiymmerand the ontioea slienscap alse, benhe sawme o ddifferant fomon®

( NCA) ;4rEaNS i 0 i G j ordinate to said transition
met al 1Ocati onﬁt;)érdﬁ %’?tﬁ%é‘qgﬁféyﬁ\%%wgﬁf%@g%ﬁ inated to said cation thereby
remai ni ng su~ci enPrefedablyi the tetativelychigip ethykededoyntenneapotyaher leasian NIAReof

"Conpati bl e" .noncqordinati ng anions are.those i a not _degraded to
neutrality Nﬁ@ﬁ”&'ﬁé"?%?’i‘ éﬁ@e@%ﬁ%%&%ﬁlwloﬁg@a@&) omd 3 h%r, the anion

wi [l not transfer 1afesfigll O drosdtPSIn Belsdied 35 the RABRR%o EQn&&lethE%ddl%éﬁo as to
cause it to forma neutral” four coordinate netall ocene conpound and a 15
neutral by- pmeigit of theaebatively &ighosthyMerrcaverdicopalymgr.ani ons useful in
accordance with this invention are those which are conpatible, stabilize
the nmétal |l ocene cation in the sense of balancing its ionic charge in a +1
state, yet retaingsid FPoBmberl @hpdsitiont 0 permit di spl acenent by an
ethylenically or acetylenicalTy unsaturated npnonmer durjng polynerization.

Addi tional |y, thePHAT & dinishing;the polyne compositiopnisan {gtimate dlengdr efethsr bul ky
Aca . T o | . T
in the sense Qhyauf Elgﬁ%aﬁﬁg?lﬁﬂgs&ezﬁ }Uv@&p?leﬁg-csﬁeﬁtaéog ¥drfH @htgcrn@%%tgfssa ent

neutralization of e cation by Lew ases o n the
pol yner i zabl &hesolvesrcantbeatmongd bea poresetidnal prachss, padhyaseryi eapbatiopstocess.

20 form a solid polymer composition. The resulting solid bimodal polymer
compositions of the present invention have an ethylene content of from 70 to 85
mole percent, with the balance of 30 to 15 mole percent being at least one
comonomer, preferably propylene or 1-butene and from 0 to 5 mole percent of
polyene. The solid polymer composition has an MFR which is intermediate to the

25 MEFR of the low ethylene-content copolymer and the high ethylene copolymer, if
the copolymers have different MFRs. The solid polymer composition has an oil
solubility of at least 5% by weight, based on the total weight of polymer

composition and oil.

30 4.2 Catalyst
The polymerizations in both the first and second reactors preferably take

place in the presence of a metallocene catalyst. The term “metallocene” and



Typically the anion will have a nol ecul ar size of greater than or equal to
about 4 angstrons. NCA's are preferred because of their ability to produce
a target 200 0pl@sul ar wei ght polyner at a hi gher tenperatupgrhRaiiends to
be the case with other activation systens such as al unbxane. Descriptions
of ionic catalysts for coordination polyyerization using netallocene
cations activated by non-coordi nati ng ani ons appear in the early work in
EP-A-0 277 003, EP-A-0 277 004, W92/00333 and U.S. Patent Nos. 30 5, |

98,40 | and 5,27 il T LI C t of
preparation v&%é?@?cr? nﬁﬁ%ﬁ‘ﬁ@?@%"é‘éﬁ%bﬁggggdzh%’gﬁb n&o%pﬁé Slﬁlgér%@g?gﬁg?%g t(foy an
ani oni ¢ pr ecgbmgsounds posketdndt a annstiby mdisiavii detharyelupentadizhglt (G ligends; om a
transition WO 02/:1(2S1 PCT/US_Ol/-43-t(£ ~-18 ta% to make it both

cationi ¢ andatdpast Qe mareyelepenydiend-degned Hgs %gfm gERRT e befEoaiem- of

i oni zi ng ionj ! als O}1,Cf LIy ictd e of

‘pr oduci ng bo%cﬁ]t%%fggglg}?lge?’rr}ehteag O@gn@gﬁ%aﬁﬁéﬁﬁgﬂgngg%dgﬁgggﬁésgg@n 11gni on is
al so known. SarberEptie Oalde thaof FPhsmellovéhedBlpsipredusSiorPaaenehldy 5
5,387,568. Reactjve catiops ofher than Bronsted acids capahle of l.onizing
Che et al | ocBsHal GBS Py ENERIECTERA TR P P e L B ArAetiNG
triethylsilylLi.pi I . | RbFhofRPA . QUi g a
coordi nat i onhllg%grlgf:@er%aévﬁtu C Wlﬁﬁ?gi%fégﬂ?ﬁ%lmggrog%ﬁoi on %6%?%15$Qg1({?rgot her
Bronst ed or umsahiscodrditisfiomsite that caechbordineteninsemeahd polymerizmplefingf Théie
second i o0 actjyator cagqq?ound. Sui.tablfe 1taI S fiﬁncl ude, but arelnot limted
to, al um nunfPeBYPEEneRatAly sl RPRPT iR QTAEPRRL AR Phof & MERHFI i LA Erfide, but

are ngt |im tgpdudds BOERNEr oP BOBRITMdblloNidd §pes:and the |ike. The
description of non-coordinating anions and precursors thereto of these

docunent s axe i ncoarciapsatadiens! (Cryomptexeewhichihave pyp Sasang sfstamsdor pat ent

practice. | addi ti onal 0 f J el t S

i oni zi ng ani g%ﬁ:&s'p%g@zd&ﬁé%rng%l C%S%rde@%%%&%g@%%ﬁaﬁlﬁgm%ﬁ g%lﬁég but
form the cat tootaae hinbridged) wp dstkied ivita & Rigid eariguenion thivughe bipiak|geegne
kol - yir | §Be GAB GHney MERRdia R (% YKl MG SSEORESGa SRR o 8
al kyl, hydri a a

st abi J.i zi ng - C00ndl i i : EP- A 7 0 S20
232, Poni ¢ corae dhrad ol AN RReroB(licind s{bdn mitth iy RO Shstnded oy
oxi dati on of asd éhemmibatitutions ems beffusedatosforinoothee satiratesinpo unwituriiyd amgsni ¢

precursors containing netallic oxjdizin ou al ong.with the I on
groups, see BYSIGRIpS a%%?aﬁ’fﬁré’“ﬂjégxlr it ‘?q“gL gPﬁH%rﬁg}?loBP%isﬁﬁtf?ﬁ‘gagl?ﬁsf)ns and
precursors t bed§lcdtdtienyESRpHREHIRB e @nerad tdthiudd | Y i ncozporated herein by
25 reference Tor purpoSes o}f) U S. patent practice. Exanples of suitable

activators capable of ionic cationization of the netall ocene conpounds of

t he ipvention, and consequent Sk%li t@meW\?t&ﬂa resul ting
noncdor di nati ng ani on incl ude: a Ré?l’ st I}du ed ammoni um salts such as:
30 triethyl anmoni um tetraphenyl borat e,

wherein Cp' of ligand (Clelm)and Cp® of ligand (szRzp) are the same or
different cyclopentadienyl! rings R! and R? each is, independently, a halogen or a
hydrocarbyl, halocarbyl, hydrocarbyl-substituted organometalloid or halocarbyl-
25 substituted organometalloid group containing up to about 20 carbon atoms, m is 0
t0 5,pis 0 to 5, and two R! and/or R? substituents on adjacent carbon atoms of the
cyclopentadienyl ring associated there with can be joined together to form a ring
containing from 4 to about 20 carbon atoms, R? is a bridging group, n is the
number of atoms in the direct chain between the two ligands and is 0 to §,
30 preferably 0 to 3, M is a transition metal having a valence of from 3 to 6,
preferably from group 4, 5, or 6 of the periodic table of the elements and is

preferably in its highest oxidation state, each X is a non-cyclopentadienyl ligand



tripropyl anmoni um t etraphenyl bor at e, WO |12/ ~&51 _ 49 _ PCT/ U SO01
[~-43.13 tri(n-butyl)ammoniumtetraphenyl borate, trinmethyl anmoni um
tetraki s(wootyd2yporate, trinethylamoni um tetrakis(o-tolyprhalsal/ 843
tributyl ammoni um t et raki s(pent af | uorophenyl ) borate, tripropyl ammoni um
t etraki s(o, p-di net hyl phenyl ) borat e, txihutylanunoni urn

tetraki s(m m di net hyl phenyl ) bor at e, tri'HﬂltyI anmoni um
tetrakis(p-trifluoromnethyl phenyl)borate, tributyl anmoni um

tetraki s(pentafl ugrophenyl )borate, and tri (n-butyl)armonium

t et r aki s( o- t 873 Hadeperdently, & halegen) w2 haﬁﬁorsar?ewtrwgv@r@cgrmh hglpcarbyl,
N, N- di et hyl aok k0440 : I s{ pe henyl ) . :

N N- di met hyl AuiobabHTbEIR s heptefﬁhlgfg%ﬁg%ht hyl Sbg‘g?%‘fré’?arbyl substituted
N, N- di net hyl| argahometalividetrihalocafybshbstionted deghnqhetalldidigyoat eontaining up to

N, N-di met hyl api | ini um tetraphenyl borate, 15 N, i et hyl anilinium

t et r aphenyi b8P cahan jiaps, a4s %q‘fj’iitﬁ ‘%‘ﬁé’la F%{Mrﬁ} et raphenyl bor at e;
di al kyl anmmoni um galNsn&YERpBStadithyi(doRRRERR Yl GHTERRI i Cpi i
tetralis(pentafl ug@ophgﬁ;’le) 8orgt e,]y ar?grﬁgi cycl ohexyl ammw cr)lrileun%) g Sysiem

tetr ﬁp he Iny Ih bas zﬂiggmda nchecp liﬁmﬁ ?olrmp hdslftsandwich Sﬁm}phs:](swi(ﬁ:n ttzeﬁnetalhand_ can

tri en (0] nfumtefr €. orate ri( met o e 0S oni.um

et Faphongl DEPORE Wt R PEnGks ) oo B Y AR BT P o
Further exanpliggin@foréi tR! IRt@DMBRI-Contaifing! BEing. | Td CPerihfAnand Beh Wi Ng a

25 stabl e carboni umion, and a conpati bl e non-coordinating anion. These
i ncl ude: tr ophsubstifiede tspbdtitatcdenr af flerbradipe chsreyberch s a betghmengliqnsingy| i um

tet ' t af h b b ' '

o S e SPRB R 2B RIAT bR bR fused to form ot
phenyl tri s( pemiaidduer pbamatedb eingd SystemWButH 2s. trabyldroRideTT Aindsad, -0#~3~3
tri phenyl net hyl i um phenyl - (tri spent afl uor ophenyl ) borate, benzene

(di azoni um ;S%@fﬁwl FIRg sypems.af Ingoidermatay somaining ligand s |houpdnto both the

tetrakis(2, 3,“23‘%- r L hor ' | i
tetrakis(2, 3,5, -aglgﬁg(ﬁaggrtgp en%/{l}l %urglthgfggttﬁésgﬁgé)z{%ge l(idiTa{{;gHrﬂeao fom
t et raki s( 3, 4iself is 4d atonowithraytgopdinatien nhmbeyi dfl three from group VA or VIA of
tetrakis(3,4,5-trjf| uorophenyl) borat benzene (di azoni um

Lot r ol o( 3. 4 68 ReioHIGPN SRR FBTGr Jhets DRt EYImpetadiony  bomplexes have
tetrakis(3, 411%%511:&;3& mRphenyl ) al um nate, "tri phenyl net hylium

tetrakis(3,4,5-trifluorophenyl)alumnate, 1 o benzene (diazonium
tetrakis(3,4,5-trifluorophenyl)al um nate,

1

(Cp'R' R*(YRHMX,
20 wherein R' is, each independently, a halogen or a hydrocarbyl, halocarbyl,
hydrocarbyl-substituted organometalloid or halocarbyl-substituted

organometalloid group containing up to about 20 carbon atoms, “m” is 0 to 5, and
two R! suBstituents on adjacent carbon atoms of the cyclopentadienyl ring
associated there with can be joined together to form a ring containing from 4 to
25 about 20 carbon atoms, R? is a bridging group, “n” is 0 to 3, M is a transition
metal having a valence of from 3 to 6, preferably from group 4, 5, or 6 of the
periodic table of the elements and is preferably in its highest oxidation state, Y is a
heteroatom containing group in which the heteroatom is an element with a
coordination number of three from Group VA or a coordination number of two
30 from group VIA preferably nitrogen, phosphorous, oxygen, or sulfur, R® is a
radical selected from a group consisting of C; to Cz hydrocarbon radicals,

substituted C; to Cao hydrocarbon radicals, wherein one or more hydrogen atoms



tropilliumtetrakis(1,2,2-trifluoroethenyl)borate, triphenylmethylium
tetrakis(l,2,2-trifluoroethenyl)borate, benzene {diazonium

t et r aki s( W@p244261 f | uor oet henyl ) borate, tropillium PCT/USO1/44343
tetrakis(2,3,4,5-tetrafl uorophenyl)borate, 15 triphenyl nmethylium
tetrakis(2,3,4,5-tetrafl uorophenyl)borate, and benzene (diazonium

tetral "is(2,3,4,5-tetrafl uorophenyl)borate. 4.2.2 Non-lonic Activators
Where the netal ligands include halide noieties, for exanple, (nethyl2o0
phenyl) sily G2 - I [ = UL ]

zi rconi um di fgﬁr?ﬁlra %}‘gwtﬁvd:ﬁ %:lﬁg(lé{lr %X%bt% %%@gl‘g']%kﬂrf%%?é}?%{éa%{sd{ %Bcrgggcr{\ under
st andar d conthetd mag,bet theyRE groupe ondYivach esepenadeantlpwnradicay beédted froemat i ons

with organonetal | ic conmpou suc s lithiumor, gl um nym hydri des_ or
al kyl s, al kyBRFRnERISHLERE o %ng’r d’«th 3@@?&32‘?%%.10 %es#nw@y _é%o“gz@ao
EP-Al-0 570 g%é%@ﬂ?@ﬁ@%ﬂé 'Qerﬁﬁz%n%ﬁﬁ fRke lﬂk@x‘b@éﬁ %&mﬁ’se?s_cfegpa'c&g wiflea

Teaction of & m num conpounds w th di halide substituted netall ocene
conpodnds prhaogancatom, and eachi¥é issadven-cyalopemtati¢nyV ligambarsinis amideépendengbyunds.

e RS A A, St S oo

al um numis glhafomttallsidl CoBthydroeadYRAMRTIIES SE8ndiRetdfbi@X 6€SRaldéarbiiat ,
normal Iy stoichionmetrically rfequired for alkylation of the netall ocene will
permt its asithstifuped ongandieetaldeid grow cokanng up tolaboiicltearbor afomse”“Cdspound.
Normal |y al urmxg ethwoui d no e. added with the netall ocene so as WO
02/ -t C2S1 PCTHBSIY P4 Y8RP oL PGS Goi d premature activation, but can be

addedqdi rect |y t oEkh@plesast | satabies bibydlSpdnbaligHye SeBaloadet hef RRE YiyBET zabl e
nmonomer s when serving as both scavenger and al kyl ati ng activator.

Al unoxanes négserbeb i graup| | abowscly dhejinigntion g sisclorstoitn Uat-IBatent MNescanes
are addi tionghkby g5y Bal%gfoﬁsayﬁﬁgﬁgéﬁ%ﬁ%atﬁﬁ)’865- B2 17 Al arf%?’l,’fd%r- those

met al | ocenes™conpri’sihg ha he’ al unbxahe’ conponent ‘dseful as

cat al yst act #,542,0091 ¥iseH07y 51182262015 391620t 5,243,061 0 2 28cl6do LN2PE,49%: esent ed
by the general rmula (R AL-Qvy,, .which ig.a cyclic conpqund, or R(R-A I
-0~ A1l R, %%g%@iaalr PE&QWL&%MMTWE thre}(eg%rwerh&rena FRIRBPRES %r nul a R

is a lto ) adical , for exanple, nethyl, ethyl, 1 o propyl, butyl
or pelcrsljtyl angsaﬁia@gpe?%g% nteger from1l to about S 0. Mst preferably, Ris

met hyl and "n" i sIlatstratestbud, not Jingiting, exstnipleslofipoofamed bidedlopetitadienydnes can

be prepared b ari ous ocedur,es .known in the.art.. For exanpl e

a ubt mam ai ke aRGeES P hE e HreRbRRTE et B o e Y AR e e
sol vent, or idcemBYisbRe®yT acted with a hydrated salt, such as hydrated
copper sulfate suspended in an | s inert organic solvent, to yield an

al unbxane. Gener aMHHappSidndenypaMN@dled, the reaction of an al uni num al kyl

with a limted anmou fo. er. yi a mxture of the linear and cyclic

speci®s of the al HF@BS’&.‘@%Y@@%%M Killer 20 Catalyst killer such as

wat er may be addeﬂ-@h?}%?(téfail gefdein Mg, eact or or reactors, preferably
I 0 I shing

at the |ast stage p to fi So as to prevent additional,

difficult to cont pedcmgljsqu%yabindﬁnﬁ%ﬂ\ﬂm—ﬂ)i nishing. It is possible that
the catalyst is effectively spent at the end of the polynerization;

however, the norebaéiHskSiGndeaydMNEdtGl=amd cat al ysts and NCA's have
sufficient stabilit in } 25 even after the polynerization
proper has ended. %é%ﬁgﬁen&ﬁ@w?@?’ and the manner of its addition are
tail gsed to emskitM RahoseaStort A@Hel donsisgalesf ZoarIgfire a conplete kill.

Excess killer may_have to be renoved by scavenger or aother means such as
atomi ¢ sieves or Gxamplesofspitable vesympgtiietcyclopanadienylimeiallogenesolthsr e not

recycl ed and olelP i i iQn. :

e 50 IR e o IR SRR P
4,892,851; 5,334,677; 5,416,228; and 5,449,651; and are described in publication
J. Am. Chem. Soc. 1988, 110, 6255, all of which are incorporated by reference

30 herein for purposes of U.S. patent practice.



Optionally, the process al so uses a scavengi ng conpound. Al though tri al kyl
alumnumis the nost preferred scavenger to be used in the invention, other
scavenger svomy4d81 used as set forth below. The term _ "scapeqgisifiHis
conpounds” as used in this application and in the clains is nmeant to

i ncl ude those conpounds effective for regmoving polar inpurities fromthe
reaction solvent. Such inpurities can be inadvertently introduced with any
of the polynmerization reaction conponents, particularly with sol vent,
nmononer and conon ed, .and. a el fect L V] nd
stability. It canﬁirﬁggmtlﬂ‘t%’ i l?lutdglgF elgl)élﬁ%%’ O%xa@(pé&evog%éﬁ%rﬁ%a@ﬁg# :#Hc@gt alytic
activity, pacydepehadiepyhWirlRcamisad heeype clasdrived iangoap di aBévenfyrahé on pair
is the catal yst system The polar inpurities, or catalyst poisons include
wat er, oxygeRVeRigiEdiat ed hydrocarbons, netal inpurities, etc. Preferably,

steps are taken befgr 11S] ' reaction vessel, for
exanpl e, by chem @éﬁﬁﬁ?&@ﬁgﬁt’&g@%@ﬁgﬁgﬁefs@%&%ﬁ. on techni ques after or
during 15 the synplqggiisgz(_gm_rﬁé@pwy%bgﬁad}fm}qquuy@ﬁqumlz sonponents, but sone

m nor anmounts of scavenging conpound will 'still normally be required in the
pol ymeri zati on pr pd€¥s){cysldpenthdisnphi(fluprany®Mi(®ax engi ng conpound wi || be an

8;?225’;{?}‘?" 5 ‘éﬁ?e”?é%’l%é&?@ﬁ%@%«@%nyiﬁ% Eim%éﬂyal&%?@@zllbfeﬁfgﬁgﬂfsaﬁfj
WO 20 A-9 - i 1 i
triethyl borane.  EiCetOasary ORI GERpERmORTRE AR BRI MEE TN, * hose
havi ng bul ky SUbSpi(Cg[@g)ﬁ@(@&\éﬁérﬁﬁdibﬂyl}&ﬂ@n&&y‘lﬂ[@r&%ﬂﬁxﬂﬂ@& ah@tal l oid center

being preferred to mni'm ze adverse interaction with the active catal yst.
When 1an al unoxanepi€HapEfcyatoprotadieayD(2,7-duhokithylfnatengdd(Bhgi ng conpounds are

not necessar Th mount qQf 25 scavengin nt to.be. used wt

ot al Tocene. SUEBHMIBRLGTSR dras RGP OR T 62 ind 196 AR HOS GhcRstiomy®

pol ymeri zat i gpyup@ssdidRBofi ah@Hamount effective to enhance activity The
nmet al | ocene catal yst conponent and the activator may be fed to the reactors

ei t her separ at el yEsamples mfxsuitablo munecyderaniadiens| gnetploeenpe of atbe ytypesi r abl e

for polyneri L i i Nat.i . | I ARVANETR | rooration
of the a1 phadbrbPrh gl £85I B Al isaith drfGiLibhld 1y CRSTRUBRANSETR L PO
hi gh 18nough @026 gb&s 5068478 3,3 5060239 %264, M0; (4,055,450 hd P&Fe/ WSClibed 18~3 - 23
at economcal ly, attractive reactor tenperatures. Cat gl yst sys}lerr_s

parti cul ar | yPpbliceden 80 P6/002efd.cali pigWhich ake WISpIOTated BY Tefsrenge herein for

~C- (CH3) 2Si ( IO% (@k&} : (CH3) ZSi [t et ranet hyl eycl opent adi enyl ]
[ adamant yl an‘#’%ﬁ%i g;%) , aﬁﬁlcp?e-'( C~HS) 2Si [ cycl opent adi enyl ]
[ f | uor enyl ] Hf ( CH3JlHstrétive, Butnot limftingngxdmplened mrafeoctd meomiacy cloperpadigydr

composition Irnsetgllltj)ggl}eg oF &Jelt§§edd§s¥rigé Jntglrglﬂ)’ 2 above for the invention are:

20 p-(CHs)2Si(cyclopentadienyl)(1-adamantylamido)M(R),
p~-(CHs),Si(3-tertbutylcyclopentadienyl)(1-adamantylamido)M(R),
p~(CHa(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),
p~(CHs),Si(tetramethylcyclopentadienyl)(1-adamantylamido)M(R),
p-(CHjs),C(tetramethylcyclopentadienyl)(1-adamantylamido)M(R);

25 p~(CHs),Si(tetramethylcyclopentadienyl)(1-fertbutylamido)M(R),
p-(CHs)2Si(fluorenyl)(1-terfbutylamido)M(R)2
u-(CHs ), Si(tetramethylcyclopentadienyl)(1-cyclododecylamido)M(R); and
p-(CeHs)2C(tetramethylcyclopentadienyl)(1~cyclododecylamido)M(R),;

wherein M is selected from a group-consisting of Ti, Zr, and Hf and wherein R is

30 selected from Cl and CHs.



i. e., the polynmer conposition is chemcally nodified by reaction wth a
grafting reactant to incorporate at |east one functional group, preferably
a functi oved ogsmsp to capable of further chem cal reactionpc®uSo1/44343
derivati zation as described below. The grafting reactant is at |east one
ethyl enically unsaturated carboxylic acig_or carboxylic acid derivative,
such as an acid anhydride, ester, salt, amde, imde, or the like. Such
reactants include, but are not |limted to, the follow ng: acrylic acid,

met hacrylic acid, i i ki j i i i I nic 15
aci d, nesaconic af:A’iH% hﬁ%ﬁéﬁ&c&%@ﬁ?g& ,c@ﬁd_p ?reé{te %5}?@%0 8%2)%%{1@3561?&%

di car boxyl i cpmeest deseritle ihdeein hire ylindse (RitR . djroidb- Beamdesy2tedasd sadr Botlydsec aci d

anhydride, 1,2,3,4,5 oo ahydr ongpht.hal ene- 2. 3- di car boxyl i c acid
anhydri de, 28%¢Hbed ¥ W@P@é@ﬁ-o( C5) HORD e gy merization cGmpotintt are afis' ©
bicycl o( 2. 2. {hBafkated BBRIP by FeRANLONN hrpd&dstofDY Patefle pra¥ikbe OBufAKEC aci d,
t et rahydr opht hal'i ¢ anhydri de, 20 norborn-5-ene-2, 3-di carboxylic acid

anhydsi de, neatalystaahyasé thand meHY DOAAD23 G AR/ AH2LIBO, ad WQ 96HB§2H.i de,

met hyl hi m ¢ anhydri de, and x nethyl bicyclo(2.2.1 )hept-5-ene-2, 3-

di carboxylic acid anhydride (~M\A). Ml efic anhydride is a preferred
grafting reactant 4206 Meabodi@meiify Ahlmst erm "grafting” denotes coval ent
bondi ng of the grafting nonomer to a pol ymer chain 25 of the polymeric
conposi tion. The ghafiemy "pricpaiinatingAnpers| (Vo) mgans &nmndgrm Maerhi pithes| ut i on,
in a fluldizgd.beg LEAGHAL 1O LallVirlRidord LRI D8ASASHAEL ofyPRERGU! 2T | Y
preferred grafted conposition may be conveniently prepare y - ne | endi ng
the uogr af t ecogrdingtedrib Gaid@aeSs tHetedy, reimairihe sfibehanldbile talbs eispiaced ba
solvent, with a free radical 3 o generating catalyst, such as a peroxide
catal yst, i n2ogBt s baseof Cé%pag 18 1 RORNGOPRIHISHBS aniong grethose, wdkchy &act or .

Si ngl e screw, I 1 ey extr: 8 U

co-rotating Pﬁ?tgf%gi‘?ﬁgbﬂé%’%m?@%r mgogﬁglég?rfgﬁ#tﬁg&%% ggﬁﬁ@oﬁsﬂ 46251
- 24 PCT/ USBiirtherd 8 3niont weillmes iangferran anideicsybsiitabnt or fagrachetrts theuctions t hose
sold by Buss, are especj al preferred. In the case. of terpol rs

cont ai i ng. SR 2 Sapat RotabElhREER) 10l HRITBRRGRSRCRenE GRBBOMRY A¥ber oxi de
initigtor, Uakuiehl HYShra@uct HohPhe @ith. KBACIIr@iRatthChfiMRsShseul id RBcdaAfcer r ed
sequence of steps Used for the grafting reaction includes nelting the

pol yneri c comibsthis dmventioniarg) those wWhishearsi qognpatiblegstebilizagthe emeteHogene

i ntroducing e r.oxi | vst. ..and . I and
bypr oduct o r SAGPEEE pote F hihe 1B SRkE b 17 SHRERF etk RARAGE P
gL af ti n? 1 Oldbﬁ@ttarﬁermﬂcﬂiiﬂluteﬁxiefmby% algﬂeﬁgalm er ﬁéesyslehiwldy ufsaduraelivent .
The grafting reactant is typically introduced to the reacfor.in an anount
of 0.01 to oo men gurRE RIS GRS o‘}cgmm?lghﬂwamnﬁéwe&sl PBISiRVEYRPosi ti on
and ghalt! NIwiRBEIARLE or BIRy B RESLAN of shificlem itfleculfr sTRAoUARER ifBibfRACt | ON
is carried at a tenperature selected to mnimze or 15 avoid-rapi

vapor i zat i onpmavedtenenadigitionoof thednetalsenaamatioh dyskewisfbases ofher thandthe

catal yst and 8faftj nl%l mononer, 2 dto gegve a resitﬁiencte tinme.about 6 to 7
times the haPPOPFEYIP RORmerh d ?r)leP’&%i PEEFH) e ROPENBEAHUPET D i | e
where the tempgicaiyfif fiord WAl RRleYABiole®Blak sizB OFf @A%Rs tHipSUeduaytordbng4t he
| ength of the e~.rtrusion reactor up to a maxinumin the grafting reaction

zone of the PRESEOSS; NHY'sowe tpreferigd chesansess of dheir abilife entadyee Gutgseat, is
pr ef esr ed. Tﬁ;ﬂ?@éu%%ﬁ%lﬁt&ﬁg{)ﬁégidt %%igﬂerttgﬁlgkﬁi&ré ‘chaiet‘e‘{l]dso{asb{{hggg%o yBr uder

is deSirable tor pro I'ZI'ng purposes when the gra mer has
a | ow vi scosbther activation systems such as alumoxane.

Descriptions of ionic catalysts for coordination polymerization using
metallocene cations activated by non-coordinating anions appear in the early work
in EP-A-0 277 003, EP-A-0 277 004, W092/00333 and U.S. Patent Nos.

30 5,198,401 and 5,278,119. These references teach a preferred method of
preparation wherein metallocenes (bisCp and monoCp) are protonated by an

anionic precursors such that an alkyl/hydride group is abstracted from a transition



In order to optim ze the consistency of feeding, the peroxide catalyst is
usual Iy dissolved at an approximately 1O%to 50% concentration by weight in
a 25 m nemnad o9id2s1 Wwher eas the pol yner conposition and the g&@dk' gP4§actant
are fed neat. Specific exanples of useful catalysts include: diacy

per oxi des, such as benzoyl peroxide; peroxyesters, such as

t ent - but yl per oxybenzoat e, tertbutylperoigacetate and

00-tert-butyl - O (2-ethyl hexyl ) nonoper oxycar bonate; 30 peroxyketals such as

2 ?ull;?/ !5( t4ef1ft %Igﬁgq( k q? ol b;@@g&&%&ﬁ ra?gteetpalgn%gd %y%ekt\fon- oor: f(rfatqr%gs amglllJ ch as
-bi s(tertbut yﬂhe%lg@zsy lonszi ﬁmﬁé bSEﬁfDMd@ﬁ%{ Q&ﬁéﬂ »an active Brot roton but capable

2,2-bi s(tert-butyl peroxy)butane, WO 02/ - S1 -25 /US01/ =~3~3
curryl per oxi def prm;l’ucmlgdtqlh cthmyd:tp@r m:iaﬂe¢ene catxon and a noncoordinating anion is

5 5 i ot hy 1 B0 o Yeep R REL B0V REE Mpra 6,455" 40 aha OIS Pl (0.5
2, 5- digret hyl 523857 568 t REdctipbtoxhiBRy 694 BR%YBRnstet aldiad c@amxa)ﬂimzk@uﬂg

hi gher decorrp05| tion tenperatures are usually 5 preferred
Post - G af t i n,meatelocers | Zenmipoundhe igelude edfemocq&mmt i mdlmzl@arbpmwherand

e aed hor erREy il Bl o crph el -1 R Lok, of SRR 2 1

modi fied pri Easidinatib® @MsIBE ewhich abrdslstamtta Begrhdgiopabg watep (of dRhervari ety
of chem cal reactions_than woul d otherw se be possible with the

unf unct i onal |Bz@@rst?sbp%ems Aeidghmey betused or gepiainged indhe gaiojined the rse@mdt s from
furthgy react {':f?\pﬁt Y co??ﬂ%uggcésrlg@ dégﬂlsp@km@rbutta% AL 1@%}&8% a6 mdf

chem cal reactivi unctronal grou f'unctional’ zed
pol yner can kpeld] pldidomvaid thediky Seaitabid ﬁmtal\ioidm mt:lutie,aian ad @otltimitédttd,zi ng
conpound to form a_derivatized pol erivatizin corrpou d contai ns
at | east one DO PhOEPheEss; \FHIGoR; ﬁ‘ﬂj‘y g}%ohlﬁe ﬁ%ﬁcpl?té?ri Cdgna}gﬁgect ed

to be capabl gnQhs BRCbAG Y Meldh? of Ufick @&%!meafsomsneagp&me& sl gl | zed

pol ymers by, exanpl e, nucl eophiitic substitution ester t| on,
salt formati mefsrenmﬁ)rlphmdsekﬁU'Shpatdmrprwtc:ﬁz| ng 20 conpound preferabl y al so

o2 o ne ARk PRl 1 HRnR S b T g S
derivati zi Ng RQBRGGHE Wehibly RécCigltlallyWieilralCREW R 201 da it Frni BHeCeafioA 4RE ahfdml udi ng
am ne, hydroxy, ether, ester, amde, imde, thio, thioam do, oxazoline or

salt groups dpphvienizingnieastioni withrethsl moetaliessoe i vempeyngs, c@?p@ﬂﬁ@ﬁle 25 In

I | ud
2 opor Lot o SARATARRnd U6, ) K88 1¢ L Slf YRR Al U0
][ eact a_nlt ) :J(ymldla nanalloesne adtmrmﬂstagﬂmng)ncai mn‘n(mhatn@mmm is‘eel EEs?{Oh@%of Ej o]
sol u i mde azo or esters o 0- an
i car Bbxyl 1 o 008 Ere&ie 12D 352 mjeiriaiues K A p e Raion an ol e

sought to be &ir dpasddl 859' dx?da‘tllaﬁ StetreVakial %@nt@ﬁ' Y Ban G R6P Aedhll Qélnpdiﬁnhblqgf
viscosity nodification (e. g. , primarily viscosity nodification wth

att endant seeoivdiy pragispesr smalnmg)p@tadluceg)qdlzmg/\gr@lmlallong| wih thCahlons5111
[.4-43-t3 -26 Multifu n nodl. fi ers 0SS es s attendant

di spersant priopErt P& sﬁm(rq %‘? gzg ;‘/ﬂ? X?SF%R‘&% tﬁoﬁﬁgf}r iating A0S A1
functional i zegflecaR@rslghdre@t bf Qflestd HBCIIASHIP TrdtidilagP NnbbriPbiated BefdirB T sancy

as descri bed hereinafter.
25 reference for purposes of U.S. patent practice.

Examples of suitable activators capable of ionic cationization of the
metallocene compounds of the invention, and consequent stabilization with a

resulting noncoordinating anion include:
trialkyl-substituted ammonium salts such as:
30 triethylammonium tetraphenylborate,

tripropylammonium tetraphenylborate,



Various types of nultifunctional viscosity nodifiers can be nmade by 5
derivatizing the functionalized pol ynmer conpositions of the present
i nvent i on Whioehe2are suitable for use in lubricant conpositipeffusoliSss
preferred types include reaction products of functionalized pol yner
conpositions of the present invention de]éi vati zed with nucl eophilic
reagents such as anmi ne conpounds, e.g., 'hitrogencontaining conpounds,
or gani ¢ hydroxy conpounds such as phenols, al cohols, 1o pol yethers andl or
basic inorganic materials. e specificall ni trogen- or ester-containing
viscosity nodifiers i n%‘@@qﬁﬁm@gmﬁmtg&@%‘?%‘gl,boﬁ?des, i mi des, oxazol i nes,
and esters of the polyner conpositions qf t esent invention,
functionalized with mﬁfgpetﬁxgpf@?%?fﬂc&'{/%‘%@&yﬁ@r e’anhydri de or ester
derivatives thereof. 15.1n,one enbodinent.. the.functionalized pol yner
conposition is derivat ?réfgaﬂ‘%ﬁm?’%?“%%@]‘%ﬂ'é°§&g ré&:‘a(torrpound. Preferred
am ne conpounds i ncl ude; i) alkyl.ene pol vam nes the formula HW /N
al kylene ~ HH H x 20 &%‘%"&Q% rﬁllgngﬁrql(hs[(gedg%/fﬁ*orrcgpﬁ\eﬁﬁ%ori > preferably from
2 to Z, and the al kyle Lcal i [ ght: hai n al kyl ene
radi cél having 2 to 7, @r?rre%?é&%}@n%&%gsﬁégﬁ%‘%ﬁ%&%@@%ﬁ%&(i i) pol yam no
al kenyl or al kyl succi nim : l.a_ ' t,#%/ 6251 -27 R3 R
~N ~R2 N)a R2 0 W PCT/ ﬁé@fﬂ%i’ﬁﬁ’%‘é&%ﬂ{ﬁ%@%@f’ﬁ d@? %‘y]ﬁf@% ra&‘?’ al kyl with
from10 to 300 carbon at ] 3 a%'ié&%—lt 1 on atons, R-
S e o S S K e for eyl IRREE

i s hydrogen, |ower alk Ir ox an”intéger fromO to

10, and Wis NH2; and i fiormula 10 (i)
H N alk lene Oalk I engﬁB @tﬂQWﬁh%&%m&%%ﬂﬁ fy(fBorkt Carld

tri(n-butyl)ammonium tetrakis(o-tolyl)borate;

10 N,N-dialkyl anilinium salts such as:
N,N-dimethylanilinium tetrakis(pentafluoropheny!l)borate,
N,N-dimethylaniliniumtetrakis(heptafluoronaphthyli)borate,
N,N-dimethylanilinium tetrakis(perfluoro-4-biphenyl)borate,
N,N-dimethylanilinium tetraphenylborate,

15 N,N-diethylanilinium tetraphenylborate, and
N,N-2,4,6-pentamethylanilinium tetraphenylborate;

dialkyl ammonium salts such as:

di-(isopropyl)ammonium tetrakis(pentafluorophenyl)borate, and

dicyclohexylammonium tetraphenylborate; and
20 triaryl phosphonium salts such as:

triphenylphosphonium tetraphenylborate,
tri{methyiphenyl)phosphonium tetraphenylborate, and
tri(dimethylphenyl)phosphonium tetraphenylborate.

Further examples of suitable anionic precursors include those including a

25 stable carbonium ion, and a compatible non-coordinating anion. These include:

tropillium tetrakis(pentafluorophenyl)borate,
triphenylmethylium tetrakis(pentafluorophenyl)borate,
benzene (diazonium) tetrakis(pentaﬂuorophenyl)borate,

tropillium phenyltris(pentafluorophenyl)borate,



where mis an integer from3 to 70, preferably from10 to 3S, or H (ii) R
al kyl ene 0 alkylene NN n \H 3-6 where in each of the 3-6 substituents of R,
nis an i weonsc2from 1 to 40, and the sumof all the n's ischiRmdsiP 70,
preferably from6 to 35, and Ris a polyvalent ~ 5 saturated hydrocarbon
radi cal of up to ten carbon atons having,a valence of 3 to 6. The al kyl ene
groups in either formula {i) or (ii) may be straight or branched chains
containing 2 to 7, preferably 2 to 4, carbon atonms. Exanples of alkylene

pol yam nes of for ?)} ove i ncl yde: es; ethyl ene am nes;
but yl ene am nes; %ﬁ’bﬁ lg%qglyi n%lgeny HW\RS %gl &%ﬁny %fégt ’PCT/ Us41 /-4-43.13
pentyl ene am nes; béiexid @fi‘&oﬁmnﬁbqﬂxenﬁleﬁtsQﬂeﬁﬁaﬂu&mphagrl)maw| ene am nes; other
pol ynet hyI ene am nes; an%@taécl i ¢ _and higher honol ogues of these am nes,

such as pi perazi nisepill 15&%»3,536;%@%919@1@?%#)%@ ines, etc. Specific

exanples . includ triethyl ene
tetram ne, propyl gwggéﬁﬁeﬁ#‘%uq{ é&#ﬁ@bﬁ%ﬁ?eﬁtﬁ{&?ﬁg b?%ér}‘lgné tripropyl ene
tetrapgi ne, tet raebmbm@hmm@mteﬁakli(BjmtrﬁWOeMedyBMM& pent aet hyl ene

hexam ne, di(trinethylene)triamne, 2-heptyl 2-am nopropyl )i m dazoline,
4- et hyl i ni dazol i Hep lawgt%ﬁakw(%érmﬂaertongwﬂw %ol i ne, pyrim dine,

1- (2-am nopropyl) 1 azi ne,

N, N- di et hyami nop?%r%%géa@lm&ﬁlenu}ﬂﬁﬁﬁ%ﬁ ’ty etfﬁﬂ)ﬁl(5 %@P&}ﬁ{e,

N-octyl - N - net hyl ﬁrb;b]ylhemEtﬂukm(mm.é-tnﬂunmphWyl)hh(rﬁmaienobutyI ) Ppi perazine,
etc. O her hi her h rmlo whi ch sed can, be abtained b
condensi ng tvvg orlr 15'%813'&%‘“‘5\‘939]@‘”@941? i ‘EHOQPWD@%IHW’%S a%d such
procggses are wel bedi uiz'%nfdﬁ@) t@ﬁ&kls(};hes ﬁlﬂﬁb&@ﬁlﬁnﬂj&lﬁﬁﬁn&é@' ch are

particularly useful are descrl d, 5 exanpl e, in The Encycl opedi a of
Cheni cal Technol ogyplﬂnmetetlaka(héédrlﬂgomfethemlhbdréﬁ@e Amines", (Kirk and

O hner), Volune 5 898- 905 New Yor k (1950).
These conpounds cgﬂj%gléyl g}?’i tehﬁﬁ'fﬂzf?gréﬁqqr% ﬂ’r?r%f:kyl ene chl oride
with ammoni a to fpédreRe @RaHRhRM ) TeiralHE@, 200-trifldordbRghy®BoRes. | ncluding cyclic
condensati on products such as pi perazines. Wile such 20 m xtures of am nes
may be used for pHPEB@é@tQS#akt 34 tetnflngaphemybbofsise al kyl ene ani nes may
al so .be used. The e \Y; ) ove,
pr ef elrgabl y pol yoxy%%ﬁgx{ﬁene }J(;%gnm{%ﬁggg 2h3211£n|c5)g %@Iﬁ)ﬁ%ﬁgh&%&f%@n&)nes may have
aver age nol ecul ar bavzegh{diadoaigh ) ngtrilis@)3200-tdteafiioipheayldbqpatef er ably from 400
to 2000. 25 Preferred pol yoxyal kyl ene pol yam nes i ncl ude pol yoxyet hyl ene
and pol yoxypropyl ene di am nes, and pol yoxypropyl ene triam nes, having
average nol ecul ar 4 e gﬂfoﬁ-lbﬁ{&%u“ad’ré)m 200 to 2000. Pol yoxyal kyl ene
pol yam nes are commercirarty aval e and nay be obtained, for exanple,
fromthe Jeffer sommﬂimmetatdmaadwmclm hahddenomhes,tfpasmalne(m@hﬂam ne

D 23 D- 400 0 40 aunds whi ch
can B2 used PN DaStoiRs AREREIRAEr e s l0 (AEPO b RpERTT AT o
course, depeaithRpide);ewhithuage Gfott EableVat Qoﬁﬁ:ingl-%&lad?ﬁ]i/ US&d/ stndadd3 - 29
grafted functional conpound. In the case of the preferred grafted

functi onal cé@ﬂﬁ@éﬁm; hay efat bhganveded YiRoksownaalkylation, ggactions Wlth
advant ageous|,y, E&aﬁﬁhX(q{lggﬁldcsugfch' %](f]{ﬂt]{lﬁll 8f Q1dhiueP h"\e/aﬁ&es b G
al cohol s, thi cohol's, and am nes. r

ese, amnes a referre Prlmary
am nes are m&glahnmdmesad}rmmjmgmﬁs tehe SeesERH- -DiS09P %EH, EFIeU-mS(’zIQ 952 oduct s

fornmed. Most d am fies,. RN roup

Cont 2ns { unekd BRah 0 6 Toffonpioteder tewmbine P Eretioh B SHE EumARough
such product %orﬁ?&hﬂ's %ﬁiﬂ&h&%éﬂb@ﬁﬁkedtm@moéehe coip@andifsdr 18R ithythE or med
by reaction of the primary amne is relatively inert and serves as a stable

.linkage bet wedditioh@ffastivetugahionic compoundR gFougxample; ke gomjmer algdkbone.
10 Functi onal ! tll oeusndt rrﬁa b%rmelxg: Sv'snrd{jl eem];t%[loce11%|p¥Por 98 1{s 1n¥rggu3{o?1tht%tthehr ough

reaction vessel. Since the alkyl aluminum is also suitable as a scavenger its use in

30 excess of that normally stoichiometrically required for alkylation of the
metallocene will permit its addition to the reaction solvent with the metallocene

compound. Normally alumoxane would not be added with the metallocene so as



inclusion in the R group of the primary amne, RNH2, wl| depend on the
application for which the product is intended. For use as a nultifunctional
vi scosity wodeMmésr for lubricating oil, it is desired that pichadf/93eyp of
the primary am ne contain tertiary amne functionality. 15 Exanples of
useful primary am nes, RNH2, in which the R group contains tertiary am ne
functionality include: N, N-di nethylethylenediamne; N N

di et hyl et hyl enedi am ne; N, N-di net hyl -1, 3-propanedi arnine; N, Ndiethyl-1,3

pr opanedi am pe.., 4 ) r nei. A= (Al . | di.ne: 4 .
(2o noet yl 1ol BEEER AR il cor BELABIRI B beliprlesscl i o o
useful pri nmathe presenesof Rdlpalymarizable ahordngerRwhien yarvinprdsaiotls scavengedany am ne
functionali tg igﬁl ude; N nethyl et hyl enedi am ne; N et hyl %}nh | enedi am ne;

N- pheny| et hytsHBHPR APt@LINATBDAYANCE Dty P &AVARSING function.

N-pheny! - 1, 2- phenylgadipiRitioxhaney addkidhaRy SibiisBIReA] SR’ adtivhiers
am noet hyl ) pi per azi ne; and 4-(am nonet hyl) pi péridi ne. 25 Exanples of usef ul
primasy am npaticih#lp for thostindtalidvené® gorpmsiog hiatide sigandsohdhe falinoexaoeal ity

i ncl ude: ethanol am ne; 2-am nQ-1-propanol; 3-am no-1 propanol ;. .

2- ani no- 1- but AHY n,engrﬂﬁeé‘l &t ?‘?8?)1@?{29?&)" t‘gp%ﬁ“f'a@iye’fse?? lgro_g’ﬁ i @@“E’_E}H‘bounds
for reacti oncphpdurdr Ripk@EntBR RS tie BBMMEN Estthuld {Rh@l-@);‘%c%f@l of atdYichic

i nvention are 4-(3-am nopropyl) norpholine and 1-(2 30

am noet hyl ) pegep@azidner REREA -}, AR AW isUs @indhr edinpdi@dPr BC tHeCgenefal t hi s

i nvention include am no aromatic pol yam ne conpounds such as: WO (12/(2S1
-30 (a) N aryuploeayd EorentiaaRi ises f tt By dlkylmadical, HoRexaAnplRa nfdiyl,USa#! / ~~3~3
wherein Ar is aromatic; R is h?/dr.oger_l, NH-aryl, NHaral kyl, or a branched
or 518t r ai ghpropiikibutyter pentglandynkyis an ategenfrom dltk ekt S0adbstyireferblyar yi |

hydr oxyal kyl ,or _am noal kvl . group. , R2 i s - (N\H éé) ) NH2

- - (o) " - R méghyI 30 o il ?ea\%‘ér’ee"r{“%tﬁlgg%“é‘%‘é‘n% i D dSHRICES SRR 1 ¢ o

10; and R3 i Be pppafededy Wiriod picrefidres &inkwh,in ah &Y [For axdt@y] an aludidith, Or

al karyl; (b) N-aryl phenyl enedi am nes of the fornula: 10 HJ N J NHz 1
alkyl may be treated with water dissolved in an inert organic solvent, or it may be
contacted with a hydrated salt, such as hydrated copper sulfate suspended in an

15 inert organic solvent, to yield an alumoxane. Generally, however prepared, the

reaction of an aluminum alkyl with a limited amount of water yields a mixture of

the linear and cyclic species of the alumoxane.

423 Catalyst Killer
20 Catalyst killer such as water may be added to the effluent of the reactor or

reactors, preferably at the last stage prior to finishing, so as to prevent additional,
difficult to control polymerization during finishing. It is possible that the catalyst
is effectively spent at the end of the polymerization; however, the more active bis-
cyclopentadienyl catalysts and NCA's have sufficient stability to remain active

25 even after the polymerization proper has ended. The amount of killer and the
manner of its addition are tailored to ensure that just enough is added to ensure a
complete kill. Excess killer may have to be removed by scavenger or other means
such as atomic sieves or other purification columns to ensure that killers are not
recycled and act as poisons in the polymerization process.

30



R R2 Rs wherein R, RZ and R3 are each independently hydrogen or a linear
or branched hydrocarbon radical containing from1l to 10 carbon atons that
may be al kyb02abldsenyl, al koxyl, alkaryl, aral kyl, hydroxyalpefhysoPfiszss

am noal kyl ; 15 (c) an am nocar bazol e of the for rruI a: NH2 wherein R and R
are each |ndependently hydr ogen or an aIkyI al kenyl , or al koxyl radi cal
having from1l to 14 carbon atons; \71\D 02/-4@&51 -31 (d} an

am noi ndol e of the formula: R'N H2N H PCT/ US111 /-1-43-43 wherein Ris
hydrogen or an al g)éo di caI having from1 to 14 carbon atons; (e) an

am no-i ndazol i non 4 lula: 1H wherein R is hydrogen or an al kyl

oo PRV O R ShoThs Lokl Shpp gl [
SH N NH2 15 trialkgy abuhiipym 4GHE1Imost preferred scavenger to be used in the invention,
other scavengers may be used as set forth below. The term "scavenging
5 compounds" as used in this application and in the claims is meant to ificlude those
compounds effective for removing polar impurities from the reaction solvent.
Such impurities can be inadvertently introduced with any of the polymerization
reaction components, particularly with solvent, monomer and comonomer feed,
and adversely affect catalyst activity and stability. It can result in decreasing or
10 even elimination of catalytic activity, particularly when a metallocene cation-
noncoordinating anion pair is the catalyst system. The polar impurities, or catalyst
poisons include water, oxygen, oxygenated hydrocarbons, metal impurities, etc.
Preferably, steps are taken before provision of such into the reaction vessel, for
example, by chemical treatment or careful separation techniques after or during
15 the synthesis or preparation of the various components, but some minor amounts
of scavenging compound will still normally be required in the polymerization
process itself. Typiéally the scavenging compound will be an organometallic
compound such as the Group-13 organometallic compounds of 5,153,157,
5,241,025, WO-A-91/09882 and WO-A-94/03506, noted above, and that of WO-
20 A-93/14132. Exemplary compounds include triethyl aluminum, triethyl borane,
tri-isobutyl aluminum, isobutyl aluminumoxane, those having bulky substituents
covalently bound to the metal or metalloid center being preferred to minimize
adverse interaction with the active catalyst. When an alumoxane is used as
activator, additional scavenging compounds are not necessary. The amount of
25 scavenging agent to be used with metallocene cation-noncoordinating anion pairs
is minimized during polymerization reactions to that amount effective to enhance
activity .

The metallocene catalyst component and the activator may be fed to the

reactors either separately or premixed.
30 The catalyst systems especially desirable for polymerization give a
combination of high activity, good incorporation of the alpha-olefin and diene into

the chain, and polymer molecular weights high enough for elastomer applications



- 32 (h) an am noperimdine represented by the fornmula: NH2 HN NH 1R J
PCT/U SO 1 /-4-43-13 wherein R is hydrogen or an al kyl or al koxyl radi cal
havi ng fr ovo #2/46s514 carbon 5 atons. Particul arly preferredper/usor/issss

N aryl phenyl enedi am nes are the Nphenyl phenyl enedi am nes, for exanple,

N- phenyl - 1, 4- phenyl enedi am ne, Nphenyl - 3; 3- phenyl enedi am ne,

N- phenyl - 1, 2- phenyl enedi am ne, N-napht hyl phenyl enedi am ne,

N- phenyl - napht hat enedi am ne and N -am nopropyl - Nl 0 phenyl phenyl ene-

di am ne. QU hgr oQ56H; arlTL?r%tE} @ti\)enféa%?:teﬁ B0k L. a@akaﬁfstsﬁs%ﬁ{seﬂa&iéﬂgﬂw he
group consisting of antnothiazole, am nobenzothi azol e,

am nobenzot hprafirezofoe ahitviag thesd bijettivazinckide grdCH Sidnenyd), HS(CH;)1, he
formula: ~ NHZ ~R R~~~N H_15 wherein R is a dival ent  al kyl ene radi cal
havi ng 2- 6 clrbbh):ailtsiemsthyloxelapsntadignylyenladamantylankige] r abi(€di.hadndg from

1 to 14 carbo oLl L. other us nes include: phenot hi azi ne
and phenot hi %‘rzzf:??téﬁzrj%F%YSE?PF%‘@‘?“’HQ?‘P%G&?QW@%-am' nopr opyl phenot hi azi ne,

am nos 3 WO U2/ -4C>251 -33 PCT/ US111/ . 4~3-~3 propyl am nophenot hi azi ne,

N- am no- pr opyl - 2- napht hyl am ne and Nam nopropy! di phenyl am ne; and am nes of
the general fornmufd: XGpflilgCH2 C~CH2~NH2 | ~a ~ ~ b Ar' R 5 wherein Ar and
Ar' are |inked together .t .fort a_heteroc Cliif’ Str cture.vm'cfh thﬁ. ni trogen
to which they are ?rfeaeé%beo I W0 Woca OFt'8M'S ‘819%!&%6 l%%r& M
branched al kyé,, ﬂl@?cﬁﬁhexoéorﬁﬁbsﬁ{dhn@_tdhﬁmﬁ@ﬁyQﬁédiﬁéﬁ b$ réackivAVASER gRdfany

hal ogen, OH or NHZ group; a is an integers fromO to 5; b is an integer

from O to 6;reapanttaaneniperate-at feassong fupelienal group, prefgrably pdundioae] grasp
descrjbed in i G for el ' rin
sol uthon in PI%COZt | ngegg}li e gﬁﬁ%lérg' or n%gétgéf%ﬁ%%g&c}féépﬁ?éﬁegmtgm

consecuti ve react Thaigrdfiing eeactanhés atr hiti org ethyletibeallyp astatgaet tdartgxylic

derivati zation) can _be accq ished in_a two-sta r,.one- stage process.
For econonm 0%19121 0% £athPxylig H‘é‘gpcdﬁ’é‘y§tﬂ‘éFg§“‘f}} 6%%%§°st£"§‘9’8’?‘% (SHT SpH: _ $ been
described i njghigs. oAk aike. ?’gch feacBnRoAcREE; bithie ?1'0% ﬁgﬂéHrts, e Mbging: S

I ncorporated herein by reference for purposes o0 . patent practice. 4.5

Q her Funct i aomgli¢ acidi mathkenylic iacidaiiakae acid, fimariceacpd litaoenic @cidpcitiatema t o

gi ve a derivat.ized 20 polyner, in si ngle stage progcess n al so | nvol ve

procésses ot fidd t 2 EfSeaEi’élscrrf‘gl&‘f a%ﬁ@yéj.sndﬁor 4é§‘8*§‘§f‘8¥°(i&i‘%y4'ﬁ’?erk gen

nononer s candRgrb@kyIRet bidorahb8dde, bicyclo(2.2.2)oct-5-ene-2,3-dicarboxylic  acid
anhydride, 1,2,3,4,5,8,9,10-octahydronaphthalene-2,3-dicarboxylic acid
anhydride, 2-oxa-1,3-diketospiro(4.4)non-7-ene, bicyclo(2.2.1)hept-5-ene-2,3-

dicarboxylic acid anhydride, maleopimaric acid, tetrahydrophthalic anhydride,

20 norborn-5-ene-2,3-dicarboxylic acid anhydride, nadic anhydride, methylnadic
anhydride, himic  anhydride,  methylhimic  anhydride, and  x-
methylbicyclo(2.2.1)hept-5-ene-2,3- dicarboxylic acid anhydride (XMNA).

Maleic anhydride is a preferred grafting reactant. As used herein, the term
"grafting" denotes covalent bonding of the grafting monomer to a polymer chain

25 of the polymeric composition.

The grafted polymeric composition may be prepared in solution, in a
fluidized bed reactor, or by melt grafting as desired. A particularly preferred
grafted composition may be conveniently prepared by melt blending the ungrafted
polymeric composition, in the substantial absence of a solvent, with a free radical

30 generating catalyst, such as a peroxide catalyst, in the presence of the grafting
monomer in an extruder reactor. Single screw but preferably twin screw extruder

reactors such as co-rotating intermeshing extruders or counter-rotating non-



(see EP 0 429 565 B 1, page 6). As an additional exanple, terpolyners of
the conposition of the invention can al so be functionalized through the use
of Schiff voasmss2§see EP4, 448,974, colum 3). One skilled i pciphigophdsiv ||
readily recogni ze 25 other types of functionalization suitable for use with
t he conpositions of the present inventi%g. WO 112/-tC2S1 -34 4.6
Lubricant Fornulations PCT/ U SO01 /-t4343 In a particul ar enbodi nent, the
grafted pol yner conposition, or the grafted and derivatized pol yner
conposition,,is used as a, vi ScQsi index ("VI") i over for an ojl
conposi ti on. INEMEFHIAE EXIEHIF SR Poﬁ?dﬁﬁaﬁuﬁhasﬂ’é’??ﬁga%ﬁ spsepspeeiAllyr the
grafted and}%f:eiﬁég;i zed pol yner conposition has a solubility in oil of at

| east 10 wt% From 0.00l to 49 wt % of this conposition is incorporated
into a base oil, Budle assa dfuterpadghengcmitdinmg a Hiede,otzr beactibualap Hependi ng

upon whet her the desired product is.a.finished product or an additive
concentr at e. pefﬁ’émﬁ&rdﬁ rﬁ%sﬂget e DPTOXIf5 ABYafor; HSIBg t ?rﬁ%‘ﬁ?l?‘?ﬂhi—e@ﬁﬁfesac@?? ective
to inmgrove oghepRsliy.y 1 o the viscosity index of the base oil, i. e. , a
viscosity inproving effective anount. Generally, this amount is from0.001
to 20 wt % for a Thhipsfedepsensoce OF stgps uged §o1 thef graftingareaetionuinchuigs i ng oi |
conposi tion) ] |l ternative lower |imts af .0 0Ol %, 0. 1.% or % and
i tornat i ve Tsbisk Y8 pbBndie Yomp i gilink Spficipeipd i feaatt of v
i mprover conp@dliidhd e heRiARNYatallst! bRl Wesidgethel @wehictdd nonbinkes abd bgny of
the recited upper I1mts are wthin the scope of the present invention, and
one skilled prRdudie regultingafiomethdineyoxdda decempesition. aplieraptivedy.cthe grafing r at i on
range ,based t i l,ut.ion. t] as@. 0j s sujt e for
Lae 18 pr opat raataiE e BhTRLE BB tsrbieRiPBE! 4 FSeE” Shelrnfid KBl o,

i ncl ude t hosg tgpisatnintodatddytoctip rea¢ed iman ahuke as .0l ubrliooss. ivhdhasdéd onl s for
spar k- i gni te&‘eand co_rrgre sion-ignjted internal cqnbustion engi nes, such as
aut orobi | e a8 RRLFRIZEHE the BOLyMEricfampAitipR AR ing reaepntedRd peSTabing t he
| i ke. Advant pgeeus g;,esults are al so achieved by enpl oying the VI inprover
conpositions of the present invention in base oils conventionally enpl oyed
i n and/ or adapt edThografteg asacfiones carriah etrattemperafure iselscted ¢ naisindwue omat i ¢
transm ssion 25 fluids, tractor [flui dsi. uni ver sal tralctor |.ui ds and
hydradlic 1oL %é{%IS’Pr 100 QY GPSRTRROSTOP fnd SOnFRsNERt Iopsse o H&R‘ﬁf?ﬁ‘a% and
the |ike. Ceghall:sthihl GadTtifig mondut ldndko RaveSa rePidBieRihé abAf 6abN/imdsuhE i cating
oil conpositions can also benefit fromthe incorporation therein of the
addi ti ves of halfifepiiseemt they@staxide crelyst.ubd dempergtuse | rrofile wiieeh thee
products of .S, Jenyvent Lon i dr bon
oil's dexi ved{em %F?t%\ét%‘%u%g%? e’%%gg‘?&ﬁ%ﬁﬂégﬁsd?ﬂﬁ h%?’%‘% q@uﬁ?‘%‘a{’?ﬁg‘g oi l's
such as est egarusfondednasd wp @ Maximuediyl thx gedtieg seaotslezdng of the reactor, and

20 then decreases toward the reactor output, is preferred. Temperature attenuation in

the latter sections of the extruder is desirable for product pelletizing purposes
when the grafted polymer has a low viscosity.

In order to optimize the consistency of feeding, the peroxide catalyst is
usually dissolved at an approximately 10% to 50% concentration by weight in a

25 mineral oil, whereas the polymer composition and the grafting reactant are fed
neat.

Specific examples of useful catalysts include: diacyl peroxides, such as
benzoyl peroxide; peroxyesters, such as tert-butylperoxybenzoate, tert-
butylperoxyacetate and OO-tert-butyl-O-(2-ethylhexyl)monoperoxycarbonate;

30 peroxyketals, such as n-butyl-4,4-di-(tert-butylperoxy)valerate; and dialkyl
peroxides, such as  1,1-bis(tert-butylperoxy)cyclohexane, 1,1-bis(tert-
butylperoxy)-3,3,5-trimethylcyclohexane, 2,2-bis(tert-butyfperoxy)butane, di~



esterification of rnonobasic acids, polyglycols, dibasic acids and
al cohol s; WO 112/-41251 PCT/US(11/.~~3~3 - 35 polyolefmoils, etc. Thus,
the VI i mwovede2spnposi tions of the present invention may Berfkhl/aBhy
incorporated into synthetic base oils such as al kyl esters of dicarboxylic
aci ds, polyglycols and al cohol s; polyatgga ol efi ns; pol ybutenes; al kyl
benzenes; organi c esters of phosphoric i ds; polysilicone oils; etc. The
VI 5 conpositions of the present invention can al so be utiIized in a
concentrate formk such as from1 wt ,%to 49 w..%in oil, g. m ner al
Yipp i

| ubricating SPY'PPYFEase of hanchFrB“tylﬁ‘HH Ipgioxide: pr epar ed .fh q(genform by

carrying out bﬁt@fﬁaehﬁ@%bﬂiﬁygﬁeﬂz@ﬁe' AR RIpkdxRiel (BFBPY,eY,5lflethydleger i bed.
The above oil conpositions nmay optionally contain ot hel conventional 1 o

addi ti ygs, sdléwﬂalgltylp@loxﬁ)hamee aadur 2p%ﬂmethbé& Tdicteritbutylparoxyhexyrayent s,
Tt b tors. R paltdES gbipe " SiEher DRl PRREANS: SRR,

nodi f sers, pﬂférmalllke Corrosion inhibitors, also known as anti-corrosive
agents, reduce the degradation of the netallic parts contacted by the
| ubricating oil conposition. 15 I{lustrative of corrosion inhibitors are

phosphosul furi zed hydr r@g @% ducts obtained by reaction of a
phosphosul furi zed ‘r%d Do Grdfith lég‘%l—ﬁ%ﬁégl ine earth netal oxide or
hydr oxi de, pref er 3hé grifiedtordupstionelizel pdlymer edrydsitiondcan! enfurther reattedn

al kyl phenol thjoester, and also preferably in the presence. of carbon
di oxi de. Pho¥pHgodngeadd ﬂwaﬁwae@ﬁ%nésayssd e Re dunsiiopalizedinelymers o

swt | e hyd r f a CZ
o G0l ef | npary nah St fafcel hEREER Rrinfll Y VatiRi Af BT LRGP, 2

sul fide of phmswhiaruranétp)of itheﬁmlcml reactima tsan would othenwise bt possibla w:ﬁetheange of

66 to 31 6C. Ne trall of th pho osuffurize dr ogar bo

effected in ﬁ dtgﬁlémer na%gt @nt({eﬂgaﬂ@g%‘éy?fﬁ I?SHB chEHcé'BI osure

of which is ﬁﬁﬂeﬂ?@icﬂ@ﬁ ff eﬁﬂﬂﬁﬁ@hdkﬂé}d PRV RELS MEnd QlvadpROSEtheOdhelhical Pat ent

practice. Oxidation inhibitors, or antioxidants, reduce the tendency of

m neral oil srelagtl‘dét Qf ther grafied rfuxmmalcgrouas J@lﬁc@n@mab@dt mi}’mﬁbd%lcbs of

oxi dati on su d var n| deposi.ts on t surfaces
ona S vi'scodfi iR tbn Fesdfih "Bl AL ek P B Pl et B Lo oot
met al sal ts aérivatikyd pbgarr! MTheeddrbasiziog doayongd Contaths Gt Jeddt oyt réadligechai ns,
e.g., calciumnonyl phenate sul fide, barium oct Eenat e sulfide

di oct yl pheny AemYatEIne e the Bwamﬁmangoawﬁécte%% Gepabla el repstite with

sul furized hydrcaidAaNsroufd 6 the functionalized polymers by, for example, nucleophilic

substitution, transesterification, salt formations, and the like. The derivatizing

20 compound preferably also contains at least one additional group suitable for
imparting desired properties to the derivatized polymer, e.g., polar groups. Thus,
such derivatizing compounds typically will contain one or more groups including
amine, hydroxy, ether, ester, amide, imide, thio, thioamido, oxazoline or salt
groups detived from reactive metal or reactive metal compounds.

25 In a particular embodiment, the derivatized polymer composition can
include the reaction product of the functionalized polymer with a nucleophilic
reactant, such as amines, alcohols, amino-alcohols and mixtures thereof, to form
oil soluble salts, amides, imides, oxazolines, or esters of mono- and dicarboxylic
acids, esters or anhydrides.

30 The preferred properties sought to be imparted to the derivatized polymer
composition include viscosity modification (e.g., primarily viscosity modification

with attendant secondary dispersant properties).



WO (12/-4&21 -3G PCTI US111/ ~~3. 13 O her oxidation inhibitors or
antioxidants useful in this invention include oil-soluble copper conpounds,
such as dasounp/Mediin U S. Patent No. 5,068,047, the disclopgqrseiach is
i ncorporated herein for purposes of U S. patent practice. Friction
nodifiers serve to inpart the proper friction characteristics to 5

| ubricating oil conpositions such as adf®matic transnission fl uids.
Representati ve exanples of suitable friction nodifiers are found in U S

Pat ent No. 3, 933, ...whi.ch_di scl, fatt i d d ides; U. S.
SR e A AT LR R
succi ni ¢ anhygle) g SOTvARr #oANRIcE: théd Bre E&{x%fa;ig tmlcﬁﬂmgg%d %K% A &lzed

di scl oses gl ycerol esters of dinmeriZed to ~ y acids; U'S. Patent No.
3, 779, 928 whivith griouns| wisiels caitkibute tptispghancyasaesalibsd hersinafles. Pat ent No.

3,778, 375 which discl tior ducts of, hosphonat e wi t
o eami de: U.S. PaYaneudypes, ok smduihigoal isosies Rl i b mgdte BY
hydrogar byl gaeaining 4R, ﬁﬁcﬁ@ﬁéﬁ@é‘d/%b%ﬁ@n&)dﬂyﬁﬁﬁﬁ@r&yims}b&@é‘éﬁﬂdﬂ@&ti@ﬁi d and

m xtures thereof; U'S. Patent No. 3,879,306 which discloses 15 |
N( hydr oxyal kyhichl 4resyitalde éer vrgrih dubtdagscappesiiéenisnil he geeferrad, tgpespiachide No.

3,932,290 whj -di scl.0 ] f  di.- W sphites
and epoxi des?e(égwgl ﬁ}%guétgg’ff gﬁ%%f{’%&ﬁ%gg’?%?ﬁ&?f’%ﬁmﬁ é%@reeg%&ﬁg%ﬁ? 1@ | ene
oxi de adduct d&ivatied phgssidleophilRcedldnfy slichxasadritint Jeodipends, epadirogen-des.
The di scl osures of these references are incorporated by reference herein

for pur posesc@uaiging canp@denerephia divideexy prapends dueh jag thherolpoalrehads.s are
succipnate es r L her eof . of hydrocarbyl substituted
succi@ic aci§@5§Pﬂ§&ﬁ@F&$ %gﬁgﬁgméﬂﬁgggggrkanols such as described in U S
Pat ent No. 4, 344, 85de spbcifiedilyanitiogérmian teatetr conmthininpgsabaobite modifesuinciudg f r om
oxi dati on durj ng e, In suspensjion in the fluid, thus preventing sl udge

fl occul ati onoﬁ'ﬁal%feecq 1 ATRGES oFnigss, g oxerAlineyn apd ey Oga s POSii¥abl e

di spersant s b&ﬁh&g@@oﬁy EEPlesGH brentiG, B ctinalRaiihefo-anlieRdrboxylic . |
succi nim des, the reaction product of "oil-sol uble polyisobutyl ene succinic
anhydri de wi a¢tideohagnhydddeni ester detivatives thezeafaet hyl ene pent anmi ne and bor at ed
salts thereof. H gh nolecul.ar ight esters, (resulting fromthe .
esterPfication of %?)PE‘? Frﬂgg‘hfﬂ?f‘%?ﬁlﬁqgﬂc%%@ﬁﬁﬁ éOIWF%%OWﬁsﬁloﬁdﬁgerb‘fa%%q yhydric
30 al i phati cwihG® MaksBaneldmilB 8opburda Feefeie At ddbnipthagsingludeei ght

al kyl ated phenols (resulting fromthe condensation of a high nol ecul ar

wei ght W O 112/ AZ9fi) pikylenspolyamines of theforrgylag| ky| substitut ed phenol, an
al kyl ene pol yam ne and an al dehyde such as fornmal dehyde) are al so useful as
di spersants. Pour point depressants, otherw se known as |ube oil flow

i nprovers, lower the tenperaturg at which theyfluid will flow or can be
poured. Such ,additives ar@&a 5 Il known in the art. Typically of those
additives which usefully opttm m@m%eLgmq&gﬂpgﬁature fluidity of the fluid
are C3-ClI 8 dialkylfunarate‘yfny acet at e cjopolyners, polynethacryl ates, and
wax napht hal ene. Foam cont@ol cjan be proviided|by an antifoamant of the

pol ysi | oxane type, e.g., silicope oil and ol ydi nethyl siloxane. 1 o
Anti-wear agents, as their nane inplies, reduc& wear of netal parts.
Representatives of conventional antiwear agents are zinc
dialkmlgithi@@hﬁ&@hﬁk&nﬁﬁﬁﬁﬁtmmnsﬂabyﬂﬂhﬂhkg&mhﬁbﬁxZW?Vﬁhdehﬁaﬂgn?ﬂs ?s an
antioxidant. Detergents and nmetal rust inhibitqrs in¢lude the t salts
of sul phoni cradisads 2 sirrght gHaArabed c %}Pfai#xq%r&dra 1cRypavien iy & Prg ek%h?y 2

sal i cyl ates, ynaphitignabgs. #Rd 15 other oil soluble nmono- and di carboxylic
acids. Highly basic (viz, overbased) netal sales, such as highly basic
.alkaline earth netal sulfonates (especially Ca and My salts) are frequently
used iagegegffegf;;i%%g@ggg%&;lfe%;l SSRGS A e RV ent | onal

25




bl ended into the base oil in anpbunts which are effective to provide their
normal 20 attendant function. Thus, typical formulations can include, in
amount s bwouei.@ht, a VI inprover of the present invention pErR%0kAN: a
corrosion inhibitor (0.01 5% ; an oxidation inhibitor (0.01-5%; a

di spersant (0.1-20%; a pour point deprgssant (0.01-5%; an anti-foam ng
agent {0.001-3%; an anti-wear agent (0.001-5%; a friction nodifier
(0.01-5%; a detergent/rust inhibitor (0.01-10%; 25 and an oil base. Wen
ot her additives are used, it may be desirable, although not necessary, to
prepare additive concentrates conprising concentrated sol utions or

di spersions of the viscosity index inprover (in concentrate anpunts
-‘her ei nabove described), togetRer with one_or nore of the other additives,
such a concentrate dengf ed an/3o0 "additive3package," whereby severa

addi tives can be added Sigultianeously to the base oil to forma |ubricating
oi | conposition. Dissolutijon of the Rgdditiye congeniratg into the

| ubricating oil may be faciliyated by sol vehts and by m xing WO 02/ .4@&251
PCT/USI | 1/ -1~3~3 -3S acconparjyed with mld heating, but this is not
essential. The additive-package wll typically be formulated to contain the
vi scosity index inprover and tional additional additives in proper
anounts to provide the desired concentration in the . final fornulation
when the adgiehote RPAGHAGS! bEARIMRIA B d b F00LerbsiehLAR] Rel o el of
base | ubricant. us, thé products of the present invention can be added to
smal | anounte§ 2ab Iasmebari htoos, Bt iehydropgaidwsirelkyd| ordawer hydsagyalitlng it her

desirabl e addi,tives, to form addif.ive-packages containing active ingredients
in collecti \P@l%Fﬁerf‘ganmtl?p?Ib‘gM'ﬁ'&}gMS to 90% preferably from5 to
75% and still ngp Bry%ﬁﬂlﬁplbﬁebélgamﬁmé@fﬁa@%&yulwei ght additives in the
appropriate 10 prozgrtions W th the remai nder being base oil. The final
formul ati ons may use typically about 10 wt. % of the additive package with
t he remai nder being base_oil. 4.7 Blending with Base G| 15 Conventi onal

bl endi ng net hods arte_described in U S. Patent . 4,164, 493, the disclosure
of which is wmor por '\?g 2%‘1"@' n_@Ldef eraq@ge%ef r rposes of U S. patent

te

practice. This conve F5cess requi res passig the polymer through an
extruder at el evata.qfvt erature for degradati ¢n of Hhe pol ynmer and
circulating hot oil acrops the die face of thelgxtruder while reducing 2o

t he degraded polyner to particle size upon issuance fromthe extruder and
into the hot oil. The pelletized, solid polynmer conpositions of the present
invention, as described above, can be added by blending directly with the

base oil_ so ive di.rectly viscasity.faqr | gprover, so that the
conpl ex Huf t‘i%ﬁesfggblsﬁpdf}rgﬁr %?mtﬁtgo@r P%?eragbrlkl tﬁ%%gn ?@)%d %géé)ged. The solid
pol ymer conposition can be dissolved in the 25 base oil w thout the need

for additional shearing and degradati on processes. The pol yner conpositions
will be soluble at roomtenperature in Tube oils

/
(i) R alkylene—QO alkylenea— N
n N\

H
H
3-6
where in each of the 3-6 substituents of R. n is an integer from 1 to 40, and the
sum of all the n's is from 3 to 70, preferably from 6 to 35, and R is a polyvalent
15  saturated hydrocarbon radical of up to ten carbon atoms having a valence of 3 to
6. The alkylene groups in either formula (i) or (i) may be straight or branched
chains containing 2 to 7, preferably 2 to 4, carbon atoms.
Examples of alkylene polyamines of formula (A) above include:

methylene amines; ethylene amines; butylene amines; propylene amines;



at up to 10 percent concentration in order to prepare a viscosity nodifier
concentrate. Such concentrate, including eventually an additional additive
package i woboziargi t he typical additives used in Tube oil appirjysai/i8s as
descri bed above, is 30 generally further diluted to the final concentration
(usually around 1% by nmulti grade Tube oil producers. In this case, the
concentrate will be a pourable honngenéaﬁé solid free solution. WO
(12/-4(2S1 PCT/USII1/.1t-13.t3 -39 The pol yner conpositions preferably have

a shear stability index S| det erm ned according to ASTM D97) of from 10
fo S0 5 EoReNBbRs AR Aol SAnaReRBR TR HRIS, GUARY GRS, OB ar od

(FTIR) spect pOa56RRWIHCARAEN Sl SyART MPRAAR: 180l Bes bOHES Shfefesuhe
}r??. The p

pol ymer conposition, specifically ethylene conte ol yners were
conpr essed ass gpipemapisesit aménmélkybSbsiitutasl tpiperatinésyseter o¥peaificc lexamplear ed

t .t , i .a Ni | et A .360 F i to T f
TP ad Spcit iR e tinier QB iminG; et enE el PR se1 00
scans. Cag bopmbdndVRii(HeRfanNMRletdSiaflisg UsiBfbpyRnehakashBe] Z &tiaBRyRaky ner

conposi tions. Metallocene catal ySts are known'to pol ynerize al pha-ol efins
very regi osepensamingl y, stimdthylend pha- dowfnes ar penta¢thylgnd ncor paxanties) in a

1,2 manner 15 duri neri zatd pn Ilde there s @ st no,2

i ncorporati oﬁﬁ(gﬂ%ﬂﬁF‘E@ﬁmn%r %@%&l‘é@-&#-@lg&p&@@@&{#@mﬁi eé"g%thyl'

r egi o- i nver simgidazdlaR, Ng3-Bisi(danaasetyl)itli@adstige, 0byrlR(diNYR a5 afl@fpEd by
Randal | in Polymer Sequence Dete~~n~ircation : 13C NVR Methods (Academ c
Press, |977)pipreszingl ehé-bisaZaninopibyhpiparazingn N rdimpievaminertepylagmitay | ene

al pha- ol f | g §8RLHTPT LSNR! Nl LISALA LRI BRI OfiRRk Lot ters.

i ndicating t & nearest e carbons Th é direction.

The G eek | eamarobatyl)piperatigs, dthaOtieer iigler homohighenwhizhdnayeld hyedlvanded to
t he nmet hyl ene, car b%n of .inferest. The eek letters [3,. ~y and 8 indicate

y
that a met hi ARtalgd 9y sopdensingiwg or anqrg PhBiesRboysrrBHongdAllodens yramngs, apdom t he
carbon of i nggiy Bceg%s%@w@ﬁ-ﬁ&%@ﬂriﬁﬂ% ir bon contribution 25 to cheni cal
ee

shifts sel dom exc s four carbon away Trom each other, a nmethine carbon
four or nore carbdhs dthyland heninest whichnarec pationlagy usefdr ast desribert)i foat ed by

a8 Th 15 P Ie)?a%rlxﬁle,e ini %’hgpﬁlzciyglgpgcﬁlr 0()9‘ &ﬁelgz%cszf ﬁje(%ei\wEo?glyl oo .ep e oA 1rr1]§ o
"Ethylene Amines", (Kirk and Othmer), Volume 5, pp. 898-905, Interscience
Publishers, New York (1950). These compounds can be prepared by the reaction
of an alkylene chloride with ammonia to form a complex mixture of alkylene
amines, including cyclic condensation products such as piperazines. While such

20 mixtures of amines may be used for purposes of this invention, the pure alkylene
amines may also be used. ‘

The polyoxyalkylene polyamines of formula (B) above, preferably
polyoxyalkylene diamines and polyoxyalkylene triamines, may have average
molecular weights ranging from 200 to 4000, and preferably from 400 to 2000.

25 Preferred polyoxyalkylene polyamines include polyoxyethylene and
polyoxypropylene diamines, and polyoxypropylene triamines, having average
molecular weights ranging from 200 to 2000. Polyoxyalkylene polyamines are
commercially available and may be obtained, for example, from the Jefferson
Chemical Company, Inc. under the trade name Jeffamine® D-230, D-400, D-

30 1000, D-2000, T-403, etc.

The reactive compounds which can be used to react with the

functionalized polymer composition will, of course, depend on the nature of the



W (12/.t&SlI PCT/US(11/-t-t3-L3 -40na/ CHZ CHCHR R R a(3 CHz ~ ~ CH CH
CHZ a(3 Ray CHz ~~CHz CHCH2 ay CHPa RRRas ~y CHz ~ ~ CHz ~ ~ CH CH
~ CHz CH2wayops2ft as yy / cH- ~/ cH2 ~ ~ as CHz \ CH CHz f&#uSiaseps R R
A sequence identified as a(i corresponds to 2 propylene units successively
5 incorporated in 1,2 and 2,1 whereas sequence identified as (3y
corresponds to a P-E-P sequence where '%ﬁé propyl ene unit is incorporated in
a 2,1 manner. The pol yrrer was di ssolved at 125C in a 80/20 m xture of 1, 2 4

tri chI or obenzene and ter obenze co nt ra fe2 I %
hi gh resol utgF@F?d{EE‘E‘G“‘?n G\ﬂﬁlﬂoilﬁﬁ nl%zg]f gaéer/c{ﬁs:g ef‘falé'aﬁﬁél) fﬁ\{/ﬂ%{?#n%NRO was
used. The Ny $iind ‘fﬁhlé aﬁh:fdﬂde AROURL Wiy réretfivahtagesushLietd anhydidef 2
seconds and a sécon ay bet ween pul ses with a total of 1024 pul ses.

gp ﬁ/g It (r__} ]th ImC c gfumctifroaglnty adre mppwp;ilaae? ang/lsldmgvﬁsoh@é& ftblO#E@hﬁléc andiiaynaso Handal | .
_ | de nt e was _nea ht of
t he anhydri dggsﬁb%’rﬁ‘i% 35% gitecht PHIEE gd ofé:ﬁée%erzg%#]g &ggé(;cr)%?l gn bgnd

(from anRydrdAa;0 vt wsie pi'dllu@ﬂsrfbmt’r’éd Mdb?ptémrﬂedvbﬁs peiarpaaritiess RINHa, band at
4328 cm ~ serving as internal standard. The total percen %e of gral efic
Lpre

22 hydri de (%veyhichathetRn groupatontring factinpaliies thaf arg dgsiregoing YAl ~90 +
712) ~A- 432,El?hough such products contain two functionalities, the imide functionality

formed by reaction of the primary amine is relatively inert and serves as a stable
linkage between the functionality in the R group and the polymer backbone.

10 Functionalities that are desirable for inclusion in the product through
inclusion in the R group of the primary amine, RNH,, will depend on the
application for which the product is intended. For use as a multifunctional
viscosity modifier for lubricating oil, it is desired that the R group of the primary
amine contain tertiary amine functionality.

15 Examples of useful primary amines, RNH, in which the R group contains
tertiary amine functionality include: N,N-dimethylethylenediamine; N,N-
diethylethylenediamine; N, N-dimethyl-1,3-propanediamine; =~ N,N-diethyl-1,3-
propanediamine; 4-aminomorpholine; 4- (aminométhyl)pyridine; 4- (2-
aminoethyl)morpholine; and 4- (3-aminopropyl)morpholine.

20 Examples of useful primary amines, RNH,, in which the R group contains
secondary amine functionality include: N-methy]ethyler_lediamine; N-
ethylethylenediamine; N-phenylethylenediamine; N-methyl-1,3-propanediamine;
N-phenyl-1,2-phenylenediamine; N-phenyl-1,4-phenylenediamine; 1-(2-
aminoethyl)piperazine; and 4-(aminomethyl)piperidine.

25 Examples of useful primary amines, RNH,, in which the R group contains
alcohol functionality include: ethanolamine; 2-amino-1-propanol; 3-amino-1-
propanol; 2-amino-1-butanol; and 2-aminobenzyl alcohol

Preferred reactive compounds for reaction with grafted maleic anhydride
in the practice of this invention are 4-(3-aminopropyl)morpholine and 1-(2-

30 aminoethyl)piperazine.

Still other amines useful in the practice of this invention include amino-

aromatic polyamine compounds such as:



where "a" and "k" are constants determined by internal calibration with
internal standards and having values 0.09 and 0.19, respectively. The im de
(gener at edvafie/ad2sr eaction of nal efic anhydride with N am negraRyl/44343

nor phol i ne (NAPM ) content was neasured by conparing the peak 15 height of
the i mde absorption band at I 705 cm ~ g\nth a band at 4328 cm ~ serving as
an internal standard, and is reported 48%an imd ratio. The imd ratio can
be correlated to a functionality content expressed in mmol per gram of

polymer. MFR (Meli . Fl o .pol rs was neasured according to
ASTM D1238 at 230@ Wﬁa}Rgfpgzﬁﬂe%gl ﬁg%e%rﬁﬁif’ati c viscosity was
nmeasured at 100C accordl ng to ASTM D445. Thi ckening Efficiency (TE) was
determ ned according to ASTM D445. Hi gh terrperature hi gh shear (HTHS)
viscosity was neasured at |50C accélrdi ng TM.,D5481. Col d cranki ng
simul ator (CCS) tests were perfornmgd at yetording to 25 ASTM D5293.
Mni rotary visconeter ( N ed at -30C according to ASTM
D4684. Pour point was determ ned accord ASTM DO7. Shear stability
index (SSI) was determ ned according to ASEMP39F5. 30 Di nensi onal
stability is assessed by leaving 20 grams of pellets in a cyli ndri cal

gl assware under a weight of 5 0 ranms in _an air oven at 50C for WO
02/ ~C2S1 PCTWhSEIAT is-agomgtic; ydrogeneNH eyl NPearplkyl, @éaéggmqmé &t i on

(measur e of t ab t y rce
necessar ysot ogtgaq% gkb%faﬁ’ é‘éllté F"yglk A& ﬁg }éfblxk’ Pﬁgﬁlﬁ& %ﬂﬁ&g’wﬂ&f}; A 1 9
conposi tion wamoalkyt hesi gmip; n t wR? cont inuousNELj rred—(NH(K:Hﬁ&@,;;—NHZ,
connected in seri The effluent_fromthe first act ér)nt ai ni {1qq
onal

pol yner pr odugg@r EH@% Ha:efi drani i (e e o arev!ﬁ neg nth
mononer, to Eﬁ ldfc%@fﬂo?fh ey eaélE talﬂ%%’%kd)&?fta{rﬁﬁyl"‘@?alﬁﬁﬁl . nued. The

fractlon of t t ot ner co e tirst réactor 30% by
wei ght. 10 The po(lmer Neaylphanylersedpmnines ofttie fornsid:ut i on, usi ng hexane as a
solvent. In the first reactor, polynerization was perfornzed at a

t enper at fre of
™

wherein R!, R? and R® are each independently hydrogen or a linear or branched

hydrocarbon radical containing from 1 to 10 carbon atoms that may be alkyl,
alkenyl, alkoxyl, alkaryl, aralkyl, hydroxyalkyl, or aminoalkyl;

15 (c) an aminocarbazole of the formula:

OG-

H

wherein R and R' are each independently hydrogen or an alkyl, alkenyl, or
alkoxyl radical having from 1 to 14 carbon atoms;

20



90C, an overall pressure of 20 bar and ethyl ene and propyl ene feed rates of
1.3 kg/hr and 2 kg/ hr, respectively. As catalyst, N Ndinethylanilinium

t et r aki s( p@@@Hb2M0r ophenyl ) boron was used to activate PCT/USO1/44343

[ cycl opent adi enyl (2, 7-di -t 15

butyl fl uorenyl)di-p-triethyl silanephenyl pet hane] hafniumdinmethyl. In the
process, hydrogen addition and tenperafﬁ*é control were used to achieve the
desired MFR The catal yst, activated externally to the reactor, was added
as needed in amounis effective to intain the target polynerization
tenperature. In tﬁé se%ﬁ@“?%l%?fﬁﬁﬁg?wii zation was performed with the
sane overall 20 pressure and catalyst feed rate, but with ethyl ene and
propyl ene feed rates of 4.9 kg/hr and 1.8 kg/hr, respectively, and at a
tenperature of 130C. The m xed cogg‘hk;L solution enmerging fromthe second

reactor was killed and then devolg X g conventionally known
' Ng or Iy qui d phase separation, first
X a_provy¥de a concentrated sol ution,

devol atilization nethods such @
by renoving the bul k of the 25 he

and then by stripping the remind he~g¢l vent in anhydrous conditions
using a LI ST devolatilizer or g,fWw n screw develoatilizing extruder so as
to end up with a nolten pol ynmer conposition containing less than 0.5 wt %
of solvent and other volatiles. The nolten pol yner conposition was advanced
by a screw twherepeRlishydregenf orcm abkyl cadicdh bayiop yrom 130 14 carbos atolsn pel | et s
are submerged in ter and.cooledluntil ol.id. . WD 02/ 4&251

PCT/ USOL/> ~- 43- 43'9) 4380 gifigsindazp ’R%%?@/%\%ffm@b%osi tion was synthesized
generally as in Exanple 1, but concentrations and tenperature were nodified
as described further in reference to Table 1. 5 The characteristics of the
pol ymer conpositions and pellets from Exanples d and 2 are reported in
Table 1. In the Table, the polynmer produced in/the first reactor is denoted
"Pol ymer A", the pol yner produced i e secoyid reactor is denoted "Pol ymer
B", and the pol yner conposition cqg g botY polyners A and B is denoted
"Final Polymer"” or "FP'. The cha+ag ics of NHO Polynmer A and the Fina
Pol ymer were determ ned by directl\ -nt/df a sanple taken fromthe
outlets of the f rst and second rea®FS, regpectively. The characteristics
Pol ymer B were deternined by calznl ation as 611 ows. The MFR of Pol yner B
is calculated fromthe followi ng equation: a 1-a 1 11

wherein R is hydrogen or an alkyl radical having from 1 to 14 carbon atoms;

10 (f) an aminoindazole of the formula:

Hy

(g) an aminomercaptotriazole of the formula:

15



1V11' RFP MFRA 111FRB i 5 where MFRFP is the MFR of the final polyner,

is the MFR of Polynmer A, MFRS is the (cal cul ated) MFR of Pol yner
is the fravooom26by weight) of the total
.e., a- M M.~ 20 where MA is the mass of Polyner A and MFP is

reactor; i

M-RA

( B., and a
pol ymer produced iparidg/disist

the mass of the final polyner. The value of ais from0.1 to 0.9 . Wen the
neasur ed val ues of MFRFP, MFRA and a ait®used in the above equati on, MRS
can be cal cul ated. The ethyl ene content of the polynmer produced in the

second reactor is_25 cal cul ated accordi n% to the foll ow ng equation:

aEtA + (1- a) Et B (h) ppApimppenmdingeepresente
et hyl ene content of the final polynmer, EtAis the ethyl ene content of
Pol yner A,

mn)*4.53. 8EtFP (W 9% 66. 265. 3Et A (Wt

by thestormulas s where EtFe is the

Et Fp

and EtB is the cal cul ated ethyl ene content of Polynmer B. Table 1
Exanpl e 1Exanpl e 2MFRFP (g/ 10 nin)*6.16. OMFRA (g/ 10 min)*12.110. 6MFRB (g/ 10

8.250. 8Et B (wt

% 73.977. 2a0. 300. 45Mv Mnl. 9~2~Force to |[deaggl oner at e95 Nnot neasured *

23U(:, 2.16 kg 5 Exanple 3 The pol yner
and Par at oneTM 8900 whi ch is conmy¢
using traditional Ziegler-Natta cat

NVR as descri bed above. The results|1 o are¢ shown in Table 2, as

i ndi cat ed sequence type. Table 2
2P. 8900* 1a- al8. 122. 716. 32a- ( 30. 4

14.817. 011. 36 or norey-S38. 930. 3 . e TM 8900

10

15

wherein R is hydrogen or an alkyl or alkoxyl radical having from 1 to 14 carbon
atoms.

Particularly  preferred  N-arylphenylenediamines are the N-
phenylphenylenediamines, for example, N-phenyl-1,4-phenylenediamine, N-
phenyl-1,3-phenylenediamine, N-phenyl-1,2-phenylenediamine, = N-naphthyl-
phenylenediamine, N-phenyl-naphthalenediamine and N'-aminopropyl-N-
phenylphenylene- diamine.

Other useful amines include: aminothiazoles selected from the group
consisting of aminothiazole, aminobenzothiazole, aminobenzothiadiazole and

aminoalkylthiazole; and aminopyrroles of the formula:

R Ny
H
wherein R is a divalent alkylene radical having 2-6 carbon atoms and R' is
hydrogen or an alkyl radical having from 1 to 14 carbon atoms.
Still other useful amines include: phenothiazine and phenothiazine

derivatives, particularly 10-aminopropylphenothiazine, amino-3-

onposi tions of Exanples 1 and 2,
al l y~guMai | abl e viscosity inprover



WO (12/-t6251 PCT/USII11/-1t-13-43 -45 The average sequence |l ength for
Exanples 1, 2 and P8900 was 6.9, 6.0 and 6.7 net hyl ene sequences,
respecti vevg 02/4&st he data show, pol ymer conpositions of thecRhassnsss
invention (Exanples 1 and 2) contain very |ow anounts of a-~i and ~i-y
sequences, and are thus alnost free of regio-inversion. In 5 contrast, the
P8900 sanpl e, prepared conventionally by bl ending and t~i scbreaking
conventional Ziegler-Natta ethylene-propyl ene copol ymers, contains

f I
composi 11 on HPBHREReRbriTedat "o eV e ss | a0V torm

ExxonMobi | aimidoprop ymph%lTﬂ@m@naﬁcaamﬁms ofmerg%ﬁaﬁbfo@nammmr ci al ly used
| ubri cant fornulations e solution thickening efficiency (TE) and shear

stabilit3~ index (SSI) were neasured and conpared to a simlar solution of
Parat oneTM 8900 whi ch is comercially av%4lable viscosity inprover 15 which
is made by separate solution and devolatl i zation of different ethylene
propyl ene copol yner fractions foll,oned b bl endi ng and vi schreaking in a

twin screw extruder. Resuht-s—aNe—? ﬁm NH)EbI e 3 Exanpl e
1P8900Thi ckeni ng Efficiencyl 9 98Shedr/aSt abi b ty Index (% 1821 20 The
et hyl ene- propyl ene copol yner pponent s n be recovered fromthe

formul ati on by precipitating t em usi ng a non-sol vent such as acetone.

Exanple 5 11.3 % of the polymer conposition of Exanple 1 was dissolved in a
SAE 25 16WiOvixasia A1 knd An'tae hinked togeBs ¢ fmrdethetegmyplici: strudgineowithdlek age,

0. 3% of a pou t _depressant %, O e n 100 % of.. Chevron 220
oils avail atﬂ% g R’l &'ﬂg’\% @ﬁy aﬁr%@?’f‘%’eg B2 }{‘ﬂ‘gmg?%ia?ﬁéoa 1718 AinSaY @hor t ed
in Table 4 %&&ﬁ&ﬁﬁ?@%d‘i&l 8r Ad Bloahed raalhalcm%alkgﬂdf@eﬁat@hqwgwn%@p whi ch
is a typical O 112/C 2S 1 PCTI USO1 / 133 6 commercial Vviscosity

modi fier. TiirSNHpgreupaa isom integeraibtons 0 so byhiscam integprcloem aoes; aad thesupe used
by conmerci %T Ib%)g{ %%Q formul ators and relies on the solubility of the
copol yners. Tabl 41 'rrpl e 1Par at oneTM 8900Ki nemati c Vi scosity at

10 All the reactions described in this section can be performed either in the
melt or in solution in Iubricating oils. When performed in the melt, the two
consecutive reactions (i.e., the grafting and the post-grafting derivatization) can be
accomplished in a two-stage or one-stage process. For economical reasons, the
one-stage process is preferred. This has been described in U.S. Patent No.

15 5,552,096, the disclosure of which is incorporated herein by reference for

purposes of U.S. patent practice.

4.5 Other Functionalization

Functionalization of the polymer composition to give a derivatized

20 polymer in a single stage process can also involve processes other than those
described above. For example, vinylnitrogen monomers can be directly grafted

(see EP 0 429 565 Bl, page 6). As an additional example, terpolymers of the
composition of the invention can also be functionalized through the use of Schiff
bases (see EP4,448,974, column 3). One skilled in the art will readily recognize

25  other types of functionalization suitable for use with the compositions of the

present invention.



100C (cSt) 14. 251 4. 13CCS at -20C (Gp) @503180MRV at -30C (Cp) 1730021 515HTHS
{Cp} 4. 044. 02Pour Point (C)-30-30 5 These data denobnstrate that polyner
conposi ti ang oplc2she present invention can be processed 'nt?CHHQBHQQ

formul ati ons having properties simlar to those of fornulations from
conponents prepared by nore conpl ex and, nore expensive nmufti-step nethods.
Exanpl e 6 The pol ymer conposition fromExanple 2 was grafted as foll ows.

The pol yner conposition was fed to a twin screw extruder at a 7 kg/ hr feed

rate with 1.d5 w stal manTM nal ef i ¢ anhydri de (avail able from Si ber
Hegner raw 15 mat’d mlkiiﬂ{’jﬂw;@&_b-!) and 0.05 % of a 10% by wei ght

sol ution of Lupengxf %éﬁ&l&@\éﬁabbﬁm‘:ﬁtfﬂh@”@x@ﬁ@&‘%l%m@"c@ﬁi 8lilig) of Bpdvar col TM
oil (a white m neral

from ExxonMbi 1)~ The ‘extruder errperature was set
at 180, 190,gr&id mdddfzmﬁzcﬂ/polymezmpqsmcaspeasad@ y visepdity intlex iVd"lat 180C

and a screw.s eed 210 rpm_Th rafti I el eter ned b FTI R and
cor r esponds "85 O}Jra?cg'fl]?oé%ﬁ’%hyapltg‘% d]él?ezl'?’tg’cff E@% an MFR
(230C, 2:516kgmpokitida or t dgrmmandm@vameaf Pobyraétioiipodigtod has h@ausmlt rmr

conposition was recovered after under-water pelletization_ and dry and
fed to a twiodl cg”cartémstek(@ witfde Fram (00AKig/43 Wi Geaf thigtcomposition lszln%mﬂramgm

(N-am nopro T 3~3 -47
t enper at ur eIq%/{\é/él)s&ms)?£ l Srlsg% as aglgbﬁé}gx&ﬁgoﬁgo&%%dg%r%g]fgglgggy%%ﬂsgpé%@ vely,
with the di awli&helaﬁ)&d@mﬁdt @dlﬁcﬁ{sed/\ﬁﬁiﬁ retudtdl} ahpiditiveeohédh@hteporherer had
an MFR (230C, 2.16kgq) 9/10 mn and an_imde ratiqg of ?.5,

cor r espondi rigpaust af t%@n\ﬁ mmawrtly ap ayepniowhish is effeesivedo drppRyeyERodifEx anpl e
? The pal oY f as

{ ol L owe 10 ahe SREBS bldde oFn SRIME 12, WP ity BibnGllly SEELIRI SIS

7kg/ hr feed Gmeml]m this 2nfdutt of frényGOGEl toadd Mt ﬁ)frlacﬁmsﬂm,ddpmdmte(a@ G 12 % of

a 10% by to I ght solutjon of LuperoxTM.130 in rcol. TMoi |l . The extruder
terrpe(; ature f&ﬁ% %hyé'@ulg&e %rlc"’lt% ot f@%‘i’é‘uﬂbd"’ﬁbgﬁwﬁmﬁlﬁﬁégwerr Lopisces vel y,

with the di Q)@lt%lﬁqﬁ%a&dl% Sglde W RARR 9;5 e 10mite naf Tf‘% &”}f)%' Ng_bgye!
achi eved was 2.2 wt mal efi ¢ anhydri de anapthe MR ( 16kg) was 2.8

g/ | Qmi n. Theemmdamrtts aRhyghsiaf &~ Igmafcrvedcqmbmmﬁtonc@mp@sy thh@ reeitedrlewen er ed
after un(ger lim nateto any of the recited upper limits are within the scope of the present
invention, and one skilled in the art can readily determine the appropriate
concentration range based upon the ultimate solution properties.

Base oils suitable for use in preparing the lubricating compositions of the
present invention include those conventionally employed as crankcase lubricating
20  oils for spark-ignited and compression-ignited internal combustion engines, such

as automobile and truck engines, marine and railroad diesel engines, and the like.

Advantageous results are also achieved by employing the VI improver

compositions of the present invention in base oils conventionally employed in

and/or adapted for use as power transmitting fluids such as automatic transmission

25  fluids, tractor fluids, universal tractor fluids and hydraulic fluids, heavy duty

hydraulic fluids, power steering fluids and the like. Gear lubricants, industrial oils,

pump oils and other lubricating oil compositions can also benefit from the
incorporation therein of the additives of the present invention.

The lubricating oils to which the products of this invention can be added

30 include not only hydrocarbon oils derived from petroleum, but also include

synthetic lubricating oils such as esters of dibasic acids; complex esters made by

esterification of monobasic acids, polyglycols, dibasic acids and alcohols;



15 pelletization and drying, and fed to a twn screw extruder at a 7kg/hr
feed rate with 8 % of NAPM (N-am nopropyl norpholine). The extruder

t enper at uveonase2set at 180, |90, 230 and 190G over 4 zonespcigashesiiyel y,
with the die at 180C and the screw speed at 130 rpm The final polynmer had
an MFR (230C, 2.16kg) of 8 g/10 mn andﬁan i mde ratio of 14, correspondi ng

to a functionality 20 level of 0.22 mol7g of polynmer. This exanpl e shows

that using a | ow nol ecul ar wei ght series reactor backbone all ows an

i ncrease in the functional ity Level.by 90% Exanple 5 The chem.cal ly
modi 1 ed pol DREPEEBRBSTET B SR Bl iihoed Sompratng of e eSS SRR EnJ 102
oil at a 1.5pwy B a8REBNIHRIpRAed IhR ERfhdtic PibeSOlldbhdt aé RlIGH @RteRY of

ef ficiency and shear stability index were nmeasured and conpared to a

simlar sol udicarboxtlicraeids.opelygleobo and alephels: cpalyalpharokeiingb pelybueses;

50 367 "o 1571 SRR R el SERA Bl s pe SR RIS Bl (T T
7Par at onesTM 8§apokitionk @fithe prekérntGheditivd - car afkd bebfilleRl iStaadunkéttiatd f@x

(991919. ~ 1 The data of Exanples 6-8 further demonstrate that polyner
conposi t i onsStsh asHEomle¥eit t9 A% &t Yoin ehreHempicsr]dub@entingtail, ffornrase aht

formul ati ons Al ale Mo’ Ri L] af. ) ' from
component s pPARLPEf AR5 He ERpRelh His 1Bl Y3Rotlng GhCHEHelOR R

met hods. Allimbestiondntod] asiprexdolndy deseribed ful ly i ncorporated by reference for
all j urisdictiong in which such ipcorporation_js permtted and to the
extent they are ni’f‘e i2heYsh SH seQupposiions may é’PE‘b‘@&ﬂyf PRIHEIROREheIAGANVERERRReNt s t O

I PP g S A b R ey R o

ration perhiltted. épendent
cl ai n8 have sitigidantie péed evisdosiy-imdexcimprdens, edispdrbants, S;ormsimat inbibjtosach of

t he feat i f the .d t i, . b i ned, Wi t. h of
Lhe feat ur coetiH@ingpedaly S ERERRRs: fbbifie, SidinmEnBernaa e iers  uoon
the sane i ndependepirogibii ifh®itofd, 155 kndwn as\\ehiPedrbsbe dgbrts URQikte tthé 3. 3

- 49CLAI VB _
degradation of the metallic parts contacted by the lubricating oil composition.

15  Illustrative of corrosion inhibitors are phosphosulfurized hydrocarbons and the
products obtained by reaction of a phosphosulfurized hydrocarbon with an
alkaline earth metal oxide or hydroxide, preferably in the presence of an alkylated
phenol or of an alkylphenol thioester, and also preferably in the presence of
carbon dioxide. Phosphosulfurized hydrocarbons are prepared by reacting a

20  suitable hydrocarbon such as a terpene, a heavy petroleum fraction of a C; to Cs
olefin polymer such as polyisobutylene, with from 5 to 30 wt. % of a sulfide of
phosphorus for 1/2 to 15 hours, at a temperature in the range of 66 to 316°C.
Neutralization of the phosphosuifurized hydrocarbon may be effected in the
manner taught in U.S. Patent No. 1,969,324, the disclosure of which is

25  incorporated herein by reference for purposes of U.S. patent practice.

Oxidation inhibitors, or antioxidants, reduce the tendency of mineral oils
to deteriorate in service, as evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces, and by viscosity growth. Such
oxidation inhibitors include alkaline earth metal salts of alkylphenolthioesters

30 having Cs to Cy2 alkyl side chains, e.g., calcium nonylphenate sulfide, barium
octylphenate sulfide, dioctylphenylamine, phenylalphanaphthylamine, phospho-

sulfurized or sulfurized hydrocarbons, etc.



(U.S.) 1. A process for making a solid polyner conposition, the process
conprising: (a) copolynerizing ethylene and a first conononer -conponent
conpri si ngvaw2ke@ast one nononer sel ected fromthe group copghaidongssef C3 to
C20 al pha ol efins under solution phase conditions and in the presence of a
netal | ocene catalyst in a first reactor,to forni an effluent conprising a
first copolyner; (b) directing the effllent to a second reactor in series
with the first reactor; (c) copolynerizing ethylene and a second conononer

conponent conpri sj at.] east ,one nmononger .sel ect fromithe grou

cogrs)i sting O][rp C3 pg}%&%ldgﬁ%é\“hgﬁngqrf’ RS aﬂﬁ%aarg%pﬁ%&ﬁ ‘ﬁﬁd&&e’lﬁ’ﬁdﬂﬁu&%ﬁs and
in the presegit-goldblexoppérablnpoeid, SahadsydRbcribedan BES. Patknt BRC50681097,ftRe M a
second copol ynmer mxed with the first copolynmer in solution; and (d) drying
t he copol ynefis¢lpsire pEwhishfivingorporaied berpisl prpurpesnseb $l-8.i Retent mkastied-n: (i)t he
first and second I I.ff t e S -

et hyl ene-deri ved ﬁﬁ%{f&sﬂ %d?ﬁ?%ége‘wgotgo’?ﬁ er?’%r ﬂﬁg{)/rﬁﬁgg% Ez}?ﬁ%%wecrh%%%cﬁwsgﬁsé t%ont ent
and t he at helubsiofirigysibtoniimsitiofs sudhi hekorgdtiyttanmissiontfRids. Reépipsehtadve

copol ymer having a | ower_ ethylene-cgntent conprises from50 to 70 nol %
et hyl ene- der $XA8EPlempk suitghle figtion madtfersrarg fouadoinolsS, Patent gy 3.933.:43% t he
solid pol yne | Ll BLLE YL i I ght
and & bon enPhEf BRIl My BGaeRs dhh dnbes S byt Kb, W7Blog2 fgh®

02/ .11251 PClésciSbéslmolybderiin -cothp2exefhef polyisebuienfl siceinio inhydiideainting he
ccopol ymer hayin I gher et hyl ontent. has greater than_ 74 npl %

et hyl ene- der %@aﬁﬁﬂ#gs Paient N 4400.571 s éfﬁﬁ?@iﬁé gésac.er@.esfﬁr:feoxsawa%@sd of

claim 2, mwhefa%grh%ﬁ&? (£SOPALYTRE. BavbRasayhics @s&l&&rﬁﬁikﬁﬂ@ ggggﬁh%ﬂfc N3

greater than_7 % et hyl ene-derived units. 4. e pro of clarm1,

wher ei n eachsalts; tBS. f Patent dopoB.Ji®B7anwhiche dissloserd reantiohy peeduatss of a
nol ecul ar wei,ght. ratio. M of .fr .t . T pr,ocess of claim1l,
wherein the pl?qsgpo E)%&F% o}egxrytieeol{}]ﬁg:’ateégﬁy?.eﬁg%gﬁ W&E(SS]FSP%WPEE 6. The
process of cbaabmyhlk%mer Ehydrédaehyd € CRiddintAide)] YS&farBoScyélﬂt?leh@V\ﬂ{ dﬁioﬁbﬂgﬂ?ne

7. The process 8]

content copol yner. ) of claim1, wherein from30 to 70 % by
wei ght of t heucgilagmepcid and mixtures thereof; U.S. Patent No. 3,879,306 which discloses

15  N(hydroxyalkyl)alkenyl-succinamic acids or succinimides; U.S. Patent No.
3,932,290 which discloses reaction products of di- (lower alkyl) phosphites and
epoxides; and U.S. Patent No. 4,028,258 which discloses the alkylene oxide
adduct of phosphosulfurized N-(hydroxyalkyl) alkenyl succinimides. The
disclosures of these references are incorporated by reference herein for purposes

20  of U.S. Patent practice. Preferred friction modifiers are succinate esters, or metal
salts thereof, of hydrocarbyl substituted succinic acids or anhydrides and thiobis-
alkanols such as described in U.S. Patent No. 4,344,853.

Dispersants maintain oil insolubles, resulting from oxidation during use, in
suspension in the fluid, thus preventing sludge flocculation and precipitation or

25  deposition on metal parts. Suitable dispersants include high molecular weight N-
substituted alkenyl succinimides, the reaction product of oil-soluble
polyisobutylene succinic anhydride with ethylene amines such as tetraethylene
pentamine and borated salts thereof. High molecular weight esters (resulting from
the esterification of olefin substituted succinic acids with mono or polyhydric

30  aliphatic alcohols) or Mannich bases from high molecular weight alkylated

phenols (resulting from the condensation of a high molecular weight



conposition is produced in the first reactor. 8. The process of claim1,
wherein the first conmononer conponent further conprises a di ene nononer,
and the f wetozaesol yner further conprises fromO0.01 to 5 mplor%pgdyessleri ved
units. 9. The process of claim1, wherein the second conobnonmer connponent
further conprises a dinme nononmer, and the second copol yner further
conprises fromO0.01 to 5 nol % di ene-déri ved units. 10. The process of
claim1l, wherein each of the first comononer and the second conononer

conponents further conprises a di noner, and the pol r, COmposi tion
Furthor " comp Rk BEbstaHo PBEobo 28 A IE9% qpaami mpdazba e de e 1 Coos
PCT/ USO1/ ~~3fsdnialichide) aw?s@ﬁ&%ﬂsa% efshgsm 1, wherein the first conononer
conponent conprises” propylene. 12. The process of claiml, wherein the

second conononer ®ouppoiahdepcasprtd, oterpise fpbenas 14 oil fitw ippooesss lofercl ai m
1, wherein the netal |l ocene catal ysts i.n the first and cond,reactors are
br i dged haf niGrFEBREFES8S which. the B il gowrcdn g R SR ity uare

net al | ocene GRhaMGHSIH thetde Tfy'p[o‘éhy%ﬁ%rﬁs%cﬁa‘i’ti\fe%%ﬁi% %lséf_ﬁﬁy Fptinyat gd by a

non- or weakly-coordinated ani'on. 15. The process of claim1, wherein the
first reactolovaremperetusedbidityr efidheofluid erec 6atGinubalkyumarated vinghReetatgct or s.

16. The process.of claiml, fu el £onprilsi ddi ng hydrogen to the first
e BN R B

react or, t he & anount sufficient to reduce the

mol ecul ar wei ght  @bafnhenf6l sitde grovided by Aarmtifbaniaht offthe polyilegsmeaypel ai m 1,
further conprising grafting the polynmer conposition with nmalefic anhydride
to form a gr&&t.cHioese pitvnd pelygiasthylsHorng ng a mal efic acid content of from

0. 1,10 Syl % 10unTHEaPLIGES S Ohl Al SopiLUTLOGL, SREPLESHAR parts

derivatizing the ¢ mer conp y reaction wt

deri vati zi ngReprepaitaivestdfecofegritionill aitivizae appsibine: cponlidlRyldghiaphdsphste one
derivatizing group capable of reacting wth the malefic acid functional
group of theald it Siprpldithiosphate, Whid alfQservesps anpatigkidass of cl ai m 18,

wherei n the derivajkabibs GRIMREM dubtSindibitdfl ilude tHOHR41GARE of sulphon
PCT/ USfI 1/ ~.13~3 -52&50. ST e progvgss1 of 1cfgalmr%hul,e wherein t%g Slrlg(l:lgrsng S

carri ed out weitlhaikylguetnolsosvdfuribédaldty hphenots alkiyh galioylatess naptdbenatessindps.  21.
A pol ymer; corRosi & OllubleOR8SS daty afclBoRy S $8%s Chiiif tikit” (viz, overbased)

metal sales, such as highly basic alkaline earth metal sulfonates (especially Ca and

Mg salts) are frequently used as detergents. .

Compositions when containing these conventional additives are typically

blended into the base oil in amounts which are effective to provide their normal
20  attendant function. Thus, typical formulations can include, in amounts by weight,

a VI improver of the present invention (0.01-12%); a corrosion inhibitor (0.01-

5%); an oxidation inhibitor (0.01-5%); a dispersant (0.1-20%); a pour point

depressant (0.01-5%); an anti-foaming agent (0.001-3%); an anti-wear agent

(0.001-5%); a friction modifier (0.01-5%); a detergent/rust inhibitor (0.01-10%);
25  and an oil base.

When other additives are used, it may be desirable, although not necessary,
to prepare additive concentrates comprising concentrated solutions or dispersions
of the viscosity index improver (in concentrate amounts hereinabove described),
together with one or more of the other additives, such a concentrate denoted an

30  "additive package," whereby several additives can be added simultaneously to the
base oil to form a lubricating oil composition. Dissolution of the additive

concentrate into the lubricating oil may be facilitated by solvents and by mixing



22. A polymer conposition produced by the process of claim17. 23. A

pol ymer conposition produced by the process of claim18. 24. A process for
produci ng wowesessi ty index inproving conposition, the progRgsGeARL;S! NY:
(a) copolynerizing ethylene and a first cononomer conponent conprising at
| east one nononer selected fromthe gr oup consisting of C3 to CZO al pha

ol efi ns under solution phase conditi ons’®and in the presence of a
nmetal | ocene catalyst in a first reactor to forman effluent conprising a

first copol yner b dlrect t.he effluent to a d ctor nseries
with thepf i )r/aé’i’ IPBaf{E% l""’“h({’f’)l geﬁdp%’n@t 15nig ‘&tlﬁﬁﬁ"é‘r’i’@foﬂbe ‘g E%annorrer
conponent CCWﬂH égﬁicﬁﬂy Bk fbﬁﬁ’tﬁﬁteﬁ’@@ cSﬂ%ﬁ‘iﬁr‘fﬁé vf’s%bﬁ%l Rdek 'itﬂE?otvgleargf %}lfbnal

COI’]SIStIn to C20 al p a ol efins under solution pnhase con t1ons and
in the pres addélooal :@ddmtm‘mllhcpm@weamaMBy@prqvudeatllgdmm@d cmcmtmtlonon tlr m a

d | ith t th
Sopol yrer i et hdn ¢BF ol piRPes Shubihed et acbbastnittd | o { ne
pol ymer gonp@dunk eﬂbyyetlﬁbrmhfefphﬁs,amp&@ah&@ofﬂzei;%ﬁhﬁm%ﬁi&%melaua&r

.conmposition having a malefic acid content of 1to5 nml % wherein
t he grafted tpcﬂrmibrarrwnﬁogf tbiasen ol agr aﬂwsologmnatlbl,e polverits abdngawitheother 5 by

wei ght, a co en der r.om 70 t o 85

03 “acost Pty Araivat 8 Bt ot itk nConinBletiat® PdelBhi by ouc

wi t hout addidolled¢tle dvh@unmd eﬂtypsdaﬂ?rﬂda@ 205 10"90%]| pRiferablySr&RsSS t02%5%, el process
of claim 24, wherein one of the tirst and second copol ynmers conprises from
50 to 70 molstith Bk meeferablb iftesy 8uin S8%amy Waig arﬁdﬂ/meéfmfﬁh@nmr@rta@ 25, and
the oth o of rs conprises greater than 74 nol
% et hyl glne erzrnl;b%éﬁum Zﬁ%ﬁ asf’%ﬁﬁ%%ﬁl fromO0.2 to 25. 26. The process
of claim 24, furtherficsinfprhselatignsdasy usd fypicay tabeugl @fwteth aihy meditive-
conposition by reactiqon with a deriyvati le ng conpound, the derivatizing
conpound corﬂﬁP\‘%eﬁ@‘ﬂhwelré‘a@tndéH@l‘égequ%Q Hi zi ng group capabl e of reacting
with the malefic acid functional group of the grafted pol ymer conposition.
27. The process of claim 26, wherein the derivatizing conpound is an am ne.
28. A viscosity ihdex B}cpdmgiwingmxﬂihi tion produced by the process of

claim?24. 29. A |lube oj l.ation .conpri si xtu Vi scosity
i ndex i nffr ovi ng ¢ WSQ*‘??%n g‘}’{d@gafl}ﬁ% Jlegﬁréalé ig% er Ress for
maki ng a sol4 464d9mdipke QREMERE SONDRM qacorp&atdar Q@&ﬁﬁ WO MFElefitd For ()
copol yneri zing et hyI ene and a first _conononmer conponent conprising at |east

one nononer REPeses ef U.BopatenteprastivanThis rropyentipgabprooesst 169ires Resying tes ef i ns
under sol uti t e e I

catalyst to RebRRATEOGEY dn  LOPRAM diltedd BUERANET Y aBlBhty SERE

second cormrpmirymemmDGirmtetun(gdmpmlsmmgs e dleéaxte afithe mmdmrwlﬁlelrednoatg f rom

the gro S1 -S4 PCT/USII1 /-4-13-43 cgnsistin f C3 to CZO
al pha ol Bt rfke E}\g—ﬁi@ S pITEETIR RAFAG S ORI SRS Rl et%wévgg&f&et a
met al | ocene Rl Yehe g@lleft%d“ %hﬁé{ﬁ)@ﬁﬂerc&ﬁ%déﬁﬁns dfGhe %%Mtrlh%nbﬁead I rst

copol yner and the second copol
described above, can be added by blending directly with the base oil so as give

directly viscosity for the VI improver, so that the complex multi-step process of
the prior art is not needed. The solid polymer composition can be dissolved in the
25  base oil without the need for additional shearing and degradation processes.

The polymer compositions will be soluble at room temperature in lube oils
at up to 10 percent concentration in order to prepare a viscosity modifier
concentrate. Such concentrate, including eventually an additional additive package
including the typical additives used in lube oil application as described above, is

30  generally further diluted to the final concentration (usually around 1%) by multi-
grade lube oil producers. In this case, the concentrate will be a pourable

homogeneous solid free solution.



solution; and (d) drying the copolyner blend to forma solid pol yner
conposition, wherein: (i) the first and second copol yners have different
nol e per cemo®2/ad25et hyl ene-derived units, with one copol ynerp 0qlL333 | ower
et hyl ene content and the other copol yner having a higher ethylene content;
(ii1) the copol ymer having a | ower ethylgne content conprises fromSO to 70
nmol % et hyl ene-derived units and has an VFR of from0.2 to 25; and (iii)
the solid polymer conposition has a solubility in oil of at |east S by

wei ght and a cont et hyl ene-deri ve ifs of from 7Q % (EP
Clains) 31. A pr oig%§°;3’6‘?‘erﬁé’i¥i‘9?§mé’n§@lr‘?fgm§ | Davgra & ?%o%?ttﬂi“éfnmg?’hégs@ ocess
CoMprising: (qlerfhael ¥R DAGINDIEH S ath Fo { St comonomer component
conprising at |east one nonomer selected fromthe group consisting of C3 to
C20 al pha ol efins under solution phase conditions and in the presence of a
met al | ocene atalﬁg@ﬂhﬁkﬁéfirSt reactor and conbining the first and second
copol yners produc first and second reactor respectively in

sol ution;s and (b)MatialOardideeRP! ymer nmixture to forma solid pol yner
conposition, wherein. (i) the first and second copol ynmers have different

\r/rVDIOelE(Za; cents of E@llli}dreTr@;l%ferm%b@nﬁﬁwd s(FTIR)lt Weéﬁ@SC@DbcﬂcywétnghE)vAﬁ@l\/é | ower
t(2 sl 13..13 ;55
copol yrer ( éS%OdDW éjt @?{yﬁngﬁ% t@%r?togyr??éf %0%80%%%1 2},88%%‘]@% gtfl?gt?f]%g a

| over et hyl eaﬁm@nrwolymenrwae&oﬁrpm\s&ﬂatmeﬁ@efmhe%f%m@ a6 tidefilied units
and has an MFR of from 0.2 to 25; and (iii) ' the_solid polyner_conposition

has a sol ubi frpwwmhomframd spedtaawerestakgn.isipghia Nieplet Ayater o0 Jfourier
ethyl ene;gderi | gfh | frafl $ é?:‘??o (051 8P B! e 81ut:i?’&{, 1P Gt &ngng to

cIa|m31|n hecoo aving a higher e yeneconent
greater thanl(Bscamd. % et hyI ene-derived units and pref erably has greater

IR O S e N T
copol yner  angyhhissitfsis O MetaRRUn¥ TafalyifSard kHBWE 4 pdlynféeiz8 HipHaad 1k fh MMM

regioselectively, so that alpha-olefins are mainly incorporated in a 1,2 manner

15  during polymerization, while there is almost no 2,1 incorporation. The presence or
absence of regio-irregularities or regio-inversions can be evidenced by the use of
13C NMR as described by Randall in Polymer Sequence Determination : >C NMR
Methods (Academic Press, 1977).

Methylene carbons located along the backbone of an ethylene alpha-olefin

20  copolymer chain are identified by a pair of Greek letters, indicating the location of
the nearest methine carbons in either direction. The Greek letter o indicates that a
methine carbon is directly bonded to the methylene carbon of interest. The Greek
letters P, y and 8 indicate that a methine carbon is 2, 3 or 4 carbons removed,
respectively, from the carbon of interest. Since neighboring carbon contribution

25  to chemical shifts seldom exceeds four carbon away from each other, a methine
carbon four or more carbons from the methylene carbon of interest is indicated by

a 8. This principle is applied below to describe following sequences:



of from1l.5 to 3. 34. A process according to any of the preceding clains
31-33 in which the first conpnonmer conmponent conprises propylene. 35. A
process acworidissayit o any of the preceding clains 31-34 in thg@yﬁnguglrst
and/ or second copol yner conponent further conprise a di ene nonomer. .
process according to any of the preceding clainms 31-35 in which the
netal | ocene catalysts in the first and second reactors are bridged haf ni um
conpl exes. 37. A process according to any of the preceding clains 31-36 in
whi ch the nmetal |l ocene catalysts in the first and second reactors are
activated by a non- or weakly-coordi nated ani on. V1' O (12/6251
PCT/ USOL/ ~. 13. ~3 -56 38. A proegss according to any of the preceding clains
31-37 in which wherein the first, reactor and the second reactor are
continuous stirred tank gattors Wit W€ first reactor arranged upstream
of the second reactor and, receiving the effluent of the first reactor. 39.
A process according to clpim38 in mhqch the | owex ethyl ene content
copolyner is polynerized jn the firstgreactor or in the second reactor. 40.
A process according to claim38 or claim39 in which from30 to 70 % by
wei ght of the polynmer conposition is produted in the first reactor. 41. A
process according to any of the preceding clains 31-40 further conprising
addi ng hydrogen to the first actor, the second reactor, or both, in an
anount sufficient tO\Lgducg/fﬁelnnLecu[gy'%btht of the polyner formed
therein. 42. A process af1 grafting aCiol yner m xture obtainable in a
process according to any lof the preceding clains 31-41 which process
conprises grafting the mixture with nalefic anhydride to forma grafted
pol ymer conposition havifRg a nalefic acid content of from0.1 to 5 nol %
based on the total polynmer weight. 43. A process according to claim42
further conprising derlvat|2|ag the grafteg; pol ymer conposition by reaction
with a derivatizing BQppound/ erabby'an aﬁrne Lhé derivati zi ng
conpound conprising at [CBast one CH l

BB

A sequence identified as off corresponds to 2 propylene units successively
5  incorporated in 1,2 and 2,1 whereas a sequence identified as By corresponds to a
P-E-P sequence where one propylene unit is incorporated in a 2,1 manner. The
polymer was dissolved at 125°C in a 80/20 mixture of 1,2,4 trichlorobenzene and

deuterobenzene to a concentration of 20 volume %. A high resolution (125.7



derivati zing group capable of reacting with the malefic acid functional
group of the grafted pol ynmer conposition. 44. A lube oil fornulation
conpri si ngv@opal2yner conposition obtai nabl e by a process aggpqdingsip any
of the preceding clains 31-43 and a base oil. WO 112/ A251

PCT/ US111/ ~. 13-L3 -57 45. A process for,producing a viscosity index

i nprovi ng conposition, the process conprising: (a) copolynerizing ethyl ene
and a first conononer conponent conprising at | east one nononer sel ected

fromthe gr (Mgl fn tiﬁ%&s'lﬂe@fm%@ (28 n?:} {HC‘) 2601 &b 1;@;@.6&(3 SRt 1;19?&3 phase

conditions an e presence of a netallocene cat Inafi react or
to form.an dfi¢ 0€i2t secmmsramll m@Sasef:mndstdatQpbttwmm pulsby wdilr 2 c¢otahgf 1624
effluent to a,secqnd reac in series wth the first

Copol yrrer i SiHE: APPUHE et S BN B BOHOOL GRATRAE at

| east one nogguer. sel ected fromthe group consisting of C3 to C20 al pha

ol efins under solution phase conditions and in the presence of a

met al | océne cat allylaleid mﬂlads'écd\v{dx)r@atﬂnbwasmldaemmd@yslﬁﬂﬁnd“hcqmakiunight m xed

Wlththefll‘ 0 tion; dr.yi eco reto
forma solid F}B? ?ﬁ&“}gh@ 1963)5“1@&& 1(7% Gt a?‘fqgﬂt ene! 8 ‘?Bﬁ‘tfgm tion
wi th mal ef i qfiaRhusiyddet dfdl&iﬁ@n&iﬂféth?lECUINhWas%Hﬁﬁﬁddt Wk A‘Béﬁ'ld‘gt a

mal efic acid cont ent of nol % wherein'the grafted pol yner

conposi ti on 4328 ca” 'sshing Ias tryernml ssandaod dhe tefakspereentaeevedi maleic anhydndent of

et hyl ene- der of . f % and wherein the process is
carried out Wﬁﬁas }be&ctalcugg{g glﬁgloﬂgulashearl ng or masticating steps. 46.
A proces® accordl%MA&ac+a(mﬁ,aAn1M one of the first and second

copol yners conprises froms0 to 70 mol % et hyl ene-derived unjts and has an

MFR of fromBhere('a" amd "lgnareiqeasighty gleteasmingdebyf jiperpalsrdibsationnvite spemahe

From o2 o Jakafasid fadfie FRbest B0 BELS ABbedRons " 5% o A pr ocess. o
according to cl aiThedSmide 4Genatated eafteronmuction ngf dasleicatanhydriflet hatlgrds t ed

pol ymer conposition by reaction w a derivatiz conpound, preferably an
ani ne, the CAWINQBIOPY) W@rpg‘eh%@ﬂﬁpkél;rﬁ?m@tn‘ﬁasa@e?séﬁ'%t byofRmpasigAe Pstthg gr oup

capabl e @f rgaghi Iomlem&e msﬁaghgqah& aam!s S GhitPN BAndOd AP O Bk af t ed

pol ymer conposition. formul ation conprising a mxture of the
vi scosity i rasesn mep'ndwtmglaubrqndss trcpnrtedbasamnabideratlooﬂfhamgmcbfatml eannle 45 to

47 and a basg_o

(9r. A3(Lr. Af%geké‘i{"bm Ct}ﬂr%h%%? E’W o mmol per gram ofpolymere A
9. AF( & AFNIL. A3; 9UFRI (ﬂ\@%ﬂ%ngﬁaté\j:éﬂ-ﬂfe gﬁb&lerﬁwas medHréd Mcording to ASTM
9% A9(L. A(89. As& AL(9. A(GE . A&(LL. AL: 9 . A&(& AL99. AF9L. AL(9 - A9. A3; 9. A

9. AN9. A9- 9Y. AERS at236°Growith 2336 kevegd ATLR A 9. A L. Al 9. A(9. A:
LL. AC9. AJo(L9. ANL"KmQ%éwscosny was measured at 100°C according to ASTM D445.

Thickening Efficiency (TE) was determined according to ASTM D445,
High temperature high shear (HTHS) viscosity was measured at 150°C
according to ASTM D5481.
Cold cranking simulator (CCS) tests were performed at -20°C according to
25 ASTM D5293.
Mini rotary viscometer (MRYV) tests were performed at -30°C according to
ASTM D4684.
Pour point was determined according to ASTM D97.
Shear stability index (SSI) was determined according to ASTM D3945.
30 Dimensional stability is assessed by leaving 20 grams of pellets in a

cylindrical glassware under a weight of 580 grams in an air oven at 50°C for 7
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10( 10  Polymer A and the Final Polymer were determined by d1rect measurement of a
sample taken from the outlets of the first and second reactors, respectively. The
characteristics Polymer B were determined by calculation as follows.

The MFR of Polymer B is calculated from the following equation:

(1 Y 1 YT
MFR: “[WRJ [MFRJ

15
where MFRpyp is the MFR of the final polymer, MFR, is the MFR of Polymer A,
MFRg is the (calculated) MFR of Polymer B, and a is the fraction (by weight) of

the total polymer produced in the first reactor; i.e.,

20
where M, is the mass of Polymer A and Mgp is the mass of the final polymer.
The value of o is from 0.1 to 0.9 . When the measured values of MFRypp, MFRA
and o are used in the above equation, MFRp can be calculated.
The ethylene content of the polymer produced in the second reactor is

25  calculated according to the following equation:

Etp =aEt, +(1-a)Et,
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Example 3
The polymer compositions of Examples 1 and 2, and Paratone™ 8900

which is commercially available viscosity improver using traditional Ziegler-Natta
catalyzed polymers, were analyzed by *C NMR as described above. The results
10 are shown in Table 2, as percentages of each sequence length (number of

methylene units) having the indicated sequence type.

Table 2
Seq. Length Seq. Type Example 1 Example 2 P.8900*
1 a-o 18.1 22.7 16.3
2 a-f 0.4 0.7 11.4
3 B-B 274 28.5 17.8
4 B-y 0.5 0.2 5.6
5 Y-y 14.8 17.0 11.3
6 or more y-0 38.9 309 37.6

* Paratone™ 8900
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10 The polymer composition from Example 1 was dissolved in STS ENJ102
oil available form ExxonMobil at a 1.5 wt % concentration, to resemble
commercially used lubricant formulations. The solution thickening efficiency
(TE) and shear stability index (SSI) were measured and compared to a similar
solution of Paratone™ 8900 which is commercially available viscosity improver

15  which is made by separate solution and devolatilization of different ethylene-
propylene copolymer fractions followed by blending and viscbreaking in a twin

screw extruder. Results are given in Table 3.

Table 3
Example 1 P8500
Thickening Efficiency 1.93 - 1.98
Shear Stability Index (%) 18 21
20 The ethylene-propylene copolymer components can be recovered from the

formulation by precipitating them using a non-solvent such as acetone.

Example 5
11.3 % of the polymer composition of Example 1 was dissolved in a SAE

25 10W40 base oil containing 14.8% of a detergent inhibitor package, 0.3% of a pour
point depressant, 58% of Chevron 100 and 42% of Chevron 220 oils available
from Chevron. Properties of the finished oils are reported in Table 4 and

compared to a finished oil containing Paratone™ 8900, which is a typical
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CCS at -20°C (Cp) 3250 3180
MRYV at -30°C (Cp) 17300 21515
HTHS (Cp) 4.04 4.02
Pour Point (°C) -30 -30

These data demonstrate that polymer compositions of the present invention
can be processed into lubricant formulations having properties similar to those of
formulations made from components prepared by more complex and more
expensive multi-step methods.

10

Example 6

The polymer composition from Example 2 was grafted as follows. The
polymer composition was fed to a twin screw extruder at a 7 kg/hr feed rate with
1.65 wt % of Crystalman™ maleic anhydride (available from Siber Hegner raw

15  materials Ltd, Zurich, CH) and 0.05 % of a 10% by weight solution of Luperox™
130 (available from Pennwalt Corporation) in Marcol™ oil (a white mineral oil
from ExxonMobil). The extruder temperature was set at 180°, 190°, 210° and
210°C over 4 zones, respectively, with the die at 180°C and a screw speed of 210
rpm. The grafting level was determined by FTIR and corresponds to 1.2 wt %

20 maleic anhydride; the grafted polymer had an MFR (230°C, 2.16kg) of 11
g/10min. The maleic anhydride-grafted polymer composition was recovered after
under-water pelletization and drying, and fed to a twin screw extruder at a 7kg/hr
feed rate with 4.2 % of NAPM (N-aminopropyl morpholine). The extruder
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follows. The polymer composition was fed to a twin screw extruder at a 7kg/hr
feed rate with 2.8 % of Crystalman™ maleic anhydride and 0.12 % of a 10% by
10 weight solution of Luperox™ 130 in Marcol™ oil. The extruder temperature was
set at 180°, 190°, 210° and 210°C over 4 zones, respectively, with the die at
180°C and a screw speed of 210 rpm. The grafting level achieved was 2.2 wt %
maleic anhydride and the MFR (230°C, 2.16kg) was 2.8 g/10min. The maleic
anhydride-grafted polymer composition was recovered after under-water
15  pelletization and drying, and fed to a twin screw extruder at a 7kg/hr feed rate
with 8 % of NAPM (N-aminopropyl morpholine). The extruder temperature was
set at 180°, 190°, 230° and 190°C over 4 zones, respectively, with the die at
180°C and the screw speed at 130 rpm. The final polymer had an MFR (230°C,
2.16kg) of 8 g/10 min and an imide ratio of 14, corresponding to a functionality
20 level of 0.22 mmol/g of polymer. This example shows that using a low molecular

weight series reactor backbone allows an increase in the functionality level by
90%.

Example 8
25 The chemically modified polymer compositions of Examples 6 and 7 were

dissolved in ENJ102 oil at a 1.5 wt % concentration. The resulting solution
thickening efficiency and shear stability index were measured and compared to a
similar solution of Paratone™ 8950, a commercially available DOCP (dispersant
olefin copolymer) (ExxonMobil). The results are given in Table 5.

30
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properties similar to those of formulations made from components prepared by

5  more complex and more expensive multi-step methods.

All documents cited herein are fully incorporated by reference for
all jurisdictions in which such incorporation is permitted and to the extent they are
not inconsistent with this specification. All documents to which priority is

10 claimed are fully incorporated by reference for all jurisdictions in which such
incorporation is permitted. Although dependent claims have single dependencies
in accordance with U.S. practice, each of the features in any of the dependent
claims can be combined with each of the features of one or more of the other
dependent claims dependent upon the same independent claim or claims.

15
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(a) copolymerizing ethylene and a first comonomer ~component

comprising at least one monomer selected from the group
consisting of C; to Cy alpba olefins under solution phase
conditions and in the presence of a metallocene catalyst in a first
reactor to form an effluent comprising a first copolymer;

(b)  directing the effluent to a second reactor in series with the first
reactor;

©) copolymerizing ethylene and a second comonomer component
comprising at least one monomer selected from the group
consisting of C; to Cy alpha olefins under solution phase
conditions and in the presence of a metallocene catalyst in a second
reactor to form a second copolymer mixed with the first copolymer
in solution; and

() drying the copolymer mixture to form a solid polymer composition,

wherein:

)] the first and second copolymers have different mole percents of
ethylene-derived units, with one copolymer having a lower
ethylene content and the other copolymer having a; higher ethylene
content;

(i)  the copolymer having a lower ethylene-content comprises from 50
to 70 mol % ethylene-derived units and has an MFR of from 0.2 to
25; and

(iii)  the solid polymer composition has a solubility in oil of at least 5 %
by weight and a content of ethylene-derived units of from 70 to 85

mol %.
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3. The process of claim 2, wherein the ccopolymer having a higher ethylene

content has greater than 78 mol % ethylene-derived units.

4, The process of claim 1, wherein each of the first copolymer and the second

copolymer has a molecular weight ratio My/M; of from 1.5 to 3.

5. The process of claim 1, wherein the first copolymer is the lower ethylene

content copolymer.

6. The process of claim 1, wherein the second copolymer is the lower

ethylene content copolymer.

7. The process of claim 1, wherein from 30 to 70 % by weight of the polymer

composition is produced in the first reactor.

8. The process of claim 1, wherein the first comonomer component further
comprises a diene monomer, and the first copolymer further comprises

from 0.01 to 5 mol % diene-derived units.

9. The process of claim 1, wherein the second comonomer component further
comprises a diene monomer, and the second copolymer further comprises

from 0.01 to 5 mol % diene-derived units.

10. The process of claim 1, wherein each of the first comonomer and the
second comonomer components further comprises a diene monomer, and
the polymer composition further comprises from 0.01 to 5 mol % diene-

derived units.
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comprises propylene.

13.  The process of claim 1, wherein the metallocene catalysts in the first and

second reactors are bridged hafnium complexes.

14.  The process of claim 1, wherein the metallocene catalysts in the first and

second reactors are activated by a non- or weakly-coordinated anion.

15.  The process of claim 1, wherein the first reactor and the second reactor are

continuous stirred tank reactors.

16. The process of claim 1, further comprising adding hydrogen to the first
reactor, the second reactor, or both, in an amount sufficient to reduce the

molecular weight of the polymer formed therein.

17.  The process of claim 1, further comprising grafting the polymer
composition with maleic anhydride to form a grafted polymer composition

having a maleic acid content of from 0.1 to 5 mol %.

18.  The process of claim 17, further comprising derivatizing the grafted
polymer composition by reaction with a derivatizing compound, the
derivatizing compound comprising at least one derivatizing group capable
of reacting with the maleic acid functional group of the grafted polymer

composition.

19. The process of claim 18, wherein the derivatizing compound is an amine.
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A polymer composition produced by the process of claim 17.

A polymer composition produced by the process of claim 18.

A process for producing a viscosity index improving composition, the

process comprising:

(a)

(b)

(©)

@)

(e)

copolymerizing ethylene and a first comonomer component
comprising at least one monomer selected from the group
consisting of C; to Cy alpha olefins under solution phase
conditions and in the presence of a metallocene catalyst in a first
reactor to form an effluent comprising a first copolymer;

directing the effluent to a second reactor in series with the first
reactor;

copolymerizing ethylene and a second comonomer component
comprising at least one monomer selected from the group
consisting of C; to Cyy alpha olefins under_ solution phase
conditions and in the presence of a metallocene catalyst in a second
reactor to form a second copolymer mixed with the first copolymer
in solution,;

drying the copolymer mixture to form a solid polymer
composition; and

grafting the polymer composition with maleic anhydride to form a
grafted polymer .composition having a maleic acid content of from
0.1 to 5 mol %,

wherein the grafted polymer composition has a solubility in oil of at least 5

% by weight, a content of ethylene-derived units of from 70 to 85 mol %,
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26.  The process of claim 24, further comprising derivatizing the grafted
polymer composition by reaction with a derivatizing compound, the
derivatizing compound comprising at least one derivatizing group capable
of reacting with the maleic acid functional group of the grafted polymer

composition.
27.  The process of claim 26, wherein the derivatizing compound is an amine.

28. A viscosity index improving composition produced by the process of

claim 24.

29. A lube oil formulation comprising a mixture of the viscosity index

improving composition of claim 28 and a base oil.

30. A process for making a solid bimodal polymer composition, the process
comprising:

(a) copolymerizing ethylene and a first comonomer component
comprising at least one monomer selected from the group
consisting of C3 to Cyo alpha olefins under solution phase
conditions and in the presence of a metallocene catalyst to form a
first copolymer;

(b) copolymerizing ethylene and a second comonomer component

comprising at least one monomer selected from the group
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(d)  drying the copolymer blend to form a solid polymer composition,

wherein:

1) the first and second copolymers have different mole percents of
ethylene-derived units, with one copolymer having a lower
ethylene content and the other copolymer having a higher ethylene
content;

(i)  the copolymer having a lower ethylene-content comprises from 50
to 70 mol % ethylene-derived units and has an MFR of from 0.2 to
25; and

(iii)  the solid polymer composition has a solubility in oil of at least 5 %

by weight and a content of ethylene-derived units of from 70 to 85

mol %.
(EP Claims)
31. A process for making a solid polymer composition, the process
comprising:

(@) copolymerizing ethylene and a first comonomer component
comprising at least one monomer selected from the group
consisting of C; to Cy alpha olefins under solution phase
conditions and in the presence of a metallocene catalyst in a first
reactor and combining the first and second copolymers produced in
the first and second reactor respectively in solution; and

(b)  drying the copolymer mixture to form a solid polymer composition,
wherein:

6] the first and second copolymers have different mole percents of

ethylene-derived units, with one copolymer having a lower
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32. A process according to claim 31 in which the copolymer having a higher
ethylene content has greater than 74 mol % ethylene-derived units and
preferably has greater than 78 mol % ethylene-derived units and/or an

MFR of from 0.2 to 25.

33. A process according to claim 31 or claim 32 in which each of the first
copolymer and the second copolymer has a molecular weight ratio M,/M,,

of from 1.5 to 3.

34. A process according to any of the preceding claims 31-33 in which the

first comonomer component comprises propylene.

35. A process according to any of the preceding claims 31-34 in which the
first and/ or second copolymer component further comprise a diene

monomer.

36. A process according to any of the preceding claims 31-35 in which the
metallocene catalysts in the first and second reactors are bridged hafnium

complexes.

37. A process according to any of the preceding claims 31-36 in which the
metallocene catalysts in the first and second reactors are activated by a

non- or weakly-coordinated anion.
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% by weight, a content of ethylene-derived units of from 70 to 85 mol %,
and wherein the process is carried out without additional blending,

shearing or masticating steps.

46. A process according to claim 45 in which one of the first and second
copolymers comprises from 50 to 70 mol % ethylene-derived units and has
an MFR of from 0.2 to 25, and the other of the first and second
copolymers comprises greater than 74 mol % ethylene-derived units and
has an MFR of from 0.2 to 25.
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47. A process according to claim 45 or 46 further comprising derivatizing the
grafted polymer composition by reaction with a derivatizing compound,
preferably an amine, the derivatizing compound comprising at least one
derivatizing group capable of reacting with the maleic acid functional

group of the grafted polymer composition.

48. A lube oil formulation comprising a mixture of the viscosity index
improving composition obtainable from any of claims 45 to 47 and a base

oil.



